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EDITORIAL FOREWORD
For the past 50 years, Prof. Alim Masgutovich Aikimbayev has been doing research on
infectious diseases, caused by highly pathogenic agents. He is one of the leading scientists and
experts on the subject of biosafety and biosecurity in Kazakhstan, having worked in several
national scientific organisations. In April 2016, Prof. Aikimbayev retired from the Scientific
Practical Center for Sanitary Epidemiological Expertise and Monitoring (SPC SEEM). He is
currently working as an advisor and lecturer at the department of Hygiene and Epidemiology at
the Kazakh National Medical University in Almaty. During his time at the SPC SEEM, he used his
scientific knowledge and experience to issue the book „The Biological Safety System in
Kazakhstan“. The first issue, written in Russian, has been a national success and the book has
soon thereafter been republished for the second time. In order to broaden the spectrum of
international readership, the editors decided to bring it to an even greater attention to the
scientific community by translating it into English, thus enhancing the knowledge on biosafety
and biosecurity in Kazakhstan.
Both editions, the second Russian and the first English edition of the book, were published by
the German Federal Foreign Office under the auspices of the “German Partnership Program for
Excellence in Biological and Health Security”. The Federal Foreign Office is funding the project
„Establishment of a German Kazakh Network for the diagnostics of infectious diseases caused
by potential B-agents”, which has been established since 2013
The book provides extensive insight into the complex field of biosafety and biosecurity from the
Kazakh scientist’s points of view. It is of particular interest to scientists and medical staff or
readers who are involved in the preparation and participation of official workshops for
biosafety and biosecurity purposes. The idea of launching this book is to introduce the Kazakh
biosafety and biosecurity system in detail to the English speaking scientific community, to focus
on the needs of the local public health service and any possible biological risks in Kazakhstan. Of
particular emphasis is the fact that this book provides specialist literature in the English
language, information on the Kazakh biosafety and biosecurity system, which is rather difficult
to access and to make publicly available to international professionals.
The first chapter includes a glossary and important terms of reference, comprehensively
defined with an overview of the Kazakh biosecurity system. The second chapter describes a
selection of infectious diseases, which have to be taken into account in Kazakhstan. These
include endemic, dangerous zoonotic diseases (i.e. plague, tularaemia, anthrax, Crimean Congo
haemorrhagic fever, brucellosis, and rabies) as well as cholera, with a description of the
pathogen, their epidemiology, clinics, diagnostics, therapy options and prophylaxis. Possible
medical, ecological and socio-economic consequences of the changes in the Kazakh natural foci
caused by zoonotic diseases are under discussion, due to the ever increasing international and
cross border co-operations. Another chapter, involving biosafety and biosecurity, has been
devoted to the laboratory structures.

Although not necessarily connected to the issue of biosafety and biosecurity, the book also
covers healthcare associated infections. At the end of the book you will also find useful
information on nosocomial infections, the handling of clinical waste, disinfection and food
safety. The Russian version of the book is also used during field trips in different regions
(oblasts) in Kazakhstan. Furthermore, it is valued as a useful tool in the preparation of biosafety
and biosecurity materials and as a scientific guidebook for specialists and advisors from other
scientific research institutes and projects in Kazakhstan.
The current English version is aimed to reflect the expertise of the author to the best of one’s
knowledge and belief.
We are extremely grateful to Prof. Alim Masgutovich Aikimbayev for his confidence in us and
his permission to use the Russian manuscript. Our acknowledgements also go out to Mr Rinat
Khassanov for his excellent work on the translation of the manuscript. We would also like to
thank Ms Aliya Zhalmagambetova, Mr Josua Zinner and Ms Sabine Gallagher for their
outstanding support.

April 2016
Team of Editors
PD Dr. Sandra S. Essbauer
Dr. Ernst-Jürgen Finke
Dr. Stefan O. Frey
Dr. Bryan R. Thoma

FOREWORD
The early 21st century is witnessing a broader range of actual and potential threats to human
health and life associated with the impact of dangerous biological agents. These include, above
all, the natural threats that have existed – and will always exist – infectious agents.
Infectious diseases are a serious threat for the community – despite some obvious success in
fighting them. The problem is especially pressing for Kazakhstan as its vast area induces natural
foci of dangerous infections.
Almost every year is characterized by the so-called new emerging infections and those that
haven’t been heard of for quite a long period (re-surging infections). Within a short time, the
humankind had been attacked by viruses causing severe acute respiratory syndrome (SARS),
highly pathogenic avian influenza, pandemic influenza А (H1N1) California/04/09, and
Escherichia (E.) coli 0104:H4. In Germany and a number of other European countries, latter
caused a severe epidemic of enteric infection with hemolytic uremic syndrome. The whole
world was threatened by the Ebola epidemic, a fever endemic to rural areas in Central Africa,
which for the first time in 2014 struck the cities in Western Africa and brought about a high
number of fatalities among infected persons.
In this respect, the biological safety problem is of a great interest for the world community.
Biosafety today is a science-driven field focused on the latest achievements in epidemiology,
microbiology, immunology, biotechnology and many other life sciences. As a science, biological
safety combines theories and practices of protecting people from hazardous biological factors.
It is therefore also viewed as an engineering discipline, i.e. a system of medical, biological,
organizational, engineering and technical activities and tools aimed to protect the personnel,
community and environment from pathogenic biological agents.
The other aspect in biosafety is the national biological safety which constitutes a system of
national and international organizational and technical measures to prevent damage and
ensure protection of the person, society and country from potential and real biological threats.
Public awareness and education of profile specialists and all levels of the population by
government representatives plays a critical role in minimizing biological hazards. This area is
being emphasized in Kazakhtan’s sanitary epidemiological service, and the monograph is
designed to provide due methodological support for various specialists involved in ensuring
biological safety of their country.

April 2016
Prof. Alim Masgutovich Aikimbayev, M.D.
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DEFINITIONS
The following terms with respective definitions are used in the monograph:
Abundance dynamics (movement, variation) – the temporal changing of the abundance of
animals in a natural setting. Abundance dynamics has seasonal and longitudinal forms.
Advance prevention – activities carried out in the period prior to epizootic development and
aimed to contain epizootic intensity and outspread through artificial reduction of the number
of carriers and/or vectors.
Aerosols – a system of solid (smoke) or liquid (mist) particles suspended in the air and having a
low precipitation rate.
Analytical epidemiological research – a quantitative description of connections between the
impact and the disease, identification of cause-and-effect relations. The epidemiological triad
constitutes the key components: source of infection, mechanism of transmission, susceptible
population, and environment.
Anthrax-affected area – a populated area, including cattle-breeding farms, pastures or natural
boundaries where an epizootic focus had been found, irrespective of its age.
Biological agents (syn.: biological warfare agents) – pathogenic microorganisms, viruses,
parasites and toxins which cause death or disease in humans, animals and plants, destruction of
materials, and sharp deterioration in the environment quality. Biological agents may be used as
a part of biological weapon and a tool of bioterrorism.
Biological hazard – the negative effect of biological agents of any level and origin, which pose
hazards in medical, social, technological, agricultural and municipal areas.
Biological hazard sources – biological agents and substances capable of damaging people and
economy (if no adequate protection measures are available) to the effect infringing upon the
country’s national security.
Biological safety – protection of humans, agricultural livestock, wild animals, plants and the
environment from hazards caused by a biological and social source of an emergency.
Biological safety cabinet – a ventilated cabinet designed to protect the user and the
environment from aerosols formed in the course of handling potentially dangerous and
dangerous microorganisms, and equipped with air filtration devices.
Biological terrorism (syn.: bioterrorism) – use of biological agents to inflict damage to human
health and life in order to achieve one’s own political and economic purposes.
Biological weapon – combination of a biological warfare agent with a delivery system ensuring
the dissemination/release on tactical, operative or strategic scales.
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Biorisk – a combination of probability of a hazardous impact and the rate of the hazardous
impact in cases when such impact originates from a biological agent.
Biosecurity – ensuring protection, control and accounting of biological agents and toxins in a
laboratory to prevent their loss, theft, misuse, diversion, unauthorized access or deliberate
unauthorized leak.
Carrier (host) – a homoiothermic animal that might get infected and sick by a transmissible
disease (e. g. plague, tularemia, brucellosis) in natural conditions.
Containment activities – a set of activities to prevent transfer of infectious agents from
patients with potentially contagious diseases/conditions to other patients, medical workers and
visitors within a medical facility.
Emergency prevention – activities carried out during an epizootic in order to prevent human
diseases.
Endemic – continuous confinement of human infectious diseases to a certain area, induced by
natural and social factors.
Enzooticity – confinement of zoonoses or: animal infectious diseases to a certain area, induced
by natural factors.
Epidemic – the category of intensity of the epidemic process that reflects mass-scale infection
of humans with an infectious/parasitic disease, significantly higher than the usual incidence
rate within the area.
Epidemic control activities – a set of measures to contain and eliminate an epidemic focus.
Epidemic focus – individual households, parts of a populated area, a settlement or a group of
settlements where sick persons were detected.
Epidemic potential of a natural focus – character of the human infection rate within a natural
focus that includes the status of natural and social factors.
Epidemic process – an epidemiological, social, ecological, open, organized, dynamic, multifactor, integral system that ensures existence, reproduction and outspread of parasitic
microorganisms in human populations. It based on the interaction between the source of
infection, transmission mechanism and susceptible humans under the influence of
environmental and social factors.
Epidemiological diagnostics – recognition of disease manifestations and epidemiological
condition based on epidemiological research methods and scientific data on the cause,
conditions and mechanism of disease occurrence, transmission and outspread.
Epidemiological examination – finding the causes of a disease occurrence, ways and factors of
the infection outspread.
Epidemiological forecast – prediction of the probability for the epidemic process occurrence
and development based on the analysis of local enzootic and endemic peculiarities, social
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factors and character of human exposure to natural sources of infection or potential ways of
transmission of an infectious agent .
Epidemiological surveillance (syn.: epi-surveillance) – a system of dynamic and comprehensive
monitoring of the overall epidemiological situation within a certain area in order to streamline
preventive and epidemic control activities and make them more efficient.
Epidemiological zoning – separation of areas characteristic of similar epidemiological situations
or potential complications.
Epizootic – the category of intensity of the epizootic process that reflects mass-scale infection
of animals with an infectious/parasitic disease, significantly higher than the usual incidence rate
within the area.
Epizootic activity in the focus – intensity of the epizootic process characteristic of a specific
natural focus area during a certain period of time.
Epizootic potential of a natural focus – character of the epizootic activity within a natural focus
that includes the integrated action of its factors.
Epizootic process – interaction between the source of infection , the transmission mechanism
and population of susceptible animals, resulting in occurrence and outspread of infectious
diseases in animals.
Epizootic situation – aggregate data that characterize the incidence of animal infectious
diseases in a specific area during a specific period of time, as well as all factors inducing or
preventing disease outspread.
Focus cores (microfoci, stable nidality spots, active focus parts) – areas within a natural focus
that are most favorable for the existence of the parasitic system.
Focus passportization – a definitive description of naturalfoci based on a uniform pattern;
harmonization of the data needed for description and of techniques for collection, storage and
processing of the current information on natural foci (e. g. plague).
Focus typing – pooling of foci based on their similarities of landscapes, species of carriers and
vectors, and the infectious agent’s properties.
Ground foci of anthrax – animal burial sites, biothermal pits and other sites for disposal of
animals which died from anthrax.
Hazardous materials/substances – hazardous biological agents that may be used for mass
destruction of humans, animals and the environment.
Hazardous objects – potentially hazardous biological objects that pose threat to human
activities and the national security.
Healthcare-acquired infection – any clinically apparent disease of microbial origin that affects
the patient in the course of administering medical aid during his/her hospitalization in a
healthcare facility.
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Healthcare-associated infection (syn.: nosocomial infection) – cases of infection associated
with providing any types of medical aid (i.e. in hospitals, outpatient clinics, educational
institutions, health resorts, social welfare institutions, when providing emergency medical aid,
home care), as well as cases of infecting medical workers as a result of their professional
activities.
High risk group (syn.: decreed cohort) – a population group where the disease risk is higher
than the one in the average population.
Incidence dynamics – the temporal (by seasons and years) changing frequency of disease cases
in humans or animals in a certain area.
Infection risk – probability of infecting a person in a specific setting.
Invasive medical intervention – use of instruments and devices that overcome the patient
organism’s natural barriers, where an infectious agent may get directly to the blood vessels,
organs, cavities and tissues of a patient’s organism.
Landscape epizootological zoning – the unit of a natural focus zoning based on the
homogenous epizootic activity and landscape.
Medical intervention aggression – the strength of the reactive syndrome responding to an
injury.
Microbiological monitoring – a comprehensive and dynamic monitoring of obligate and
potentially pathogenic microorganisms isolated from patients, personnel and hospital
environment, and of their properties and circulation.
Natural focus (autonomous focus) – a geographically or ecologically limited land surface where
the agent’s circulation occurs without entering from elsewhere for a very long time (tens of
consecutive epizootic cycles). Each natural focus is characterized by its own historical parasitic
system based on core carriers, vectors and the agent with certain properties. Peculiarities of
the parasitic system define specific traits of the epizootic process.
Natural focus zoning – subdivision of a natural focus area into subordinate parts based on
epizootic activity, nature of carriers’ colonies and their number or other practically significant
signs; unification of similar foci or parts of a focus based on the regional or typological principle.
Natural nidality – a peculiarity of some infectious/parasitic diseases where its pathogens can
circulate in natural biocenoses for a very long time.
Prevention – a set of comprehensive governmental, social, hygienic and medical measures to
prevent diseases.
Risk factors – biological, natural or social factors that determine, conduce or increase the
probability/risk of complication of the epidemiological situation.
Safety – absence of the unacceptable risk associated with potential damage.
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Sanitary epidemic control (preventive) activities – organizational, administrative, engineering,
medical, veterinary and other measures aimed to eliminate or mitigate the hazardous impact
on humans and prevent occurrence and outspread of infectious diseases and mass-scale noninfectious diseases (poisonings).
Sporadic diseases – sporadic findings or cases of infected or recovered humans or animals
when it is difficult or impossible to establish any epidemiological or epizootological relation
between them.
Transmission mechanism – an evolutionary way of a pathogen transmitting from the infected
organism to a susceptible animal. Ways of transmission include vector-borne, airborne, contact
and alimentary.
Vector – blood-sucking arthropods capable of transmitting the pathogen (infectious agent)
from the donor to the recipient in a natural setting.
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INTRODUCTION
Current implementation of a global strategy to control infectious diseases presumes
modernization of the public health emergency warning system and countermeasures
(International Health Regulations, 2005). The modernization is needed to update the whole
arsenal of technologies and methodologies of epidemic control services to reach the level
sufficient enough to counter any emerging biological threats. Ensuring biological safety requires
political, organizational, legal, scientific, economic, medical, operational, informational,
prognostic, and educational measures (Yevstigneyev, 2003; Aikimbayev, 2007a). However, it is
the status of public health and veterinary medicine that will determine the level of countries’
preparedness in ensuring biological safety.
The plague, anthrax and tularemia pathogens belong to the group that includes microorganisms
that may most certainly be used as a bacteriological weapon. Therefore, due attention is paid in
this study to these zoonotic bacterial infections. Their sources include natural and ground foci.
For instance, the enzootic area of plague makes 1.06 mil. km2 or 39 % of Kazakhstan’s territory.
The area of natural foci of tularemia is 116,200 km2. The country has 1,787 registered
Stationary Affected Areas (SAA) and 2,677 anthrax foci (Aikimbayev, 2010a).
Epidemiological surveillance of especially dangerous infectious diseases in Kazakhstan is
aggravated by problems dating back to the early years of the country’s independence, when
funding of preventive activities had shrunk. This degraded the efficiency and continuity of
monitoring of zoonotic infection natural foci. Assessment of the current state of the
epidemiological surveillance system with regards to especially dangerous infection (EDI) natural
foci requires establishing modern trends for their epidemic potential and natural and social
factors, alongside with the development of adapted prevention approaches.
The ever growing social and economic development results in a greater technogenic stress for
natural landscapes. The railroad and motor vehicle traffic has increased, and the migratory
activity is now much higher. Part of the rural population involved in distant-pasture cattle
rearing lead a nomadic life. Local and joint-stock oil and gas companies operate in enzootic
areas of plague.
A new scientific field, synthetic biology, is now undergoing a dynamic development. The term
synthetic biology was first offered by the German biochemist Barbara Hobom in 1980 to
describe the transgenic bacterium obtained by the recombinant DNA technology (Onishchenko
et al., 2014). The very first deliverable of this new field was establishment of synthetic
analogues of the genomic single-strand rabies virus RNA (Rawls, 2000). To date, the polio virus
genome (Cello et al., 2002) and the A/H1N1 influenza virus genome (Wimmer et al., 2009) have
been synthesized. The potential threat of using synthetic virus genomes as bioterrorism agents
is taken seriously.
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The current problem of bioterrorism requires development of up-to-date diagnostic
technologies to detect cases of deliberate use of biological agents (BA) and adequately respond
to bioterrorist emergencies.
Scientific research is now conducted in all areas of biological safety, and the regulatory
environment is being developed. However, the materials are currently dispersed across various
scientific and administrative facilities and have not been arranged systematically.
The importance of the national biological security served as a basis for this monograph and
determined a systematic approach to this new field.
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OVERVIEW ON THE BIOLOGICAL SAFETY SYSTEM

Given the current social and economic conditions, implementation of efficient epidemiological
surveillance of EDI in the Republic of Kazakhstan comes to the foreground. Apart from the risk
of importing pathogens from the neighboring countries, it is even more about the country itself
having active natural foci of plague, tularemia and Crimean-Congo Hemorrhagic Fever (CCHF),
as well as stationary anthrax-affected areas. The economic development of dangerous areas,
migratory processes and the growing problem of bioterrorism necessitate amending the
current epidemiological surveillance to ensure the country’s biological security.
The national biological safety system should be understood as the country’s preparedness to
resist and respond to biological and social emergencies, including protection of the population
and their life support systems, livestock and plants, as well as the environment. Biological
safety is termed as a system of organizational, medical, biological and engineering activities and
facilities aimed to protect from pathogenic biological agents (PBA). This system is composed of
a few subsystems, each with a certain set of facilities and activities. The backbone factor here
includes organizational activities, as the personnel safety and environmental safety depend on
their accurate and appropriate implementation.
In the Republic of Kazakhstan, biological hazard may currently be posed by:
•
•
•
•
•

Natural reservoirs of pathogenic microorganisms capable of causing infectious diseases;
Accidents and diversions at biologically dangerous facilities;
Access to especially dangerous pathogens (EDP), expertise and technologies of dual
purpose, given the lack of appropriate physical security;
Unauthorized trans-border carryover of pathogenic microorganisms, accidental or
deliberate import of pathogens of exotic infectious diseases to the Republic of Kazakhstan;
Large-scale or diversionary (covert) use of pathogens as biological warfare agents (BWA),
(Yevstigneyev, 2003; Aikimbayev, 2007a).

Unlike the chemical risk assessment, which utilizes the dose-effect mathematical relation and
international toxicological databases, assessment of biological risks does not currently utilize
mathematics, and the conclusions are based on the Delphi method. In this respect, a lot has yet
to be done in order to learn how to adequately assess biological risks (Remnev 2009).
The existing national systems of state epidemiological surveillance and infectious disease
control should be capable of detecting, containing and eliminating an infectious disease
outbreak, irrespective of whether it had been caused by a natural pathogen or intentional use
of a natural or genetically modified organism (GMO; Lederberg et al., 1992; Vorobyov, 2003).
The country’s biological protection level is compromised by such destabilizing factors as
environmental degradation and inadequate sanitary and epidemiological situation; slackening
of the centralized government biosafety system; reduced amount of fundamental and applied
biological research; lagging behind the world in development of the scientific and industrial
1
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sectors of biosafety; and inadequate supply of medications and diagnostic products for the
population.
To ensure effective operation of the national biological safety system, a governmental vertically
integrated biological system must be established in the country first of all. Main activities in
ensuring the country’s biological safety include the setup of a coordinating body with an ample
authority to implement the national policy in this area. To ensure effective management,
authorities must be delineated between the executive bodies, and a hierarchy must be built
between these bodies to designate the national, institutional and regional levels.
To improve coordination of different ministries and agencies at the national and local levels in
emergency prevention and response (including epidemics and enzootics), the KZ Government
issued Resolution #1298 of August 28, 1997, which established the State System for Emergency
Prevention and Response (SSEPR). The goal in setting up the SSEPR was to develop and
determine a uniform policy and strategy in the area of emergency prevention and response in
order to respond to emergencies (including outbreaks of especially dangerous diseases) in a
timely and effective manner. The main objectives included development of a systematic
approach using prognosis and preventive measures; analysis of emergency causes; setup of a
monitoring and public awareness system; outbreak drills, and training of highly skilled
specialists.
Most functions in implementing actual biological safety activities were vested in the sanitary
epidemiological service of the public health system. This service had initially reported to the
Main Sanitary Epidemiological Office, and then to the Committee for State Sanitary
Epidemiological Surveillance (CSSES). In 2013, the Committee was removed from the Kazakh
Ministry of Health (MoH) and reorganized into an independent Agency of the Republic of
Kazakhstan for Consumer Rights Protection. In 2014, the Agency was in turn reorganized into
the Committee for Consumer Rights Protection and incorporated into the newly created
Ministry of National Economy. With all these reforms, the sanitary epidemiological service
composed state sanitary epidemiological surveillance (SSES) institutions, sanitary
epidemiological expertise institutions and anti-plague stations (APS).
Such frequent and effortless reorganizations bring hope that re-incorporation of the sanitary
epidemiological service into the MoH will have no organizational obstacles, as its adequacy has
been confirmed in most countries for many years, and it has pursued one overarching goal of
improving public health.

Implementation of the objectives set to ensure biological safety requires elaboration of the
following key areas. Legal regulations on biosafety and their harmonization with international
laws. To prevent global threats to biological safety, two fundamental legal instruments have
been adopted by the world community – the Biological and Toxin Weapons Convention (BTWC,
1972) and the Convention on Biological Diversity (1992).
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In 2000, the United States developed a national strategic plan on preparedness for response to
terrorist incidents with chemical and BA (Sandakhchiyev et al., 2003), which stipulated for a
coordinated involvement of over 10 different agencies in incident detection and response.
Main sections of this plan include: preparedness and prevention; detection and surveillance;
diagnosis and characteristics of biological and chemical agents; implementation of incident
response measures; and the notification and information support system.
Russia has developed the Basic Principles of the State Policy in the Area of Ensuring Chemical
and Biological Safety of the Russian Federation for the Period of up to 2010 and Onward
(Biological and Chemical Terrorism, 2000).
Hundreds of the World Health Organization (WHO) collaborating centers worldwide specialize
in individual infections. Alongside with those, there is a laboratory network of the Pan American
Health Organization (РАНО), International Clinical Epidemiology Network (INCLEN), the Pasteur
Institute network, a research network of the U.S. National Institutes of Health (NIH), and the
U.S. Centers for Disease Control and Prevention (CDC).
After World War II, the build-up of nuclear weapons made it obvious that biological weapons
(BW) will unlikely be used for military purposes. First, the destructive effect of BW relies heavily
on a number of unforeseeable factors (wind speed, humidity, immunity and physical security of
targets), which complicates military planning. Second, if used for military purposes, the
enemy’s armed forces equipped with adequate biological protection would most probably
survive and continue combat operations.
Therefore, BW – just like chemical weapons – could above all affect the inadequately protected
civilians. That is why during the Vietnam War of 1964-1972, the leading powers signed the
Convention on the Prohibition of the Development, Production and Stockpiling of
Bacteriological (Biological) and Toxin Weapons and on Their Destruction (usually referred to as
BTWC). The Convention was approved by the United Nations (UN) General Assembly in 1971,
and signed on April 10, 1972 in the Russian, English, Spanish, Chinese and French languages. It
came into effect on March 26, 1975 in what was then the Soviet Union.
To date, signatories of the Convention include 148 countries, excluding Israel, Egypt, Tanzania,
Somalia, Nepal and some other countries. The Convention constitutes 15 articles, and its
wording is concise and comprehensive.
Article I prohibits development, production, stockpiling and retaining of BW. Article II binds the
Convention state parties to destroy their BW. Article III binds the state parties not to transfer
BW technologies to to any recipient whatsoever.
The BTWC was a breakthrough in international control of weapons. For the first time ever, a
whole type of WMD was prohibited for an indefinite period. And yet, the document did not
contain any provisions on verifying compliance with the BTWC commitments. Neither did it call
for destruction of all existing BW reserves, but rather allowed diverting them “to peaceful
purposes” by not later than nine months after signing. The document failed to clearly delineate
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between activities for military and peaceful purposes, which basically allowed retaining BW
stocks and improving them by declaring them to be part of permitted activities, e.g. biosecurity.
Also, unlike the agreements on reduction and limitation of other types of weapons (including
chemical and nuclear), the BTWC does not have a list of BA subject to banning. Moreover, it
does not prohibit any specific BA or toxins that may be used as a biological weapon, nor limits
their quantity. The ban only applies to their use in programs on making offensive BW. But the
most serious shortcoming of the BTWC is lack of compliance verification measures.
The state parties have undertaken a number of efforts to enhance assurance of compliance
with the BTWC. During the 2nd and 3rd Review Conferences in 1986 and 1991, a number of
confidence-building measures were developed to increase transparency.
In 1986, the 2nd Review Conference of the BTWC state parties adopted the Final Declaration
calling for the parties to annually exchange information on any activities related to the
Convention. This could become a confidence-building measure.
These efforts were followed by seven more BTWC Review Conferences. On December 5-22,
2011, Geneva was hosting the 7th Review Conference. Delegations of the state parties shared
their views on issues related to the ban on biological and toxin weapons. A clause-by-clause
review of the BTWC was held, and potential steps were discussed to further the Convention’s
effect. An agreement of opinion was confirmed about the need to universalize the BTWC and
duly perform the Convention commitments at the national level. However, no decision
whatsoever was made with regards to such key aspects as development of a binding
mechanism for the BTWC compliance verification, and development of international
collaboration in peaceful biological activities. Such discussions will continue in the inter-session
period in 2012-2015, until the 8th Review Conference convenes in 2015.
Meanwhile, in the early 21st century, the threat of terrorism using weapons of mass
destruction has come to the limelight of international security and security policies of the
world’s leading powers. This threat, termed as “catastrophic terrorism” (or “super terrorism”),
is a predictable result of merging the two current processes that had come to the foreground
after the Cold War was over and globalization increased – proliferation of weapons of mass
destruction and rising international terrorism, as a constant and systemic factor in the
countries’ domestic and international activities.
Weapons as well as destruction of storage facilities for poisonous and disease-causing
substances resulting in a comparable effect is considered to be a method and means of a
terrorist attack using hazardous BA (man-made terrorism).
Getting over disagreements between the leading powers is critical for a more effective counterterrorism. Special services from different countries are now establishing collaboration to
exchange information and adopt documents improving international anti-terror laws.
Development of international cooperation between law enforcement bodies aims to prevent
proliferation of weapons of mass destruction and deprive terrorists of funds and shelters where
they would get away with preparations for more terrorist attacks.
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Dissidence between the leading powers on some key issues poses a real problem. Examples of
such dissidence include:
•
•
•
•
•

What organizations should be considered as terrorist ones?
What countries could be accused of abetting terrorism?
What governments pose the greatest threat for WMD proliferation?
Under what conditions the negotiations with them should be held?
Whether any sanctions or force actions should be exercised against them?

The Great Powers and their allies possess every economic, military and technical resource for
effective counter-terrorism. However, such resources are not consolidated, scattered all over
various areas, and are oftentimes used to counter each other.
Development of common world standards for safety and security becomes a crucial element in
fighting international bioterrorism. Today, 75 to 100 world’s major biotechnology companies
are involved in anti-bioterrorism scientific research including creation of brand-new
medications and vaccines. Each participant pursues its own long-term goals, mandate and
institutional interests.
Some of the collaborating institutions are concerned with procurement of new technologies
and equipment to strengthen their efforts in the security and non-proliferation areas, while a
number of others are more interested in increasing transparency of biological facilities. They
are more interested in improving disease surveillance and outbreak response measures,
pharmaceutical safety, development of codes of ethics and conduct, or propagation of good
laboratory and manufacturing practices (GLP, GMP). For instance, a biosafety review in Asia
demonstrated that the primary focus is made on prevention of accidental leak of infectious
pathogens rather than the risk of deliberate violations of security measures.
The following main laws and regulations are currently used in Kazakhstan’s biological safety
system:
•
•

•

•

•
•

The Code of the Republic of Kazakhstan #193-IV On Public Health and the Health System,
dated September 18, 2009;
The state program on development of public health in the Republic of Kazakhstan for 20112015, Salamatty Kazakhstan, approved by Decree #1113 of the President of the Republic of
Kazakhstan on November 29, 2010;
The Law of the Republic of Kazakhstan #245-III On Ratification of the Convention on the
Prohibition of the Development, Production and Stockpiling of Bacteriological (Biological)
and Toxin Weapons and on Their Destruction, dated May 7, 2007;
The Law of the Republic of Kazakhstan #193-II On the Republic of Kazakhstan Becoming a
Party to the European Agreement concerning the International Carriage of Dangerous
Goods by Road, dated May 7, 2001;
The Law of the Republic of Kazakhstan #300-III On Export Control, dated July 21, 2007;
The Law of the Republic of Kazakhstan #527-IV On the National Security of the Republic of
Kazakhstan, dated January 6, 2012;
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•
•
•
•

Resolution #850 by the KZ Government On the National Collection of Microorganisms, dated
July 30, 2002;
Resolution #1151 by the KZ Government On Some Issues Concerning Facilities Subject to
State Protection, dated October 7, 2011;
Resolution #13 by the KZ Government On Approval of Sanitary Rules “Sanitary
Epidemiological Requirements to Laboratories”, dated January 10, 2012;
Resolution #87 by the KZ Government On Approval of Sanitary Rules “Sanitary
Epidemiological Requirements to Healthcare facilities”, dated January 17, 2012.

Development of the biological safety system in the Republic of Kazakhstan utilizes international
expertise, which helps harmonize it with international analogues. Basic provisions of the
following international standards are used to improve national biosecurity and biosafety in
Kazakhstan:
•
•
•
•
•
•
•
•
•
•

The WHO Laboratory Biosafety Manual, 3rd edition, 2004;
ISO 15190:2003 Medical Laboratories - Requirements for Safety;
International standard on laboratory biorisk management (CWA 15793:2011, European
Committee for Standardization (CEN);
Biosafety in Microbiological and Biomedical Laboratories (BMBL), 5th edition, February
2007, CDC and NIH;
International directives on workplace safety (89/654/ЕЕС, 89/655/ЕЕС, 89/656/ЕЕС,
90/269/ЕЕС, 90/270/ЕЕС);
International directives on employee protection from chemical, physical and biological risks
(98/24/ЕС, 2000/54/ЕС, 2002/44/ЕС);
ISO 14001 (Environmental Management Systems Standards);
ISO 9001 (Quality systems: Model for Quality Assurance in Design, Development,
Production, Installation and Servicing);
Occupational Health and Safety Assessment series (OHSAS) 18001;
Safety Aspects – Guidelines for Their Inclusion in Standards (ISO/IEC Guide 51:1999).

Assessment of biosafety and biosecurity measures is impeded by vagueness associated with
bioterrorism threat and risk assessments.

Preventive biosafety measures. Apart from protective biotechnologies, international nonproliferation organizations also pay close attention to the technology of creating BW from
biological virulent or toxic materials. The ready-to-go BW (alongside with loading facilities and
vehicles) with a high destructive effect must meet a number of technical requirements in
addition to its infectivity rate. Meeting such requirements will necessitate additional critical
production stages. As such technologies cannot be used for anything else other than BW
making, the proliferation should be banned with the most stringent measures. This has on the
whole been implemented as such technologies constitute a state secret, and BW production is
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banned by the Convention on the Prohibition of the Development, Production and Stockpiling
of Bacteriological (Biological) and Toxin Weapons and on Their Destruction (BTWC, 1972).
In 2006, UN Secretary-General Kofi Annan called for holding a global forum to enhance
distribution of legitimate biotechnology for the purpose of fighting infectious diseases. The
forum would at the same time help recognize the potential hazard of destructive use of the
biotechnology by those trying to synthesize diseases and pathogens for illegal purposes. Mr.
Annan offered that a number of measures should be taken to neutralize risks of accidental or
unintentional misuse of biomaterials. These include voluntary codes of conduct and legally
binding sensitive research surveillance systems.
In September 2006, the WHO published a document on biorisk management which also
included a manual on ensuring biosafety in laboratories. The document is centered on biorisk
management using laboratory biosecurity and biosafety measures and ethical responsibility. It
encourages the member states to develop their national formats of ensuring safety of biological
materials. If no national regulations exist, laboratory managers must consider biorisk
management objectives.
The WHO defined laboratory biosafety as the “containment principles, technologies and
practices that are implemented to prevent unintentional exposure to pathogens and toxins, or
their accidental release”. Laboratory biosecurity refers to the “protection, control and
accountability for valuable biological materials within laboratories, in order to prevent their
unauthorized access, loss, theft, misuse, diversion or intentional release”.
On September 8, 2006, the UN General Assembly adopted the Global Counter-Terrorism
Strategy to ensure implementation of a consistent counter-terrorism policy. The action plan
attached calls for the Secretary-General to update the lists of experts and laboratories, as well
as technical manuals and procedures, in order to ensure “timely and effective” investigation of
potential use of chemical and BW.
The UN system is invited to develop a comprehensive database on biological incidents that
would augment the International Criminal Police Organization’s (Interpol) biocrime database.
The WHO should increase technical aid to the countries to enhance their public health systems
and prevent any bioterrorist attacks.

Activities in the European Union (EU). In 2006, the EU Directorate-General for Justice, Freedom
and Security began execution of two projects on biosecurity and biosafety. The biosecurity
project in Europe includes a review of the situation with regards to biosecurity and biosafety in
European BSL-3 and BSL-4 laboratories. The project aims to strengthen “coordination,
harmonization and exchange of biosafety practices within the Pan-European network”. A
network of biosecurity experts is to be set up, as well as a web site with continuously updated
information on biosecurity and biosafety.
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The other EU project “Biosafe” aims to build the capacities of the public health system and civil
protection bodies in order to respond to intentional use of BA, by establishing the PanEuropean network and database. The project considers virulence factors of pathogens and
toxins that may be used for terrorist purposes.

Activities in the Republic of Kazakhstan. Kazakhstan recognizes biosafety as a critical
component of the Convention on Biological Diversity. In this respect, Kazakhstan made a
positive step when in July 2005 it joined the Weapons of Mass Destruction Proliferation
Security Initiative, also known as the Krakow Initiative. The goal of the Initiative is to involve all
countries in the process of intercepting suspicious aircraft and sea craft, as well as ground
transport vehicles, carrying WMD-related materials. Kazakhstan also joined the BTWC having
ratified it on May 7, 2007. Kazakhstan is currently finishing its domestic procedures for joining
the Australia Group (AG). In this respect, closer attention is paid to the measures aimed to
implement the AG provisions.
Kazakhstan is interested in supporting and reinforcing its image as that of a predictable and
serious-meaning country meeting the BTWC goals. Internal factors that ensure Kazakhstan’s
compliance with the BTWC requirements include first of all its respective legal and regulatory
basis and its harmonization with international agreements on non-proliferation (Syzdykov et al.,
2013). In line with its international commitments to confidence building measures, Kazakhstan
annually updates the UN on its biological activities, which enhances transparency and
predictability in the area.
The following activities are carried out at the national level in Kazakhstan:
•

•

•

•
•
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Reliable physical security is implemented to prevent any distribution of biological materials.
Adequate regulatory environment has been established and now is being improved and
harmonized with international agreements. Implementation of a set of measures is
regulated by laws to ensure reliable accounting, control and security of dangerous biological
materials, and to prevent unauthorized access to such materials and technology.
Kazakhstan plays a full role in a lot of international WMD non-proliferation organizations.
There are mechanisms and procedures to enable comprehensive and effective legal
cooperation between the member countries.
Export control has been established over biological materials, equipment and technologies
of dual purpose. Criminal and administrative responsibility is promulgated for violations in
foreign trade activity involving such materials.
Coordination of collaboration with the WHO, including disease monitoring and
containment.
International cooperation, providing assistance and exchange in the area of biological
sciences and technologies.
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The work in this area includes:
•

•
•
•
•

Well-developed inter-agency coordination and cooperation to ensure preparedness,
detection and response to infectious disease outbreaks of a natural, accidental or
intentional character.
Development and implementation of appropriate measures to ensure laboratory safety and
security, harmonized with international regulations and standards.
Support for the WHO-developed strategies to manage laboratory biorisks for 2012−2016.
Development of the strategic plan on reinforcing global biosafety and biosecurity.
Enhanced opportunities for investigation of potential use of BW, including increase of
effectiveness in differentiation of unusual and unnatural diseases.

The country’s national biosafety system is currently at its development and improvement stage.
In this area, the Kazakh laws and regulations include the following aspects considering dealing
with BA and agents of EDI:
•
•
•
•
•
•

Handling,
Security,
Procurement,
Possession,
Transfer,
Transportation.

To date, Kazakhstan has adopted a number of regulatory norms providing for the following
preventive measures:
•
•

•
•

•

•

Consolidation of EDI agents in a secure national collection at KSCQZD (Resolution #850 by
the KZ Government On the National Collection of Microorganisms, dated July 30, 2002).
A differentiated approach to microbial collections of various levels, to limit the storage
period for EDI agents isolated at diagnostic laboratories (Order #799 by the MoH (October
30, 2003) On Implementation of Resolution #850 by the Government of the Republic of
Kazakhstan dated July 30, 2002).
Limitation of the list of BA for long-term storage at diagnostic laboratories’ museums
(annual approval of the list of such agents by the KZ Chief State Medical Officer).
Use of EDI surrogate agents for operations at diagnostic laboratories (plague and cholera
surrogate agents) and low-virulent strains (vaccine strains of plague, tularemia, anthrax and
brucellosis pathogens).
Quarterly accounting of availability and traffic of especially dangerous BA, with a report for
KSCQZD and a consolidated report for the MoH (Order #800 by the KZ MoH On Establishing
a Unified Information Database on Agents of Especially Dangerous Infections, dated
October 30, 2003).
A set of engineering solutions ensuring biological safety (appropriate rooms with a
standardized usable area, quality of finishing materials, requirements for utilities) and
biological security (national regulations setting technical specifications for security
9
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•

•
•
•

equipment and technical resistance of strategic and high-security government facilities and
critical infrastructure in Kazakhstan, 2008).
A set of administrative measures:
- Office management (including classified and non-classified document management);
- Monitoring, screening and management systems (including internal control);
- Health regulation (HR) record-keeping and deployment (including preliminary and
current personnel background checks);
- Logistics and linguistics;
- Finance and materiel;
- Training and training methodologies (development of sanitary awareness
documentation, curricula and methodological documents).
A set of medical and sanitary measures (free case follow-up, employee vaccination, etc.).
Set of laboratory safety measures, including training and medical waste management.
Developed emergency response plans (including bioterrorism) and comprehensive epidemic
control plans on sanitary protection from introduction and outspread of quarantine and
EDI.

Today, the national laws of Kazakhstan do not provide for any regulation of bioterrorism and
related issues, although some legal norms have already been included in current laws. The
fundamental law on bioterrorism prevention and response in Kazakhstan is the Law of the
Republic of Kazakhstan #19-I On Natural and Man-Caused Emergencies, dated July 5, 1996. On
January 30, 2008, Resolution #78 by the KZ Government established the Commission for
Biological Safety, represented by fifteen ministries. This Commission is an advisory body for the
KZ Government aimed to review and draft suggestions on improving the laws of the Republic of
Kazakhstan on biological safety.
Another important step toward reducing global threats was Kazakhstan’s adoption of the
International Health Regulations (IHR) 2005 (Order #384 by the MoH On Implementation of the
International Health Regulations in the Republic of Kazakhstan, dated June 27, 2008).
On January 4, 2013, Nursultan Nazarbayev, President of Kazakhstan, signed Law #63-V On
Amending Some Legislative Acts of the Republic of Kazakhstan on Counter-Terrorism. The law
addresses improvement of the legal counter-terrorism environment. In accordance with the
law, the term ‘terrorism’ has been consistently defined as a multifaceted social phenomenon
aimed to gain political and other goals pursued by individuals or groups through violent or
criminal methods. The law legally defines the status of the Anti-Terror Center as an advisory
body to the KNB (similarly with the Coordinating Council for Ensuring Law and Order and Crime
Control, established for the Prosecutor-General’s Office) coordinating the government entities’
counter-terrorism activities.
Besides, anti-terror commissions will be created to coordinate the work of territorial
government bodies and local executive bodies in terrorism prevention. Members of such
commissions will include representatives from territorial government bodies and local
executive bodies, and the commissions will be managed by heads of local executive bodies. The
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decision is based on the fact that the local executive bodies possess greater capabilities (i.e.
power, resources, and material) than authorized territorial government bodies with regards to
terrorism prevention, mitigation and response.
Amendments to the law also provide for changes to the Penal Code, Penal Execution Code,
Code of Administrative Offenses and ten other laws. Provisions of the law will also help
minimize social causes for terrorism, enhance public confidence in government bodies, and
involve the community in the counter-terrorism process. The law also stipulates the
presidential approval of the rules to establish a terror threat level in the country, as well as
procedures for the armed forces to use weapons, military equipment and special-purpose
means during an anti-terrorist operation.

Inventory of biologically dangerous facilities and areas and their passportization. Probable
sources of biological threats include PBA handling facilities. They pose a potential hazard
associated with occupational infectious diseases for people directly handling PBA or those
exposed to them; uncontrolled release of PBA outside the facility and potential contamination
of the community and environment; and unauthorized access to microorganisms for their
intentional use for bioterrorist purposes.
Agents are always handled in safe biological containment conditions. Such facilities strictly
adhere to special safety requirements for laboratories and specialists handling EDI agents.
In line with the WHO recommendations, most countries – including Kazakhstan – classify
microorganisms into four groups depending on their risk level. The most dangerous
microorganisms are those of Pathogenicity Groups I and II: agents causing plague, smallpox,
hemorrhagic fevers, anthrax, tularemia, melioidosis, encephalitis, etc.
The classification used in the United States, Canada and Japan differs from the former in
reverse order as it attributes microorganisms with the highest pathogenicity level to Group 4.

Enforcement of compliance with international agreement commitments in the area of
biological safety and participation in international WMD non-proliferation and counterterrorism programs.
Protection of national interests and implementation of international commitments may
necessitate bans or restrictions on foreign trade with biological products subject to export
control (Staritsyn et al., 2003).

Modern methods of laboratory diagnostics. Public protection from biological aggression and
other types of biological threats (epidemics, natural and man-caused disasters) are based on
timely detection of pathogens and implementation of epidemic control activities (Zlobin &
Yevstigneyev , 2002; Utkin et al., 2011). Pathogen detection includes three functional links:
11
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non-specific indication, specific indication and identification (definition) of a PBA (Practical
Guide, Volgograd, 2004).
Non-specific indication is based on rapid detection of PBA according to a number of signs
(increased protein content, enzyme activity) characteristic of living microorganisms (Zlobin &
Yevstigneyev, 2002). Specific indication is based on laboratory test methods focusing on
detecting antigens and genome sites characteristic of each species of PBA, using immunological
and molecular genetic methods. Testing of native materials with rapid test methods can obtain
a preliminary result of PBA availability in the sample within 1−3 to 3−5 hours (Prac\cal Guide,
Volgograd, 2004).
Testing of materials after biological enrichment takes 18 to 72 hours. Although laboratory
diagnostic methods feature high sensitivity and specificity, a number of issues yet have to be
addressed:
•
•
•
•

Equip facilities performing biological detection with non-specific indication tools;
Reduce the PBA detection and specification time;
Introduce contact-free and reagent-free tests to ensure biological safety;
Develop automatic monitoring tools for PBA in environmental objects.

Current methods of laboratory diagnostics of infectious diseases include physical methods
based on analysis of chemical composition and molecular structure of microorganism cells:
ultra-violet (UV) and infra-red (IR) spectroscopy, biological luminescence, Raman and IR Fourier
transform spectroscopy.
UV and IR spectroscopy methods lay the foundation for development of remote PBA indication
means in the aerosol state – IR and UV light detection and ranging (LIDAR; Zlobin &
Yevstigneyev, 2002). LIDAR can automatically perform continuous monitoring of the air without
use of any additional reagents. Operation of LIDAR is based on use of IR or UV laser radiation
going through the atmospheric layer and reflected from aerosol particles. IR lidars can detect
biological particles with a diameter of less than 20 µm at the distance of 5−6 km. UV LIDAR
detect biological particles with a diameter of 1−10 µm at the distance of 2−3 km (Trošt, 2008).
IR laser radiation detects particles of both biological and non-biological origin (snow, dust,
powders). UV radiation induces fluorescence of only biological molecules/proteins (Fatah et al.,
2001).
Indication of biological particles using UV spectroscopy is based on detecting the peak of
absorption of protein molecules containing aromatic amino acids (tryptophane, tyrosine,
phenylalanine), in the UV band, with the wave length of 280 nm. UV lasers are effective in lowlight conditions, and at night. However, aerosols containing aromatic hydrocarbons (industrial
chemicals, exhaust emissions), pollen or mushroom spores may yield false positive results
(Sivaprakasam et al., 2004). To exclude such errors and ensure detection of only microorganism
cells, the visible-range spectroscopy method is now used. It is based on detecting the marker of
metabolic activity of live nicotinamide adenine dinucleotide (NAD) cells, which has the
absorption peak at the wave length of 349 nm, and the emission peak at the wave length of 450
12
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nm (Jeys et al., 2007). However, this method of identifying microorganism cells fails to detect
bacteria spores and toxins of biological origin without metabolic activity.
To address the problem, a number of authors offered use of multi-wave spectroscopy in UV and
visible range (UV-VIS spectroscopy), which registers both protein molecules in the UV band and
metabolic activity markers (NAD, riboflavin) in the visible range. Simultaneous registration of
three biological markers (proteins, NAD, riboflavin) allows differentiating vegetative cells of
microorganisms, bacteria spores, proteins and inorganic particles.
Based on multi-wave spectroscopy, a number of devices have been developed for PBA nonspecific indication: Ultraviolet-Aerodynamic Particle Sizer (UV-APS) (TSI, Inc., USA),
Fluorescence Aerodynamic Particle Sizer (FLAPS) (Department of National Defence, Canada),
Biological Agent Warning Sensor (BAWS; Massachusetts Institute of Technology Lincoln
Laboratory, USA), Single Particle Fluorescence Analyzer (SPFA; Naval Research Laboratory,
USA), (Fatah et al., 2001; Agranovski et al., 2002; Sivaprakasam et al., 2004). UV-APS detector
comprises the sampler (air sample pump), IR laser to measure the size and quantity of particles
in the sample, and two UV lasers designed to detect proteins, NAD and riboflavin. Agranovski et
al. demonstrated that sensitivity of the UV-APS detector is 60 m.c./cm3. False positive
fluorescence of non-microbial organic aerosols is observed in 0.1 % cases (Agranovski et al.,
2002).
The devices are of a compact size and can be used by mobile environment monitoring teams.
For instance, the FLAPS detector was integrated in the Canadian Integrated Biological Agent
Detection System (CIBADS) indication system of Canada’s Department of National Defence
(Fatah et al., 2001).
Bio-luminescence is one of the methods used for non-specific indication of microorganisms. It
registers either pathogens’ own fluorescence or fluorescence that results from interaction
between special reagents and cell metabolic activity markers – adenosine triphosphatase, or
peroxydase (Squirrell, 1999; Lee & Deininger, 2004; Lim et al., 2005).
The commercial test system, Profile-1, has been developed (New Horizon Diagnostics Inc., USA)
to detect 3х102 to 1х104 m.c./ml within 5−15 minutes (Fatah et al., 2007). The test system has
100 % specificity. Profile-1 was used to determine the overall pathogenic content on food
(Cutler et al., 1996) and biological aerosols (Stopa et al., 1999), and detect bacterial spores (Lee
& Deininger, 2004).
Therefore, the IR, UV and visible spectroscopy means listed above are capable of detecting
microorganisms’ vegetative cells, bacterial spores, protein toxins in the environment and food.
These indication methods feature high sensitivity, research automation, ability to operate
autonomously for a long time, rapid results, absence of direct contact with the materials tested
(in some cases), and no need to use any biological or chemical reagents. These advantages can
be utilized in developing PBA non-specific indication tools and equipping mobile environment
monitoring teams with them. However, these methods cannot identify the PBA species.
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PBA specific indication and identification utilizes spectroscopy methods based on identifying
individual properties of the microorganism cells’ chemical composition.
Currently, microbiology utilizes Fourier transform vibrational IR spectroscopy, or Fourier
transform infrared (FT-IR) spectroscopy (Preisner et al., 2007), which has for many years been
used in chemical analysis of pure substances (Yalçin Duygu et al., 2009). The sample tested is
exposed to IR irradiation. Radiation absorption by the substance leads to oscillatory motion of
the molecules registered in the vibrational spectrum. Each molecule is characterized by its own
vibrational frequency and amplitude.
Microorganisms are found to have their individual Fourier spectra (Rodriguez-Saona et al.,
2004; Rabia et al., 2008), caused by the fact that each pathogens has its unique set of
macromolecules (proteins, lipids, carbohydrates, nucleic acids). Identification of Fourier spectra
in microorganisms allows for their differentiation at various taxonomic levels to include
subspecies, serovars and strains.
For instance, FT-IR was proved to be effective in identification of Brucella sp. (Gómez et al.,
2003), Yersinia (Y.) enterocolitica (Kuhm et al., 2009), Listeria monocytogenes (Rebuffo et al.,
2006; Rebuffo-Scheer et al., 2007), yeast (Wenning et al., 2002), and prions (Beekes et al.,
2007). Miguel Gómez et al. used FT-IR to identify Brucella melitensis biovars and differentiate it
from other Brucella species (Gómez et al., 2003). Brucella biovar identification was effective in
95 % of cases.
Kuhm et al. used FT-IR to differentiate Y. enterocolitica from other Yersinia species (Y.
pseudotuberculosis, Y. bercovieri, and Y. intermedia), (Kuhm et al., 2009). The authors
succeeded in identifying the Y. enterocolitica species in 80 % of cases, biovar in 98 %, serovar in
92 %, and virulence marker (ail gene) in 98 %. In 100 % of cases, they differentiated Y.
enterocolitica, Y. bercovieri, Y. intermedia and Y. rohdei strains with the similar biochemical
profile, which are extremely difficult to differentiate using the API 20E (BioMérieux, France)
commercial test system.
According to literature data, use of FT-IR reduces the test time down to a few minutes,
minimizes the amount of the test material, increases sensitivity of immunological and
bacteriological methods up to 1х103 m.c./ml, and excludes labor-intensive sample preparation
for molecular genetic methods (Yalçin Duygu et al., 2009).
Another method used for PBA indication and identification is Raman spectroscopy, based on
combinatorial light scattering, or the Raman Effect (Baena & Lendl, 2004). Raman spectroscopy
is one of the methods for chemical analysis and testing of the composition and structure of
substances. Unlike other types of spectroscopy, Raman spectroscopy may be implemented in a
broad wavelength range – from ultraviolet to infrared.
Due to high background fluorescence of water, buffer solutions and media in the visible range,
the Raman effect is to be used far from background fluorescence – in the near IR range (IR
Raman spectroscopy) or the ultraviolet range (UV Raman spectroscopy), (Lambert et al., 2006).
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In Raman spectroscopy, secondary spectral-line shift relative to primary lines characterizes the
substance. The signal emitted by each type of molecules, as a result of their interaction and
different molecular thickness, is unique. UV Raman spectroscopy was used to detect bacilli
spores and identify their species (López-Díez & Goodacre, 2004). IR Raman spectroscopy was
used for indication and identification of Mycobacterium sp. (Aziz & Kholy, 2006; Buijtels et al.,
2008), Listeria sp., Legionella sp., Criptosporidium sp. (Grow et al., 2003), Bacillus (B.) cereus
spores (Farquharson et al., 2004), and B. anthracis spores (Esposito et al., 2003; Zhang et al.,
2003; Bell et al., 2005). Sensitivity of the method in detecting bacteria spores was 5х104 – 5х105
spores/ml (Zhang et al., 2003). Raman spectroscopy is known to have a number of advantages
over other methods of laboratory diagnostics of infectious diseases (enzyme-linked
immunosorbent assay, ELISA; polymerase chain reaction, PCR; immunoblotting): no need for
any sample preparation stage (washing, cell lysis, protein separation, DNA/RNA extraction),
short test time (5 minutes), and high information value (Lambert et al., 2006). The major
advantage of Raman spectroscopy is that is allows for a test without direct physical contact
with the biological agent. This feature was utilized to identify pathogenic viruses inside infected
cells (Lambert et al., 2006).
Thus, physical methods of spectroscopy are becoming more common alongside with
bacteriological, immunological and molecular genetic methods of PBA indication and
identification.
Scientific literature reviews suggested use of IR and UV spectroscopy, multi-wave spectroscopy
and bioluminеscence for non-specific PBA indication. These methods help address a number of
issues: differentiation of vegetative and spore forms of microorganisms, proteins and inorganic
molecules, reduced test time down to a few minutes, ability to operate autonomously (in some
cases) for a long time without use of any reagents, and ability to detect PBA at a certain
distance without direct contact with the test material tested. These features may be used to
develop environment monitoring tools.
Unique features of some types of microorganisms obtained with FT-IR and Raman spectroscopy
are used for PBA identification. The advantages of FT-IR and Raman spectroscopy over
conventional methods of laboratory diagnostics include the small quantity of the test material,
fast response, no need for lengthy sample preparation stages, no need to use labeled reagents
and chromogenic substrates, and the ability to detect forms of bacteria and viruses that are
hard or impossible to cultivate. All these features promise an extensive use of spectroscopy
methods for non-specific and specific indication and identification of PBA.
Bio-monitoring of terrorist attack threats necessitates development of highly sensitive and
specific methods of pathogen indication to create efficient technical means of organizing
appropriate protection. The specific indication process takes up to 2-3 days. The negative result
is followed by a full microbiological analysis which can take up to 36 days or more (see Table 1).
Today, such test times are unacceptable. Current advanced technologies such as real-time PCR,
multi-locus PCR test systems, automated identification systems, and chip technologies are
already used to equip mobile units of special epidemic control teams (SECT). Introduction of
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nanotechnology and new nanomaterials in laboratory practices is critical as this will increase
sensitivity and performance of diagnostic systems for EDI by a factor of hundreds.
Immunochemical and amplification (hybridization) methods currently serve as a basis for
almost all methods used for specific indication (Korotkin, 2003).
Introduction of new-generation genetic methods is a remarkable event in diagnostics. Such
methods are based on the genome analysis: PCR and multi-locus reactions (Multi-locus VNTR
analysis, MLVA; Variable number tandem repeats, VNTR), which offer high specificity and
sensitivity (100-1000 m.c./ml) in detecting the pathogen in a sample, and can also obtain
information on the strain genotype without the cultivation stage.

Table 1. Test time for diagnostics of especially dangerous infections: Anthrax.
Diagnostic Methods
Microscopy
Bacteriology
Biology
Immunofluorescence
Immunophysical (IHAT)
Immunochemical (ELISA)
Immunoelectrophoresis
Immunoradiology
Species-specific DNA probe
Polymerase chain reaction
Plasmid screening
Dot blot hybridization
Phage indication

Test Time
6 hours
up to 3 days
up to 10 days
2-3 hours
2-3 hours
2-3 hours
16-20 hours
2-3 hours
16-20 hours
2-3 hours
5-7 hours
16-20 hours
16-20 hours

Microchip technologies allow for simultaneous diagnostics of a greater number of pathogens.
Diagnostics of infectious diseases using DNA microchips ensures miniaturization of diagnostic
systems, commonality, automation, and better reproducibility of results. Unlike PCR diagnostics
and serological methods, microchip technologies allow for detection and typing of hundreds of
pathogens at the same time.
Public awareness in the area of biosafety. Bioterrorist attacks are expected to be aimed at
civilian population rather than military troops in action. Human infection will be accompanied
by a powerful and long-lasting stress. The harm caused by the panic will be aggravated by
health detriment resulting i.e. from long-time use of antibiotics or other medications causing
dysbacteriosis, liver or kidney injuries, nervous system impairment. Immunoregulatory
disorders may lead to failures of the cardiovascular and respiratory systems, significant
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biochemical and hormonal shifts, and impairment of parenchymatous organs. Urgent infection
prevention necessitates replenishment of the medication stock with not only special drugs but
also those with psychotropic and stress-relieving activity, as well as other drugs improving the
functioning of human organs and systems (Kutyrev & Smirnova, 2005). Public awareness
through education and training, and action plans developed to respond to man-caused and
nautral emergencies, are critical for the overall development of biological safety system.

Implementation of a set of scientific, technical and operational programs on biosafety. To
improve the effectiveness of controlling the growing biological hazards, a scientific basis should
be formed to ensure biological safety, including molecular biology methods and advanced
informational, diagnostic and preventive technologies. Fundamental and applied research
should focus on improving the especially dangerous disease monitoring methods in Kazakhstan,
and on considering different aspects of bioterrorism in the world. Components of a unified
SSEPR include special units at various levels trained to carry out epidemic control activities,
ensure containment of biological infection foci and respond to a bioterrorist attack. Mitigation
of material and moral damage from terrorist attacks depends to a great extent on
professionalism of such units. In Kazakhstan, such special units include those of the plague
control and sanitary epidemiological service.
Development and introduction of informational and prognostic analytical systems to ensure
biosafety. Counter-bioterrorism relies heavily on the information system with fast information
exchange capabilities to allow prompt managerial decision making (Golovchenko & Korotkin,
2003). Priorities in improving global epidemiological surveillance of especially dangerous
infectious diseases of international concern include introduction of prognostic analytical
systems and advanced information technologies (geographic information systems, GIS) for
comprehensive data collection and analysis (Lukhnova et al., 2011). Access to the Global
Outbreak Alert and Response Network is critical as it is the basis for consolidating global
resources that can be used to eliminate risks and “public health emergencies of international
concern” (PHEIC). Ensuring better communication between the states and the WHO is one of
the top-priority objectives of the IHR 2005 (Moshkin, 2003). Assignment of the IHR national
coordinators provides the WHO with direct access to the officials with prevention powers who
can notify the WHO about any events that may be PHEIC.
The national biological safety areas mentioned above are commonly understood in other
countries which realistically assess current threats (Dyatlov, 2009).
Apart from the documents mentioned above, the importance of ensuring biological safety is
demonstrated by inclusion of appropriate measures for preventing hazardous impacts of
bacteriological contamination on humans in The Republic of Kazakhstan’s Concept of
Environmental Safety for 2004-2015, approved by Presidential Decree #1241 on December 3,
2003 (Astana, 2003). The Concept specifies that the potential threat of bacteriological
contamination is posed by operation of the BW test site on Vozrozhdeniya Island in the Aral
Sea.
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As some BA survive for a long time in the environment and animal organisms, there is a real
threat of their outspread in this country and other neighboring countries. Vozrozhdeniya Island
may well have natural focus areas of some EDI such as plague, anthrax and tularemia.
To prevent bacteriological contamination, regular epidemiological and epizootological
monitoring of the environment and fauna should be carried out on Vozrozhdeniya Island.
For these purposes, assessment of various parts of Vozrozhdeniya Island was completed in
2004 to find any surviving agents of infectious diseases in the Kazakh part of the island. The
scheduled remedial actions on the biological test site on Vozrozhdeniya Island were never
carried out because no weapon strains had been found.
Recent programs implemented jointly with the United States, Biological Threat Reduction and
Establishing an Integrated System of Active Epidemiological Monitoring in the Republic of
Kazakhstan, focused on public protection from agents of EDI and enhancing the country’s
biological safety.

18

2

NATURAL SOURCES OF BIOLOGICAL HAZARD

The current biological safety strategy is based on a long-term experience of system organization
and infectious disease prevention which utilizes the principles of traditional epidemiology. The
current systems of state epidemiological surveillance of infectious diseases should be capable
of detecting, containing and eliminating an infectious disease outbreak, no matter whether it
has been caused by a natural pathogen or intentional use. Within the biological safety system,
Kazakhstan’s sanitary epidemiological service exercises control over natural sources of
dangerous pathogens, assists in introduction of new scientific and laboratory research
methods, trains skilled personnel, and updates the medical service and the community on
biosafety issues. While introduction of molecular genetic research methods is consistent with
rapid pathogen identification to counter bioterrorism, the improvement of the multiple-factor
control of natural foci is needed to ensure epidemiological welfare of the population.
General organizational functions in control of all especially dangerous and quarantine infections
are vested in the sanitary and epidemiological service, represented by the central body (the
Committee), the national entity (Scientific Practical Center for Sanitary Epidemiological
Expertise and Monitoring, SPC SEEM) and regional departments (oblast and city (Astana and
Almaty) departments).
Immediate control of natural plague foci, as well as epidemiological, epizootological and
laboratory research, is vested in the network of APS subordinate and reporting to M.
Aikimbayev Kazakh Scientific Center for Quarantine and Zoonotic Diseases (KSCQZD).
Laboratory tests for plague are carried out solely at the anti-plague service facilities.

The International Western Europe – Western China Transport Corridor. Today, construction of
the Western Europe – Western China highway is in full swing. The total length of this
international transport corridor (St. Petersburg – Moscow – Nizhny Novgorod – Kazan –
Orenburg – Aktobe – Kyzylorda – Shymkent – Taraz – Kordai – Almaty – Khorgos – Urumqi –
Lanzhou – Zhengzhou – Lianyungang) is 8,445 km. Of these, 2,233 km run within the Russian
Federation, 2,787 km – within the Republic of Kazakhstan, and 3,425 km – within the People’s
Republic of China.
The project will enhance freight traffic activity in three main directions: China – Kazakhstan,
China – Central Asia, and China – Kazakhstan – Russia – Western Europe. The international
Western China – Western Europe transit corridor will become the main cargo traffic route in
the Central Asian region (Yesmagambetova et al., 2012).
Key advantages of this project, as compared with the existing alternative corridors (the TransSiberian Railway, and the sea route via the Suez Canal) include its length and travel time. When
using the sea corridor, the travel time takes up to 45 days, and if using the Trans-Siberian
Railway, it may take up to 14 days. In contrast with that, the travel time for the Western Europe
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– Western China corridor, from the Lianyungang port to the European borders, will be 10 days.
According to analysts, in ten years, this corridor will be handling up to 330 million tons of cargo
per year (Urazayeva et al., 2014).
The project means a lot for the national economy of Kazakhstan, and will have a major impact
on regional development of the country’s five big oblasts (Aktyubinsk, Kyzylorda, Southern
Kazakhstan, Zhambyl, and Almaty).
Scientists insist that the world does not have any equivalent comprehensive and integrated
operating systems of medical rescue and sanitary epidemiological control covering more than
2,700 km of international motorway corridors. We assume that the population along the
transport highway and within its impact area will reach at least 4 million (to include
maintenance employees of the 58 road infrastructure facilities along the highway, as well as 4
international and 12 regional transportation and logistics centers, roadworkers, and the
resident population of villages and towns located along the highway and its branches).
The transport corridor will have a significant impact on natural biocenoses adjacent to the
highway, including the habitats of wild animals and insects. Settlements (colonies) of small
murine rodents and insects will most probably shift and relocate towards the highway. Such
rodents and insects are reservoirs and vectors of soil, natural focus and transmissive infectious
diseases posing danger for humans (i.e. plague, tularemia, Crimean hemorrhagic fever).
Anthrax foci adjacent to the highway will become more active, too.
The increasing transit freight traffic enhances the likelihood of relocating containers
contaminated with rodent waste, live rodents and arthropods (which are infectious disease
vectors) from the countries using the Kazakh leg of the highway for cargo transportation.
The substantial increase of cargo transit, passenger throughput and tourist flows via Kazakhstan
will significantly add to the risk of importation and outspread of exotic infectious diseases
currently characteristic of areas within the People’s Republic of China, e. g. diseases caused by
enteroviruses and rare influenza- and coronaviruses. Real factors enhancing the likelihood of
such epidemic threats include the expected completion of the Khorgos international shopping
center construction, where much more of direct contacts between citizens of the Republic of
Kazakhstan and the People’s Republic of China are expected in the free trade zone.
The Kazakh leg of the transport corridor constitutes the “East Gate” for many international
transport corridors set up within the Common Economic Space and the Eurasian Economic
Union, and rests high responsibility on Kazakhstan’s sanitary epidemiological service for not
only ensuring proper sanitary development in our country but also for potential “carry-over” of
infections to contiguous countries of the region, linked up to the Kazakh leg of the transport
corridor (Russian Federation, People’s Republic of China, Kyrgyz Republic, Republic of
Uzbekistan, and Turkmenistan) and, most probably, to more distant countries of Europe.
The anticipated epidemic threats set a unique and new objective for sanitary epidemiological
services of the Customs Union (CU) member countries – develop and implement (2014) an
international, scientifically valid, comprehensive and specialized system for sanitary
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epidemiological surveillance all along the Western Europe – Western China transport corridor.
The system must be uniform for collaborating services of the CU and the Eurasian Economic
Union member countries.
Construction of 28 specialized “transport medical stations” on the Kazakh leg of the transport
corridor is set forth in the 2011–2015 government program on healthcare development in
Kazakhstan, Salamatty Kazakhstan, and in its sub-program, Urgent Medical Aid and Rescue in
Emergencies. The CSSES under the MoH has already carried out reconnaissance along the
whole route of the transport corridor and a preliminary scientific analysis of medical and
biological risks. Field reconnaissance (investigation) trips were planned for 2013 to assess the
actual and expected epizootic and epidemic situation in wildlife areas adjacent to the highway.
Realistically assessing the importance of the new transport corridor for ensuring sanitary
epidemiological well-being in the Republic of Kazakhstan and in other CU and Eurasian
Economic Union member countries, we believe that a special working group should be set up at
the level of the Eurasian Economic Commission to develop strategies, tactics and efficient
mechanisms of sanitary epidemiological control, starting from border crossing checkpoints of
the CU and along all of the Kazakh-Russian (5,000 km) leg of the international Western Europe –
Western China transport corridor, and from Khorgos border crossing checkpoint in Kazakhstan
to the sea port of St. Petersburg.

2.1

PLAGUE

2.1.1

PLAGUE NATURAL FOCI

According to the IHR 2005, plague is included in the list comprising eleven viral and three
bacterial infections that are WHO notifiable, as these infections are capable of a global rapid
outspreading and therefore causing PHEIC. This infection receives due attention because the
country has extensive and highly active plague natural foci. Kazakhstan’s anti-plague service
structure is represented in Fig. 1. It includes the KSCQZD, nine APS and 19 anti-plague units
(APU) subordinated to them.
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Figure 1: System of the Anti-Plague Service in Kazakhstan.
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In the second half of the 20th century, 38 countries have officially reported more than 85,000
human plague cases with 7,000 fatalities. These numbers may fail to reflect the actual situation
due to inadequate surveillance and many countries’ reluctance to notify the WHO for fear of
imposing restrictions on trade and commerce. After 1967, when 5,930 plague cases were
registered throughout the world, the peak of plague incidence in the world was in 1997 (5,419
cases). During 1989 to 2008, more than 38,500 plague cases were registered in 25 countries,
and the world average mortality rate was 7.4 %.
Currently, we are witnessing an activation of natural plague foci. In 1994-2003, three
geographical zones (India, 1994, Indonesia, 1997, and Algeria, 2003) experienced plague
outbreaks following long (30 to 50 years) “slack periods” (Yegorova et al., 2002).
According to the WHO, over 90 % plague cases are registered in African countries. A high
mortality rate (42.5 %) was registered in the Democratic Republic of Congo (DRC) in 2005
during a major plague epidemic, when 57 out of 134 plague patients died.
In May 2006, the DRC again had an intensive epidemic when during one month more than 100
patients with the pneumonic form of plague were registered, and 19 of them died. The DRC and
Madagascar are the world’s most endemic countries for plague. With a high annual incidence
rate in Madagascar, only one third of the patients have a laboratory confirmed diagnosis. In the
DRC, all plague patients were registered in Orientale Province, in the northeastern part of the
country. However, due to lack of resources, only a few had a laboratory confirmed diagnosis.
In Uganda, since February 2008, when the very first plague patient was reported, at least 68
people have died of plague. Initially, the outbreak had been limited just to one district, but later
spread over to the other two districts, where 73 patients were registered with plague.
In 1990-2003, the DRC, Madagascar and Tanzania (in Africa), Brazil, Peru and the United States
(in the Americas), Mongolia, Kazakhstan and Vietnam (in Asia) were reporting plague cases
almost annually.
In Asia, natural plague foci were established in the southern part of the Arabian Peninsula, on
the border between Saudi Arabia and Yemen, and in China, India, Indonesia, Iran, Mongolia,
Myanmar, Cambodia, Nepal, and Vietnam.
In Central Asia, the most active plague foci are the desert foci located in Kazakhstan,
Turkmenistan and Uzbekistan. However, the countries notifying the WHO of plague cases are
only Kazakhstan and Mongolia. Almost 30 % of Mongolia’s vast area are natural plague foci.
About 90 % of patients have the bubonic form, and 40 % develop secondary pulmonary plague.
The high mortality rate, up to 70 %, results from inaccessibility to treatment in remote areas
and low density of healthcare facilities.
In China, plague natural foci are located in 18 provinces. The plague enzootic area takes up
around 10 % of China’s total area. There are ten known types of natural foci with their
individual landscapes, carriers and vectors, and 17 ecotypes of the plague pathogen associated
with geographical features. Plague epidemics were reported in the northwest and south of
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China (Maramovich et al., 2008). In August 2009, quarantine was imposed on Ziketan Town
with a population of 10,000. The town is located in China’s north-western province of Qinghai,
in the Tibet mountain. The main reservoir animal of this infection is the Himalayan marmot
(Marmota himalayana). Plague infection of a 32-year-old shepherd and his neighbor was
complicated with secondary pneumonia, which is typical when humans get infected by
marmots because plague strains in marmots are highly pathogenic for humans. Such aggressive
properties are maintained by a long anabiosis during winter hibernation of the marmots as
their body temperature never exceeds 6оС for about seven months. Such thermal conditions
are optimal and usually used for storage of bacteria. In mountain foci, the plague microbe
hardly changes its habitat due to a small number of carriers (rodents) – one or two species of
voles. The number of vector species (fleas) is never more than three. Such habitat consistency
also adds to virulence stability of marmot strains of the plague microbe (Aikimbayev et al.,
1992a).
Natural foci in the former Soviet countries are located in Kazakhstan, Turkmenistan, Tajikistan,
Uzbekistan, Kyrgyzstan, Georgia, Azerbaijan, and Armenia (Kozlov & Sultanov, 1993).
In the Americas, plague natural foci continuously exist in Northern and Southern America.
Plague strikes countries with high-level healthcare, too. In North America, natural foci are
found in fifteen USA western states, two adjacent Canadian provinces, and in northern Mexico.
In the USA, the average number of registered cases is 8 to 11, mostly in western states. In 2004,
for example, three plague patients in the United States were notified to the WHO.
In South America, plague natural foci are located in Argentina, Bolivia, Brazil, Ecuador, Peru
and Venezuela. Major epidemic outbreaks occurred in Peru in 1992-1994, with 1,248 patients
registered. A pulmonary plague outbreak occurred in 1998 in Ecuador. Brazil has 9 plague
natural foci. Until 1986 the pathogen was not isolated from either rodents or fleas, but a few
laboratory-confirmed human cases were registered. In 2004 two notifiable plague cases
occurred.
A major, more widespread, outbreak was registered in 2003, when a total of 2,118 plague cases
were reported in nine countries: Algeria, DRC, Madagascar, Mozambique, Uganda, United
States, Mongolia, China, and Kazakhstan (Bekenov, 2008).
If epidemiological surveillance of plague is reduced, the disease may turn into a pervasive
infection and pose the risk of getting out of control. Considering the epidemiological situation
of plague throughout the world and increasing migration processes, there is a risk of
introducing and spreading of this dangerous infectious disease. In 1990, one case of
introduction of a plague case from Bolivia to the United States was reported, and in 2002, there
were two plague cases introduced in New York (Onishchenko, 2002).
In 2013, a lethal human plague case was registered in the Sarydzhaz mountain plague focus in
the Kyrgyz Republic.

24

2 Natural Sources of Biological Hazard

Table 2. Plague incidence in the former Soviet countries, 1960- 2003.
Number of cases (fatalities)*, by year groups
Country
1961-1970

1971-1980

1981-1990

1991-2003

Russia
Kazakhstan
Turkmenistan
Kyrgyzstan
Uzbekistan
Armenia
Azerbaijan

37 (11)
19 (6)
1 (0)
2 (2)
1 (0)
1 (1)

1 (0)
16 (6)
1 (1)
1 (0)
-

8 (5)
1 (0)
5 (1)
-

23 (4)
-

Total

61 (20)

19 (7)

14 (6)

23 (4)

* no diseases were registered from 2003 through 2013

Comprising a total area of 1,898,900 km2, in Russia and other former Soviet countries, in
lowland and mountain landscapes of the Caucasus and Transcaucasia, the Northwest and North
Caspian Sea region, Central Asia, and Siberia, there are 42 plague natural foci in ground squirrel
(8), marmot (5), gerbil (23), vole (5) and mouse-hare (1) carriers (Onishchenko & Kutyrev,
2004). Kazakhstan has 50.7 % of the total area of plague foci in the former Soviet countries
(Table 2), (Aikimbayev et al., 2006a).
Plague natural foci differ with regard to the area, epizootic process activity, exploration degree,
and the risk of epidemic complications.
A significant part of Kazakhstan’s area is located within one of the world’s largest plague
natural foci of the gerbil type – the Central Asian desert focus, which includes Ural-Emba,
Ustyurt, Mangyshlak, Cis-Ustyurt, North Aral, Aral-Karakum, Trans-Aral, Kyzylkum, Moiynkum,
Taukum, Balkhash, Betpakdala, Alakol, and Ili Intermontane, as well as the Volga-Ural sand
focus (Aikimbayev et al., 1987), (Fig. 2).
Epizootological zoning of plague natural foci allowed anti-plague facilities to plan differential
tactics and research methods, focusing on some key areas of epidemiological concern
(Aikimbayev et al., 2006a), (Table 3).
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Table 3. Names of plague natural foci (codes) and their LEZ (Codes) in Kazakhstan.
No.

1

Volga-Ural Steppe
Uralsk APS
Atyrau APS (15.5)

2

Volga-Ural Sand
Uralsk APS
Atyrau APS

3

Ural-Uil Steppe
(Trans-Ural Steppe)
Uralsk APS
Atyrau APS
Aktyubinsk APS

4

Ural-Emba
Atyrau APS

5

Cis-Ustyurt
Atyrau APS
Aktyubinsk APS
Mangistau APS

6
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Ustyurt
Aktyubinsk APS
Mangistau APS

Code

Landscape Epizootological Zoning (LEZ)

Code

15

Tsentralnyi Semi-Desert
Priuralskiy Semi-Desert
Ural right-bank flood basin
Priakhtubinskiy Desert

15.1
15.2
15.3
15.4

16

Tsentralnyi Sand
Volga Estuary
Primorye
Severo-Vostochnyi Sand
Urdinskiy Sand
Priuralskiy Desert
Ural right-bank flood basin

16.1
16.2
16.3
16.4
16.5
16.6*
16.7*

17

Zauralskiy Semi-Desert
Ural left-bank flood basin
Dzhambeitinksiy Steppe
Biiryuk Karatyubinskiy
Zauralskiy Desert
Uilskiy Semi-Desert

17.1
17.1.1*
17.2
17.3
17.4
17.5*

18

Ural left-bank flood basin
Zauralye
Sorovyi
Taisoigan Sands
Uilo-Sagizskoye Interfluve
Priembenskaya Plain
Primorye

18.1
18.2
18.3
18.4
18.5
18.6
18.7

19

Primorskiy
Prikaspiiskiye Karakum
Zaembenskaya Plain
Zaembenskiy Recess Plain
Chegano-Mannesaya Valley
Zapadnoye Primugodzharye

20

Severo-Ustyurtskiy Rock-Basin Plain
Mataikum Sands
Kyrykkudukskiy Rock-Basin Plain
Samskiy
Karatyuleiskiy
Plakorno Plain
Vostochno-Uvalistyi
Tsentralnyi Uvalistyi
Sor Barsa-Kelmes
Assake-Audan Depression
Yuzhnyi Uvalistyi

19.1
19.2
19.3
19.4
19.5
19.5.1*
20.1
20.2
20.3
20.4
20.5
20.6
20.7
20.8
20.9
20.10
20.11
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7

North Aral
Aktyubinsk APS
Aralsk APS (21.2)

8

Aryskum-Daryalyktakyr
(Trans-Aral)
Kyzylorda APS

9

Mangyshlak
Mangistau APS

10

Aral-Karakum
Aktyubinsk APS (24.4)
Aralsk APS (24.1, 24.3)
Kyzylorda APS (24.2)

11

12

13

Kyzylkum
Aralsk APS (27.1 and 27.3)
Kyzylorda APS
Shymkent APS (27.10)

Muyunkum
Zhambyl APS
Shymkent APS

Taukum
Zhambyl APS
Taldykorgan APS

21

Ostantsovo-Stolovoye Plateau
Northwestern Aral Shore
Bolshiye Barsuki Sands
Malye Barsuki Sands

21.1
21.2
21.3
21.4

22

Daryalyk-Takyr
Aryskum
Ashchikol Plateau
Supeschanaya Plain

22.1
22.2
22.3
22.4

23

Buzachinskiy
Tyub-Karaganskiy
Gorno-Mangyshlakskiy
Yuzhno-Mangyshlakskiy
Vostochno-Mangyshlakskiy

23.1
23.2
23.3
23.4
23.5

24

Tsentralno-Karakumskiy
Vostochno-Karakumskiy
Sayrdarya Estuary
Irgizo-Turgaiskiy Lake
Sredne-Irgizskiy Semi-Desert

24.1
24.2
24.3
24.4
24.5

27

Severnye Kyzylkumy
Zhanadarya Old Course
Severo-Zapadnye Kyzylkumy
Severo-Vostochnye Kyzylkumy
Vostochnye Kyzylkumy
Tsentralnye Kyzylkumy

27.1
27.2
27.7
27.9
27.10
27.11

28

Severnyi Pridolinnyi
Prisuzakskaya Plain
Yuzhnyi Pridolinnyi
Zapadnyi Ostantsovyi
Yugo-Vostochnyi Foothill
Tsentralnyi Churotnyi
Saksauldala

29

Ili-Toparskoye Interfluve
Pripoimennye Sands (black haloxylon desert)
Tsentralnye Taukumy
Sands edge
Dzhusandala (unsorted clay plain)
Desert steeplands of the Chu-Ili Mountains

28.1
28.1.1*
28.2
28.3
28.4
28.5
28.6
29.1
29.2
29.3
29.4
29.5
29.6*
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30.1

14

Balkhash
Taldykorgan APS

30

Bakanasskaya Plain
Akdala Plain
Bestas Sands
Saryishikotrau Sands
Black haloxylon deserts
Moiynkum Sands
Malaisary desert steeplands
Lyukkumy Sands
Ushkol desert steeplands
Aksu-Lepsinskoye Interfluve
Lepsinsko-Ayaguzskoye Interfluve

15

Sarydzhaz Montane
Taldykorgan APS

31

Kokpakskiy meso-focus
Kokzharskiy meso-focus

31.1
31.2

Talas Montane
Zhambyl APS

40

Manasskiy
Merkenskiy (northern slope of the Kyrgyz
Alatau)

40.1

16

17

Betpakdala
Shymkent APS (42.1)
Zhambyl APS

Severo-Zapadnyi
42** Yuzhnyi (Malokamkalinskiy)

30.2
30.3
30.4
30.5
30.6
30.7
30.8*
30.9*
30.10*
30.11*

40.3
42.1*
42.2*

Vostochnyi

42.3*

18

Dzhungar Montane
Taldykorgan APS

Zapadnyi
Tsentralnyi
44**
Yuzhnyi
Vostochnyi

44.1*
44.2*
44.3*
44.4*

19

Alakol
Taldykorgan APS

45**

Ili Intermontane
Taldykorgan APS

Desert lowlands
Karakumskiy
Zhapalakumskiy
46** Ulkenkumskiy Sand and Saline Lands
Karabaskumskiy Sand and Saline Lands
Syugatinskiy Desert Lowlands
Karadalinskiy Desert Lowlands

20

Zhalanashkolskiy
Vostochno-Prialakolskiy

* LEZ and their spots not included in the LEZ Manual, Alma-Ata, 1990
** recently discovered plague foci
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45.2*
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46.5*
46.6*
46.7*
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Figure 2: Plague natural foci in Kazakhstan.
I – Volga-Ural Sand Focus
II – Caspian Steppe Focus
V – Dzhungar Focus
1….8 – Anti-Plague Stations

III – Central Asian Desert Focus
IV – Tian Shan Montane Focus
VI – Talas Montane Focus
a, b, c….0 – Anti-Plague Units
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Each plague natural focus has its “passport” – a document describing its basic epizootological
and epidemiological properties: name, geographical boundaries, physical, geographical and
landscape properties, a description of the biocenotic structure and spatial arrangement,
epidemic complications and epizootic activity. It also includes maps that can be updated or
replaced with new and more accurate ones, as needed. Detailed cartographic information on
autonomous plague foci is provided in the Atlas of Especially Dangerous Infection Incidence in
the Republic of Kazakhstan (Almaty, 2012). The minimum unit of area is the “primary zone
sector”.
Ground squirrel foci are represented by the Volga-Ural Steppe and the Ural-Uil (formerly, TransUral) Steppe foci in Western Kazakhstan.
Marmot foci are located in mountain areas of Almaty Oblast (Kokpakskiy and Kokzharskiy mesofoci of the Sarydzhaz autonomous focus – the gray marmot) and Zhambyl Oblast (Talasskiy –
the long-tailed marmot). The Talasskiy focus should be of the mixed marmot-vole type.The
classical triad of plague natural nidality includes Yersinia pestis, the rodent, constituting (natural
primary hosts?) carriers for the microbe habitat, and fleas, the plague vector.

The plague pathogen. Autonomous foci have the plague microbe strains circulating with
various properties. Their intra-specific differentiation is of both taxonomic and applied
significance for studying the natural focus genesis, enzootic laws, and changing properties of
the pathogen due to the changing environment in the focus (Aikimbayev et al., 1987).
The All-Union Meeting on the Plague Microbe Taxonomy (Saratov, 1985) set the Y. pestis strains
into five subspecies (Kutyrev et al., 2002):
•
•
•
•
•

Yersinia pestis ssp. pestis (main subspecies), which includes three Y. pestis biovars: antiqua,
medievalis, and orientalis;
Yersinia pestis ssp. caucasica;
Yersinia pestis ssp. altaica;
Yersinia pestis ssp. ulegeica;
Yersinia pestis ssp. hissarica.

The list of ecological and geographical forms of the pathogen in natural foci of the former
Soviet countries is far from being an exhaustive one. The differences between strains circulating
in plague natural foci of the former Soviet countries are given in Table 4.
The integral criterion of the plague pathogen is its virulence for laboratory animals. Strains of
the main subspecies feature high virulence and epidemic significance, while strains of the other
subspecies are characterized by selective virulence and low epidemic activity. For instance,
strains isolated in the Gorno-Altai, Transcaucasian Highlands and Hissar Range foci show
avirulence in tests with guinea pigs (Bulgakova et al., 2008).
The plague bacteria strains from the highly epidemic Ural-Emba and Cis-Ustyurt autonomous
foci showed virulence for cell lines 1-41, the cloned version of the finite cell line J-96, obtained
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from the marrow of a person sick with leucosis (Kiselev et al., 1992). The authors believe that
the reaction of such cells to the plague pathogen may be extrapolated on the whole human
organism.

Table 4: Main differences between strains belonging to different subspecies of Yersinia
pestis.
Yersinia pestis subspecies
Criteria

Fermentation of
Glycerol
Rhamnose
Melibiose
Arabinose
Denitrification
Pesticinogenicity
Sensitivity to pesticin
Fibrinolytic activity
Coagulase activity
Virulence for guinea pigs
Carriers/rodent genus

Population circulation area

Dependence on growth factors
Leucine
Methionine
Arginine
Thiamine

pestis

altaica

hissarica

caucasica

+
+

+
+
+
-

+
+
+
-

+
+
+
+

+/+
+
+
+

+
+
+
+
-

+
+
+
+
-

+
+
-

Marmota
Citellus
Meriones
Rattus

Ochtona
pricei

Microtus
Carruthesi

Microtus
arvalis

Natural foci
in Asia,
African,
America

Gorno-Altai

Hissar Range

Transcaucasian
Highlands,
Upland
Daghestan

+
+
-

+
+
-

+
+
-

+
+
+
+

The capabilities of determining the virulence of the plague pathogen for humans have been
significantly extended as new molecular genetic methods appear. A comparative study of
structural and regulatory genes was carried out for representatives of the main and other
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subspecies of the genus Yersinia, as well as Y. pseudotuberculosis serovars I-III. Such genes
determine fermentation of rhamnose and chromosomes located in the rha-locus.
The strains were found to significantly differ in these criteria, and a correlation was seen
between the epidemic significance and nucleotide sequence of the genes involved in rhamnose
fermentation. Low-epidemic Y. pestis ssp. caucasica strains do not differ from Y.
pseudotuberculosis strains, which suggests a greater evolutionary antiquity of this subspecies
(Kukleva et al., 2008). The plague bacteria`s evolution has been dominated in the recent decade
by the horizontal gene transfer paradigm (Prozorov, 2000; Suntsov & Suntsova, 2008).
According to this paradigm, Y. pseudotuberculosis and Y. pestis divergence is linked to
activation of two specific plasmids of the plague microbe - pFra and pPstb.
Plague carriers. Plague carriers in Kazakhstan currently include 33 species of rodents (gerbils,
ground squirrels, marmots, voles, mice, jerboas, hamsters, lemmings, and dormice), ten species
of predators (Mustelidae, Canidae, felines), three species of insect-eating mammals, two
species of lagomorphs, two species of cloven-hoofed mammals, and one species of birds.
Depending on the carriers’ number, significance in the focus biocenoses and their role in
supporting the plague enzootics, they are subdivided into main, supplementary, secondary and
accidental types (Pole, 1999). Main hosts of the plague pathogen include ground squirrels,
marmots, great gerbils and jirds. Apart from these, natural plague hosts may include over 50
animal species and one representative of the avian class. Main reservoirs dominate in
biocenoses and create good conditions in their ground holes for many organisms to live – from
soil bacteria and arthropods to reptiles, amphibians, whole birds and some small mammals.
This is why the focus types were named after the rodents occupying the central place in the
focus biocenoses: ground squirrel, marmot, gerbil, vole, etc. This factor also directs methods
and tactics of zoological observations to focus on a detailed study of populations of the plague
microbe’s main carriers.
Various species of rodents, as well as intra-specific populations, differ in their sensitivity to
plague (Aikimbayev et al., 1981).

Plague vectors. Currently, in Kazakhstan there are more than 260 known species of fleas. Most
flea species belong to the genus Xenopsylla or Ceratophyllus, capable of transmitting plague by
forming a proventriculus block which consists of plague bacteria, inoculated to the blood
channels of a homoiothermic animal by eructation. Further, there are three species of ixodid
ticks: Haemophysalis (H.) a. asiaticum, H. num. turanica, and Rhipicephalus sculzei, acting as
vectors for plague. (Serzhan & Ageyev, 2000).
In rural areas, the Pulex irritans flea, virtually exterminated in the 1950-1970s, is becoming
common again (Burdelov et al., 2000).
The plague natural focus activity in Kazakhstan is steadily high. Moreover, there is a trend of
expanding the enzootic area borders. Scheduled studies of potential foci found new foci in
Betpak-Dala (1983), Karatal-Lepsinskoye Interfluve (1988), northern slopes of the Dzungarian
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Alatau (1991), eastern tip of the Chu-Ili Mountains (1991), dried parts of the Ili River estuary
(1992-1993), western and central parts of Aktyubinsk Oblast (1997), left bank of the Ili
Depression (1999-2000), and the Dzungarian Gate (2000), (Aikimbayev et al., 2006a).
Plague natural foci are under observation of the country’s anti-plague service, which in a timely
manner detects epizootics and determines their properties and risk for human infection. The
service also carries out a set of preventive activities to maintain a stable epidemiological
condition with regard to this especially dangerous quarantine infection.

2.1.1.1

CURRENT PERCEPTION OF THE EPIDEMIC POTENTIAL OF PLAGUE

Together, a study of various conditions and factors determining the epidemic potential, a
comparative analysis of the plague focus monitoring results forecasting on the short- and longterm, and differentiation of plague foci by the human infection risk are crucial for the adequate
planning of preventive activities to ensure biological safety.
Natural factors of the epidemic potential of plague are defined by their stability in time rather
than severity of current epizootics (Kuklev, 1988). Such foci lack simultaneous and long-lasting
depression of the carrier and vector population in vast areas, and duration of inter-epizootic
periods never exceeds 1-3 years. This, however, is acceptable only for a general
characterization of a natural focus and does not reflect short-term fluctuations of the epidemic
potential. In this respect, the statement cannot be applied to the full extent when organizing
epidemiological surveillance in a specific area because the scope of such surveillance is revised
annually to consider epizootic severity and area in a specific focus, in a limited period of time
(Aikimbayev et al., 1994a).
Epizootic factors may sustain changes not only because of enzootic seasonality but also
because of anthropogenic transformation of the landscape, which divergently affects the
epizootic activity in some focus areas. For example, building motorways without a clear road
layout will result in heavy vehicles running not only in the appropriate lane but also parallel to
it. In this case, destruction of the vegetation leads to soil erosion and sand scattering, which
makes such places useless for rodents and thus reduces epizootic plague manifestations in the
area. Vice versa, building a motorway with embankment fills, drain ditches and elevated spots
will be intensively inhabited by rodents as they are never flooded with rainwater or melting
water. Here, high rodent population density may lead to acute manifestations of the epizootic
process, which increases the epidemic potential in this focus area (Aikimbayev et al., 1992a).
Anthropurgic and social factors of the epidemic potential are even more dynamic because
intensive economic development of plague natural focus areas and mineral field exploration
and development leads to an increasing population density, and therefore an increasing
exposure of humans to nature. As a side effect, labor re-orientation and the appearance of
numerous temporary settlements, not always satisfy hygiene standards.
Besides, while hardly changing, the epidemic potential may sustain some formal
transformations due to use of new methods to estimate it, aimed to increase awareness and
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credibility. This approach considers the cognitive process dynamic with regards to the epidemic
potential components, based on the scientific development level and implementation of the
new methodologies in this area (Aikimbayev et al., 1992a).

2.1.1.2

NATURAL FACTORS OF THE E PIDEMIC POTENTIAL

The plague pathogen. Yersinia (Y.) pestis is the etiological factor of this infection’s natural foci
and epidemic complications. Its virulence for humans is the basis of the epidemic potential of
the natural foci, and epizootic activity should not be equated with the epidemic potential. For
instance, the Moiynkum autonomous plague focus formally has a high epidemic potential
because its area experiences diffuse acute plague epizootics. But since its discovery, it has been
epidemiologically characterized as stable. The laboratory airborne infection with strain А-1435
(typical representative of the Moiynkum autonomous focus) in Atbashi, the Kyrgyz Republic, in
1981, was limited to tonsillar plague in a mild form prior to treatment, and was effortlessly
cured after administration of antibiotics. Notably, after etiotropic therapy the patient did not
require any rehabilitation associated with heavy intoxication and after-treatment due to
impairment of the cardiovascular system, as is usually the case with severe plague infection.
This demonstrates a low virulence of the strains from the Moiynkum autonomous focus for
humans. No major plague outbreaks have ever been notified in the Transcaucasian Highlands
natural focus. No human cases have ever been reported from the Gorno-Altai focus – just like
the Moiynkum focus (Aikimbayev, 1992a).
The paper (Kiselev, et al., 1992) on experimental development of the earlier suggested new
scientific area (Aikimbayev, 1986) to determine the plague pathogen’s virulence for humans
and demonstrates the cyto-destructive effect of epidemic strains on human cells of line 1-41. At
the same time, such effect is not manifested when using the avirulent vaccine strain ЕВ as a
control. Development of the strain epidemicity criteria requires a deeper study of the plague
pathogen’s ecology with an inter-temporal comparison within epizootic phases, and within
epidemic complication periods.

Plague host animals. Host animals play unequal roles in the manifestation of the epidemic
potential of plague natural foci. This role depends not only on their susceptibility to plague but
also on the level of human exposure to them. In this context, a greater danger is posed by
carriers which will be hunted or those killed for pest control. In this respect, the great gerbil
does not pose any significant danger for humans because it is of no commercial importance and
its habitat areas cover few if any croplands (Aikimbayev et al., 1992a). However, we still think
the significance of this rodent should be emphasized in unconventional manifestations of the
epidemic potential. We view the rodent as a habitat for the plague pathogen, which explains
upsurges and declines in bacterial population, and this cannot but affect the overall epidemic
potential value (Aikimbayev et al., 1992a).
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Currently, the size of the plague prevalence within the area surveyed can approximately be
assessed by the number of strains isolated. However, this assessment is difficult to use for a
credible calculation of the epidemic potential if we mean strains isolated from rodents –
because significance of gerbils with acute and chronic forms varies. The principal difference
with regards to the culture isolation is that isolation of strains from the blood suggests
bacteremia and the rodent’s capability of infecting the fleas feeding on it. Rodents with the
acute form die from the infection more often than those with chronic plague, and the infected
fleas abandoning the dead rodents significantly increase the risk of infecting humans who can
become their new feeders.
With chronic plague, when the pathogen is isolated from the liver and the spleen but does not
get into the blood, fleas feed on rodents without getting infected. Therefore, just like in the
previous case, there are no provisions for any manifestations of the epidemic potential in the
area. In other words, isolation of the bacteria from organs registers the plague epizootic – and
even a great number of strains are isolated – but in fact, the epidemic potential does not
increase.
To improve the epidemic potential calculation methods for plague foci, the number of strains
isolated from the rodents’ blood and organs should be differentiated. Moreover, with limited
epidemiological surveillance capabilities, the selection may fall on testing only the great gerbils’
blood – because it is blood that helps get a more objective estimate of the amount of plague
pathogens in the nature during a specific period and within a specific area (Aikimbayev et al.,
1994a).
In the Central Asian desert natural focus, the great gerbil is a common species. It is widespread
and considered to be the main carrier of the plague pathogen due to its predominant number,
stable settlements, high susceptibility and resistance to plague, which helps to retain plague
bacteria latent in its organism for a long time. Epidemiologically, this persistence does not pose
any significant danger for humans because great gerbils are of no commercial importance and
its habitat areas cover few if any croplands. Therefore, it is not killed as a farm pest. During the
whole period of studying the focus, only one case was detected when a person got infected
from the great gerbil – in 1975, in Mangistau Oblast of Kazakhstan. Yet, indirectly, due to a
great number of wool fleas and migrating fleas, the great gerbil is the most powerful source of
plague, providing for a high epidemic potential in the inhabited area.
In resistance to plague, the great gerbil equals with the midday jird, the main carrier in the
Volga-Ural sand focus. Epidemiological significance of this rodent is low due to the same
reasons as those of the great gerbil. This species is also affected by fleas to a much less degree.
Epidemiological significance is somewhat higher in other jirds (Libyan jird and tamarisk gerbil),
which are more susceptible to plague. During mass of deaths, the fleas abandoning them
significantly increase the epidemic potential of the area. The 1997 events in the Volga-Ural sand
focus are a vivid example, when due to some reasons the population of the secondary carrier,
the tamarisk gerbil, exceeded that of the main carrier, the midday jird, by a factor of five. The
mass-scale mortality of tamarisk gerbils susceptible to plague, the epidemic potential of the
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area increased because of the fleas abandoning the rodent bodies. As a result, the person who
was tending cattle in the epizootic area was infected.

Plague vectors. Transmission via rodent and flea bites is one of the main mechanisms of human
infection with plague in a natural focus.
Fleas are an object convenient to determine the plague pathogen amount, which should be
used for calculating the epidemic potential of the area. With a relatively small quantity of
migrant fleas which prevents the epidemiological alert level from rising, and with a high
infestation rate, the phenomenon of human infection “unexpectedness” can epidemiologically
develop. This phenomenon could explain the course of the epizootic process in years
characterized by the low number of plague carriers and vectors, with no background
prerequisites for development of notifiable epizootics. Some focus areas in the Ural-Emba
interfluves had a similar situation in 1985, when the number of carriers and vectors and the
amount of infected samples was the same as the average long-standing values. The following
year was characterized by a fatal case of human plague infection.
The conventional flea research method focuses only on the presence or absence of the plague
pathogen in a sample. To develop the method for quantification of bacteria in the flea
organism, some specialized tests were carried out (Aikimbayev et al., 1994a). They
demonstrated that titration of the whole suspension of insects can approximately define the
share of infected fleas in a field sample. Technology of the suggested method does not require
any significant changes to the field sample laboratory testing techniques, because titration
utilizes a standard loop, a glass slide and saline drops, and complies with the epidemic control
regulations for handling conditionally infected materials.

The Caspian Sea transgression. The Caspian Sea transgression began in the late 1980s and had
significantly added to the change of the epidemic potential in the onshore focus areas. Late in
1992, the water level rose to reach two meters, which changed the coastline and borders of
littoral landscape epizootological zones. This natural phenomenon changed the epidemic
potential in a multi-directional way. For instance, relocation of people from inundated areas
resulted in a population increase in new areas, which in turn increased the epidemic potential.
On the other hand, the Caspian Sea advance brought about the high groundwater level thus
changing the local environment in the great gerbil’s holes in littoral areas.
The higher groundwater level led to led to a significant decrease of the flea plague vectors. This
impact on natural factors significantly reduced the area’s epidemic potential. For example, back
in 1989, emergency plague prevention was a pressing problem in the Tengiz oil-and-gas field,
where human concentration in the enzootic area with a high flea population required field
disinfestation in vast areas – and within the shortest time possible. However, in 1992, no
prevention was needed any more as the flea population had naturally decreased due to the
environment change in rodents’ holes (Aikimbayev et al., 1994a).
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The study of natural factors of the epidemic potential allowed for an epizootological zoning of
the foci. Different areas play a different role in eradication of the plague pathogen because it
circulates continuously or for a long time in some areas, and only periodically in other areas.
Cores of the plague enzootics are formed in environmental units with conditions suitable for
fleas and the great gerbil, based on tectonic factors, static elements (soil, hydrogeology),
orographic objects and hypsometric position. For instance, in the North Aral autonomous focus,
the cores take up a mere 9.7 % of the area, and in the Cis-Ustyurt focus 18 % (Bekenov, 2009b).
The proposed method of epizootological zoning for natural foci will enable anti-plague
institutions to reduce epizootological examination to a factor of 5-10 times and redirect it to
the key epidemically dangerous areas.

2.1.1.3

SOCIAL-ECOLOGICAL FACTORS OF THE EPIDEMIC POTENTIAL

Synanthropic fleas. Circulation and population of synanthropic fleas dynamically influence the
epidemic potential. The literature on plague epidemiology repeatedly stresses the significance
of the P. irritans human flea for transmitting the plague pathogen from sick persons to their
environment.
Recent epizootological examination results show an increasing population of the P. irritans
human flea in residential communities of Aktyubinsk, Western Kazakhstan and Kyzylorda
Oblasts of the Republic of Kazakhstan.
The synanthropic population of P. irritans experienced a ubiquitous decrease in 1970-1980 due
to a wide-scale use of highly efficient insect powders, Dichlorodiphenyltrichloroethane (DDT)
and Hexachlorocyclohexane (HCH). However, starting 1997, the P. irritans population increased
ubiquitously. The fact was much attributed to a sharp increase in the number of abandoned
residential and utility houses resulting from a reduction in the cattle population. Quadruped
predators found refuge in unattended facilities, and as a result, the P. irritans synanthropic
population increased.

Synanthropic rodents. The number of synanthropic rodents is another important indicator for
the plague epidemic potential. They contact with humans in populated areas located in natural
foci. Of all synanthropic rodents, house mice and common rats play the most important role in
plague epidemiology.
Common rats (Rattus norvegicus) traditionally deserve high attention in plague epidemiology;
they are widespread in populated areas in the southern and northwestern parts of the plague
natural focus. However, the role of this species in plague epidemiology in our continental foci
can hardly be compared with that of the house mice. The reason for that is the low blocking
capacity of rat fleas’ stomach when infected with continental strains of the plague pathogen
(Aikimbayev & Serzhan, 1985). Still, epizootics with epidemiological complications may develop
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if infected rats and their fleas are brought in from oceanic foci via container transportation, and
if they contact with the local rodent population.

Camels. A good half of all camels in the former Soviet countries live in Kazakhstan, followed by
Turkmenistan and Uzbekistan. According to statistical reports, most camels in Kazakhstan live in
Mangyshlak, Atyrau and Kyzylorda Oblasts: 42,300, 31,900, and 27,500 camels, respectively.
More than 95 % of all camels in Kazakhstan graze within plague natural foci, such as the active
foci the Volga-Ural Sand, Volga-Ural Steppe, Ural-Uil, Ural-Emba, Cis-Ustyurt, Mangyshlak,
North Aral, and Aral-Karakum autonomous foci.
Plague epizootics were found to have connection with rodents and sporadic cases in camels,
which in turn had repeatedly been sources of human infection (Nikanorov, 1922).
In order to prevent slaughtering of sick animals by their owners, the KZ Law On Veterinary
Medicine (2002) has been augmented with a clause on paying compensations for the owners if
they seek veterinary advice with regard to their animal being infected with plague.

Game animals. Plague enzootic areas in the Central Asian countries and Kazakhstan are densely
populated with various species of game animals, which include those highly susceptible to the
plague pathogen (Aikimbayev et al., 2006a). For instance, in 1974, there was a lethal human
infection case in Mangyshlak as a result of killing a sick saiga antelope (Saiga tatarica).
The desert hare, too, is of important epidemiological significance in natural foci of Central Asia
and Kazakhstan. In 1999, there was a lethal case of plague infection in the North Aral plague
focus, after a 13-year-old boy had fed a kite fledgling with a hare carcass found in the field.
The gray marmot is a valuable game animal and the main plague carrier in the Kokpakskiy and
Kokzharskiy meso-foci of the Sarydzhaz autonomous plague focus in Almaty Oblast. The
infection results from direct contact in the process of flaying the marmot. Due to the high
virulence of the marmot strains, the infection in humans is complicated with secondary
pulmonary plague, which poses a particular risk of an epidemic outspread of the infection by
air.
The yellow ground squirrel and the little ground squirrel can also be the sources of directcontact-infection. The former game animal is bigger and has valuable fur, while the little ground
squirrel is hunted solely for protection of agricultural crop. Besides, the little ground squirrel’s
skin may be used as a secondary material for padding winter clothes.

Anthropurgic effects. For decades, natural plague foci in the Republic of Kazakhstan have
sustained an increasing anthropogenic impact caused by agricultural and industrial
development in the area. Traditional types of agricultural activities, cattle breeding and farming
are accompanied by large-scale industrial developments such as oil and gas production, mining,
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and building of cities and towns. They gave rise to the development of the transportation
system, oil, gas and water pipelines, etc. (Aikimbayev et al., 2006a).
The anthropurgic transformation of the landscape leads to the great gerbils (plague carriers)
building their holes under railway embankments and pipelines, because they are attracted by
stable ground and the fact that the elevated relief is never flooded with rainwater or melting
water. This fact is critical for the great gerbil because the rodent has an underdeveloped
temperature regulation mechanism and can die of hypothermia when getting soaked or wet in
the cold season (Aikimbayev et al., 1992a). The density of the rodents’ settlements along
railway embankments is very high and thus increases intra-population contacts. This results in a
growing frequency of infection transmissions. Such settlements may develop acute plague
epizootics – and in a close proximity to humans. Claiming more and more spots of the
embankments, the wild rodents may get very close to the areas populated by humans.

Decreed population categories. Persons subject to prophylactic immunization against
infectious diseases are defined as decreed groups and include population categories with the
highest risk of infection resulting from their occupational activities.
In area development and exploration, oil-and-gas production and mining, parties of drillers, oil
workers, shift employees and maintenance personnel of pumping stations contact with the
enzootic area in the course of their professional activities and during leisure hours. For most of
them, the surrounding desert is an exotic environment.
Reportedly, the country’s plague enzootic areas have 290 registered firms mining mineral
resources and engaged in agricultural activities (Aikimbayev et al., 2006a).
As a rule, it is the health workers of the nearest medical facilities who first tend to people
infected with plague. Such first responders must not only be able to make a correct diagnosis
but also begin an appropriate course of treatment. For these purposes, the manual Plague for
healthcare practitioners has been written to popularize basic provisions on epidemiology,
clinics, treatment and prevention of this infection (Aikimbayev, 1992b).

2.1.1.4

MANIFESTATIONS OF THE PLAGUE EPIDEMIC POTENTIAL

The etiological plague pathogen, Y. pestis, has changed the human history, killing millions of
people during three major epidemics (Lowell et al., 2005). Around 2,000 plague cases are
annually reported to the WHO (Rollins et al., 2003). The plague incidence in Asia peaked in
1994, when 1,228 cases were registered. In 1986-2002, the United States reported about 90
patients (Yegorova et al., 2002).
Recent events include a plague infection of a family in Santa Fe County, New Mexico (CDC,
2003). According to electronic reports posted on ProMED-mail, an 18-year-old boy scout from
Connecticut (northeastern USA) had fallen sick in August 2008 with the bubonic form of plague
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upon return home. He might have been infected during his stay in Wyoming, in the western
part of the USA.
The same source has information on pulmonary plague in Madagascar. As of October 23, 2008,
three lethal plague cases had been registered in one family in the village of Morarano,
Moramanga District, in the eastern part of Toamasina Province. Another four people had died
of plague consecutively in Ambohidray Station, located in the same district. The first patient, a
20-year-old man, who had died on October 6, 2008, had been infected with plague while
herding his parents’ domestic cattle on a pasture near the village located 15 km from the city.
Field rats, regular inhabitants of the region, are the infection reservoir for Y. pestis. The cause of
death had never been investigated. His father had died two days later, followed by his mother.
Investigation of the cause of death yielded positive results for plague. Further, a 16-year-old
man, who had lived not far from Ambohidray Station, died on October 15, 2008 – an event that
sparked public panic. About 400 people, who were supposedly exposed, received the basic
course of sulfadoxine therapy. Epidemiological manifestations of plague in Madagascar follow a
cyclical pattern. According to the director of an emergency response and disease control unit,
infection re-emerges every five years. In a situation like that, live rats should be captured in
traps and then killed by throwing them either into fire or water, to ensure that the rodents’
fleas are killed, too.
As of December 23, 2008, according to Ugandan healthcare experts, at least 68 persons had
died of plague since February 2008, when the very first plague patient was found. The
healthcare experts warn that given lack of any adequate measures on the part of health
workers and local communities, the infection could spread out in no time. Around 32,000
people are at risk of infection unless they take stringent precautions. The outbreak had initially
been limited to just one district but then rolled out to two other districts, where 73 patients
were registered. A representative of the Arua District health authority said that a few plague
patients are reported in the area every year. However, in 2008, the number of registered
patients began to grow and reached startling levels in August. A WHO representative stated
that the growing incidence rates result from poor sanitation and hygiene – residents hardly
clean up in their homes, which helps infected wild rats to find appropriate conditions for living
in dirty houses and shed infected fleas. The fleas then pass on to house rats thus becoming
infection vectors to people. The plague spreading in Arua and Nebbi Districts (northwestern
part of Uganda) mostly struck women and children. According to a WHO representative, this
worrying situation also owed much to the local beliefs that women and children should sleep
on the floor while men in beds.
In recent decades, epidemic complications of plague were reported in thirteen African
countries (Angola, Botswana, Democratic Republic of the Congo, Kenya, Madagascar, Malawi,
Mozambique, Namibia, South Africa, Tanzania, Uganda, Zambia, and Zimbabwe). In June 2004,
a plague epidemic was registered in western Algeria (Lounici et al., 2003). In the Americas,
plague was registered in five countries (Bolivia, Brazil, Ecuador, Peru, and the United States),
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and in Asia, in seven countries (China, India, Kazakhstan, Laos, Mongolia, Myanmar, and
Vietnam).
India is of special interest in the plague infection outspread. Earlier in the 20th century, India
was known to be the worst country in plague incidence – not only in Asia but worldwide.
Beginning with 1968, the country has shown stable epidemic well-being, which lasted for 26
years. In 1994, a pulmonary plague epidemic struck six states in central and western India.
According to official data, a total of 876 plague cases were registered during the epidemic.
Plague rolled out from primary anthropurgic foci to major seaports (Surat, Bombay), thus
posing a threat for the global outspread of the infection (Laurie, 1994).
At least 8,440 people in the former Soviet countries had been infected by the plague pathogen
in the period from 1901 through 2002, including 112 people in 1959-2002. The most stressful
epidemic events took place in the first quarter of the century in the Volga-Ural Interfluve, when
4,346 plague patients were registered. In the last hundred years, more than 1,200 plague
patients had been registered in the Central Asian desert focus, of which 36 % were registered in
1945-2000. This demonstrates a significant epidemic potential in this natural focus territory
(Sagiyev, 2006).
A hind-sight epidemiological study shows that beginning with the end of the previous century,
plague outbreaks have occurred in Kazakhstan almost every year, sometimes gaining a large
scale and sometimes being limited to just a few sporadic cases in one or two families. Records
of plague outbreaks start with the 1904-1905 epidemic on the left bank of the Ural River, which
claimed the lives of 416 people (Temiraliyeva et al. 1999).
Today’s plague surveillance in Kazakhstan allows maintaining relatively low incidence rates and,
most importantly, prevents epidemic outspread of especially dangerous diseases (Aikimbayev
et al., 2003).
The period of almost ten years, when plague surveillance declined due to the changing of
economic conditions in the 1990s, was caused by an overwhelming crisis in all areas of a new
social and economic formation. The crisis induced a decrease of living standards and
appearance of house fleas (plague vectors), and a decline in the immune status and resistance
to infectious diseases. Poor nutrition and lack of meat products in the diet led to protein
deficiency. This in turn decreased natural immunity and resistance to different infections,
because protein deficiency causes extensive morphological changes in the thymus, spleen and
lymph nodes. Such changes include lymphoid tissue involution and concurrent lymphopenia, as
well as inhibition of biosynthesis and antibody formation, which deteriorates the organism’s
resistance to infectious diseases (Sukhovei, 1998).

Epidemic control expenses. If a plague patient is detected, the infection focus will be
announced, followed by epidemic control activities. The scale of such activities depends on the
plague form, number of contacts, characteristics of the town or village, and other factors
(Sagiyev et al., 2003a).
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When people are infected with plague, the healthcare-associated costs include:
Costs on hospital care of plague patients;
Costs on treatment at outpatient clinics and medical centers (if complications develop);
Costs on carrying out epidemic control activities, to be funded from the national and local
epidemic control funds.

In 1990 in Aralsk, after culturing of single colonies of the plague microbe from the lungs, the
person who had died from this infection was posthumously diagnosed with pulmonary plague.
A total of 879,000 rubles, or about 1 million US dollars at the equivalent rate, was spent on fullscale epidemic control activities (Onishchenko et al., 1993).
To calculate the expenses a new method, the Assessment of Economic Damage Caused by
Plague, was developed (Sagiyev et al., 2003b). It was used in 2003 to assess the economic
efficiency of an adequate volume of plague activities at Chumysh Station, Aralskiy Rayon,
Kyzylorda Oblast. The delay in determining the true character of the disease led to the infection
generalization, and the child died of plague. Laboratory tests of the autopsy material found the
plague pathogen crowding in the samples of all internal organs, including the lungs. Based on
that, a logical diagnosis of “plague, pulmonary form” was made. The diagnosis required
implementation of epidemic control activities in accordance with the pattern of airborne plague
outspread. A decision was made to look for all passengers of the railway car (apart from the
known contacts) where the sick girl had been transported. Such large-scale activities would lead
to deploying 16 units in the focus, and 96 million Tenge would be spent on these operations.
However, prior to the beginning of full-scale activities, А. М. Aikimbayev, a consultant for the
focus operations, carried out another epidemiological investigation to find out whether the
patient had cough during transportation by train. His doubts were based on the fact that at
least three days should pass upon manifestation of initial signs of the disease for the cough to
develop, while the girl had died at an earlier stage. And, according to the post-mortem
examination, the lung pattern did not attest to the resolution phase of pneumonia, when cough
can occur. A repeated epidemiological investigation found out that the child had died prior to
cough development and, consequently, could not have shed plague bacteria by air. On that
ground, the large-scale activities were canceled and confined to the pattern provided for the
internal disseminated plague forms.

2.1.1.5

LABORATORY TESTS FOR DIAGNOSTICS OF PLAGUE

The growing bioterrorism threats necessitate rapid and accurate laboratory diagnostics. To that
end, all APS should be supplied with state-of-the-art equipment and diagnostic methods. This
becomes especially important for epidemiological investigation of suspected plague cases.
Detection and identification of Y. pestis traditionally utilizes bacteriological, biochemical and
serological test methods, which boast adequate sensitivity and specificity (Arykpayeva et al.,
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2007). The downside of conventional laboratory testing is its duration – 96 to 120 hours
(Nekrasova et al., 2001), which significantly hinders rapid diagnostics and timely epidemic
control activities.
A more rapid test (2-4 hours) may be carried out with serological methods, such as indirect
hemagglutination test (IHAT) and antibody neutralization test (ANT), aimed to detect the
capsular antigen. They, however, fall short of the biological method in sensitivity (minimum
detection rate of 105-106 CFU/ml), and their specificity depends heavily on the quality of
diagnostic immunoglobulins (Titenko et al., 1984). IHAT and ANT have a major flaw of the offstandard erythrocyte test component. Besides, cross-reactions with Klebsiella pneumoniae and
Citrobacter freundii species have been reported (Kosse et al., 1992).
Rapid diagnostics utilizes plague fluorescent immunoglobulins; however, the FAT is rather
cumbersome, has low efficiency and precludes from detecting strains grown at 28°С. It is
therefore not good for testing materials from poikilothermic plague vectors and from the
environment. The methods described are not effective in detecting strains that go through
various L-transformation stages. This complicates identification of the form or way of Y. pestis
persistence in the period between epizootics (Anisimov et al., 1985; Gintsburg et al., 1997).

2.1.1.6

POLYMERASE CHAIN REACTION

Molecular diagnostics is a science that determines causes and mechanisms of infectious and
somatic diseases at the molecular level, which includes identification of genes and their
products – proteins and nucleic acids (NA). It experienced a booming development as an
independent science in the early 1970s, after some fundamental discoveries had been made in
molecular biology: first, creation of monoclonal antibodies (mAb) that interact only with certain
epitopes (or, antigenic determinant); second, invention of the filter hybridization method
(Southern blot analysis), named after its inventor, the British biologist Edwin Southern, who
offered this method of (NA) separation. And finally, another critical scientific event occurred in
1985 as PCR method was discovered. It allowed for detection of the genetic material from the
infectious matter rather than antibody serological markers (Chomezynsci & Sacchi, 1987;
Mullis, 1990; Karpishchenko, 1999). These achievements have revolutionized molecular
diagnostics.
In current laboratory diagnostics, PCR plays a crucial role. This allows for direct detection of the
infectious pathogen or genetic mutation in any biotic or abiotic environment. Theoretically, this
method is capable of detecting just one sought-for NA molecule in millions of other NA
molecules. This raises an important question, crucial for infectiology: how identical are the
terms “NA” and “pathogen”? In the context of general microbiology, these terms are not
equivalent as the pathogen is a complex biological system comprising the NA, cytoplasm,
envelope and metabolic byproducts of the microorganism. Yet, the NA cannot do without this
complex structure, and the pathogen itself cannot exist without the NA. Hence, in the context
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of clinical medicine, NA definition is the equivalent of detecting or not detecting the pathogen
in the object of research.
The PCR method is based on a unique property of the NA (both DNA and RNA) – the ability of
self-replication, which is artificially reproduced in vitro. Only specific NA fragments are
synthesized in the process. In this respect, prior to running PCR, the nucleotide sequence of the
target NA should be determined. After that, two short DNA probes or primers are synthesized,
complementary to the respective regions of the NA target. The primer is the foremost element
in PCR as it ensures the start and specificity of the reaction. The PCR test system therefore
consists of the test sample NA mix, primer, deoxy ribonucleotides (a set of nucleotide
triphosphates) and thermostable DNA polymerase (enzyme of Termus aquaticus thermophylic
bacteria). The reaction mix above will run through repeated heating/cooling cycles for NA
denaturation (when heated) and hybridization or annealing (when cooling) of primers with the
purpose of synthesizing (using DNA polymerase) new NA.
The PCR process involves three main amplification steps: NA denaturation, annealing and
synthesis (elongation). The PCR itself occurs automatically in a programmed thermostat, called
the thermal cycler (or, amplifier), which can heat and cool the tubes with the reaction mix
within a very short time. In accordance with the preset thermal cycler program, this three-step
cycle is repeated 30 to 50 times and results in accurate copies of the NA templates identified
region.
The first cycle ensures initial duplication of the NA fragment strand, restricted by primers. The
reaction then acquires a cascade character (chain reaction). It means that each strand serves as
a template for synthesis (or, polymerization) of a new NA region, which allows to increase the
number of copies of the NA amplified fragment in geometrical progression. The PCR process is
similar to natural NA replication and yet strictly fixed by the artificially synthesized primer.
For instance, if one cycle lasts for about 3 minutes, about a billion copies of the NA sequence
can be obtained in less than 2 hours. If the solution does not have even one single NA molecule
with the region complementary to the primers introduced, no chain reaction will occur even if a
million of other NA molecules may be floating in the solution. After 25-30 cycles of exponential
accumulation of the reaction products, the plateau effect will occur due to exhaustion of
triphosphates and primers and polymerase destruction. As primers are physically included in
the amplicon edges, the PCR product (NA fragment) is determined. Besides, DNA polymerase is
capable of discarding (editing) the erroneous non-complementary nucleotides. This adds to the
high specificity of test results.
PCR products, or amplicons, are a region of the synthetic NA restricted by primers, at the final
PCR stage. They are identified by the gel electrophoresis method.

General advantages of PCR as a diagnostic method. Sensitivity is a major criterion of diagnostic
efficiency for any laboratory test. A difference should be drawn between analytical and
diagnostic sensitivity. As applied to PCR, analytical sensitivity represents the minimum number
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of DNA or RNA copies (genome equivalents, g/e) in one milliliter of the sample solution that can
be determined by the test system. Most commercial amplification test systems are capable of
detecting the target NA in a biological sample if its concentration is at least several hundreds
g/e copies in one milliliter of the sample. For example, analytical sensitivity of most test
systems for Human Immunodeficiency Virus (HIV)-1 is 300-500 DNA copies in one milliliter of
the sample. Diagnostic sensitivity is determined by the number of patients with the disease
who yield true-positive results when using a specific kit, and is measured in percentage terms.
In this sense, a general rule of determining the clinical suitability of any laboratory diagnostic
methods or test systems states that diagnostic sensitivity of a method must not be lower than
95-98 %.
The other comprehensive criterion, specificity, is determined by percentage of healthy people
who have true-negative test results. The PCR method boasts the highest specificity that can
reach 99-100 %. Diagnostic sensitivity and specificity of PCR are comparable to, and often
surpass those of the culture method, being the “gold standard” in infectious disease
diagnostics. Considering the cell culture growth duration (from a few weeks to a few months),
excellence of the PCR method becomes obvious. PCR test results can be obtained within a day’s
time, and the samples selected for testing can be kept or accumulated for weeks, provided that
appropriate temperature norms are observed. A consolidated review of sensitivity of diagnostic
methods recently carried out in several research centers abroad demonstrated that rapid, or
express, tests have a sensitivity value of 40-60 %, ELISA 50-70 %, DIFT 55-75 %, culture test 6080 %, and PCR 90 to 100 %.
Thus, PCR, as compared with other methods, holds two important advantages: high sensitivity
and short testing time. Other advantages include:
•

•

•

•

•

Versatility. The method allows for detection of any DNA and RNA, even when other
methods fail. It utilizes a standardized kit irrespective of the object or area of application
(clinical medicine, criminal law, veterinary medicine, genetics, molecular biology). This
makes PCR versatile and flexible for the use in any biological objects.
Specificity. High specificity (100 %) of the method owes to the fact that it determines a
unique NA fragment (nucleotide sequence) in the target sample, characteristic of only this
particular pathogen or gene. Therefore, PCR diagnostic kits help avoid any problems
associated with cross-reacting antigens.
Sensitivity. The ability to perform not only qualitative (presence) but also quantitative
(concentration) assessment of the NA contents. Today, the actual sensitivity threshold of
commercial amplification test systems allows determining several hundreds of copies in the
test sample.
Timeliness of response (rapid retrieval of results). The method’s high-tech automation
allows doctors and patients to obtain results on the same day when the test was
performed.
Pre-clinical and retrospective diagnostic capabilities. PCR can identify the pathogen or
deficient gene in the organism long before a disease develops. Examples include for some
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pathogens the sometimes possible detection of infections in the incubation period, i.e.
seronegative phase, or latent character of the disease. Apart from that, PCR can be run in
the archived (fixed) material or biological remnants.
The test can be run with a very little amount of the sample (a few microliters), which is
critical for neonatology, forensic pathology, clinical genetics, etc.
Simultaneous diagnostics of several disease pathogens or abnormal genes can be carried
out in one sample.
Expert evaluation capacity. The obtained PCR results can be entered into computerized
information storage media or pictures for evaluation by independent experts.

Disadvantages of the PCR. As a diagnostic test, PCR currently has certain shortfalls that could
be set into two groups. The first, technological, group implies high-level requirements to the
laboratory equipment, quality of test kits, and strict compliance with test regulations and
procedures to avoid getting false results. The problem of test quality can be resolved with
appropriate personnel skills and a mandatory certification of the laboratory. In this respect,
doctors must ask for the state certificate from the laboratory which carries out research using
the PCR method. The second, clinical, group implies equivocal predictive judgment of the PCR
positive result. In a situation like that, assessment of test results leads to a typical mistake of
equating two fundamentally different concepts: infection rate and infectious disease.

Anti-plague laboratories of Kazakhstan utilize PCR diagnostics (Stybayeva, 2005). However,
despite the fact that this method has become common in laboratories of the former Soviet
republics and other foreign countries, it still cannot be widely used in epidemiological
surveillance of natural plague foci in Kazakhstan. Main reasons for that include inadequate
training of laboratory staff, lack of licensed PCR kits, and shortage of the technical equipment
maintenance personnel.
Lagging behind new genetic information technologies in the anti-plague system is the weakest
link in epidemiological surveillance of plague. Let me draw a few examples of using other
molecular biology methods as they deserve being introduced to laboratories of research
facilities within the Kazakh MoH system in order to single out the most conclusive ones.
Use of PCR in testing fleas for plague yields reliable data on the presence of the plague microbe
in fleas – simultaneously with information on the pathogen’s virulence determinant, within a
much shorter period of time (in 12 hours, including primary preparation of the material), as
compared with 72 hours needed to detect and identify Y. pestis with conventional methods
(Tsukano et al., 1986; Norkina et al., 1994; Bryukhanov et al., 1997; Kasyan et al., 1998;
Bryukhanova et al., 2001; Jones et al., 2005; Trukhachev & Lebedeva, 2006; Trukhachev et al.,
2008).
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PCR applicability has been researched for detection of F1- versions of the plague pathogen
and sensitivity to chemotherapeutic substances (Balakhonov & Lyasotskiy, 1997;
Voskresenskiy et al., 1998);
Rapid plague diagnostic methods have been developed involving use of the DNA microkit,
modified PCR methods (RD-PCR) and hybridization method with cy5 fluorescence labeling
(Loiez et al., 2003);
For rapid pulmonary plague diagnostics, a PCR method has been developed to identify the
Y. pestis plasminogen activator gene (pla) in samples from human respiratory tracts (Loiez
et al., 2003);
The Autonomous Pathogen Detection System (APDS) has been developed and passed trials.
It is designed for continuous monitoring of dangerous BA in the air (McBride et al., 2003);
A rapid and valid quantitative analysis method has been proposed. It brings together two
methods – immunomagnetic separation and flow cytofluorometry – and can replace
conventional immunological methods of plague diagnostics (Splettstoesser et al., 2003);
A multiplex PCR has been developed to simultaneously detect three microorganism species,
including Y. pestis (Stevenson et al., 2003). PCR using magnetic immunosorbents has been
proposed to test fleas for plague (Afanasyev et al., 2004);
For epidemiological surveillance of plague, a rapid test has been developed to detect АТ IgG
to fraction 1 (F1) of the plague microbe (Thullier et al., 2003).
Rapid detection of Yersinia pestis by real-time multiplex PCR can utilize fluorescent
hybridization probes (Afanasyev et al., 2004).
To ensure complete and successful detection of typical and atypical Y. pestis strains and
their differentiation from the pseudotuberculosis pathogen, the primers most feasible to
use include 3a, JS, or yp2769ms06, JS jointly with vlm12for/ISrev216 or vlmЗЗrev/ISfor1754.
These primers put together, they rather reliably identify typical and atypical Y. pestis
bacteria, irrespective of their phenotype, plasmid composition or production of associated
diagnostic proteins, and differentiate them from the closely related species Y.
pseudotuberculosis. A combination of these primers may be proposed as the key tool for
molecular screening and detection of the plague strains (Trukhachev et al., 2008).

However, a complete abandoning of the culture method for infectious disease diagnostics is not
feasible, especially when testing the material for plague, because it is only the live culture that
enables antibiotic resistance testing and provides legal ground for implementation of high-cost
epidemic control activities. In a situation like this, these methods still fall short of the
conventional method in their “arbitrariness”. Still, there is no denying that accumulation of
comparable results will raise their profile in epidemic control practices thanks to their capability
of yielding rapid and accurate test results.
Inadequate “arbitrariness” of PCR for plague owes to the plasmid DNA based primers used for
the reaction. When each or all Y. pestis plasmids are lost, the analysis of atypical strains may
yield a false negative result. The key sign in laboratory diagnostics of plague remains to be the
ability for production of species-specific capsular antigen Fl, determined by one of the three Y.
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pestis specific plasmids (pFra). There are strains deprived of Fl, or those that have lost plasmids,
and those with other deficient diagnostic signs, but still maintain certain pathogenetic activity.
In this case, species identification of such strains should utilize PCR with primers initiating
amplification of species-specific DNA fragments, stable in most of them and especially in
representatives of Y. pestis. Primers based on the chromosomic “pathogenicity island” are
proposed to test genomes of classical virulent Y. pestis strains. However, not all strains of the
species possess this island. Earlier, primers specific to 16Sr RNA Yersinia, ß-subunits of RNA
polymerase, as well as inv and entF3 complementary to genes, were used alongside with
plasmid primers. Diagnostics is complicated by the fact that two Yersinia species, Y. pestis and
Y. pseudotuberculosis, are characterized by a high degree of chromosome homology (over
90%), but differ in the way that Y. pestis has numerous point mutations or mini deletions.
The specific value of PCR is vividly demonstrated in diagnostics of “paleoinfections” (Ruchko et
al., 2000). For instance, Drancourt et al., 1998, (cited by Ruchko et al., 2000) assumed that
tooth pulp strength, along with its natural sterility, makes the tissue a perfect refuge for the
plague pathogen. DNA extracts were prepared from the pulp of twelve non-destroyed teeth
taken from skeletons found in France in graves dating back to the 16th through 18th centuries,
where people who had died from plague were presumably buried, and also from the tooth pulp
of seven people who served as controls. PCR was run with primers specific to genes rpoB and
pla of Y. pestis. Nucleotide sequences of the resulting amplicons coincided with gene sequences
of the pathogens modern strains. Specific sequence of the pla gene was found in six samples of
“plague teeth” out of twelve, and in none of the control samples. The ancient plague outbreaks
diagnosed through studying genetic materials coincided with historically identified cases in
France in the 16th century, and confirmed that it in fact was plague.

2.1.2
2.1.2.1

CLINICAL DIAGNOSIS AND TREATMENT OF PLAGUE
CLINICAL DIAGNOSIS

Following case definitions are used in Kazakhstan for the reporting of patients with
presumptive, probable and confirmed plague:
The presumptive case of bubonic or ulcerous (cutaneous) form of plague is diagnosed with a
severe acute disease accompanied by high fever > 38°С) and pronounced reduced general
condition, and when one or both syndromes are present:
•
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Bubo (lymphadenitis and periadenitis) in one or more groups of peripheral lymph nodes,
characterized by at least three of the following signs: pain, density when palpated, nonmotility when palpated, inability to feel individual lymph nodes, hyperthermia (local);
hyperthermia of skin above the bubo;
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•

Painful primary skin affects in one of the following development stages: papule, pustule
(purulent or hemorrhagic), ulcer (deep, succulent, with purulent and hemorrhagic
discharge, on an infiltrated basis, surrounded with a hyperemic circle).

The presumptive case of angina-like (angina-like bubonic) form of plague is diagnosed with a
severe acute disease accompanied by high fever and signs of infectious-toxic-shock, severe –
usually unilateral purulent-necrotic – angina and regional cervical (sub-mandibular) bubo,
characterized by all properties of the plague bubo.
The presumptive case of abdominal (enteric) form of plague is diagnosed with a very severe
acute disease accompanied by infectious-toxic shock and at least three of the following signs:
fever, abdominal pain, vomiting (with blood), and blood-containing diarrhea.
The presumptive case of pulmonary (pneumonic, primary pneumonic) form of plague is
diagnosed with a very severe acute disease accompanied by high fever, signs of infectioustoxic-shock and/or signs of disseminated intravascular coagulation, and development of severe
pneumonia, characterized by at least four of the following signs: cough (first non-productive,
then productive), chest pain or flank pain, blood in sputum, pulmonary edema, pleuritis, and
pulmonary infiltrates.
The presumptive case of the septicemic (primary generalized) form of plague is diagnosed with
a very severe acute disease accompanied by high fever, infectious-toxic shock and disseminated
intravascular coagulation.

The probable case form of plague is diagnosed when signs match those of the presumptive
case plus one of the following:
•

•
•
•
•

Stay for 6 days prior to the disease within natural foci or in plague endemic countries, and
at least one of the following:
- Bites by fleas, wild animals/rodents (plague carriers);
- Contact (direct or indirect) with rodents which are potential plague carriers (ground
squirrels, gerbils, etc.);
- Hunting, production, and butchering of game animals which are potential plague
carriers (hares, marmots, felines, saigas, etc.);
- Slaughtering and butchering of a sick camel;
- Contact with a pneumonia patient;
Epidemiological link with a confirmed plague case;
Positive result of direct fluorescent antibody test (FAT) with detection of the antibody titer
of at least 1:10 and hemagglutination-inhibition test for F1 antigen, specific to Y. pestis;
At least a four-fold increase of antibody titer to F1 antigen in follow up, paired sera;
Detection of Gram-negative bipolar bacteria in clinical samples.

The confirmed case of plague is diagnosed when at least one of the following is present:
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•
•
•
•

Cultural isolation of Y. pestis from the contents of buboes, pustules, ulcer discharge, blood,
cerebrospinal fluid, sputum, oro-pharyngeal swab, urine, feces;
Positive PCR result;
Positive ELISA result;
At least a four-fold increase of antibody titers to F1 antigen in paired sera, specific to Y.
pestis, as established by IHAT.

2.1.2.2

TREATMENT

Antibiotic sensitivity of plague strains. There are two approaches to interpreting the results of
antibiotic sensitivity testing (AST): microbiological and clinical. Microbiological interpretation is
based on an analysis of the distribution of the antibiotic concentrations inhibiting the bacterial
viability. Serial dilution methods and disk diffusion methods are traditionally used. The
reference methods for AST are the microdilution- and gradient strip method.
An in vitro sensitivity test of 78 Y. pestis strains to 14 antimicrobial agents (Smith et al., 1995)
demonstrated that ceftriaxone and ciprofloxacin had the highest in vitro activity, followed by
ofloxacin and ampicillin. The antimicrobial agents traditionally used in plague treatment
(streptomycin, tetracycline and chloramphenicol) showed lower effectiveness. Gentamycin and
doxycycline proved to be more active than streptomycin and tetracycline. Azithromycin and
rifampicin did not show adequate activity with regard to Y. pestis. Tests on mice showed that
ceftriaxone was as effective as ofloxacin and streptomycin. Still, fluoroquinolones and their
derivatives have the most promising treatment effect. They possess high activity with regards
to all pathogenic Yersinia, both in vitro and in vivo; they are well tolerated and can be
prescribed in parenteral and peroral forms.
In 1996, Frean et al. studied the in vitro sensitivity of 100 plague isolates from South Africa to
new antibacterial agents. Of the peroral antibacterial agents, two quinolones (levofloxacin and
ofloxacin) and cefotaxime proved to be most active against Y. pestis. In animal models,
doxycycline, ciprofloxacin and ofloxacin demonstrated their effectiveness; however, they were
not used as first-choice drugs for plague treatment in humans.

Use of the accelerated preliminary determination method for sensitivity of plague strains to
antibiotics. The method of accelerated determination of the plague pathogens sensitivity to
antibiotics does not need any complicated equipment and can well be used in epidemiological
practices (Dyakov et al., 1996; Ilyukhin et al., 2007). The authors endeavored to develop a
method for accelerated microorganism chemosensitivity in solid media with glucose and
indicators. This allows getting (3 to 6 hours after the culture isolation) preliminary
recommendations on an adequate choice of antibacterial agents for plague treatment. Based
on the results of the antibiogram analysis with conventional methods, the treatment may be
adjusted appropriately.
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Active combinations of antibacterial agents for emergency general and special prevention in
plague foci. Combined use of antibacterial agents is one of the essential areas in treatment of
infectious diseases. This approach may ensure not only the synergistic effect of etiotropic
therapy but also prevent formation of antibiotic resistance and selection of the pathogens
variations with multiple drug resistance. Effectiveness of combined use of different
antibacterial agents in prevention and treatment of experimental plague was carried out to
offer an emergency plague prevention regimen, and aminoglycosides were offered as the drug
of choice, while doxycycline, ciprofloxacin and chloramphenicol were offered as alternative
treatment drugs (Shcherbanyuk et al., 2006; Ryzhko et al., 2007).
The most used combination is based on aminoglycosides – streptomycin or gentamycin. The
other component of the combination is one of the most active representatives in the
tetracycline group – doxycycline, and in the quinolone group – ciprofloxacin, or
chloramphenicol (levomycetin).
Doxycycline, in combination with ciprofloxacin, fails to show an expected synergistic action. It
should be replaced with amikacin (rifampin) or cefotaxime in combination.

Antibiotic therapy. The key role in plague treatment is the application of broad-spectrum
antibacterial agents. The epidemic outspread and containment encounter a critical problem of
an acute shortage of antibacterial agents for emergency prevention amongst contacts and risk
groups, and for treatment. For emergency prevention amongst contacts, antibacterial drugs for
peroral administration are preferred, while treatment requires parenteral drugs.
A few events have identified the need for reassessing chemotherapeutic agents active to Y.
pestis. In 1994, a major outbreak of bubonic and pulmonary plague occurred in India (human
plague-India, 1994). This case fueled international concerns with regard to a potential global
transmission of pulmonary plague via travel. In most cases, Y. pestis strains were sensitive to all
antibiotics active to Gram-negative bacteria. However, in 1995, strain Y. pestis 16/95 was
isolated in Madagascar from a 14-year-old boy sick with bubonic plague. The strain had plasmid
pIP1203 which enables the pathogen with a high level of resistance to streptomycin – one of
the key antibiotics used in plague treatment. This fact confirms the need for continuous control
of the antibiotic resistance of Y. pestis strains isolated from patients. In as early as 1997,
another Y. pestis strain, 17/95, was isolated in Madagascar. It had a high level of resistance to
many antibiotics, including the drugs recommended for treatment and prevention. The multiple
drug resistance of this strain resulted from the presence of plasmid pIP1202 conjugation
(Galimand et al., 1997; Gulyoule еt аl., 1998).
A retrospective analysis of plague cases allows the identification of the main causes of the
patients’ death. Due to late seeking medical advice and inadequate levels of medical services
for people living within an enzootic area, the patients may be admitted in agonal state and
emergency therapies fail to be effective. The other cause of patients’ death is late
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hospitalization (even with early seeking for medical advice) due to primary misdiagnosis, which
deprived patients of timely treatment (Dmitrovskiy, 1997).
The new plague treatment regimen (Aikimbayev, 1992b) states that a patient with expressed
bacteremia may die because of administration of large doses of antibiotics of bactericidal
action, without simultaneous pathogenetic and symptomatic treatment. The antibiotics induce
bacteriolysis – destruction of microbial cells – accompanied by release of a great amount of
toxic products and development of the Jarisch-Herxheimer reaction. To that effect, when
treating a patient with signs of the infectious-toxic shock – even with unknown etiology – a
doctor should revert to emergency detoxication therapy. For that purpose, even at the initial
stage in a rural primary care station, administration of 0.5 l of detoxication solution would be
sufficient for palliation and protection of vital organs from the toxic impact of bacterial
antigens. Detoxication therapy ensures transportability of the patient and allows for evacuation
to higher tier medical facilities.
Before starting antibacterial therapy samples should be collected for laboratory investigations.
However, if antibiotics need to be administered as soon as possible (due to the progressing
deterioration of the patient) samples may be taken at a later stage, during antibiotic therapy.
While working in plague foci, specialists succeeded in isolating the plague pathogen from bubos
on the third day after streptomycin was first administered. The positive result of bacteriological
investigations owed to the survival of bacteria in affected lymph nodes, where antibiotics are
transported in fewer concentrations as compared with other organs and tissues, due to singleended blood circulation in such glands. If a bacteriological test during the administration of
antibiotics fails to give positive results, the diagnosis may be confirmed with serological
methods.
With a rich choice of drugs from the group of streptomycins and aminoglycosides, preference
should be given to gentamicin because it prevents development of the plague meningitis as one
of the infection’s complications. This is attributed to the good penetration capacity of
gentamicin through the blood-brain barrier, while other antibiotics break this biological barrier
only with cerebrospinal meningitis and deteriorated permeability, which is characteristic of an
advanced process. Gentamicin is not recommended for use in combination with or right after
streptomycin due to the possible enhanced ototoxic side effect of these drugs. It is therefore
best to immediately start treatment with gentamicin.
Application of only streptomycin may not always prevent infection aggravation, and in some
cases fails to normalize body temperature. Better treatment efficiency is expected from
combining streptomycin with antibiotics of other groups, which is especially important for a
severe course of the disease characterized by signs of the infectious-toxic shock.
For mild and moderate course of plague, a combination of streptomycin with levomycetin
(chloramphenicol) proves effective. In therapeutic doses, this antibiotic has bacteriostatic
action and is active for a broad range of bacteria, especially those in the multiplicative stage. It
effectively sanitizes the organism from streptomycin-resistant and intracellular bacteria. This
property is important for plague because a significant part of bacteria grow in phagocytes, and
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streptomycin has a weaker effect on phagocytes as the drug is mostly active for intracellular
bacteria.
Treatment of severe forms of plague poses a certain challenge as they are accompanied by
bacteremia, development of secondary foci, infectious-toxic shock, and disseminated
intravascular coagulation. In such a state, a combination of three antibiotics, including
penicillins administered intravenously, may be effective. The tactical approach to treating
severe forms of plague with infectious-toxic shock includes intravenous administration of
antibiotics with bacteriostatic action under the cover of detoxication therapy, which prevents
development of the Jarisch-Herxheimer reaction. Antibiotics that are bactericidal in action are
to be applied only after the intoxication signs have been mitigated.
Doses of the drugs recommended in earlier editions of special literature on plague are rather
high and may not always be feasible. For instance, with septicemic and pulmonary forms of
plague, the recommended streptomycin dose was 1 g four times a day for ten days. Such
dosages without any detoxication therapy may result in heavier intoxication due to
bacteriolysis (Jarisch-Herxheimer reaction), and can also impair the auditive nerve. The
excessive amount of streptomycin in not part of the etiotropic action, but because of the
tolerance of the antibiotic concentration, which – irrespective of the dose administered – does
not exceed the level of 25-30 µg/ml in the human organism. This concentration may be
achieved by administration of 1.5 g of the drug with the patient’s weight of 50 kg. Hence, the
daily dose of streptomycin must not exceed 2 g and should be given in doses of 0.5 g.
Based on the experience gained in treatment of plague patients, the total recommended dose
of antibiotic combinations should not exceed 3 g per day. This dosage is sufficient for
antimicrobial action; it does not cause mass-scale degradation of bacterial cells and does not
aggravate intoxication. The most physiological combination of antibiotic therapy with
administration of detoxication solutions as used in case of anthrax (see chapter 2.3.5) is one
liter of liquid per 1 g of antibiotics.
Duration of antibiotic treatment is determined by normalization of the patient’s body
temperature. After the temperature has been reduced to its normal values, antibiotic therapy
should continue for five more days with mild, seven days with moderate, and ten days with
severe courses of the disease. In bubonic plague, the disappearance of pain in the bubo area
and signs of periadenitis are additional factors to be considered when discontinuing antibiotic
therapy.
In children, antibiotic doses are age adapted. For instance, 1/8 of the adult dose is prescribed
for children under 1 year, 1/4 of the dose for children 1-3 years, 1/2 of the dose for children 3-7
years, and 3/4 of the adult dose is prescribed for children 7-14 years old.
In any case, antibiotic susceptibility testing for all relevant therapeutic antibiotics should be
performed. Previously, these results could be obtained at least 48 hours after collecting
samples from the patient. This period included the time needed to obtain the pure culture (24
hours) and another 24 hours for the antibiogram by disk diffusion test. Introduction of
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accelerated antibiotic susceptibility testing methods using the gradient strip method and color
media allows for preliminary results within 18-24 hours. Until we get direct results of the
plague bacteria sensitivity to antibiotics, this indicator should be estimated indirectly during
initial hours of treatment, based on the antibiotic therapy efficiency. The patient’s body
temperature is to be taken every three hours upon administration of antibiotics. If no
temperature reduction occurs within 20 hours, supplemental antibiotics should be
administered without awaiting further laboratory test results.
Side effects of antibiotics can be mitigated with antihistamines. Hemocirculation disorder with
progressing arterial blood pressure fall is a frequent complication of the plague infection and
may be treated by administering glucocorticoids (cortisone, hydrocortisone, prednisolone),
which act as vasoconstrictors. The anti-inflammatory action of glucocorticoids is known to
derive from their immunodepressive effect, suppressing the phagocytic activity of blood cells.
The immunodepression caused by hormones is aggravated heavily during the plague infection
process (Aikimbayev & Temiraliyeva, 1994b). In a normal organism, most bacteria will die under
the action of antibiotics, and resistant bacterial clones (one per billion cells) will be suppressed
by non-specific immunity factors (phagocytosis). In the case of immunodepression, such
antibiotic-resistant bacterial cells will grow unhampered, and by the end of the second day or
beginning of the third day can result in infection aggravation. Treatment will have to revert to
supplemental antibiotics the bacteria are sensitive to. Wrongful prescription of hydrocortisone
had tragic consequences in 1974 during treatment of a plague patient who was already in the
recovery phase. The experiments carried out in 1985 by А. М. Aikimbayev using glucocorticoids
allowed to work out the mechanism of complications of the plague infectious process, and
establish that the hormones’ immunodepressive effect continues for five days upon
administration. Such complications were observed during treatment of plague patients in 1989
and 1991, but preparedness allowed the use of supplemental antibiotics in good time saving
their lives (Aikimbayev et al., 2006a).
Therefore, salvage administration of glucocorticoids is necessary, but one should expect the
complication described and be ready to respond to it by using supplemental antibiotics.
Choice of antibiotics for pregnant women is challenged by potential side effects of the three
most effective drugs – streptomycin, chloramphenicol and tetracycline. One should keep in
mind that streptomycin may be ototoxic or nephrotoxic for the fetus. Tetracycline has an
adverse effect on the fetus’ developing of teeth and bones. Chloramphenicol poses a low risk of
the “gray baby” syndrome or bone marrow suppression. The preferred antibiotic for plague
treatment in pregnant women is gentamicin, to be administered intravenously or
intramuscularly.
A new area in using liposomal antibiotics is a promising one – the targeted cell-associated
antibiotic transport method. With that, during refusion, the patient’s blood cell mass treated
with an antibiotic will ensure transport of the drug to the focus of inflammation (Gurevich et
al., 2006).
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Antibiotic therapy for plague prevention and during intentional epidemics. Potential use of Y.
pestis as a BWA owes to the rapid course of its pulmonary form and high mortality – almost 100
% if antibiotic therapy begins later than 24 hours upon manifestation of initial clinical
symptoms.
In plague foci, persons who had contact with patients and potentially infected persons need
preventive treatment. It is recommended to administer 0.5 g of streptomycin bidaily (bd) for
five days or 40 mg of gentamicin 2-3 times a day and the same duration (Aikimbayev, 1992b). If
the contacts develop fever, the preventive regimen of antibiotics will be replaced with the
therapeutic regimen.
If the contact had occurred not earlier than two days ago, preventive treatment with antibiotics
continues for five days. Streptomycin (300.0-350.0 mg) or gentamicin (80.0 mg for persons over
14 years old) is administered intramuscular within 8 hours. If the contact had occurred earlier
than two days ago, the same doses of streptomycin or gentamicin are administered within 6
hours. If the contact develops clinical symptoms characteristic with plague during the
preventive treatment, he should be sent to an infectious disease hospital for plague patients,
and treated with antibiotics according to the therapeutic regimen. All persons who had
contacted this patient will be isolated for a new term, and a full course of preventive treatment
with antibiotics will be administered –prior to the disease onset.
In complicated epidemic situations, such as the risk of a plague epidemic outbreak, which lead
to organizational and methodological challenges in rapid detection of a great number of
contacts and impossibility of large-scale parenteral administration of antibiotics, it is
recommended to use peroral drugs such as ciprofloxacin or doxycycline in ordinary therapeutic
doses, until the problem resolves. Personal control of the drug administration is mandatory.
Boulanger et al. (2004) specify that three antibiotics – gentamicin, doxycycline and ciprofloxacin
– are recommended in case of a bioterrorist attack. Gentamicin is good for alternative
treatment because this drug may be used intravenously once a day. Doxycycline is convenient
for use as it absorbs quickly with per os administration. Ciprofloxacin has advantages due to its
bactericidal intracellular properties.
The compounds most active in vitro with regard to Y. pestis include fluoroquinolones and
ceftriaxone. However, activity of the 2nd and 3rd generation cephalosporins (cefuroxime,
ceftriaxone, and ceftazidime) requires further study, and their use in medical treatment is
under discussion. Ciprofloxacin, doxycycline and chloramphenicol are recommended for use as
alternative drugs, and only in adults. In cases of mass-scale infections and a great number of
persons needing antibacterial therapy, only peroral forms of drugs should be used. In a
situation like that, preference will be given to doxycycline (a dose of 100 mg twice a day) or
ciprofloxacin per os (a dose of 500 mg twice a day). As an alternative drug, chloramphenicol (a
dose of 25 µg/kg administered four times a day) is recommended for adults and children. This
drug cannot be applied for pregnant women due to its high risk of toxic impairment of the
fetus.
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2.1.3

PLAGUE PREVENTION

The problem of improving epidemiological safety with regard to plague becomes a pressing
issue in current social, economic and geopolitical conditions. Plague prevention has a global
significance, and is implemented with organizational support and under supervision of the
WHO’s special regional programs. Five regional plague centers currently operate under the
WHO auspices: in Paris (France), Fort Collins (United States), Antananarivo (Madagascar),
Stavropol (Russia) and Almaty (Kazakhstan). Until very recently, all human plague cases had to
be reported to the WHO, but beginning with 2008, only pulmonary plague cases have to be
reported, as well as atypical infection cases which occur outside the enzootic area and are
presumably linked to bioterrorism attacks.
Plague prevention includes a set of core activities in natural foci to assess the area’s epidemic
potential and plan preventive operations. Implementation of such operations involves not only
the anti-plague service but also the general medical network and veterinary service.
Epidemiological surveillance utilizes conventional methods, compliant with current
requirements of introducing standards in medical activities (Aikimbayev et al., 2008).
Biological safety mandates compliance with epidemic control measures when working in
laboratories. Such measures have been reflected in respective documentation and, lately, in
biosafety cabinets (BSC) certified by their key parameters. To improve timeliness of epidemic
control activities, standards are used in laboratory diagnostics with regards to tests and their
reproduction time.
In clinical diagnostics, the standards are regulated by Order #623 by the MoH, dated December
15, 2006, which stages the plague diagnosis making into presumptive, probable and confirmed
cases.
Commonality of operating methods becomes especially important for inter-agency interaction
in view of growing bioterrorism threats (Aikimbayev, 2007a). To mitigate negative
consequences of deliberate use of dangerous pathogens, regulating documents need to be
developed on the functions of stakeholder services, their equipment, operating methods,
materiel, stocks of treatment, prevention and disinfection drugs, hospital bed capacity, etc.
In this area, the anti-plague service has carried out a series of activities to enhance physical
security, consolidate strains of EDI, and introduce molecular genetic diagnostic methods
allowing determining the origin of the pathogen used. Some of these activities are reflected in
the October 30, 2003 Order #799 by the MoH, On Implementation of Resolution #850 by the
Government of the Republic of Kazakhstan dated July 30, 2002.
But the ever-changing epidemiological environment, introduction of modern electronic-based
information technologies and new research methods in the management system necessitate
appropriate adaptation of the existing standards and development of the new ones.
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Deratization and disinfestation. Deratization aims at rodents living outside populated areas in
various spots within a focus. Its goal is to reduce their size but also the number of fleas
depriving their sources of maintenance. All of these measures reduce epizootic activity in these
areas. However, cost effectiveness and prophylactic value of field deratization proved to be low
because the number of rodents – especially in diffuse settlements – quickly restores thanks to
migrants from the neighboring untreated areas. From the current ecological view, this method
stands no viable excuse, and is not used today. Still, the experience gained during such
operations can be utilized in some exceptional cases. For example, these operations may be
needed in Western Kazakhstan Oblast to prevent hemorrhagic fever with renal syndrome,
carried out by rodents, where the anti-plague service’s deratization experience may be used.
Today, field disinfestation remains a tool in plague prevention due to its high epizootic and
epidemic control effectiveness.
Deratization is carried out simultaneously with disinfestation because mass-scale mortality in
rodents results in a great number of fleas deprived of their source of maintenance, capable of
attacking and infecting humans.

2.1.4

EPIDEMIC CONTROL ACTIVITIES

Comprehensive preventive measures carried out in natural plague foci cannot actually prevent
sporadic human infection cases. In this sense, epidemic preparedness of the health service
must be properly maintained to ensure timely and full-scale containment of the focus which
appears after a plague patient has been detected.
Focus containment. The crucial point in plague focus containment is detection of a patient or a
lethal case with signs of this infection and implementation of primary epidemic control
activities. Healthcare facilities use the same pattern in carrying out such activities, in
accordance with their specific epidemic control operations plan.
While waiting for the evacuation team to rescue the patient, the healthcare worker must draft
a list of persons who had contact with the index patient. The list will include persons living with
the patient, contacts en route to the medical facility, healthcare and maintenance personnel
exposed to the patient, visitors to the healthcare facility, persons who were waiting for
admission together with the patient, and other contacts.
Contacts also include persons who were in direct contact with the patient. They are subjected
to medical supervision during the incubation period (6 days) and receive preventive treatment.
If any signs of plague appear among the contacts, that person has to be put into isolation.
All primary epidemic control activities are carried out for a presumptive plague case, based on
the clinical presentation and epidemiological anamnesis. The diagnosis is confirmed on the
basis of laboratory results.
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When the final diagnosis is set, a plague focus is announced. A medical response center will be
set up for the focus to include all appropriate services. The following services will be included in
the medical response center: epidemic control, preventive-, laboratory-, treatment-,
quarantine-, and administrative service.
The medical response center’s well-argued decision on the quarantine borders will be approved
by the rayon’s emergency anti-epidemic commission. With bubonic and septic forms of plague,
the quarantine zone will include a hospital to treat the patients, a provisional hospital and an
isolation unit. The remaining part of the town will become the observation zone where houseto-house rounds are made. If pulmonary plague is detected in a patient or during a post
mortem examination, the quarantine may be imposed on the whole residential community.
Quarantine announcement entails a ban on leaving the town without a special permit from the
focus manager. During the quarantine period, tickets will not be sold for any means of
transportation; motor vehicles will go around the focus, and railway transport will pass through
the focus en route without stopping. During this period, no raw materials that may contain
rodents and fleas may leave the quarantine zone. Entry into the quarantine zone is allowed for
persons who live in the town and those arriving in the focus for epidemic control activities.
Once the clinical incubation period is over, and if no more patients are found amongst the
observed population, the emergency anti-epidemic commission makes a decision to lift the
quarantine in the town, isolation unit and provisional hospital, and discharge the patients. The
quarantine will be enforced only in the hospital where the patient is treated, until he or she is
discharged.

Focus elimination. The plague focus will be eliminated once the last patient has been
discharged, and decontamination activities have been completed within the focus. This requires
curing of all plague patients, preventive treatment of their contacts, and efficient disinfection,
disinfestations and deratization. Upon recovery from plague, the patients may complete their
cure with regard to complications in the cardiovascular system. Such rehabilitation may require
a longer period, but the plague focus will be eliminated after the patient has been discharged
from the infectious disease hospital. Elimination indications for bubonic plague include normal
body temperature for six days, negative results of bacteriological investigations of the patient’s
samples taken on the second day upon completion of the etiotropic therapy. With pulmonary
and septic plague, the discharge procedures are similar, but the patient’s normal body
temperature must last for at least ten days.
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2.1.5

NANOTECHNOLOGIES IN PLAGUE PREVENTION

Plague prevention prospects should be linked to introduction of new technologies in
epidemiological surveillance (Aikimbayev et al., 2009a). In this area, special hope may be set on
the introduction of nanotechnology (Onishchenko et al., 2008) and nanomaterials being the
essential and integral part of it (from Latin nanus, “dwarf”). Achievements in the area of
nanotechnology and nanomaterials offer great opportunities in improving and creating
revolutionary diagnostic tools and medicinal products (Tretyakov, 2007a). Currently, Russia and
other countries work to create nanowire and nanopore sensors of individual cells, bacteria,
viruses, biological molecules and their compounds.
The operating principles of nanowire sensors are based on real-time registration of changes in
electrical conductivity of nanowires during formation of specific antigen-antibody complexes
(Zheng et al., 2005). The nanopore technology ensures detection, sorting, analysis and,
sequencing of supermolecules hundreds of thousands times faster than using conventional
methods (Heng et al., 2006).
Another area in improving laboratory diagnostics of highly dangerous infectious diseases
utilizes nanomaterial-based developments of new supersensitive and stable bioconjugates that
can be used in the design of novel diagnostic test systems. Unique properties of nanoparticles
make them promising for the detection of molecule labels (Khlebtsov et al., 2007) for creating
immunochromatographic- (immunostrips), (Peruski & Peruski, 2003), and dot test systems
(Zagoskina et al., 1999; Zagoskina et al., 2008). Colloidal gold preparations supersede
conjugates with enzyme, isotopic and fluorescent tags in sensitivity, stability, simplicity, and
speed of test performance and cost effectiveness. Colloidal gold conjugates have lately been
used in lieu of conventional fluorescent tags in protein (Duan et al., 2005) and gene chips (Вао
et al., 2006). Replacement of fluorescent tags with metal nanoparticles, which are hundreds of
thousands times brighter than organic fluorophores, improves sensitivity of the method up to
1-10 molecules, while the test retains its expressivity, speed, performance and cost. Optical
properties of nanoparticles are based on plasmoid fluctuations in the visible light region, which
results in a unique color range of colloidal sols of precious, alkaline, and rare-earth metals.
Biospecific aggregation of nanoparticles changes the color of the colloidal nanosystem. This
allows the use of metal nanoparticles as nanosensors for hazardous substances in the air or
water, and in systems that detect pathogens of infectious diseases in clinical samples (Baptista
et al., 2006).
Color tags based on semiconductor nanoclusters (quantum dots) are of a special interest. The
nanocluster size corresponds to a certain length of fluorescence. Quantum dots are 20 times
brighter and 100 to 3,000 times more stable than conventional organic fluorophores, which
enables monitoring of single nanoclusters for a few days and even weeks (Oleinikov &
Sukhanova, 2007). Unique properties of quantum dots turn them into promising markers in
multi-parameter (polychromic) systems of simultaneous supersensitive detection of biological
objects using the FAT and flow cytofluorometry.
59

2 Natural Sources of Biological Hazard

Alongside with other nanomaterials, detection of biological objects utilizes nanotubes and
dendrimers (Tomalia et al., 1998). Thanks to the specific surface of these nanomaterials and
their high adsorption capacity, bonding with antibodies and luminescent labels proves to be
very effective.
Therefore, introduction of nanotechnology-based approaches and new nanomaterials in
laboratory practices will allow improving sensitivity and expressivity of systems in diagnostics of
especially dangerous infectious diseases.
Nanotechnologies and nanomaterials offer new approaches to production of preventive
pharmacons. For instance, nanoparticles of colloidal metals possess expressed adjuvant
properties, and their inclusion in the vaccine composition will ensure high-titered antibody
responses even to smaller non-immunogenic molecules (Bielinska et al., 2007). Unique
properties of nanoparticles may serve as a prerequisite for the production of highly efficient
new-generation vaccines. Another application capacity of nanoparticles is a means for
transporting antigens of EDP and DNA vaccines (Black, 2003). Immobilization of vaccine
components on nanogranules leads to a higher immunological potency and stability of vaccines.
A nanobiocomposite based on argento-arabinogalactans has been tested to show that it
actively stimulates immune responses in experimental animals and has bactericidal effects. It
can therefore be used in making effective pharmacons (Dubrovina et al., 2008).
Most domestic certified vaccines for serious bacterial infections are live vaccines. Apart from
the antigens inducing immune response, such vaccines contain a great deal of compounds that
are not necessarily needed for immunity formation or are even dangerous for the organism.
One of the ways to overcome complications of preventive vaccination is to make artificial
nanostructures that contain only antigens indispensable for immunity formation, using the
nanotechnological principle of self-assembly. The technology offers assembly of protein
molecules on a template from the natural polysaccharide frame (Lyashchuk et al., 2006). This
molecule self-assembly principle will result in safe, non-toxic, biocompatible, and
biodegradable polyvalent vaccines that simultaneously offer protection from a wide range of
infectious diseases. Use of nanomaterials and nanotechnology-based principles in assembling
nanostructures open up new vistas in creating new-generation preventive pharmaceuticals.
Unique properties of nanomaterials ensure targeted administration of the drug, higher
immunological potency, and stability. The effect achieved is a reduction of the vaccine’s active
ingredient to induce immune response, a lower number of revaccinations, a minimized
reactogenicity of the vaccine, and a lower risk of developing postvaccinal complications.
Antibacterial properties of silver nanoparticles may be used to develop disinfectants and
antimicrobial protection substances. Intracellular localization of a number of pathogens,
including plague bacteria, complicates treatment with many well-known antibiotics effective in
in vitro tests. The cell barrier impedes penetration of treatment medications into the cell. One
of the ways to improve drug efficiency is equipping them with delivery systems that ensure
long-lasting administration into target cells and improve pharmacological properties of the
drug. The tiny size of nanostructures and their versatile geometry that allows forming cavities,
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channels, pores, high adsorption capacity, and capability of penetrating inside the cell turn
them into promising drug delivery vehicles (containers). According to the literature data, metal
nanoparticles, phospholipid nanoparticles, nanotubes, fullerenes, dendrimers, nanocapsules,
and microcapsules with nanopores may be used as nanocontainers for medications. Targeted
delivery of drugs into target cells using nanostructures will reduce the concentration of
treatment drugs administered and minimize their adverse and toxic effect. Effective use of
nanomaterials as drug delivery vehicles has been demonstrated on the brucellosis pathogen
model (Lecaros et al., 2006).
We can therefore single out the following outlooks for the practical application of
nanotechnologies and nanomaterials in plague diagnostics, prevention and treatment:
•
•
•
•

Making of supersensitive and rapid-action diagnostic systems based on atomic force
microscopy approaches and nanosensor technology;
Use of new detection tags in diagnostic systems;
Assembly of new-generation vaccines using carriers and conjugates based on nanostructural
elements of different origin;
Making of medicinal drugs based on artificial nanoconstructions (nanocapsules, liposomes)
which ensure extended action and targeted delivery of treatment medications.

A pressing issue in plague prevention is the creation of a vaccine with immunization to be able
to overcome the Ir gene control of the macroorganism inducing lasting expressed immunity.
Availability of such a protectant would significantly reduce the amount of costly and
unsustainable methods such as deratization and disinfestation. Besides, the assembly of
immunocompetent protein molecules on the template of a natural polysaccharide frame that is
non-sensitive (in contrast with the live vaccine) to antibacterial drugs, may be used for
emergency antibiotic prophylaxis in an outbreak.

2.2

TULAREMIA

2.2.1

TULAREMIA NATURAL FOCI

The habitat area of the tularemia pathogen is currently expanding (Pedro et al., 2001). In 1997,
an aquatic outbreak was registered for the first time in Spain, with 585 human cases detected.
The trade with exotic animals may act as a new route for propagation of. A case was reported
when a child was infected through a prairie dog’s bite.
A very characteristic epidemiological feature of tularemia is an almost 100 % human
susceptibility, irrespective of sex and age, and another feature is absence of contagiosity in sick
people. Main routes of tularemia infection for humans include direct contact with sick rodents
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and environmental objects contaminated by Francisella (F.) tularensis, the alimentary route
when consuming infectious food or contaminated water, inhalation, and via bites by infectious
blood-sucking vectors (e. g. ticks, mosquitoes). The fatality rate for tularemia is less than 0.5 %;
however, the disease often makes convalescent persons incapacitated for a long time.
Kazakhstan currently has 104 epizootic areas in 12 oblasts (except for Southern Kazakhstan and
Mangistau Oblasts). There are four out of seven known types of foci: piedmont-brook,
floodplain-swamp, tugai (riparian woodland), and steppe types (Aikimbayev 1967; Aikimbayev
1982; Aikimbayev et al., 2003; Abdeliyev, 2008). The total epizootic area exceeds 552,000 km2,
or almost a quarter of the country’s total area.
However, even Southern Kazakhstan Oblast has its landscapes and biotopes typical for
tularemia, and therefore the region practices reconnoitering epizootological observation. The
problem of the area’s enzootic situation with regards to this infection has yet not been
finalized. In 2006, six out of 125 positive results of serological tests from rodents, ticks, rangle
and feces came from Southern Kazakhstan Oblast (Bekenov, 2009b).
Kazakhstan is known to be inhabited by 35 species of wild vertebrate animals that can carry the
tularemia microbe. A total of 25 species of invertebrates are known to carry the tularemia
pathogen. Of all ixodid ticks, the greatest hazard is posed by the Dermacentor (D.). More than
90 % of the tularemia pathogen strains have been isolated from D. marginatus, D. pictus and D.
dagestanicus.
Four main subspecies of the tularemia microbe are differentiated: F. tularensis nearctica
(tularensis), F. tularensis holarctica, F. tularensis novicida and F. tularensis mediasiatica. The F.
tularensis nearctica subspecies, is seen only in North America, and causes severe disease.
Chapin is known to have contracted tularemia in the course of his work and been sick for more
than 28 days. The F. tularensis holarctica subspecies is seen in America, Europe and Asia, and is
less virulent. The F. tularensis holarctica circulates in natural tularemia foci in Kazakhstan
except for tugai foci. Such tugai foci are characterized by circulation of the tularemia microbe
subspecies discovered by М. Aikimbayev, the F. tularensis mediasiatica Aikimbayevi, which is
officially registered in taxonomy reference sources (Tursunov et al., 1999).

2.2.2

EPIDEMIOLOGICAL SITUATION OF TULAREMIA IN KAZAKHSTAN

The epidemiology of tularemia is characterized by human infection in rural areas, as a rule, in
tularemia natural foci. Main epidemiological types of such incidence include vector-borne
transmission, water and hunting. The other types – agricultural, domestic, food and production
– do not pose any epidemiological significance (Aikimbayev et al., 2002b).
In 1928-1977, a total of 8,932 human tularemia cases had been registered in Kazakhstan
(Kunitsa et al., 2001). The very first 105 tularemia patients in Kazakhstan were detected in 1928
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in Uralskaya Governorate (Grazhdanov, 2002a). In 1942, a total of 16 villages in the Volga
Estuary were struck by tularemia, where 142 people developed the ulcero-bubonic form.
A major outbreak was reported in Gvardeiskiy Rayon, Taldykorgan Oblast, in 1947, when 658
people got sick. The infection resulted from consumption of water from reservoirs
contaminated with excretions of bank voles and their carcasses.
This was followed by other significant outbreaks in July-October 1949 in Karatalskiy Rayo, when
152 people fell ill, and in Northern Kazakhstan Oblast (200 people). Kazakhstan’s biggest
outbreak occurred in 1954 in the Irtysh River floodplain, in Pavlodar Oblast, when 1,791 people
suffered on tularemia (Kunitsa et al., 2001).
The growing incidence in Tselinograd (now, Akmola), Karaganda and Semipalatinsk Oblasts in
1954 and 1958-1959 resulted from fallow land development and migration of a large amount of
non-vaccinated people from tularemia-free areas.

2.2.3

CURRENT EPIDEMIOLOGICAL SURVEILLANCE OF TULAREMIA

In the modern period, the epidemiological situation with regards to tularemia escalated in 2002
and 2003. Eastern Kazakhstan Oblast is the region most affected by tularemia. Predictive
indicators in this area include high values of serological positive carriers (27.4 %) and vectors
(0.15 %).
The very first years following disintegration of the Soviet epidemiological surveillance system
were characterized by a drastic reduction of preventive activities. Epizootological monitoring of
tularemia natural foci was minimized, and no extermination operations were carried out
(Kunitsa et al., 2000).
The increasing activity of epizootic processes covering vast areas of the country may result in
severe epidemiological complications if the efficiency of tularemia control activities goes down.
The negative trends seen in the late 1990s in organization of epidemic control and preventive
operations entailed a decrease in the epidemic situation, even with a relatively low epizootic
activity in natural foci. After some fall-down in the incidence in 1981-1990, the number of
tularemia patients began growing in 1991. In recent years, a total of 58 tularemia cases have
been reported in the country, which exceeds the number of cases (55 patients) in the previous
20 years, in 1981-2000.
A continuous increase in the funding and tularemia focus monitoring has lately been witnessed.
The main objective in epidemiological surveillance is timely receipt of information on the
epizootic situation and any risks of human infections in controlled areas.
Given the fact that main sources of natural focus diseases are small wild mammals,
organization of epidemiological surveillance of these infections requires effective zoological and
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entomological monitoring of natural foci. Every year, control operations are carried out in more
than 25 % of the natural focus areas. Deratization and disinfestation operations cover the area
of around 82,053 – 106,950 km2. About 40,000 rodents are tested, as well as 125,000 ticks,
3,000 rangles and excrements. Over 5,000 nests, fodder grain, water- and other samples are
investigated with serological methods. The study of the pathogen detection frequency with
regards to pathogens of natural focus diseases from smaller mammals provides appropriate
information on the epizootic process activity. This allows for adequate epidemic control
activities to be carried out in a specific area.
The changing terms of funding and a significant reduction in zoological and parasitological
groups necessitate development of regulatory documents on implementation of zoological and
parasitological activities. Murine rodents are registered in 69 % of populated areas in
Kazakhstan, and the common rat in 30 %. In affected business entities, the infection rate in
rodents is 20% as the country average. The rate varies by individual oblasts, e.g. Eastern
Kazakhstan – 17.2 %, Almaty – 12%, Northern Kazakhstan – 10 %, Pavlodar – 8 %, and Zhambyl
Oblast – 5.3 %. The efficiency of deratization activities carried out against rodents in open
stations is low, and makes 30 % as the country average. Methodological instructions on
implementation of differentiated zoological and parasitological surveys in various zones of
Kazakhstan (Almaty, 2000) include zones with a different epidemic potential (Zones 1-5). But
the overall survey tactics should be homotypic, and its partial change is feasible only if foci of
various types are surveyed. Natural tularemia foci are stable – some of them are known to have
existed in Kazakhstan for as long as 60 years. However, in current conditions they are subject to
anthropogenic transformation, which should also be taken into account. Besides, the choice of
epizootological survey tactics should predominantly be based on carriers of the tularemia
microbe of sensitivity group 1. Therefore, design of the epizootological survey tactics should
consider what group the focus animals belong to. The effort should consider the role of the
biocenosis co-members, assess the changes occurring within the focus, and reconnoiter the
under-investigated area. Improvement of epidemiological surveillance of tularemia in this area
allowed for the first time to isolate the tularemia microbe from an autoecious tick species
(Нyalomma scupensе) in the tugai focus of Zhambyl Oblast. This helped to get a better idea of
co-members of the epizootic process and revise targets of zoo-parasitological groups
(Abdeliyev, 2008). A more detailed study of field samples and use of a more specific FT agar
allowed for the first time to isolate the F. tularensis holarctica biovar 1 in the zone where the F.
tularensis mediasiatica circulates. An infection of a mussel (Anodonta genus) with the tularemia
microbe has been reported, which is in line with the available data on the significance of
bioplankton as a refuge for the Francisella tularensis (Bekenov, 2009b).
Serological diagnostics used in epizootological surveys of natural foci is highly efficient in clinical
practices, too. In Kazakhstan, 80-90 % of patients are detected with hemagglutination tests
(IHAT) based on antibody detection results. Antibodies can be detected starting from the 7th to
9th day after the disease onset, and reach the maximum value by the 2nd or 3rd week, retaining
such high values for a long time (Meka-Mechenko et al., 2003).
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For instance, seven human tularemia cases were registered in 2004: five in Eastern Kazakhstan
Oblast and two in Almaty Oblast. Some patients had been hospitalized late due to wrong
diagnostics. Almost all patients had the angina-like-bubonic form of tularemia, and specificity of
the disease was confirmed by the IHAT retrospectively, through the antibody titer. These
results show a high diagnostic value of the serological method in clinical practices (Izbanova et
al., 2009). It is critical in view of challenges presented by bacteriological diagnostics of tularemia
– especially when patients seek medical aid too late, as confirmed by scientists from Russia and
the United States. For example, 807 out of 1,368 tularemia cases (59 %) in 44 states of the USA
in 1990-2000 were confirmed bacteriologically, while other patients were diagnosed with other
laboratory methods (Hayes et al., 2002).
Isolation of the tularemia microbe requires special media and professional skills. Still, the
bacteriological method retains its value because the microbe isolation allows identifying its
variety. If isolated from sick people, microbiological confirmation and differentiation of the
pathogen and antibiotic resistance testing can be performed, which is important in the view of
the growing problem of bioterrorism, too.

Vaccination. Specific protection of the decreed group from infection is a principal measure of
tularemia prevention. Tularemia vaccines are highly potent and cause lasting (up to 7 years)
expressed immunity. Immunization with the tularemia vaccine ensures lasting – sometimes
lifelong – immunity.
Scheduled vaccination with the live tularemia vaccine (Gaffky strain of F. tularensis) began in
1947. In 1977, the total number of people covered with vaccination and revaccination
exceeded five million. Such annual scheduled preventive activities in tularemia natural foci
resulted in a significant decrease of the human morbidity (Kunitsa et al., 2001).
Currently, tularemia in Kazakhstan is manifested by sporadic and small-group cases; however,
rather intensive epidemic outbreaks may occur should professional monitoring degrade.
Although extermination activities and general sanitary practices are essential for prevention of
human cases, the leading part in prevention of the infection is played by mass vaccination.
Absence of mass-scale outbreaks owes to the significant immune-resistant population
(Tikhenko et al., 2001).
Since 1991, vaccine procurement in Kazakhstan for human immunization has been based on
“one-time permissions” from the MoH. The reduced number of those vaccinated from 800,000
in 1977 to 20,000 annually in 1991-2006 may hinder the progress achieved in tularemia
prevention in Kazakhstan, unless the previous scale of preventive activities has been restored.
Since the country lacks tularin for the skin testing of the immune response against F. tularensis,
the immunization efficiency control is not always exercised. There is also a lack of valid
statistical data on immunity stress. For instance, control of the immune-resistant population in
Eastern Kazakhstan Oblast using the skin tularin test found 51.7 % of immunized persons with
the positive tularin test in 2005, and 32.8 % in 2006. All persons with the negative tularin test
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must be re-vaccinated against tularemia. The tularin test data may suggest low efficiency of the
tularemia vaccine, and therefore the quality of the vaccines procured must be ensured.
This issue requires a comprehensive scientific re-evaluation and a targeted study of the crossprotective immunity stress to this race of the tularemia microbe when engineering the vaccine
based on the attenuated F. tularensis mediasiatica strain, developed and patented by the
KSCQZD (Aikimbayev et al., ).
Thus, improvement of epidemiological surveillance of tularemia requires revisions to be made to
the natural focus monitoring tactics considering species of the infection carriers and vectors, in
identification of new components of a natural focus and man-caused transformation of landscapes.
Using the work experience, regulating document must be adequately revised as the quality of such
documents determines efficiency of tularemia prevention in the country.

2.2.4

NEW TECHNOLOGIES IN EPIDEMIOLOGICAL SURVEILLANCE OF TULAREMIA

Integrated surveillance of zoonotic infection natural foci necessitates introduction of new
technologies. It includes an analysis of a long-standing course of the disease in various strata of
the population, clinical manifestations, immunological structure of the population, and
properties of the pathogens, animal carriers and arthropod vectors. Geographic Information
System (GIS) is part of that too, as it ensures a successful solution of a number of complex
objectives in establishing a global network on surveillance of infectious diseases capable of
epidemic and pandemic outspread. Use of the GIS technology to study epizootic and epidemic
activity in natural tularemia foci can be extended to a simultaneous comparison of the number
and infection rate of carriers and vectors, as well as the pathogens circulation in the
environment, with the human incidence rate. The GIS technology ensures dynamic work and
continuous information update – not only by processing of available data but also by creating
new layers. The newly entered information parameters will be dynamically incorporated into the GIS
and hence can be used for retrospective and operational analysis (Aikimbayev et al., 2005a;
Aikimbayev et al., 2005b; Bekenov, 2009b).
The dynamic electronic maps made in the licensed software, ESRI ArcGis 9.1, with visualization
of the database on tularemia incidence in Kazakhstan, provide information on human disease
dynamics, the pathogens circulation in the environment, and the population’s immune status.
The simultaneous review of different information elements offers an opportunity to perform a
multiple-factor analysis – with regards to disease containment, temporal trends, spatial
changes, etc.
The tularemia pathogen circulation depends on the climate, relief, vegetation, wildlife, and
other factors that, if taken together, represent biogeocenoses with active natural foci.
Therefore, when carrying out prospective and retrospective epidemiological analysis, it is
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important to get indicators on the maps not only within administrative units but also in natural
landscape areas including the hydrographic system.
For instance, the ArcGis 9.1 electronic map (Fig. 3) shows sites where the tularemia microbe
cultures were isolated in Aktyubinsk Oblast foci (Bekenov, 2009b).

Figure 3: Sites of isolation of Francisella tularensis strains in Uilskiy Rayon, Aktyubinsk Oblast,
2003-2007. Green: 2003, blue: 2004, pink: 2005, red: 2006, light blue: 2007.
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The current genetic and molecular biological methods advance early detection of the infection,
rapid response and appropriate response measures (Farlow et al., 2001). Characteristics of
genomes of the tularemia pathogen utilized a modified method of PCR with a set of specific
primers.
Figure 4 shows the gel electrophoretic of PCR products with DNA of different F. tularensis
strains and BioTeZ Berlin-Buch GmbH primers.

Figure 4: Analysis of PCR products with DNA of Francisella tularensis strains and specific
primers by gel electrophoresis. Lane 1 – molecular marker, lane 2 – negative control, lane 3 –
positive control, lanes 4,5,6 – F. tularensis strains, mediasiatica subspecies КА-29, 240 and 253,
lanes 7,8,9 - – F. tularensis strains, holarctica subspecies.

The difference is seen between DNA amplicons of the F. tularensis mediasiatica and holarctica
subspecies of the tularemia microbe, which is about presence of fragments of various sizes in
DNA of these subspecies. The DNA assay shows that the F. tularensis mediasiatica subspecies
has a close genetic relation with the F. tularensis tularensis (Bekenov, 2009b).
MLVA is of a great interest in meeting the growing demands of molecular epidemiology.
VNTR are DNA regions from several successively repeating oligonucleotides detected in diverse
microorganisms. The number of repeats (allelic formula) will be the same for all progenies of
this clone. The MLVA data obtained on a minimum quantity of the F. tularensis mediasiatica
strains by foreign researchers failed to confirm genetic relation with the F. tularensis tularensis
subspecies. However, use of a greater number of the F. tularensis mediasiatica strains will help
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better describe the geographical distribution and unique genetic features of this version of the
tularemia microbe (Farlow et al., 2001; Aikimbayev et al., 2002b).
A large-scale introduction of MLVA is restrained by lack of reagents, genetic markers and result
accounting and representation systems in the Kazak market, as well as the need to purchase
costly equipment and licensed software. Of all genetic methods, the most commonly used one
today is PCR diagnostics because of its availability. Also, Kazakh laboratories are well equipped
with PCR instruments and consumables (Izbanova et al., 2009).
As compared with genetic diagnostic methods (PCR) and ELISA, hemagglutination tests, used
for rapid diagnostics of tularemia in stationary and field conditions, have an advantage to the
effect that they do not need any expensive equipment or reagents, and are very easy to use
under field conditions. Still, introduction of PCR and ELISA in tularemia diagnostics is feasible
due to their high standards, high sensitivity, and the ability to meet current demands.
According to research data, use of the GIS technology enhances monitoring of tularemia with
the capacity of processing a huge amount of data. Molecular genetic methods, on their part,
allow for accurate and valid identification of the tularemia pathogen strains, which is critical in
improving the preparedness for outbreaks, both of a natural and intentional character.

2.2.5

LABORATORY DIAGNOSTICS OF TULAREMIA

The pathogen is in the form of very small polymorphic non-motile asporogenous Gram-negative
rods, chemo-organotrophic aerobic bacteria. The shape is globular or ovoid, and the size, 0.2 to
0.7 µm. Swabs from pathological Romanowsky-Giemsa stained samples have a soft capsule
with a slimy texture; the pathogen does not form spores and has no flagella.
The tularemia pathogen does not grow on basic media. It can be cultured on media containing
egg yolk, spleen autolysate and casein hydrolysate, on blood agar with glucose and cysteine,
and on glucose-serum agar. The optimum growing temperature is 36-37oС and 5% CO2. The
colonies formed on solid media are small, with smooth edges, and of a whitish color.
Depending on the liquid medium used, the tularemia microbe can grow both on the surface as
a film and also cause diffuse turbidity of the broth.
The tularemia pathogen is a strict aerobe with a weak enzyme activity (it can utilize a few
carbohydrates and alcohols on special media to the acid). It is pathogenic for homoiothermic
animals and mostly reproduces in parenchymatous organs. It is also capable of causing
hemorrhagic septicemia in susceptible animals.
Subjects for the detection of the tularemia bacteria may include wild mammals, blood-sucking
insects (ticks, mosquitoes, horse flies, fleas, etc.), food; environmental objects (straw, fodder,
water from natural and artificial reservoirs, silt, aquatic organisms, contents from rodents’
holes, etc.); pathological samples from sick people (bubo contents, oropharyngeal or
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conjunctival samples, ulcer discharge, sputum, blood), and necropsy material (enlarged lymph
nodes, affected spots of the lungs and spleen).

Bacterioscopic testing. Due to its very fine size, the tularemia microbe may be validly detected
in stained impression smears from only heavily colonized pathological samples. A clearly
positive result is obtained if 1 g of tissue contains more than 1 billion microbes. Therefore,
bacterioscopy is not used for testing of water or lavages from environmental objects, where the
pathogen concentration may be marginal.
The impression smears are Romanowsky-Giemsa stained for at least one hour. In a correctly
stained smear, the tularemia bacteria are of a lavender color and easily detected by their size,
form and a tendency to clustering. Rapid smear staining utilizes a method based on
simultaneous smear fixation and staining. To do that, the Romanowsky-Giemsa stain is mixed in
equal parts with methyl alcohol (or chemically pure acetone). Twenty drops of the mix are
applied on the fresh (not older than two days), dry and non-fixed smear. In one minute, 10 ml
of distilled water (рН 7.2) is added to the stain, which is mixed with water by careful rocking. In
10-15 minutes, the stain is discarded, and the smear is washed with running water, dried and
viewed under the microscope. The tularemia bacteria will be stained in the dark purple color
and are clearly differentiated from the background lavender color.

Bacteriological testing. Isolation of the pure culture allows to validly confirming infection of the
test material with the tularemia microbe. Culturing on media is used to isolate the tularemia
bacteria. It does not grow on regular media – meat-and-peptone agar and beef-extract broth,
which is one of the signs for culture identification. The most feasible and most commonly used
medium for isolation and culturing of the tularemia microbe is the McCoy-Chapin medium.
With a heavy inoculation, the tularemia bacteria grow on it in the form of a confluent lawn in as
early as 18-24 hours of incubation at 37oС. If inoculated with a low quantity of bacteria,
individual colonies become visible on the 3rd to 5th day or later. The passages should be kept in
a thermostat for up to 10-12 days. In appearance, the growth of tularemia bacteria on the
McCoy-Chapin medium varies notably from most other bacteria, and has the form of a sinuous,
slightly glossy (not dry), almost colorless tender bloom. Dry agar media have been developed
and used to culture and isolate the tularemia microbe; they contain all necessary growth
factors and do not need any blood or yolk additives.

Biological testing methods. The bioassay test is the most efficient way to detect tularemia
bacteria in any test samples. This biological method can be used to study organs of deceased or
killed wild mammals, blood-sucking arthropods, hydrobionts, water, or lavages from different
substrates, i.е. samples which may contain live tularemia bacteria. The bioassay test usually
utilizes white mice, which get infected and die of tularemia after subcutaneous administration
of the suspension with single bacteria. With a mass-scale infection, the mice die as early as on
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the 3rd to 4th day. With a smaller bacterial load, the animals may not die until after the 7th to 9th
day, or sometimes after the 15th to 20th day. In most cases, the animals die of tularemia with
characteristic pathological changes – post mortem examinations find inflammatory lesions in
the tissue on the infection site (compact infiltrate), lymphadenopathy, induration and
hyperemia of lymph nodes (especially those close to the infection site), acute hyperemia of the
subcutaneous tissue vessels, spleen and liver induration and splenomegaly, enlargement and
hyperemia of suprarenal glands, and hyperemia of the small intestine. Impression smears from
the spleen, liver and blood (with Romanowsky-Giemsa staining or immunofluorescence
microscopy) present a great number of tularemia bacteria. After passage on special media of
the spleen and liver, the culture of tularemia pathogen begins growing in as early as 18-24
hours. The bioassay test may be run with guinea pigs which have as high sensitivity to tularemia
as white mice, and also with Group 1 wild rodents (common voles, house mice) caught in nonenzootic areas and quarantined for 30 days. Bioassay animals are to be kept segregated. After
their death or detection of pathological changes characteristic of tularemia, the next passage is
done through the white mouse (subcutaneously or intracutaneously). Bioassay animals are kept
for up to 21 days (white mice) or 25 days (guinea pigs), and then killed.

Identification is based on the total of the following signs:
•
•
•
•
•

Bacteria morphology and staining in smears and specific luminescence;
Character of growth on media;
Lack of growth on basic media (meat-and-peptone agar, beef-extract broth);
Agglutination with the specific tularemia serum;
Pathogenicity for white mice and guinea pigs.

Antigenic specificity of the isolated culture is checked by the hemagglutination test with the
horse agglutinating serum, in test-tubes. The live test culture is used as the antigen: it is
suspended in the saline solution (рН 7.0-7.2) to reach the concentration of 109 microbial cells in
1 ml by the optical turbidity standard, corresponding to 10 units. Once the antigen has been
added to the serum dilutions, the tubes are kept for 2 hours at 37ºС, and then for 12-18 hours
at room temperature, followed by the result reading. The culture should agglutinate to the titer
or 2/3 of the serum titer. It should have a clear reaction, with complete clarification of the
liquid and deposition of the compact agglutinate on the tube bottom. If the tube is shaken, the
agglutinate will break out into big flakes and the liquid will remain clear.
Specificity of the isolated culture may be also confirmed with the specific tularemia serum.
Treatment of the culture with the tularemia luminescent serum will detect specific bright
green-and-yellow luminescence of bacteria.
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Immunological methods of tularemia diagnostics include tests aimed directly to detect
antigens of the tularemia microbe (hemagglutination test, IHAT, ANT, DIFT, immuno-enzyme
method such as ELISA), as well as tests aimed to diagnose an infection indirectly by identifying
antibodies to the pathogen. Serological methods are to be used for samples which contain
tularemia antigens in lieu of live tularemia bacteria, and which are not good for bacteriological
testing (rotten carcasses of rodents, cast from birds of prey, mammal droppings, substrates of
rodents’ holes, soil).
Human and rodent sera resulting from epizootological survey of the area are to be tested for
presence of antibodies to the tularemia microbe. Serological tests (e.g. micro-agglutination,
ELISA, IFT, Western blot assay, flow cytometry) for tularemia are carried out in any diagnostic
laboratory after decontamination of the serum by adding merthiolate (1:10,000) and follow-up
heating at 56oС for 30 min.

Molecular biological methods. A number of recent cases have lately used PCR to identify the
tularemia pathogen DNA in different objects. With regards to sensitivity, this method surpasses
both bacteriological and serological methods, and also allows identifying non-cultivated, or
“resting”, forms of the tularemia pathogen. It is essential for predicting the epizootic situation
and determining the potential epidemic risk of natural foci. The PCR technique is based on
multiple copying (amplification) of a specific fragment in the DNA target, which is a marker for
this species. PCR features high sensitivity and is capable of identifying 100-1,000 bacterial cells
in a sample. A distinct advantage over immunological tests on detection of the tularemia
antigen is the high specificity of PCR (there is no cross-reaction with DNA of E. coli, Vibrio (V.)
cholerae, Brucella sp., Y. enterocolitica 0-9, Y. pestis EV, Salmonella (S.) typhimurium).
Diagnostics of tularemia in humans identifies DNA in blood serum, cerebrospinal and synovial
fluid, etc.

2.2.6
2.2.6.1

CLINICAL DIAGNOSIS AND TREATMENT OF TULAREMIA
CLINICAL DIAGNOSIS

In order to improve the system of registering cases of infectious diseases subject to registration
at medical facilities and organizations of the sanitary epidemiological service, the MoH issued
Order #623 On Approval of Standards in the Area of Medical Activities to Identify Cases of
Especially Dangerous Infections in Humans for Recording and Registration, dated December 15,
2006. The list of infectious diseases subject to recording and registration includes tularemia.
The diagnosis of a probable and confirmed case of tularemia (except for clinical epidemiological
analysis) focuses on the titer of antibodies to F. tularensis in blood serum, as well as the
positive patch test in non-vaccinated people.
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For the reporting of patients with presumptive, probable and confirmed tularemia following
case definitions are given:
The presumptive case of ulcero-bubonic (ulcerous, cutaneous) and bubonic forms of tularemia
are diagnosed for an acute disease with fever and intoxication, and if one or both of the
following syndromes are present:
•

•

Bubo (or lymphadenitis without periadenitis) in one of the peripheral lymph node groups,
characterized by at least three of the following signs:
- An enlarged lymph node (lymph nodes);
- Moderate painfulness;
- Soft and elastic texture;
- Non-motility when palpated;
Painful primary skin affect in one of the following development stages:
- Papule;
- Vesicle;
- Pustule (purulent);
- Ulcer (deep, succulent, with purulent and hemorrhagic discharge, on an infiltrated basis,
surrounded with a hyperemia circle).

The presumptive case of the oculo-bubonic form of tularemia is presenting an acute clinical
course with fever, intoxication, primary effect on the conjunctiva (in the form of a papule –
pustule – ulcer), expressed conjunctivitis, unilateral facial edema, periorbital edema and
regional cervical (submandibular) lymphadenitis, characterized by all signs of the tularemic
bubo.
The presumptive case of the angina-like (angina-like-bubonic) form of tularemia is diagnosed
for an acute disease with fever, intoxication, primary affect manifested in expressed unilateral
purulo-necrotic angina, and regional cervical (submandibular) or retropharyngeal
lymphadenitis, characterized by all signs of the tularemic bubo.
The presumptive case of the pulmonary (pneumonic) form of tularemia is diagnosed for an
acute and severe disease without an alternative diagnosis, with fever, hepatomegaly and/or
splenomegaly, and enlarged (on the X-ray diagram) hilar, paratracheal or mediastinal lymph
nodes.
The presumptive case of the abdominal (enteric) form of tularemia is diagnosed for an acute
and severe disease with fever, hepatomegaly and/or splenomegaly, and strong pains in
mesenteric lymph nodes (in the right iliac region).

The probable case for all forms of tularemia is diagnosed when signs match those of the
presumptive case plus at least one of the following:
•

Stay for three weeks prior to the disease within a natural tularemia focus, and one of the
following:
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-

•
•
•

Consumption of raw water from creeks, wells or other open water sources;
Participation in agricultural activities associated with hay or straw;
Bites by ticks or other blood-sucking insects;
Hunting, production and butchering of game animals which are potential tularemia
carriers;
- Direct or indirect contact with animals which are potential tularemia hosts);
Epidemiological link with a confirmed tularemia case;
At least a four-fold increase of antibody titers to F. tularensis in paired blood sera;
Positive patch test in non-vaccinated people.

The confirmed case for all forms of tularemia is diagnosed when at least one of the following is
present:
•
•
•

Isolation of F. tularensis from skin affected discharges, lymph nodes, sputum, conjunctival
swabs, from the oropharynx, feces, or blood;
Positive PCR result from of clinical samples (see above);
Positive ELISA result: four-fold increase of antibody titers to F. tularensis-LPS in paired sera.

2.2.6.2

TREATMENT

Treatment of tularemia is done with streptomycin or gentamicin administered intramuscularly.
Doxycycline, ciprofloxacin and chloramphenicol (levomycetin) are also effective.
Antibiotics may be prescribed perorally for patients with no fever:
•
•
•
•

Rifampin, per os, 0.3 g bd, for 7-10 days;
Doxycycline, per os, 0.2 g for first intake, and then 0.1 g bd, for 10 days;
Ciprofloxacin, per os, 0.25 g bd, for 10-14 days;
Cefloxacin, per os, 0.4 g bd, for 10-14 days.

Therefore, the current epidemic potential of tularemia is rather high due to activation of
natural foci and a reducing immune population. Improvement of epidemiological surveillance
requires revisions to be made to the natural focus monitoring tactics considering species of the
infection carriers and vectors, in identification of new components of a natural focus and mancaused transformation of landscapes. Regulating documents must be adequately revised as the
quality of such documents determines efficiency of tularemia prevention in the country. Use of
the GIS technology optimizes monitoring of tularemia manifestations and processing of a huge
amount of data. Molecular genetic methods must be introduced for valid and reliable
identification of individual strains of the tularemia pathogen. These new technologies increase
the preparedness for detection of infectious diseases and ensure a high epidemic safety
potential during outbreaks of both natural and intentional character.
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2.3

ANTHRAX

2.3.1

EPIDEMIOLOGICAL SITUATION OF ANTHRAX IN KAZAKHSTAN

The risk of introducing and spreading dangerous infectious diseases is permanent. Monitoring
of natural foci of especially dangerous infectious diseases remains difficult as such diseases
peak in many countries. With regards to infectious diseases, the national health strategy must
also consider the problem of counter-bioterrorism. The 9/11 attacks in the United States
stressed the international significance of this problem.
While being a disease of animals – mostly, herbivores – anthrax can in certain conditions affect
humans, too. In well-developed countries, this infection is manifested as isolated human cases
resulting from exposure to imported raw materials or livestock products. In Kazakhstan, with its
well-developed cattle farming, human cases are mostly associated with the disease in
agricultural livestock. Anthrax soil foci, where animals get infected while grazing, can persist for
decades because spores of the anthrax pathogen, B. anthracis, anthrax are resistant to rugged
environment conditions (Aikimbayev et al., 2001; Aikimbayev et al., 2013a).
The toolbox of medical and sanitary activities to control anthrax includes prevention and
epidemic control. A human case would ensue epidemiological examination of the focus to
detect an animal that had served as the source of the pathogen, transmission factors (food and
raw material of animal origin, finished products, soil, etс.) as well as persons who had taken
part in slaughtering of the sick animal and had been exposed to raw meat. The decreed group is
subject to emergency chemoprophylaxis in order to prevent the disease.
Most of stationary anthrax-affected areas are located in Akmola (221 areas), Southern
Kazakhstan (216), Eastern Kazakhstan (207), and Almaty (181) Oblasts (Aikimbayev et al.,
2009b; Lukhnova et al., 2009). Locations and numbers of the soil foci are given in Figure 5.
A total of 2,677 soil foci are registered in this country. The total area of anthrax foci in
Kazakhstan is 2,136.54 km2, where sporadic human anthrax cases are registered annually. The
largest anthrax-affected areas are located in Eastern Kazakhstan – 418.76 km2, Akmola – 270.84
km2, Southern Kazakhstan – 266.23 km2, and Kyzylorda Oblasts – 160 km2. As of the end of
2008, 18 out of 1,793 registered stationary anthrax-affected areas are active (with prescription
of manifestation of up to five years), including: five areas in Eastern Kazakhstan, three in
Zhambyl, two in Western Kazakhstan, two in Kyzylorda, five in Southern Kazakhstan, and one
area in Aktyubisnk Oblast.
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Figure 5: Location and numbers of anthrax soil foci in oblasts of Kazakhstan.
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The origin of anthrax is associated with wild ungulates, i.e. initially is a natural focus disease
(Hugh-Jones, 2002). It affects domestic animals of all species. Prior to vaccination, the epizootic
situation had been determined mostly by incidences in horses, despite the fact that their
population was much lower than that of cattle and sheep. As the levels of specific prophylaxis
and cattle breeding practices were growing, the proportion of epizootics resulting from the
disease in cattle decreased significantly, however, the epizootics resulting from the disease in
sheep increased in all areas with well-developed animal farming (Dzhupina, 1981; Shushayev,
1993).
Sources for human infection include sick or deceased animals. The vegetative form of B.
anthracis poses the risk of infection from a sick animal by blood-sucking insects, culling and
butchering, and processing of infected meat products. Spore formation in the animal’s skin is
observed on the very first day after flaying. Under certain conditions, the bacterial spores may
become part of the dust and are transmitted via air (Lukhnova, 2008).
A rare case has been reported when a daughter got infected from her mother who had been
sick with cutaneous anthrax, with the carbuncle located on her neck. The five-year-old girl had
had a close contact with her mother. The girl hugged her by the neck, and as a result, got sick
with cutaneous anthrax, and the carbuncles were located on her face and neck (Lukhnova et al.,
2003a; Lukhnova at al., 2003b).
Depending on the infection conditions, anthrax is subdivided into three types: occupational
industrial, occupational agricultural, and non-occupational (Lukhnova et al., 2001).
During the economic recession in the initial years of the country’s independence, the number
of non-occupational anthrax infection cases skyrocketed because of low-income and retired
people who had bought cheap non-certified meat in unregulated pop-up markets (Chalaya et
al., 1994). Due to economic difficulties and reorganization of the veterinary service,
immunization of agricultural livestock had been inadequate and poorly timed. Besides, the
vaccine quality had not always matched the codes and standards due to an improper “cold
chain”. For instance, in 2000, more than 40 farm animals became sick with anthrax in Southern
Kazakhstan Oblast, and 33 humans became infected (of these, two lethal cases). By the summer
of 2000, a mere 35 % of animals had been immunized against anthrax, while part of the
vaccines did not match the standards and thus lacked immunological potency (Lukhnova, 2008).
It is widely believed that immunization of people is not feasible in modern conditions, when
most of them get infected after contact with raw meat, i.e. vegetative forms, and spore
vaccines may prove ineffective against them (Imankulov, 2000). However, one should keep in
mind that infection with spores occurs not only at big tanneries (their number has been
reduced) but can also occur in other conditions, e.g. consumption of vegetables grown in
infected soil. A quantitative evaluation of the human vaccine prophylaxis results in Shymkent
Oblast showed that the scarification-administered STI 1 vaccine protects at least 36.7 % of
vaccinated people from anthrax (Cherkasskiy et al., 1978; Lukhnova, 2008).
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Implementation of anthrax epidemic control activities is based on results of a thorough
epizootological and epidemiological survey using valid laboratory research methods
(Tugambayev et al., 1999; Zakaryan et al., 2006; Meka-Mechenko et al., 2006).
It is worth mentioning that laboratory tests may have certain peculiarities when responding to
a bioterrorist attack, because the spore formulation used may contain PCR inhibitors which may
minimize the effect of this testing method. To implement diagnostics under such conditions,
immunochromatographic test systems are developed. They do not need a highly skilled
operator or special diagnostic equipment, offer rapid (15 minutes) results, may be stored at
room temperature for a long time, and are relatively cheap (Baranova et al., 2007; Tretyakov et
al., 2007b; Shilenko et al., 2007).
Anthrax outbreaks mostly result from uncontrolled home-slaughter and selling cattle without a
veterinary certificate, as well as inadequate sanitary awareness of the population. Every year,
the situation with anthrax blares as anthrax-infected meat is sent to packing factories which
accept and process meat without any supporting veterinary documentation.

2.3.2

CURRENT EPIDEMIOLOGICAL SURVEILLANCE OF ANTHRAX

Anthrax control in the biological safety system necessitates introduction of new diagnostic and
information technologies that should consider potential use of anthrax spores as a means of
bioterrorism. The “appealingness” of the pathogen for terrorists is about the microbe’s high
destructive force, its resistance to disinfectants, causing diseases in both humans and animals,
and decade-long soil damage.
Data on the number of animals are an indirect indicator of the human infection risk. Besides,
the sanitary epidemiological service has data on monthly incidence in animals during previous
years to assess the level of epizootic impact in a reporting month/quarter.
Natural and economic prerequisites of the infection occurrence add to the unequal territorial
distribution of anthrax soil foci in the country. Despite a great number of stationary anthraxaffected areas and anthrax soil foci in the country, the infection risk for susceptible animals and
humans is known to differ significantly.
On the whole, the anthrax surveillance system in Kazakhstan has a character of information
cycles. A rayon’s/city’s chief veterinary doctor must immediately notify local health authorities
if an anthrax case is found in an animal.
Anthrax is characterized by pronounced stationary character. In this respect, each oblast must
have maps where location of stationary anthrax-affected areas must be combined with the
land-use plan and the soil-and-landscape map. Such data allow not only delineating high-risk
areas but also identifying areas where no diseases are reported or reported occasionally but
soil and landscape properties predetermine infection risk.
78

2 Natural Sources of Biological Hazard

Agricultural melioration, construction and other operations involving earth excavation and
moving in stationary anthrax-affected areas and endangered areas must be conducted only
upon approval from the sanitary epidemiological service and concurrence with the authorized
veterinary authority. Activities not coordinated between the agencies responsible for their
respective areas may lead to epizootological and epidemiological complications.
The forced slaughter of sick animals in backyards results in human infection and formation of
anthrax soil foci. Animal owners must comply with the requirements set forth in the Law of the
Republic of Kazakhstan On Veterinary Medicine, as well as veterinary and sanitary rules. In line
with such regulations, they must provide animals for preventive vaccination upon demand from
veterinary inspectors; notify local state veterinary service bodies about newly purchased
animals; and immediately inform veterinary inspectors about cases of disease, forced slaughter
or death of animals.
Livestock immunization is the main anthrax prevention measure which effectively protects farm
animals from infection and, consequently, minimizes the human infection source. There are
four vaccine types currently known: live, chemical (molecular), combined (multiple) and
recombinant (Pimenov et al., 2001).
Today, scheduled vaccination applies to persons working with live cultures of B. anthracis, with
infected laboratory animals, or those testing the infected samples; persons professionally
involved in pre-slaughter keeping of animals, killing, butchering and dressing at packing
factories, slaughterhouses and markets; and persons involved in collection, storage,
transportation and primary processing of raw materials of animal origin.
Since anthrax is not transmitted from person to person, immunization of people may only be
considered as means of individual rather than collective protection.
A retrospective study of the anthrax incidence in humans and animals for 58 years (1948-2006) found
a reduction in outbreaks among livestock from 645 (1961-1965) down to four (2001-2007), (Lukhnova
et al., 2009). The relative anthrax incidence in humans decreased from 1.7 down to 0.06.

2.3.3

NEW TECHNOLOGIES IN ANTHRAX SURVEILLANCE

GIS enables users to spatially reflect, analyze, edit and store information on a long-term basis.
Improvement of epidemiological surveillance of anthrax included updates and development of
an electronic version of the GIS-based Cadaster of Stationary Anthrax-Affected Areas in
Kazakhstan (Zhanuzakov et al., 1989; Cadaster of Stationary Affected Areas, 2002; Aikimbayev et
al., 2009b).
The geographical diversity of genotypes of the anthrax strains isolated in 1960-2006 in
Kazakhstan has been studied with current molecular genetic methods and electronically
mapped out using the GIS technology. Molecular genetic research methods have been
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practiced by KSCQZD since approval of the U.S. Civilian Research and Development Foundation
(US CRDF) KZ-1950-AL-03 project in 2004 (Аikimbayev et al., 2005a; Aikimbayev et al., 2005b).
Bacteriological and genetic confirmation allows for implementation of timely and effective
emergency epidemic control activities and scheduled anthrax control measures. Collection
strains of B. anthracis isolated in Kazakhstan are characterized by genetic diversity (Lukhnova et
al., 2007). The study of strains using MLVA based on Keim’s method (Keim et al., 2000) allowed
identifying five clusters and 12 genotypes circulating in Kazakhstan (Table 5).

Table 5: Genotypes of Bacillus anthracis strains from the KSCQZD collection.
Number of B. anthracis strains isolated in different oblasts
KZ*-genotypes

KZ 1
KZ 2
KZ 3
KZ 4
KZ 5
KZ 6
KZ 7
KZ 8
KZ 9
KZ 10**
KZ 12

Southern
Kazakhstan
oblast

Eastern
Kazakhstan
oblast

Western
Kazakhstan
oblast

Zhambyl
oblast

Kyzylorda
oblast

4

5
6
2
6

12
-

5
2
2
11
-

1
1
-

1
7
1
8
5
1
-

* KZ – Kazakhstan
** genotype KZ 11, determined for one strain isolated only in the Kyrgyz Republic

The epizootic index has been designed and used to differentiate the area by the anthrax
infection risk level (Bekenov et al., 2007).
The surveillance system in the supervised area must include tracking of bacteriological and
molecular genetic properties of circulating strains, and their variability. It is important to single
out peculiarities of geographical distribution of the anthrax strains, and assess potential import
of the infection from other regions. Examples include mapping of the etiological agent resulting
from the 2001 bioterrorist attack in the United States. Use of molecular genetic methods for
identification confirmed that the intentional epidemic had been sparked off by the strain used
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in scientific research at a U.S. military laboratory (Toporkov et al., 2008). MLVA helped to
determine the genotype of the anthrax strains used for the bioterrorist attack.
All presented materials were used to improve the laboratory research of anthrax considering
detailed properties of B. anthracis using conventional and molecular genetic methods.
Conventional methods, which fail to identify the full spectrum of varieties in the strains’
properties, may be used in indication and serve as a basis for implementation of epidemic
control and epizootic control activities. Molecular genetic methods allow identifying the blownin strains and determining their geographical origin, which may be used in investigating atypical
epidemiological complications and bioterrorist attack.

2.3.4

LABORATORY DIAGNOSTICS OF ANTHRAX

Anthrax tests in Kazakhstan include sample preparation, microscopy, culturing on media,
bioassay, serological tests, if needed, precipitation test, PCR, and anthraxin skin test for
diagnosis of acute and recent anthrax infections (in humans).
Test delivery results with bacterioscopy is the day when the sample arrived, with bacteriology –
up to three days, and with biology – up to 10 days.

Bacterioscopy. Pathological samples are delivered to prepare Gram-stained smears and also for
luminescent microscopy. Smears from blood, sputum and cadaveric materials from people and
animals are additionally stained by Burry-Gins or any other method to detect the capsule.
In Gram smears, straight Gram-positive rods are located in short chains or in pairs; their ends,
facing each other, are blunt, and free ends are usually rounded. In some cases (most often in
human or swine smears), the anthrax microbes may have an uncharacteristic shape (short thick
or curved, sometimes granular rods with a knob in the middle or at the end; microbes’ “ghosts”
may be present, too).
In smears from fresh pathological samples stained by special methods (Mikhin, Burry-Gins), the
anthrax rods are surrounded with the capsule. In the staining of samples from pathological
samples that are not fresh, the microbes may be somewhat enlarged, their ends rounded, and
the morphological shape distorted – they look corroded. “Ghosts” sometimes remain, and
capsules may only leave rags that are very weakly stained.
If samples are stained by the FAT (or: direct and indirect IFT), the specific luminescence
suggests present of the anthrax pathogen in the sample tested. Results of this method are
considered positive if the sample/smear has even singular morphologically typical
microorganisms which fluoresce specifically on 3-4 crosses in several fields of view (if at least 20
fields are viewed), with negative control with the heterologous test strain. A preliminary
answer is immediately given based on the results of the microscopic test.
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Bacteriological method. The delivered non-contaminated pathological samples from the
patient (blood, cerebrospinal fluid, and exudate) are immediately passed on growth media
(meat-and-peptone agar, beef-extract broth, Hottinger’s agar and Hottinger’s broth). At the
same time, the samples are passaged on the differential diagnostic medium with 0.01 %
phenolphthalein sodium phosphate.
Once the smears for microscopy have been prepared, the contaminated samples (cadaver – bits
of organs, etc.) are split into two parts. One part is pre-heated prior to the test (preheated
sample), while the other part is to be tested without preheating (non-heated sample).

Non-heated sample. The sample is filtered in the Seitz pad through Millipore membranes #3.
The precipitate is washed out from each filter with 10-12 ml of 0.9 % of saline solution and
further used for microscopy, passage on growth media: Hottinger’s agar, differential diagnostic
agar (hereinafter, DDS agar), and for challenging white mice.

Pre-heated sample. The other part of the sample is heated on the water bath at +800С for 5-10
minutes or at +560С for 30 minutes, and then filtered through one or two Millipore membranes
#3 in the Seitz pad. The precipitate is washed out from each filter with 10-12 ml of 0.9% of
saline solution and passaged on Hottinger’s agar, DDS agar, or used to challenge white mice.
If there are no filtration membranes available, the non-heated and pre-heated washings may
be centrifuged for 15 minutes at 3,000 rpm. The supernatant fluid is removed, and the
precipitate is used for passage on Hottinger’s agar, DDS agar, or for challenging white mice.
The samples may be studied without filtration or centrifuging. The samples are passed on agar
plates with the growth media using the inoculation loop with transfer (two plates) in order to
obtain isolated colonies. The passages are incubated for 18-24 hours at +37±1оС. If no growth is
observed, they are kept for another 48 hours at the same temperature.
On solid media, when viewed with low-power magnification of the microscope (10-60 times),
anthrax has the shape of flat opaque-gray rough (R form) colonies. The center of the colony is
sometimes shaded, and the margins are fimbriated with curly tails consisting of the microbes’
interlaced long strands. There could also be colonies which are less rough and have no tails, and
they need further identification.
The cultures grown on the differential diagnostic medium are treated with ammonia vapor, and
only colorless colonies are selected for further tests. The R-type colonies grown on the solid
medium and the colorless colonies on the differential diagnostic medium are used to make
smears and repassaging in beef-extract broth and on meat-and-peptone agar for further
identification.
After a 24-hour growth of the anthrax microbe, the beef-extract broth remains clear, and a
fluffy precipitate in the form of a cotton ball is formed on the bottom. If the tube is shaken, the
broth does not get turbid, and the precipitate breaks into fine flakes. In some cases, a diffuse
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growth of the culture (slight turbidity) may occur in the beef-extract broth; shaking results in
clouded waves. The broth culture is used for smears, Gram staining and microscope studies.
Smears from the typical broth culture have chains consisting of anthrax rods, and those from
the broth culture with diffuse growth have separate or paired rods. In a mixed culture,
extraction of the pure culture of B. anthracis utilizes conventional methods (fractionated
passage on solid growth media in Petri dishes, separate passage of individual colonies,
challenging of white mice).

Biological testing. Challenging of laboratory animals with baseline pathological samples is
mandatory and is to be done on the same day when the sample arrives, simultaneously with
passages on growth media.
The pathological sample suspended in a small volume of 0.9% of saline solution, is administered
to two white mice in the dose of 0.2-0.5 ml, underneath the skin on the back, closer to the tailhead, or two guinea pigs in the dose of 0.5-1.0 ml subcutaneously, in the abdomen.
The challenged animals die in 1 to 3 days, sometimes on the 10th day. The dead animals are
opened to make smears and passages from the heart blood, spleen, liver, and infiltrate on the
injection site. Observation of the laboratory animals is challenged with a baseline pathological
sample or culture continues for 10 days.

Rapid diagnostics. The immunofluorescence method may be used to detect both spores of the
anthrax microbe and vegetative non-encapsulated cells. Spores and bacteria stained with the
luminescent serum give off bright luminescence with characteristic cell morphology. This
luminescence is sometimes called specific as opposed to non-specific, characterized by even
luminescence of the whole cell body. The positive result will include cell luminescence for four
and three crosses, with 2-5 luminescent cells in each field of view.
Immunosorbent tests based on erythrocyte diagnostic kits. Detection of specific antibodies and
antigens is done according to the manual on use of anthrax erythrocyte diagnostic kits.
Precipitation test. Prior to the test, the fresh pathological sample is kept in the thermostat for
18-20 hours. A non-fresh pathological sample is extracted by the hot and cold method, without
incubation in the thermostat. It should be noted that extracts obtained by the hot method have
a poor content of precipitinogens.
The test is considered positive if a thin whitish ring appears on the border between the
components in 1-2 minutes and not later than in 15 minutes. After a negative result of the
precipitation test with the extract obtained by the hot method, the test will be run again, this
time using the extract obtained by the cold method.
Polymerase chain reaction is run according to the respective user’s manual.
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Skin test with anthraxin. The test is based on the patient organism’s ability to yield an allergic
response in the form of skin hyperemia and infiltrate formation on the injection site. Although
the reaction may occur on the very first days of the disease, in the overwhelming majority of
patients it is observed after the end of the first week of the disease. The test is administered on
the internal surface of the forearm. Anthraxin is administered strictly subcutaneously following
the aseptic regulations, using a syringe with a thin needle, in the dose of 0.1 ml. The same dose
of sterile isotonic saline solution is administered in the skin on the other forearm. Signs of
hyperemia and skin infiltrate are checked in 24 hours. The final check is done in 48 hours.
The test is considered controversial when the anthraxin injection site manifests only hyperemia
with the diameter of around 8 mm. It is considered weakly positive (±) if the diameter of
hyperemia or hyperemia with infiltrate is up to 15 mm, and positive (++) and strong positive
(+++) with hyperemia of over 16 mm in diameter and an infiltrate of at least 8 mm in diameter.
If the anthraxin skin test is negative or controversial, it should be repeated in 5–7 days. The
anthraxin skin test may be used to make a retrospective diagnosis.

Identification of the anthrax pathogen is based on the following signs of basic tests: microbe
morphology in smears; specific luminescence when the smear is treated with the luminescent
anthrax serum; presence of capsules in smears from baseline samples or organs from deceased
experimental animals, on special growth media; sensitivity to penicillin (“pearl necklace” test);
lysis with the anthrax bacteriophage; Pathogenicity for laboratory animals (death of at least one
of the two laboratory animals challenged with the baseline sample or culture, followed by
isolation of the typical pathogens culture from its organs).

Additional tests to identify the B. anthracis include identification of hemolytic, phosphatase
and lecithinase activity, motility, and study of the microbe’s growth on agar with penicillin.

Animal anthrax diagnosis is made in one of the following cases:
•
•
•

•
•
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Isolation of B. anthracis culture from pathological samples;
Death of one of the two challenged laboratory animals, and isolation of the culture from its
organs with properties characteristic of the anthrax pathogen;
Death of one of the two laboratory animals challenged with the baseline sample, followed
by isolation of the B. anthracis culture from its organs, even with no culture growth from
pathological samples;
Positive precipitation test of the rotten pathological sample;
Positive precipitation test with the characteristic clinical presentation, pathoanatomical
changes in animals, even with no culture growth on passages from baseline samples and
the negative bioassay result.

2 Natural Sources of Biological Hazard

Human anthrax diagnosis is made with the respective clinical presentation and epidemiological
anamnesis confirmed by one of the listed:
•

•
•
•

Isolation of B. anthracis culture from pathological samples and death of one of the two
challenged laboratory animals, and isolation of the culture from its organs with properties
characteristic of the anthrax pathogen;
Death of one of the two laboratory animals challenged with the baseline sample, followed
by isolation of the B. anthracis culture from its organs;
Isolation of the virulent B. anthracis culture from the presumptive source of infection
(human, animal) or transmission factor;
Positive anthraxin skin test.

2.3.5
2.3.5.1

CLINICAL DIAGNOSIS AND TREATMENT OF ANTHRAX
CLINICAL DIAGNOSIS

The following case definitions for presumptive, probable and confirmed cases of anthrax have
to be used in Kazakhstan.
The presumptive case of cutaneous anthrax is made for an acute disease with fever and
intoxication, painless primary skin affect, perifocal or generalized edema, at one of the
following development stages:
•
•
•
•

Papule;
Pustule (hemorrhagic);
Ulcer (flat, dry with a dense black scab on the bottom, on the infiltrate basis, surrounded
with a hyperemia crown);
Black dense scab.

The presumptive case of pulmonary (pneumonic/mediastinal) anthrax is made for an acute
severe disease without rhinorrhea or sore throat, accompanied by at least two of the following
signs:
•
•
•
•

High fever;
Muscular pain;
Signs of infectious-toxic shock;
Signs of disseminated intravascular coagulation and rapid severe hemorrhagic pneumonia,
expressed respiratory failure, characterized by at least three of the following signs:
- Pulmonary edema;
- Dry cough and bloody sputum;
- Chest pain (pleural pain);
- Clinical signs and/or changes in the thorax X-ray diagram:
- Pulmonary infiltrates
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-

Mediastinal expansion (enlarged mediastinal lymph nodes)
Pleural effusion.

The presumptive case of gastrointestinal (abdominal) anthrax is made for an acute severe
disease with high fever, signs of infectious-toxic shock and disseminated intravascular
coagulation, and at least three of the following signs:
•
•
•
•

Strong abdominal pains;
Bloody diarrhea;
Bloody vomitus;
Ascites.

The presumptive case of oropharyngeal (angina-like) form is made for an acute severe disease
with high fever and development of signs of infectious-toxic shock and severe ulcero-necrotic
process (primary affect) in the oropharynx, usually unilateral, and at least one of the following:
•
•

Manifested unilateral or bilateral neck edema;
Cervical lymphadenitis.

The probable case for all clinical forms of anthrax is made when signs match those of the
presumptive case plus one of the following:
•

•
•
•
•

The patient’s stay or living within an anthrax-affected area (where human or animal anthrax
cases are registered) for two weeks prior to the disease, plus one of the following:
- Exposure to animals or participation in butchering of sick animals;
- Handling or consumption of undercooked meat;
- Participation in the purchase, transportation and processing of livestock products;
- Participation in the cleaning of a room or area where livestock are or have been kept;
- Bites by big blood-sucking insects (e.g. horse flies);
- Participation in earthwork or other work associated with soil;
Contact with meat or hides of animals brought in from an anthrax-affected area;
Epidemiological link with a confirmed anthrax case;
Positive result of the patch test in non-vaccinated persons;
Detection of a large Gram-positive (spore- or capsule-forming) rod in the microscopic study
of the smear.

The confirmed case for all clinical forms of anthrax is made when respective clinical samples
(contents of pustules, tissue samples from underneath the scab, skin or endoscopic biopsy
specimen, cerebrospinal fluid, pleural fluid, sputum, blood, vomit matter or excrements) are
tested to obtain at least one of the following results:
•
•
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•

Positive result of serological
chromatographic test, FAT).

2.3.5.2

tests (ELISA,

Western

blot,

toxin

identification,

TREATMENT

Treatment of anthrax includes three components: etiotropic, nosotropic and symptomatic
therapy.
Etiotropic therapy includes antibacterial treatment aimed to suppress and destroy the
pathogen.
Nosotropic therapy of anthrax includes:
•
•

Non-specific detoxication with intravenous administration of fluids, and
Specific detoxication with anti-anthrax immunoglobulin or serum.

If anthrax is suspected, treatment should start as soon as possible in order to prevent process
generalization. Even the cutaneous (ulceric) form of anthrax may in some cases progress into a
terminal disease. However, it is also important to have the samples for laboratory and
etiological (e.g. bacteriological) tests collected prior to the beginning of etiotropic therapy.
The recommended etiotropic therapy for cutaneous anthrax is:
•
•

•

Ciprofloxacin, 500 mg per os, bd for adults or 10-15 mg/kg per os, bd for children.
Alternatively, doxycycline, 100 mg per os, bd for adults or 5 mg/kg per os, bd for children
under 8 years old (both ciprofloxacin and doxycycline are usually counter-indicative for
pregnant women and children; however, after careful consideration in favour of the
patient’s health they should be in the first-line therapy.
Penicillin is another alternative; however, due to reported antibiotic resistance, it is
recommended for use only against strains with known sensitivity. If strains are sensitive to
penicillin, amoxycillin will be prescribed at 500 mg per os, 3 times a day for adults or 80
mg/kg per os, 3 times a day, up to 1500 mg per day, for children.

Even with treatment, the primary skin affect undergoes all of its usual development stages, but
no generalization or expressed intoxication will develop.
The primary skin affect should not be debrided. If process generalization signs appear,
antibiotics will be administered intravenously.
Specific immunotherapy with the anti-anthrax immunoglobulin is carried out to neutralize the
toxin (for a mild disease – up to 20 ml; for moderate – 20-40 ml; and for severe – 60-80 ml). If
needed, administration of the anti-anthrax immunoglobulin may be repeated. The course dose
may be as high as 300-400 mL (for the septic form).
In the anthrax pathogenesis, the leading role is played by the pathogen exotoxin’s action, and
therefore use of the specific anti-anthrax immunoglobulin (or serum) seems most efficient.
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Similar to some other severe infectious processes accompanied by expressed intoxication and
the risk of infectious-toxic shock development, detoxication therapy must be carried out by
intravenous administration of liquids (to replenish the volume of the effectively circulating
liquid). Composition of the liquids administered includes balanced salt (crystalloid) solutions
and colloidal solutions, in the ratio of 2 or 3:1 and the amount of 50-70 ml/kg per day. In case of
anuria, only salt solutions are administered.
Such therapy aims to prevent shock development and treat the shock that has already
developed.
Therapy of the 3rd and 4th degree shock requires inclusion of glucocorticoids (prednisolone) in a
short (1-2 days) loading course (not more than 3 mg/kg) of controlled breathing and drainage of
pleural effusion.
Thus, ensuring biological safety during anthrax remains a pressing issue. It requires
improvements to be made to the methodologies of epidemiological surveillance and revisions
to the medical and veterinary control of epidemiological and epizootological situation with
anthrax. As individual farms predominate, new information technologies must be taken into
account. The livestock owners’ responsibility and sanitary awareness must be increased.
Registration and mapping of known burial sites for animals which died of anthrax is important.
Registration and mapping of areas presumably contaminated by anthrax and assessment of
how well the animal burial sites are isolated are of equal importance. Our GIS-based mapping
of SAA will allow for more accurately targeted preventive activities and preventive sanitary and
epidemiological surveillance during economic development of the area. Identification of the
anthrax microbe’s genotypes will allow detecting the imported strains by molecular genetic
methods and determining their origin, which is critical for investigation of atypical
epidemiological complications and bioterrorist attacks.

2.4
2.4.1

CRIMEAN-CONGO HEMORRHAGIC FEVER
EPIDEMIOLOGICAL SITUATION
KAZAKHSTAN

OF

CRIMEAN-CONGO HEMORRHAGIC FEVER

IN

Crimean-Congo hemorrhagic fever (CCHF) is an acute transmissive viral infection occurring in
natural foci, characterized by fever, general intoxication and hemorrhagic symptoms. For the
first time, CCHF was singled out into a separate nosological entity as “Crimean hemorrhagic
fever” in 1946 by Chumakov, based on the materials resulting from the epidemic outbreak in
Crimea. In 1956, the virus (named the Congo virus) was isolated from a fever patient’s blood,
and in 1969 antigenic relation was established between the viruses of Crimean and Congo
fevers (Karimov et al., 2003).
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In Kazakhstan, the hemorrhagic fever is known under the name of kokala and has been
registered since 1948 (first found in Southern Kazakhstan Oblast). The CCHF endemic area is
located in the southern part of the lowland Kazakhstan within Kyzylorda, Southern Kazakhstan
and Zhambyl Oblasts (Karimov et al., 2001). With regards to epidemic manifestations in various
years, the CCHF nosoarea is rather irregular. In the recent decade, desertification of huge areas
in Zhambyl, Southern Kazakhstan and Kyzylorda Oblasts has resulted in a heavy increase of the
areas of CCHF natural foci and their activity. During 1948-1985, a total of 117 cases were
registered in the Republic of Kazakhstan, and during 1986-2000 − 393 cases (Karimov et al.,
2003; Aikimbayev et al., 2010c).
The CCHF pathogen is a RNA-containing virus of the Bunyaviridae family, Nairovirus genus
(Pokrovskiy et al., 1983). The virus reservoir in the nature includes ixodid ticks Нyalomma (H.)
asiatici and H. anatolicum, profusely infesting livestock in their adult stage, and great gerbils
and other rodents in their larval and nymphal stages. In a CCHF natural focus, the tick
infestation rate in livestock sometimes can reach 100 %.
The CCHF virus infection is characterized by spring-summer seasonality (from mid-April till
August). In Kazakhstan’s desert and piedmont steppe areas, ticks of the genus Нyalomma, and
in particular H. asiaticum asiaticum, pose a significant danger as the CCHF infection source.
Peaking numbers of the adult tick population coincide with the CCHF incidence peaks (Serzhan
et al., 2003).
Infection transmission routes include: transmissive – bites by infected ticks; contact – exposure
to virus-containing materials (patient’s blood and blood discharges, crushing ticks with hands
while taking them off an animal or person, sheep shearing); and air-borne – when taking down
old sheep pens, or in a laboratory setting.
The population group most exposed to the risk of CCHF infection includes rural population
(cattle farmers), and rarely – health workers exposed to patients. Notably, persons infected
after contact with a patient, suffer from a more severe form of CCHF, due to the increased
pathogenic action of the virus after passaging through a human organism (Aikimbayev et al.,
2010c).
Current achievements in improving epidemiological surveillance of CCHF in Kazakhstan include
development of prediction mechanisms for CCHF natural focus activity, a system of preventive
activities to protect people, establishing the epidemic process development’ dependence on
the ecology of Нyalomma asiaticum asiaticum ticks, and determining a comprehensive
understanding of the CCHF endemic’s spatial structure (Durumbetov, 2001; Kazakov, 2001).
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2.4.2

LABORATORY DIAGNOSTICS OF CRIMEAN-CONGO HEMORRHAGIC FEVER

Specimens for the diagnostics. Collection of samples from people (corpses) and CCHF suspects
complies with epidemic control requirements (to avoid nosocomial transmission). Specialists
must use Type II protective suit augmented with goggles. Autopsy requires use of Type I
protective suit augmented with an apron, a second pair of rubber gloves and sleeve covers.
Blood collected from patients in the acute phase of the disease may contain higher
concentrations of the virus – which necessitates disinfection of tubes, syringes, needles and
other laboratory equipment right after use. Used syringes, tubes, glass rods and pipettes are to
be submerged into a disinfectant solution.
Manipulations such as centrifuging, shaking and mouth-pipetting are prohibited.
Materials for the CCHF virus isolation include: whole blood, plasma, blood clot, and necropsy
materials (liver, lungs, spleen, kidneys, and brain).
Materials for virological tests are collected in early stages of the disease (up to 7 days), i.e.
during the viremia. The virus isolation effectiveness in this period is near 100 %. As the body
temperature normalizes, the virus isolation efficiency declines heavily, and with appearance of
Class G virus-specific immunoglobulins in the blood (the 10th to 14th day of the disease onset), it
becomes impossible.
Blood is collected in accordance with the aseptic regulations from the cubital vein in the
amount of 5 ml during the acute disease phase (the first 5-7 days) and transferred into a plastic
test-tube with a tightly closing lid (screw cap). The tube is then labeled. The label is made from
the adhesive tape and stuck on the tube. The label shows the patient’s full name, type of
sample and collection date.
Collection of necropsy materials from people who died of CCHF and from suspects is done by
the pathologist or forensic examiner, in the presence of a CCHF-specialist.
A piece of tissue with the size of 2-3 cm is cut out in a sterile way from internal organs (heart,
liver, lungs, spleen, kidneys, and brain). Using a sterile syringe with a long needle or a sterile
Pasteur pipette with a rubber squeeze bulb, 8-10 ml of blood is collected from the heart after
preliminary decontamination of the site with a hot scalpel. Samples should be collected from
several spots that sustained changes, and from the nearby tissue which looks unchanged. In
case of the tissue decay, main attention should be paid to the border area. Collection of
necropsy materials must be completed as fast as possible after the patient’s death (not later
than 20 hours at room temperature). The collected materials will be placed into sterile plastic
tubes with tightly closing lids (screw caps) and labeled.
No preserving agents are added for virological testing, and no inactivation is performed. Each
sample has a referral sheet attached. If the material for virological testing can be delivered to
the laboratory within 2-4 hours, it is transported in a thermos with ice. If the delivery time
exceeds 4 hours, the material will be frozen and delivered to the laboratory in Dewar flasks
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with liquid nitrogen or in insulated containers with dry ice. Whole blood is not subject to
freezing. Blood serum must be separated from the clot.
Patients’ samples for molecular genetic tests (PCR) must be collected on the first days of the
disease (up to 5-7 days), when the virus circulates in the blood. Blood is collected in the fasting
state from the cubital vein with a disposable needle (0.8 mm to 1.1 mm in diameter) into a
disposable 5-ml syringe or into a special vacuum system such as Venojekt or Vakuett®, without
anticoagulant. If collected with a syringe, the blood is carefully (without foaming) transferred
from it into a disposable plastic tube.
The blood serum is placed into 1.5 ml sterile disposable tubes with screw caps and stored at 2oС
to 8oС for no more than 3 days, or at the temperature of not higher than minus 16oС for one
month or at the temperature of not higher than minus 68oС for one year. Only a single freezethaw cycle is allowed for the sample. After freezing of the clinical sample, it should also be
transported in a frozen state.
In serological diagnostics, the test object is the patient’s blood, which is collected twice – on the
5th to 7th day and on the 10th to 14th day upon disease onset.
The patient’s blood is collected from the cubital vein into a 5-10 ml sterile tube, in accordance
with the aseptic regulations. To prevent hemolysis, the serum should be separated from the
clot. For that, the blood tube is placed into the thermostat at 37oС for one hour, in a slanted
position. The blood clot is encircled with a glass rod and placed in the upright position in the
refrigerator at 2oС to 8oС for 2-3 hours. The resulting serum will be picked up using a pipette
with a rubber squeeze bulb or an automatic pipette with a sterile tip, into a plastic tube. It is
tightly closed and sent to the laboratory to be tested for specific antibodies to the CCHF virus.
The clot is preserved in the tube only for the initial collection and may be used for virological
tests.
In order to send the samples to the virological laboratory, they are first placed into a primary
sealed container and then into a secondary one, which is a sealed metal or plastic case.
Transportation of the samples for virological tests requires liquid nitrogen (Dewar flask). If a
Dewar flask cannot be used, it may be replaced with a thermos with dry ice or an insulated
container with refrigerants, having a negative pressure. Biological samples from
patients/corpses suspected with CCHF are sent to the virological laboratory within 24 hours.
The blood sera are handled in a unit designed to work with infected animals, using Type I antiplague suit or in Class II biological safety cabinet, using Type IV suit augmented with rubber
gloves, or in Class III biological safety cabinet, using Type IV suit.
Fresh blood serum samples are stored at +2oС to +8oС for one week provided that there is no
microbial contamination. Long-term storage of samples is done at -20oС or lower. The samples
may sustain only a single freeze-thaw cycle. After thawing, the sample must be thoroughly
stirred. Blood sera with expressed hyperlipidemia should not be used for testing.

91

2 Natural Sources of Biological Hazard

Detection of the CCHF virus RNA by reverse transcription PCR (RT-PCR) utilizes the
conventional method with electrophoretic reading of results in agarose gel or in the real-time
mode.
The work complies with the epidemic control requirements in Classes II and III biological safety
cabinets, and with disposable plastic ware. RT-PCR utilizes certified test systems in accordance
with the manuals attached. The resulting amplicons (if the conventional RT-PCR is used) are
analyzed using electrophoresis.
Use of RT-PCR-based diagnostics allows to not only to identify RNA of the CCHF virus in blood
but also determine the level (with hybridization fluorescent reading of results, using the control
panel of samples with a precise virus concentration) and duration of viremia, and assess the
efficiency of antiviral therapy. RNA of the CCHF virus is found in patients’ blood from the 1st day
to the 7th day of the disease. In a number of cases, it may be detected as late as the 14th day of
the disease.
Serological tests aim at early CCHF diagnostics and identification of the viral antigen and
specific М antibodies (IgМ), as well as diagnosis confirmation with the growing level of G
antibodies (IgG) in paired blood sera.
CCHF virus isolation is done only at decreed specialized virological laboratories licensed to
handle viruses of Pathogenicity Group II (EU risk group IV). Virus isolation utilizes bioassay
animals – 1- or 2-day-old white mice sucklings or cell lines Vero-E6, SW-13, etc.

Performance assessment for specific laboratory diagnostics of CCHF. Isolation of RNA and/or
antigen of the CCHF virus in the samples collected at earlier stages of the disease (up to the 5th
to 7th day) showed the acute infection in patients. Cumulatively, with epidemiological
anamnesis data, the clinical presentation and results of clinical laboratory diagnostics, it may
serve as a basis for making the diagnosis of CCHF.
IgМ appear on the 5th to 7th day upon disease onset. Maximum titers (1:20,000 or more) are
found on the 2nd to 3rd week. By the 90th day, IgМ are as a rule found in low titers or not
identified at all.
Specific IgG appear on the 7th to 10th day upon disease onset, reach the peak by the end of the
second month, and maintain in high titers for 6-8 months. By the end of the first year, IgG titer
reduces, and low titers in some patients can last for years. In some patients, IgG completely
disappears from peripheral blood by the end of the first year. Tests of paired sera for IgG need
a four-fold or larger increase of antibody titer in order to make the diagnosis.
If IgM is found in titers of 1:800 or higher, and IgG in any titer, the CCHF diagnosis is considered
to be confirmed.
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2.4.3
2.4.3.1

CLINICAL DIAGNOSIS AND TREATMENT OF CRIMEAN-CONGO HEMORRHAGIC FEVER
CLINICAL DIAGNOSIS

The incubation period of CCHF is 2 to 12 days. The disease onset is acute, with increasingly high
body temperatures. During the pre-hemorrhage period (3-4 days on average), general
intoxication symptoms prevail: headache and muscular pains, joint ache, general weakness,
stomach ache and lumbar pain. As the hemorrhagic syndrome appears on the 4th to 6th day, the
patient’s condition deteriorates quickly. Characteristic prolific large petechial skin rash appears,
mostly on the chest and abdomen. Fever is a constant syndrome and lasts for 7-8 days on
average. The temperature curve is especially typical for CCHF: in particular as the hemorrhagic
syndrome appears the body temperature reduces to the subfebrile level, and then in 1-2 days
rises again, which results in a “two-humped” temperature curve so characteristic of this
disease. The patients’ condition deteriorates, and impairment of consciousness is seen.
Characteristic signs include stomach ache, vomit and diarrhea; the liver is enlarged and painful
when palpated; the Murphy’s punch sign is positive. Bradycardia changes into tachycardia,
arterial blood pressure is low. Some patients manifest oliguria and growth of residual nitrogen.
In peripheral blood, signs include leukopenia, hypochromic anemia and thrombocytopenia; the
erythrocyte sedimentation rate has no significant changes. Fever lasts for up to 12 days. An
adverse prognostic factor includes massive gastrointestinal and uterine bleeding. The most
severe cases manifest hemorrhages from all natural orifices. Death most often occurs due to
cardiovascular disorder with general intoxication and pronounced hemorrhagic syndrome, and
sometimes with pulmonary edema.
Some patients may have mild forms of the disease without the expressed thrombohemorrhagic syndrome, but such patients remain as a rule undetected. Normalization of the
body temperature and cessation of hemorrhages signify transmission to the convalescence
period.

The presumptive case of CCHF is made for an acute severe disease with high fever and
hemorrhagic syndrome, characterized by one of the following signs:
•
•
•
•

Petechial skin rash;
Hemorrhage;
Bleeding (nasal, uterine, gastrointestinal, from gums, or rarely other);
Thrombocytopenia (<100 х109/L).

The probable case of CCHF is diagnosed when signs match those of the presumptive case plus
at least one of the following:
•

Stay or living within a natural focus a (where human or animal CCHF cases are registered)
for two weeks prior to the disease, plus one of the following:
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•

- Tick bite;
- Contact with a tick or tick blood;
- Contact with a CCHF patient’s blood;
- Contact with the blood of animals that are potential virus carriers (hares, etc.);
Epidemiological link with a confirmed CCHF case.

The confirmed case of CCHF is diagnosed when one of the following is present:
•
•
•
•

Isolation of the virus from the patient’s blood;
Positive real-time PCR result;
Detection of IgM or IgG antibodies with ELISA;
Detection of the antigen in pathological samples with the immunohistochemical method.

Treatment mostly involves nosotropic and symptomatic therapy. Fresh blood or blood products
(fresh frozen plasma, platelet concentrate) are used to arrest hemorrhage. Use of polyglucin, 6
% epsilon-amino caproic acid of up to 100 ml, 1-2 ml of vicasol, and desensitizing therapy is
indicated. Corticosteroids with controlled arterial blood pressure are used in severe cases.
Antibiotics are used to prevent bacterial complications. Convalescent serum and specific
immunoglobulin are most effective in the initial phase of the disease, as they mitigate
frequency and severity of the hemorrhagic syndrome. Ribavirin is recommended for emergency
prophylaxis and as an antiviral medication, but it is counter-indicative for acute diseases of the
liver, kidneys, thyrotoxicosis, and during pregnancy (Abdikarimov & Belozerov, 1995).
Medications to treat viral infections are now being investigated. Based on their mechanism of
action, they can be divided into three large groups. The first group includes interferons and
other non-specific cytokines – equivalents of critical factors of the innate immune response.
The second group includes immunomodulators which improve the organism’s resistance to
infections and correct secondary immunodeficiencies. The third group includes
chemotherapeutic agents which affect various stages of virus reproduction (Kiselev et al., 2002;
Yershov & Kiselev, 2005; Shulzhenko, 2005; Yershov, 2006; Yershov 2007). Expanding the
arsenal of viral inactivating agents will necessitate the development of an evidence-based
algorithm for their use considering then properties of such agents.

2.4.4

HEALTHCARE-ASSOCIATED CRIMEAN-CONGO HEMORRHAGIC FEVER INFECTION

The risk of outbreaks of nosocomial CCHF especially in endemic rural areas of this zoonotic
disease is demonstrated by the following case report.
On June 29, 2009, a 23-year-old woman was admitted to the maternity clinic in the city of Turkestan,
who had given birth to a girl in the same facility on June 26. The repeated visit was caused by a
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deteriorating condition of the child’s health and her own malaise. The woman had lived in a CCHFaffected area, but the uterine bleeding she had developed in the postpartum period after an
unobstructed labor did not raise any concern with regards to this especially dangerous disease.
Without any special indication, the patient underwent curettage of the uterine cavity, which resulted
in profuse bleeding and led to a hemorrhagic shock. This was followed by diagnostic relaparotomy
and uterectomy. However, surgical intervention did not yield any positive results, and the woman
died on July 4. Her child had died the day before, on July 3. The weight of evidence suggests that the
newborn child died due to a CCHF infection passed on by its mother. Unfortunately, the child’s
existing hyperthermia is not reflected in the labor and delivery record or in the newborn’s case
history.
The oblast surgeon, who had been summoned for the operation in Turkestan, died on July 9 upon
return to Shymkent. Local doctors – the surgeon taking part in the operation, died on July 11; and the
neonatologist who had catheterized the child in the umbilical vein, died on July 12. Their blood
samples proved positive for CCHF after a PCR test. The nurse anesthesiologist, who had administered
an intravenous injection to the patient, became sick on July 8 but then recovered. The CCHF
diagnosis was also based on the results of laboratory tests.
This chain of correlated events suggests that the birthing mother was the infection source, and that
the medical personnel infection resulted from contact with infected blood. This contact was
determined because those medical workers failed to use gloves during certain stages of the
operation and other medical manipulations with the sick mother and child. The anesthesiology nurse,
who survived the event, was lesser exposed to the newborn’s blood than the other medical workers.
He had taken off the glove to administer the intravenous injection because he could not feel the vein.
The patient’s blood had soaked from within the injection needle and had gotten into contact with the
unprotected finger.
As a result, the CCHF outbreak in Turkestan had epidemic outspread as a healthcare-associated
infection (HAI). Five of the seven infected people died.
The patient’s residence was examined by entomologists for the presence of ticks – the CCHF virus
reservoir in the nature. A total of 169 ticks of various species were found, including H. a. asiaticum – the
main CCHF virus reservoir in natural foci of southern Kazakhstan (Karimov et al., 2003). Most ticks
were collected from cattle, and PCR yielded positive CCHF results.
Despite evident etiology of the outbreak, confirmed by clinical and epidemiological data and results
of laboratory tests, pathological samples of the exhumed newborn child and the oblast surgeon were
additionally tested for a reference study. PCR tests of both samples gave positive results. The earlier
PCR test of a sample from the deceased mother – which had been kept in formaldehyde for a long
time – did not prove positive, most likely due to the fact that DNA is destroyed when exposed to
formaldehyde for more than 24 hours. Formaldehyde is recommended for sample decontamination
in carrying out PCR tests for EDP, but the prescribed exposure time must not exceed 12 hours (MoH
Order #399 dated Aug. 12, 2005).

The doctors’ lack of due vigilance during the CCHF outbreak necessitated a more intensive
awareness campaign for the medical network with regards to epidemiology, clinics, treatment
and response if any CCHF suspects are found (Aikimbayev et al., 2009c).
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2.5

HEMORRHAGIC FEVER WITH RENAL SYNDROME

Hemorrhagic fever with renal syndrome (HFRS) is a zoonotic viral natural focus disease with
various pathogen transmission mechanisms, characterized by hemorrhagic syndrome and renal
injury in the form of nephritis. As an individual nosological entity, HFRS (then known as
“hemorrhagic nephritis”) was described by Soviet authors in 1935-1940, based on the Far East
research materials. Viral etiology of the disease was established in 1940 by experiments with
volunteers, and the name “hemorrhagic fever with renal syndrome” was suggested in 1954 by
M.P. Chumakov (Korotkov et al., 1966). The 1982 WHO meeting recommended this name as
unified designation of this nosological entity, to eliminate numerous synonyms that had been in
use in previous years.
Prevalence of hantaviruses is of a general character, and they have been found worldwide. In
1976, Korean scientist Lee HW for the first time managed to detect the HFRS virus strain in
cryostat sections of lungs of field mice (Аpodemus agrarius) using indirect IFT, and then isolated
it. The strain was then registered in the international catalogue as Hantaan 76-118, named after
the place where it was isolated – in the HFRS endemic area, near the Hantaan River, South
Korea.
Pathogen. The pathogen is the HFRS virus. It belongs to the family Bunyaviridae, which includes
representatives of four known genera within the family. Differences from those genera in
nucleotide sequences allowed including all known HFRS virus versions to a new (fifth) genus
within the family and naming it Hantavirus. Antigenic differences between the HFRS virus
strains have been found. To date, the genus Hantavirus in the family Bunyaviridae numbers at
least 20 serological and genetic versions of hantaviruses, nine of which are recognized to be
pathogenic for humans because they cause hemorrhagic fever with renal syndrome (HFRS) or
hantavirus pulmonary syndrome (HPS).
Antigenic variability of the virus is known to be linked mostly to the species composition of
background rodents in a natural HFRS reservoir within the focus – rather than territorial
distribution of HFRS natural foci.
There are four serotypes of the HFRS virus. The first serotype includes HFRS virus strains
isolated from murine rodents. The second serotype includes HFRS virus strains isolated from
Arvicolinae rodents, mostly from bank voles (Clethrionomys glareolus). The third serotype
includes strains isolated from gray, black and laboratory rats. The fourth serotype includes the
virus strain isolated from the meadow vole.
The HFRS virus is sensitive to lipid solvents (sodium deoxycholate, chloroform, ether), relatively
stable at +4 to +20oС, inactivated efficiently at the temperature of over 37oС and a pH of lower
than 5, and can effectively be stored at the temperature of not higher than -20oС.
In Kazakhstan, the HFRS natural focus was found in the Utva and Ilek estuaries, in Burlinskiy
Rayon, Western Kazakhstan Oblast, using ELISA, in suspensions of wild rodents’ organs
(Grazhdanov et al., 2002b).
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2.5.1

EPIDEMIOLOGICAL SITUATION
KAZAKHSTAN

OF

HEMORRHAGIC FEVER

WITH

RENAL SYNDROME

IN

Prevalence of hantaviruses is of a general character. China takes the lead in the incidence rate,
with approximately 50,000 annual cases (90 % of the world’s total HFRS incidence). It is
followed by Russia (5,000-6,000 cases). More than 40 % of the HFRS cases registered in Russia
occur in the Republic of Bashkortostan, where natural foci are considered to be the world’s
most active ones.
In Kazakhstan, 31 HFRS cases were registered from 2000 to 2004. In 2007, four persons became
infected in Western Kazakhstan Oblast. These patients were registered in Chingirlauskiy (2
cases), Burlinskiy (1) and Zelenovskiy (1) Rayons. Antibodies to hantavirus with progressing
titers were found in the blood of all patients. To date, in seven administrative rayons of
Western Kazakhstan Oblast (Burlinskiy, Terektinskiy, Chingirlauskiy, Zelenovskiy, Syrymskiy,
Karatobinskiy, Akzhaikskiy), antigen-positive rodents and insectivores have been found – mostly
bank voles and wood mice (Pak et al., 2004).
Sources of human infection mostly include wild rodents – chronic carriers of hantaviruses.
Infection is dust-borne and by aerosol (inhaling the dust infected by rodents’ feces). Humans
can also be infected by the alimentary route, when consuming food infected by rodents, and
also though skin injuries. Infection occurs during farming operations, short-term visits to the
woods, hunting, fishing, and hiking. It mainly affects persons of the most productive age (20-40
years). In domestic infections, the occupational and gender composition is more versatile.
Human cases were described with bites by wild and laboratory animals – mostly, the vivarium’s
animal caretakers.
The disease normally has summer-fall seasonality, associated with the rodents’ highest activity
period. As field mice migrate to human-inhabited areas, the disease may be registered in late
fall or in winter.

2.5.2

LABORATORY DIAGNOSTICS OF HEMORRHAGIC FEVER WITH RENAL SYNDROME

The sample for laboratory diagnostics is patients’ blood in the febrile phase. Blood must be
collected from patients within 4-5 days of the disease, as the virus isolation probability
minimizes in later periods. Blood is collected into sterile serum vials, in the volume of 5-8 ml.
The samples are labeled to show the patient’s name and collection date.
If the sample can be delivered to the virology laboratory for virus isolation within 2-4 hours, it is
sufficient to place it into a thermos with melting ice. The blood should not be frozen as it
hemolyzes and becomes unsuitable for serological tests, and also acquires properties toxic for
animals and tissue cultures.
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If sample delivery requires several days, it should be transported in thermoses with nitrogen or
dry ice. In this case, blood serum should be separated from the clot prior to freezing. For longterm storage, it is best to freeze it at -20oС or -40oС, in small batches, to avoid repeated freezing
and thawing cycles as it is disastrous for antibody preservation. For IgM testing, the serum
should not be frozen, and it is best to test it within 3-4 days upon sample receipt.
Mass-scale serological testing often includes blood collections on paper disks. They are soaked
until fully saturated, dried out in the air and placed into tubes or paper bags. The disks are
numbered with a lead pencil prior to blood application.
The samples should be stored at -40oС, preferably in liquid nitrogen (-196oС). The storage
period is 7 to 20 days without nitrogen refill. If no low-temperature refrigerators are available,
the samples for virological testing may be stored for 1-2 days in wide-neck thermoses with a
mixture of ice and table salt, and also in 50 % buffer glycerol at 4oС. Alternatively, the sample
may be left unfrozen at 4oС for a few days prior to the testing.
Laboratory diagnostics of HFRS is based on virological, serological and molecular genetic
methods. Of all virological methods, the one most commonly used is challenging of cultures and
laboratory animals susceptible to the HFRS virus. The HFRS virus is well adapted to the cell
culture Vero E6, replicates in it and causes cytopathic effect in cells, visible in the light
microscope. Challenging of the cell culture mainly uses lung tissue, kidneys, brain of wild
murine rodents, laboratory animals and pathological samples.
The most commonly used serological methods include enhancement fluoroimmunoassay, IHAT,
complement fixation test, and radioimmunoassay. Use of mAb allowed differentiation of
various hantavirus strains. Use of polyclonal antibodies in ELISA is as specific as use of mAb, and
efficiency and validity of the test were confirmed by RT-PCR.

2.5.3

CLINICAL DIAGNOSIS
SYNDROME

2.5.3.1

CLINICAL DIAGNOSIS

AND

TREATMENT

OF

HEMORRHAGIC FEVER

WITH

RENAL

Clinical presentation of HFRS is diverse, which partly owes to differing virulence of the virus
strains circulating in various natural foci.
The ports of infection include mucous membrane of the respiratory tract, and rarely, skin and
mucous membrane of digestive organs. No significant changes are observed on the port of
infection site.
The clinical course of the disease has several phases. Initial manifestations of the disease are
caused by viremia and intoxication. The HFRS virus has an expressed vasotropic action, and the
main effect in the pathogenesis of the disease is the vessel wall impairment, although the state
of coagulative and anti-coagulative systems plays a certain role in developing the hemorrhagic
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syndrome. A significant role in the genesis of renal syndrome is also played by the vessel
impairment.
The incubation period lasts 7 to 46 days (most often, 21 to 25 days). The following periods
compose the course of the disease: initial period, period of hemorrhagic manifestations,
oliguric period (renal and hemorrhagic manifestations), polyuric period, and convalescence.
The initial period lasts for 1 to 3 days and is characterized by an acute onset and a raise of the
body temperature up to 38-40oС, sometimes accompanied by chills. Strong headache (with no
pains in brow ridges or eyeballs), weakness and dryness of the mouth develop. No signs of
inflammation of the upper respiratory tracts are observed. Patient examination finds
hyperemia of facial skin, neck and upper parts of the chest (the “hood” symptom). Mucous
membrane of the throat is hyperemic and sclera vessels are injected. Sometimes, hemorrhagic
rash may be noted on the hyperemic conjunctivas. In some patients, the disease onset may be
gradual, and prodromal signs (weakness, malaise, catarrhal signs in the upper respiratory
tracts) may develop 2-3 days prior to the disease. No significant changes are seen in internal
organs during the initial period. Moderate brachycardia is possible, and some patients may
develop dull lumbar pains and the Murphy’s punch sign. Meningism manifestations may occur
relatively rarely with severe forms.
The oliguric period lasts from the 2nd to 4th through the 8th to 11th day of the disease. The body
temperature remains at 38-40oС until the 4th to 7th day of the disease. Still, the lower body
temperature does not incur any improvement in the patient’s state, and what’s more, it even
deteriorates. The most typical manifestation of the oliguric period is lumbar pain of varying
intensity (sometimes they begin at the end of the initial period). Cessation of pains later than on the
5th day of the disease, with expressed fever and intoxication symptoms, casts some doubts on the
HFRS diagnosis. One or two days after lumbar pains begin, most patients vomit, sometimes more
than 6-8 times a day. The vomit is not associated with food consumption or drug administration.
Abdominal pains appear at the same time, and abdominal bloating is often observed. The abdomen
is tender (retroperitoneal hemorrhages), and the liver and spleen enlarge occasionally. If examined
in this period, the skin is dry, the face and neck are hyperemic, and hyperemia of mucous
membranes in the throat and conjunctivas persists. Slight swelling of the upper eyelid may be
observed, and sclera vessels are injected. Hemorrhagic symptoms appear.
The thrombo-hemorrhagic syndrome of varying intensity develops only in a half of patients with
a more severe HFRS course. First and foremost, signs include increased angiasthenia
(tourniquet test; more objective data can be obtained after Nesterov’s test to determine vessel
resistance). It is followed by appearance of petechiae (in 10-15 % of patients), macrohematuria
(in 7-8 %), intestinal bleeding (around 5 %), bruises on injection sites, nosebleed, scleral
hemorrhage, and very rarely, vomit and sputum are stained with blood. Gingival and uterine
bleeding is not characteristic. Frequency of hemorrhagic manifestations depends on the
severity of the disease – they are most often observed in the severe (50-70 %), moderate (3040 %) and mild (20-25 %) forms. During epidemic outbreaks, hemorrhagic signs are seen more
often and are expressed more acutely.
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Characteristic manifestations of the disease include renal injury, which is expressed in the form
of face puffiness, eyelid pastosity, positive Murphy’s punch sign (to be checked carefully as
strong punching and careless transportation of patients may result in kidney rupture).
The polyuric period begins on the 9th to 13th day of the disease. Vomiting stops and lumbar and
abdominal pains gradually disappear. Sleep and appetite normalize; the daily quantity of urine
increases (up to 3-5 l), weakness and dryness of the mouth remain. The convalescence period
begins gradually (on the 20th to 25th day).
Depending on the clinical course of HFRS, the disease has three forms: severe, moderate and
mild.
The severe form includes all cases characterized by the acutely expressed hemorrhagic
syndrome, acutely expressed failure of the urine forming and excretory functions of the kidneys
(with development of short one-day anuria), expressed organic impairment (hemorrhages) of
the central nervous system, as well as severe life-threatening consequences (kidney rupture,
intestinal obstruction syndrome, etc.).
The moderate form includes HFRS cases with consistent development of all phases of the
disease process. But even in the organic impairment period or with renal failure, the level of
pathological changes does not usually become life-threatening – despite expressed clinical
symptoms. It means that with clear hemorrhagic manifestations, there are still no massive
hemorrhages in internal organs and the central nervous system. The third period is
characterized by expressed oliguria, but it never develops to anuria.
The mild form of HFRS includes cases which actually do not develop the third period, while the
second period of hemorrhagic manifestations is hardly expressed. Fever is low, and no
complications occur.
Normally, HFRS has to be differentiated from a number of other acute infectious diseases. In
the first period, HFRS is difficult to differentiate from influenza. Common clinical symptoms of
both diseases include high fever, headache, hyperemia of face, and leukopenia. However, acute
painfulness in the anticardium and lumbar regions, and changes in urine and blood will attest to
HFRS. The properly collected epidemiological anamnesis will help diagnose HFRS. Usually, 2-3
weeks prior to the disease, most patients’ case histories record their stay in a wood or out in
the field. The occupational composition of patients can also confirm the diagnosis because i.e.
hunters, fishers get infected most often.
Differential diagnostics is most difficult to make between HFRS and anicteric leptospirosis (field
fever) because both diseases occur in the same area. Most often, the anicteric leptospirosis
infection occurs in the summer and is associated with swimming in oozy rivers and lakes. The
disease cases are usually numerous and oftentimes have a mass scale.
Differential diagnostics between HFRS and epidemic encephalitis is difficult to make, too. The
tick-borne encephalitis incidence peak occurs in April-July, and traces of tick bites are of
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diagnostic significance. Clinical signs include various degrees of impairment of consciousness
and manifested meningeal events.
Patients with presumptive, probable or confirmed HFRS have to be reported according
following case definitions.
The presumptive case of HFRS is characterized by general manifestations – acute severe
disease accompanied by:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

High fever,
Intoxication,
Hyperemia of face, neck and upper body,
Insomnia,
Hemorrhagic syndrome (petechial skin rash, bleeding, hemorrhages, thrombocytopenia),
Organ manifestations – acute renal failure, with the following signs:
Lumbar pain,
Costovertebral angle tenderness (Murphy’s punch sign),
Vomit,
Abdominal pain,
Face puffiness, eyelid swelling (with small hemorrhages on upper lids),
Oliguria, sometimes anuria,
Proteinuria,
Micro- or macrohematuria,
Hyperazotemia.

The probable case of HFRS. The case with signs matching those of the presumptive case plus
epidemiological link with the confirmed HFRS case: stay 6 weeks prior to the disease in an area
prevailed by rodents which are potential virus carriers, or an area where human or animal HFRS
cases are registered, and direct or indirect contact with rodents or their excretions.

The confirmed case of HFRS is defined by at least one of the following:
•
•
•
•

Detection of IgM or IgG antibodies by ELISA;
Positive result in real-time RT-PCR;
Virus isolation;
Detection of the antigen from pathological samples by the immunohistochemical method.

2.5.3.2

TREATMENT

Today, there is no specific etiotropic therapy for HFRS, and treatment is mainly symptomatic
and nosotropic. The fever period requires early hospitalization, complete bed rest, detoxication
therapy, and use of drugs that improve resistance of the vascular endothelium. In the oliguric
101

2 Natural Sources of Biological Hazard

phase, prescriptions include salt-poor human albumin transfusions, hemodesum, 5 % glucose,
normal saline (with control of the daily volume of parenteral-administered liquid and urinary
output). To ease pains, lytic cocktails include analgin, and in case of a shock – noradrenaline in
small doses. In case of acute circulatory insufficiency, prescriptions include cordiamin,
corglyconum, polyglucin, and oxygen. Treatment of acute renal failure is in most cases limited
to regulation of the fluid and salt balance, and a salt-free diet. Hemodialysis is prescribed for
the severe HFRS course (uremia, hyperkalemia, cerebral and pulmonary edema). In the polyuric
phase, treatment aims to regulate the water-electrolytic balance.

2.5.3.3

PREVENTION OF HEMORRHAGIC FEVER WITH RENAL SYNDROME

Specific prevention of HFRS includes vaccination of people. To date, the WHO Expert
Committee on Biological Standardization has given permits to use the following of the 15
known vaccines:
•
•
•
•

Hantavax – commercial cerebral vaccine, made in South Korea and based on the cerebral
tissue substrate from laboratory suckling mice, infected with the Hantaan serotype.
PMB-SEO – cerebral vaccine, developed in Japan and based on the cerebral tissue substrate
from laboratory suckling mice, infected with the Seoul serotype.
GHK-SEO – culture vaccine, made in China and based on the primary cell culture substrate
from the golden hamster’s kidneys, infected with the Seoul serotype.
MGK-HTM – culture vaccine, made in China and based on the primary cell culture substrate
from the Mongolian gerbil’s kidneys, infected with the Hantaan serotype.

Non-specific preventive measures carried out within the focus include: medical workers’
awareness of this infection; monitoring of rodents’ population and reproduction in the most
active foci and forecasting; barrier deratization within the focus; house deratization in the fallwinter period (October-January); regular identification of the virus serotype circulating in the
most active foci; and an extensive sanitary awareness campaign for the people under the risk of
infection.

2.6

BRUCELLOSIS

2.6.1

GENERAL INFORMATION ON BRUCELLOSIS

Brucellosis is a zoonotic infection with anthropogenic nidality, distributed around the world.
The disease is caused by different species of the genus Brucella (Br.) of the family Brucellaceae
(Rhizobiaceae – Vasyurenko et al., 2008). In view of public and veterinary health Br. melitensis,
Br. abortus, Br. suis, Br. canis, Br. ovis and Br. maris are important.
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The brucellosis infection in livestock incurs significant economic damages. Animal brucellosis is
marked by infectious abortions in cattle. With regards to wild animals, brucellosis has been
detected in buffalo, elks, caribou and some other deer species. It has also been registered in
dogs, coyotes and rodents.
Almost all human infection cases originate from infected animals. Alimentary transmission
occurs because of consumption of undercooked milk, cheese and other dairy products from
animals sick with brucellosis. Infection can also occur through consumption of meat and meat
products.
Direct transmission occurs after contact with infected animals or their excretions, as bacteria
penetrate through cuts or scratches on the skin.
Transmission by air is possible, after inhalation or contact with the conjunctiva.
Human brucellosis may have the form of acute, subacute, or chronic infection.

2.6.2

EPIDEMIOLOGICAL SITUATION IN KAZAKHSTAN

With regard to brucellosis occurrence and incidence rates in humans and livestock, Kazakhstan
is considered to be a “hyperendemic” country as it registers more than a half of all human
brucellosis cases reported in the former Soviet countries annually (Syzdykov et al., 2003).
The brucellosis epidemiological situation has deteriorated due to recent social and economic
changes in the country’s agriculture, disintegration of large livestock enterprises that had
earlier been covered with veterinary services, an increasing share of animals (especially, sheep
and goats) on privately-owned farms, free trading of animals and their products without
compliance with veterinary and sanitary regulations, and lack of veterinary and sanitary
surveillance of animal entities (Baiyekeyeva, 2002).
The epidemic process is based on geographical, natural and social conditions. The incidence of
brucellosis in humans is highest in the southern oblasts of Kazakhstan: Kyzylorda, Zhambyl,
Almaty and Southern Kazakhstan. They are characterized by intensive trade links, both interoblast and international, which adds to the spread of infection thanks to cattle trade and drive.
Since the country’s south has always been affected by epidemics, the question is to what extent
natural, climatic, and environmental factors drive infections with Brucella spp.?
Potential impact of natural and climatic factors on the brucellosis epizootic dynamics in
livestock has been noted by Zinovyev (1969) – he stated that the success of brucellosis
elimination depends not only on specific veterinary, sanitary, organizational and economic
activities but also on natural, climatic and economic conditions of the farms. Based on that
concept, he singled out three natural-climatic zones which differ from each other by climaticlandscape conditions and economy management practices:
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•
•
•

Steppe farming and stock-rearing zone;
Dry steppe farming and stock-rearing zone; and
Semi-desert stock-rearing zone.

Apparently, climatic and geographical factors have an indirect impact on the incidence of
brucellosis through their influence on human economic activity. And yet, the combined impact
of natural and economic conditions may add to the spread of brucellosis in a specific area,
which must be accounted for when implementing brucellosis control operations. For instance,
Baiyekeyeva (2002) singles out three zones within the Southern Kazakhstan Oblast, based on
their endemic potential: high (48.64−149.1 per 100,000 people), moderate (24.0−47.8 per
100,000 people) and low (0.8−23.9 per 100,000 people) human brucellosis morbidity rate.
A comprehensive analysis of the epidemic process owes to the universal social and ecological
concept of the epidemic process, offered by Cherkasskiy et al. (1988). The impact of social and
environmental factors on the brucellosis morbidity rate in humans and animals has been
studied in every detail in Kazakhstan (Amireyev, 1989). Such studies clearly demonstrated the
interrelation and interdependence between various levels of the epidemic process. Natural
factors are known to affect biological properties of the pathogen and, consequently, prevailing
interaction mechanisms in the “parasite – host – environment” system (Cherkasskiy, 1981).
In brucellosis-affected entities, morbidity occurs in all age groups, mostly among persons of the
productive age (21−49 years old). However, some years witness a slight reduction in the share
of persons of the productive age and an increase in morbidity of younger persons, especially
children under 14 years old. In recent years, due to disintegration of collective farms and
transfer of cattle-breeding to the private market-based management, no occupation-related
cases have been seen; in other words, brucellosis strikes all of the population who possess
cattle on their farms (Syzdykov, 1997).
The epidemic well-being depends on the infection prevention measures in animals and
elimination of epizootic foci should they occur, as well as development of potent and safe
immunoprophylactic drugs to prevent human brucellosis. Chemical and inactivated corpuscular
vaccines against brucellosis have a number of advantages. However, they are still in their
experimental trial phase and have not been introduced in clinical practices (Tsirelson, 1992).

2.6.3

LABORATORY DIAGNOSTICS OF BRUCELLOSIS

Three groups of methods are used for laboratory diagnostics of brucellosis in humans:
•
•
•
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Tests to identify the organism’s sensibilization to brucellosis antigens.
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Bacteriological method. The genus Brucella is characterized by slow growth on media,
especially in first generations. In blood, marrow and urine passages, Brucella cultures can be
detected in 5-10 days, or sometimes in 20-30 days after culturing. The following growth media
are used: serum dextrose agar, liver and meat-and-peptone agars and broths (pH of media – 6.8
to 7.2), erythrol agar, etc. Passages must be made on pre-checked growth media. Blood
passages are recommended when the patient is in the febrile state because this period is
characterized by the highest percentage of culture isolation. However, a hemoculture can also
be obtained at normal temperature. Blood for passaging should be collected before antibiotic
therapy starts. The passages are kept in an incubator for at least 35-40 days. Brucella could also
be isolated from the bone marrow, urine, cerebrospinal fluid, exudates (in bursitis), breast milk,
bile, sputum, cadaveric samples, etc. Passages are made on solid and liquid media. When
testing a contaminated sample, gentian violet should be added to the medium at the rate of
1:200,000 to inhibit growth of extraneous microflora. For that purpose, different antibiotics are
also added, e.g. polymyxin (3 µg/ml) and amphoglucaminum (3 µg/ml).

Biological method. Guinea pigs and white mice are used to isolate Brucella spp. from samples
contaminated with extraneous microflora and with low concentrations. White mice are
necropsied in 20-25 days, and guinea pigs – in 30-35 days after administration of the test
material. Prior to necropsy, blood should be collected from guinea pigs’ heart to test the serum
with agglutination test. Heart blood, urine and marrow passages are made with a sterile pipette
directly onto growth media (agar and broth). It is recommended to incise the animals’ lymph
nodes with scissors prior to passaging. The remaining passage materials are transferred into a
tube with broth. Passages are kept in the thermostat at 37oC with CO2 for 20-25 days. Passages
in tubes with agar and broth are checked for growth every 3-4 days. Repassaging is done from
opaque broths into tubes with slant agar. The test result will be positive if at least one Brucella
colony is isolated from the animal’s organism, or if the Wright’s test is positive with a titer of at
least 1:20.
Identification of the isolated cultures as those belonging to the genus Brucella includes the
study of colony morphology and Gram or Kozlowski stained preparations, luminescent
microscopy, and specific serum slide agglutination test.
Brucella culture identification is followed by its species differentiation. In Kazakhstan, the goatsheep species, B. melitensis, is prevailing and most epidemiologically significant.

Immunological and molecular biology tests to identify Brucella and their antigens. Since
Brucella are slowly growing microorganisms, the final result of bacteriological and biological
test methods could be expected only in 3-5 weeks. The following tests are used: DIFT, ANT,
ELISA, as well as PCR.
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Specific antibody identification methods. Several serological methods are available for the
detection of brucellosis.
The following methods are recommended for human epidemiological surveillance in brucellosis
natural foci:
•
•
•
•

Plate agglutination test (Huddleson test);
IHAT;
ELISA;
Burnet patch test.

Examination of people prior to preventive vaccination utilizes plate agglutination test
(Huddleson test) or ELISA, and Burnet patch test or erythrocyte lysis test. Diagnostics of acute
and subacute brucellosis utilizes bacteriological tests, agglutination test and PHAT. For negative
results, Coombs’ test is used for chronic brucellosis in order to detect incomplete antibodies.
ELISA can be used to diagnose all forms of the disease without chronic brucellosis and to
implement human epidemiological survey.
With regard to their diagnostic significance, serological tests and the patch test are not equal in
various disease periods, and therefore can replace each other. This necessitates use of a
comprehensive sero-allergic method, being the most reliable way in brucellosis diagnostics.

Brucella indication in environmental objects, food and pathological samples. The
bacteriological and biological methods described above are the most valid way to detect the
brucellosis pathogen in food, water and pathological samples. For rapid detection of the
brucellosis pathogen in primary inoculations, food, water and pathological samples besides
microscopy, DIFT, ANT, and ELISA the PCR is recommended. Identification of Brucella DNA in
various objects utilizes PCR based on multiple copying (amplification) of a specific fragment in
the DNA target, which is a marker for this species. PCR features high sensitivity and is capable
of identifying 100-1,000 bacterial cells in a sample. A distinct advantage over immunological
tests on detection of the Brucella antigen is high specificity of PCR (there is no cross-reaction
with DNA of E. coli, V. cholerae, Brucella, Y. enterocolitica 0-9, Y. pestis EV, S. typhimurium).
Genus and species specific PCR assays are available to identify DNA of all Brucella species,
including vaccine strains. This has to be considered in brucellosis-endemic areas where animals
are vaccinated with live brucellosis vaccines that could infect the maintenance personnel.

2.6.4
2.6.4.1

CLINICAL DIAGNOSIS AND TREATMENT OF BRUCELLOSIS
CLINICAL DIAGNOSIS

Patients meeting following case definitions of brucellosis have to be reported in Kazakhstan:
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The presumptive case of acute brucellosis is diagnosed for an acute disease accompanied with
a characteristic undulating fever continuing for more than five days and at least four of the
following signs:
•
•
•
•
•

Chills and sweating;
Increased fatigability and malaise;
Hepatomegaly;
Osteoarticular and nervomuscular pains;
Polyadenopathy.

The presumptive case of chronic brucellosis is diagnosed for a chronic disease with a long (more
than six months) and cyclic course, with no alternative diagnosis, and characterized by at least
five of the following signs:
•
•
•
•
•
•
•

Cyclic, often subfebrile body temperature;
Excessive sweat, chills;
Pain syndrome (neuroarthromyalgia);
Arthritis and/or sacroileitis and/or spondylarthritis;
Myositis and/or neuritis;
Polyadenopathy;
Hepatomegaly.

The probable case for all forms of brucellosis is diagnosed when signs match those of the
presumptive case plus at least one of the following signs:
•
•
•
•
•
•
•

Participation in lambing;
Exposure to animals;
Meat cutting and processing;
Consumption of raw milk or home-made dairy products;
Consumption of undercooked meat;
Epidemiological link with a known brucellosis outbreak or confirmed human brucellosis
case;
Positive result in agglutination test.

The confirmed case is diagnosed when at least one of the following is present:
•
•
•

Isolation of Brucella spp. from a blood sample or another clinical sample;
Positive real-time PCR result;
Agglutinating antibody titer to Brucella in one or more blood serum samples collected from
the patient after the disease onset >/= 1:160, or at least four-fold increase of titer in paired
sera;
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•

Agglutinating antibody titer < 1:160, and at least a positive result in one of the following
tests:
- Isolation of IgG and/or IgM antibodies against Brucella spp. in ELISA;
- Positive result in 2-mercaptoethanol test by complement fixation;
- Positive result in Coombs’ test (antiglobulin test), detection of IgG antilipopolysaccharide antibodies;
- Counter immunoelectrophoresis with water-soluble proteins.

2.6.4.2

TREATMENT

Treatment of acute brucellosis. Etiotropic drugs used for brucellosis include: tetracyclines
(tetracycline, doxycycline), amino glycosides (gentamicin, kanamycin), levomycetin
(chloramphenicol) and rifampin. Brucella sensitivity to the 2nd generation macrolides
(spiramycin, azithromycin) is proved; however, there is lack of clinical observations that would
confirm their efficiency.
Selection of antibacterial medications should consider that Brucella demonstrate intracellular
survival in acidic environment by phage lysis (pH 5), thus being protected from the
microorganism’s specific and non-specific protective factors. Azithromycin (a macrolide),
fluoroquinolones and streptomycin show high activity against Br. melitensis with neutral pH (7),
but not with acidic pH (5); besides, streptomycin, does not penetrate intracellularly. At the
same time, doxycycline and rifampicin retain their Brucella activity with acidic pH (5), and hence
should be viewed as treatment of choice. When determining the therapy duration, one should
remember that, irrespective of pH value, the ofloxacin (a fluoroquinolone) – rifampicin
combination demonstrates lower synergistic action than the rifampicin-doxycycline
combination (Figueroa et al., 1995; Akova & Livermore, 1999).

Detoxication therapy. General disorders caused by specific intoxication, water-electrolytic
disbalance (water and electrolyte loss with sweat) necessitate prescription of detoxication
therapy and correction of fluid and salt loss. For that purpose, brucellosis patients are offered
abundant drinking of tea, mineral drinks, 5 % glucose solution, potassium-based medications
(panangin, potassium orotate), as well as plant and dairy products containing sufficient
amounts of liquid and minerals.
Detoxication involves intravenous drip-feed of hemodesum or rheopolyglucin, 400 ml 2-3 times
a week (for children, hemodesum 7-10 ml/kg, rheopolyglucin 10 ml/kg). Drip-feed of 5 %
glucose solution (500 ml, for children 10-15-20 ml/kg) or polarizing solution (10 % glucose
solution 500 ml, panangin 10 ml, insulin 4 IU) is used for the same purpose, in combination with
one-shot administration of 100 mg cocarboxylase and 5-10 ml 5 % ascorbic acid solution.
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Anti-inflammatory therapy. With serous productive inflammation (arthritis, tendovaginitis,
synovitis, bursitis, orchitis, myocarditis, etc.), indicated medications includes acetylsalicylic acid
and pyrazolones (phenylbutazone, rheopyrin, amidopyrine).
Acetylsalicylic acid is more potent than pyrazolones, and inhibits exudative processes. It is
therefore effective at earlier stages of the inflammatory process. It is used at 500 mg, 4 single
doses (for children, single dose of 10 mg/kg, daily dose – 40-50 mg/kg) for 10-15 days,
depending on the clinical effect.
Phenylbutazone should be prescribed for arthritis, sacroileitis, spondylitis, neuritis and
neuralgias, in the dose of 150 mg 3 times a day for 10-15 days. Also, 5-10 % phenylbutazone
ointment is used for local applications.

Immunomodulatory therapy.
•
•
•

•

Thymogen (oglufanidum), for intramuscular administration, 1 ml (100 µg) per day for 5
days;
Tactivinum, for subcutaneous administration, 1 ml (100 µg) for 10 days;
Vitamin A is prescribed for a flaccid course of acute brucellosis in patients with reduced
reactivity and concomitant diseases. It is taken at 3,300 IU (3 drops), 3 single doses per os,
for 10-12 days;
Bendazol, methyluracil and sodium nucleate are taken in regular therapy doses for 10-15
days.

2.7

RABIES

2.7.1

GENERAL INFORMATION ON RABIES

Pathogen. Rabies (hydrophobia) is an especially dangerous viral disease of animals and
humans, characterized by nervous system impairment and 100 % lethality. It is one of the most
common zooanthroponoses.
The rabies virus (Neuroryctes rabid) belongs to the myxovirus group of the genus Lyssavirus,
family Rhabdoviridae. It is detected in the saliva, tear-drops and urine.

Transmission. Human infection occurs through bites by sick animals, and also if their saliva gets
on damaged skin or mucous membrane. The virus replicates almost exclusively in the grey
matter, and then spreads backward along vegetative nerve fibers – into salivary glands, adrenal
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medulla, kidneys, lungs, liver, skeletal muscles, skin and heart. Virus reproduction in mucous
secretory cells of salivary glands causes further infection transmission with saliva.
In recent years, the airborne, alimentary (through food and water) and transplacental (through
the placenta during pregnancy) virus transmission routes have been described. Human
infection cases resulting from organ transplants are debatable and raise a lot of discussions.

Clinical picture. The incubation period is 30-50 days on average, but can also last for 90 or more
days, and in rare cases – for more than 1 year. Notably, the farther the bite wound is located
from the head, the longer the incubation period is. Special danger is posed by bites in the head
and arms, and generally when children get bitten.
The disease has three stages: I - prodromal, II – excitative (“furious rabies”), III – paralytic (postfurious). The initial (prodromal) stage begins with general malaise, headache, slight increase of
the body temperature, muscular pains, dryness of the mouth, lack of appetite, sore throat, and
dry cough; nausea and vomiting may also occur. Discomfort develops in the bite site – a burning
sensation, reddening, dragging pain, itching, and hypersensitiveness. The patient looks
depressed and withdrawn, rejects food, and develops unexplainable fear, anguish, anxiety,
depression, and rarely increased irritability. Insomnia, nightmares, olfactory and visual
hallucinations are also characteristic in this stage.
In 1-3 days, the rabid patient develops the second, excitative, stage. It is characterized by
uneasiness, anxiety and most characteristically episodes of hydrophobia. A sense of horror and
spasms of the pharynx and larynx muscles develop if the patient attempts to drink, and soon
even at the sight and sound of running water. Breathing becomes noisy and is accompanied by
pains and convulsions. At this stage, the patient becomes irritable, agitated and very aggressive.
During the attacks, rabid patients yell and thrash about. They can break the furniture showing
unusual physical strength, and throw themselves on other people. Excessive sweating and
salivation is observed, which makes it difficult for patients to swallow the saliva, and hence they
constantly spit it out. This period usually lasts for 2-3 days.
This is followed by the third stage of the disease, characterized by tranquillization – the fear
and attacks of hydrophobia disappear, and the hope of recovery appears. Then the body
temperature rises up to 40-42oC, followed by paraplegia and multiple cranial nerve palsies,
impairment of consciousness, and convulsions. Death results from respiratory paralysis or
cardiac arrest. The disease, therefore, rarely lasts for more than a week.
Once clinical symptoms appear, treatment of rabid patients does not end in a positive result,
and they die. But there are exceptions from this rule.
In 2005 a 15-year-old American teenager Jeanna Giese with rabies symptoms had been reported to
survive an infection of rabies unvaccinated. She was placed into an induced coma upon onset of
symptoms and given drugs stimulating the organism’s immune activity.
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In October 2008, a child in Brazil developed symptoms of rabies, and was hospitalized. Doctors used
a combination of anti-viral medications, sedatives and injectable anesthetics. After a month of
treatment, no virus was found in the boy’s blood, and the child recovered.
In June 2011, doctors of a children’s hospital at the University of California were reported to cure an
eight-year-old Precious Reynolds from rabies (www.promedmail.org).

Preventive treatment. Prior to manifestation of clinical symptoms, treatment includes local
wound dressing, administration of the rabies vaccine or simultaneous administration of the
rabies immunoglobulin and the rabies vaccine. Immunization doses and schedules are similar
for both children and adults.
The treatment course is prescribed irrespective of the date of seeking medical advice – even a
few months after contact with a rabid suspect or an unknown animal. Persons who completed
the full vaccination course not longer than a year ago are prescribed three vaccine injections of
1.0 ml on the first, third and seventh days. If more than a year had passed, or if they had had an
incomplete immunization course, the full vaccination course (for 90 days, according to the
schedule) and immunoglobulin administration (as indicated) is prescribed.
There are no counter-indications to treatment and preventive immunization.

Preventive vaccination. Vaccinations against rabies are applied to:
•
•
•
•
•

Employees of animal control services (catchers, drivers, hunters, foresters, etc.);
Employees of veterinary stations involved in animal disease control and exposed to animals
(veterinarians, paraveterinary workers, laboratory assistants, junior researchers);
Employees of research institutions and diagnostic laboratories involved in rabies studies
and tests;
Employees of vivariums and other animal-handling facilities;
Employees of health facilities with a high risk of infection (autopsists, specialists involved in
parenteral interventions of rabid patients).

All vaccinations must be documented. A person’s refusal from vaccination must be documented
in presence of eyewitnesses and confirmed by the signature of a medical facility’s manager. It is
worth mentioning that accounting of preventive vaccination against rabies in risk groups is
unsatisfactory.
According to the WHO and OIE (Office International des Epizooties), rabies is registered in more
than 111 countries. It is the cause of death for over 55,000 people and over 1 million animals
annually. Susceptibility of domestic and wild animals to the disease and its extreme danger to
humans determine the social and economic significance of rabies and draw close attention to
veterinary and human health medicine (Aikimbayev et al., 2013b).
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2.7.2

EPIDEMIOLOGICAL SITUATION IN KAZAKHSTAN

In most regions of Kazakhstan, the epizootic situation of rabies is extremely complicated –
natural foci of the infection have become active, incidence has increased in different species of
animals, and lethal human cases are registered every year (Aikimbayev et al., 2012a).
In spite of the activities carried out, rabies in animals still cannot be eliminated, and therefore
its outspread.
The country has 14 natural foci of varying activity, with an area of more than 20% of the
country’s total area.
According to research data, human incidence in Kazakhstan is not related to natural foci or
morbidity in wild animals but rather coincides with rabies occurrence in dogs and cats
(Zholshorinov et al., 2014a).
Natural foci are characterized with the expressed multiple-host factor, permanence, activity,
and a tending expansion to new areas, including the agricultural landscape.
The epidemic potential is mostly manifested by anthropurgic foci of the rabies infection. In 6091 % cases, human infection results from contact with dogs, most often stray dogs.
Rabies infection cases occur throughout the year, but most of them occur between JulyDecember (82.1 %).
Diagnosing patients causes some challenges. Oftentimes, the disease is presumptively
diagnosed e.g. as acute respiratory viral infection, hypertension, chronic alcoholism, botulism,
allergic reaction, pyelonephritis, laryngotracheitis, appendicitis, diabetes mellitus, bronchitis,
and prostatitis.
The longest incubation period for rabies (224 days) has been registered in a patient with dog
bites in the fingers, and the shortest one (21 days), with a bite in the right ear, nose and lip.
The total duration of the disease is 2 to 16 days.
If a case of rabies is suspected, medical workers must immediately report it (expedited report,
telephone message) to the territorial body of SSES and to the veterinary service.
If rabies is highly suspected, animal owners, employees of forest management and
conservation entities, game management bodies, national parks, and natural reserves
immediately inform the veterinaries and send a fresh body or head of a small animal, and a
fresh head of a bigger animal to the laboratory.
The information will then be urgently forwarded to oblast-level and national services of SSES,
and to the MoH and the Ministry of Agriculture (MoA).
The SPC SEEM has electronic software, Epidemiological Supervision on Rabies, A55, where the
following information is to be entered.
•
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•
•

•
•
•
•
•

Rabies prevention activities;
Anti-rabies activities:
- Anti-rabies activities (hospitalizations, prescribed vaccination, completed course of
immune prophylaxis and vaccine/immunoglobulin treatment);
- Anti-rabies activities (vaccinated on day 0, 3, 7, 14, 30, 90; refused vaccination,
arbitrarily terminated on the …day), no vaccination prescribed);
- Anti-rabies activities (age);
- Anti-rabies activities (bite locale);
- Anti-rabies activities (day medical aid sought, species of animals which bit, scratched or
salivated);
Activities in rabies foci;
Flows of the rabies vaccine and immunoglobulin;
Data from the veterinary laboratory on rabies;
Areas affected with animal rabies (data from oblast-level veterinary offices);
Vaccinations from animal rabies (data from oblast-level veterinary offices).

2.7.3

LABORATORY DIAGNOSTICS OF RABIES

Laboratory tests of samples from rabid patients are carried out in facilities licensed to handle
microorganisms of Pathogenicity Groups I and II. Rabies diagnostics lies in the responsibility of
the veterinary service. Rapid turn-around-times in diagnostics serve as a basis for treatment,
prevention and epizootic control activities. Different methods have been developed and are
used to diagnose and detect the rabies virus: morphological test, diffuse precipitation reaction
in agar gel (DPR), DIFT, and biological assay on laboratory animals. Rabies diagnostics utilizes
DPR, immunofluorescence and ELISA. Current methods of molecular biology and the rabies
fluorescent focus inhibition test (RFFIT) used for characterization of the virus clone are
currently not applied in Kazakhstan.
Historical diagnostics, based on detection of Babes-Negri nodes in the infected brain, gave way
to more sensitive methods of immunofluorescence and ELISA. Although DIFT is to date the
“gold standard” in rabies diagnostics, this method has a number of drawbacks associated with
the need to use luminescent microscopy results and suppression of non-specific luminescence
in pathologically changed tissues. Its disadvantages also include subjective assessment of
results, use of only fresh brain samples for tests, and lack of the quantitative evaluation of the
test.
ELISA is dynamically developing as a test for rapid diagnostics of animal rabies. Its distinct
advantages include performance simplicity and rapidness, high sensitivity, stability of reagents,
capabilities of test quantification and processing of a large number of samples, process
automation, and objective instrument-based assessment of results. Until now, use of ELISA in
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the Republic of Kazakhstan has been restricted with lack of local test systems for ELISA-based
rabies diagnostics and a high cost of imported diagnostic kits. Development and introduction of
a domestic test will allow for active rabies surveillance. Results of such surveillance will allow
adequately assessing the scale of the disease in the Republic of Kazakhstan and undertaking
justified epizootic and epidemic control activities on a timely basis.
While equaling DIFT in sensitivity and specificity, ELISA is devoid of the downsides listed above,
and has now been used more and more for routine rabies diagnostics in many countries of the
world. Of all diverse ELISA versions known today (which differ in the character of the reagents
used and stage sequence), the two-centered solid-phase enzyme immunoassay (SPE) method
was chosen to address the task in research carried out at the Kazakh Ministry of Education and
Science (MoES) Research Institute for Biological Safety Problems. High correlation of the
sandwich-version SPE results with those of the conventional bioassay and DIFT, and the
capability of detecting the virus’s antigen in samples with various degree of decomposition and
irrespective of preserving and fixative agents used, make this test a perfect choice both as an
independent diagnostic method and in combination with the methods described above.
According to different authors, the test threshold varies between 2 and 3 lg MLD50/ml.
Sensitivity of the method may be increased by using mAb based tests. However, identification
of the disease pathogen requires use of anti-nucleocapsid and anti-glycoprotein МА panels for
different antigenic versions of the virus. Therefore, polyclonal antibody based kits are now used
extensively in rabies diagnostics, because such antibodies allow to identify not only unique
epitopes but also common antigenic determinants of antigens of the rabies virus, and thus
improve the test performance. Today, МА panel based SPE is widely used to study relations
between antigenic versions of the rabies virus.
The PCR method has been developed and used for rapid diagnostics of the rabies virus and
identification of lyssaviruses. PCR sensitivity is especially high when primers complementary to
the N gene are used, when the virus’ RNA can be detected in samples containing the virus titer
of 10 MLD50. PCR can be used to detect the virus’ RNA even in decomposed pathological
samples.
PCR has more extensively been used in recent years for diagnostics and monitoring of viral
infections. Today, commonly practiced confirmatory methods include reverse-transcription PCR
(RT-PCR). This method is one of the most accurate tests on detection of the rabies antigen, and
is capable of diagnosing rabies even if the sample has at least one virion. The test is based on
complementary in vitro fill-in of the RNA template using the RNA polymerase enzyme.
However, its procedural methods are complicated, costly and not yet fit for routine use. Use of
RT-PCR with follow-up sequencing of the whole genome or its parts allows to carry out
epidemiological monitoring, study phylogenetic affinity of strains of the street rabies virus,
identify the genotype of new isolates, differentiate fixed and street strains, determine
circulation in geographic areas, identify origin and distribution of different rabies versions,
characterize rabies foci by the pathogens origin, and confirm geographic location of such
versions.
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Therefore, DIFT and SPE are the most suitable modern tests for routine diagnostics of rabies.
Virus isolation for diagnostic purposes and follow-up genetic and antigenic study of the rabies
virus versions is based on pathogen isolation in mice and cell cultures.
Monoclonal antibody based DIFT and SPE are used to study antigenic properties of different
virus versions. The study of genetic properties utilizes RT-PCR with follow-up sequencing of the
pathogens genome.
In humans, laboratory confirmation of the rabies diagnosis is currently possible only post
mortem, based on the following methods: detection of Babes-Negri nodes in the hippocampus
cells; detection of the rabies virus’ antigen in cells using DIFT and ELISA; biological assay
involving the challenging of newly born mice or golden hamsters with the virus from the
patients’ saliva, cerebral tissue suspension or submandibular glands.
Virus isolation from saliva or cerebrospinal fluid, as well as DIFT on corneal imprints or bioptic
skin samples (the upper nape of the neck), is theoretically possible when the patient is still
alive; however, it is difficult to accomplish in clinical practices, so the diagnosis is based on
clinical manifestations of the disease.
SPC SEEM works to implement public health laboratory diagnostics of rabies in humans. This
work necessitates possession of its own samples to investigate human fatalities resulting from
rabies. Differential diagnostics is difficult and incurs tentative diagnoses such as chronic
alcoholism, appendicitis, chronic bronchitis, acute prostatitis, diabetes mellitus, acute
respiratory viral infection, myositis, acute intestinal infection, pharyngitis, bite wound, acute
respiratory disease, acute gastritis, angina, encephalitis, hypotensive crisis etc. (Zholshorinov et
al., 2014b).

2.7.4

RESEARCH AND DEVELOPMENT ACTIVITIES ON RABIES

The MoES Research Institute for Biological Safety Problems has developed technologies to
make parenteral vaccine based on the cultural rabies virus and peroral culture vaccine to
prevent rabies in wild carnivores. It has also improved technologies of making test systems for
rabies diagnostics using DPR, FAT and ELISA, as well as the technology to make inactivated
tissue rabies vaccine.
In 2011, a test system was developed for rabies diagnostics and detection of anti-rabies
antibodies by ELISA (based on anti-idiotypic immunoglobulins).
The institute has also isolated and passportized the rabies virus isolates selected from sheep,
goats, heavy cattle and wild carnivores. Antigenic properties of the isolates have been
researched, and their infective activity has been identified.
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The implementation of following activities should contribute to improve rabies prevention in
the Republic of Kazakhstan:
•

•

•

Surveillance standardization:
- Introduce standard case definitions and classification systems;
- Update epidemiological survey maps;
- Develop laboratory examination algorithms.
Laboratory support of surveillance:
- Fit laboratories with equipment and materials;
- Train personnel on modern test methods;
- Introduce quality control principles.
Analytical efforts:
- Train epidemiologists on current data analysis methods;
- Introduce international standards in epidemiological investigation of outbreaks;
- Computerize the epidemiological surveillance system;
- Improve efficiency of using epidemiological surveillance data to develop prevention
tactics and strategies.

Development of laboratory diagnostics in the public health system is legitimate – despite the
fact that it will basically be providing post mortem conclusions. Still, having such a service in the
public health system is feasible due to challenges in differential diagnostics using clinical
methods, lack of data from the veterinary service on specific incidents, and potential requests
for laboratory diagnostics results by law enforcement authorities.

2.8

CHOLERA

2.8.1

GENERAL INFORMATION ON CHOLERA

Cholera is viewed as a potential biological agent of intentional use due to its effective massscale effect on people in case of an extreme contamination of drinking water sources. However,
in the country’s biological safety system, this disease is extremely important, because when
imported, it requires implementation of epidemic control activities, including quarantine
measures, because this infection can be transmitted from humans to humans. As cholera is an
especially dangerous quarantine disease, we view it in line with other infections significant in
the bioterrorism aspect.
The cholera infection is characterized by development of acute enteritis and accompanied with
intoxication, dehydration and microbe shedding in feces. The name of the disease comes from
Greek words chole – “bile”, and rheo – “flowing”, because the disease was believed to induce
excessive outflow of bile.
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Pathogen. The causative pathogen is Vibrio cholerae, described by Pacini (1854;
(https://fr.wikipedia.org/wiki/Filippo_Pacini). Under the microscope, it is comma-shaped and
has a flagellum at one cell pole, which ensures motility. It is stained with all aniline dyes; it is
Gram-negative, strict aerobe, and grows well on regular media.
Stability of V. cholerae in the environment is relatively low, and it dies at a high temperature. It
withstands low temperatures well, but dies fast in the presence of putrefactive bacteria. It can
survive on underwear for up to 200 days, in milk – 10 days, and in butter – 20-25 days. V.
cholerae can survive for a very long time in some food items (cold dishes) and water. Long-term
survival of V. cholerae in water is considered to be the saprophytic phase in its ecology.
Currently, there are three known groups of cholera vibrios which produce cholera toxin
(choleragen) and can cause the cholera disease.
The first two groups of cholera vibrios are agglutinated with cholera serum O (О1) and belong
to different serovars (named Ogawa, Inaba, Gikoshima).
Some of them are sensitive to the cholera diagnostic phage С, do not lyze sheep erythrocytes,
do not grow in media with 50 units/ml polymyxin added, do not yield positive in
hemagglutination of chicken erythrocytes by the Voges-Proskauer test, and belong to the
classical biotype V. cholerae asiatici. This biotype has not been registered in natural conditions
for more than thirty years.
Other vibrios are sensitive to the cholera diagnostic phage El Tor, grow with polymyxin added,
and yield positive in the Voges-Proskauer test. They do not lyze sheep erythrocytes either, and
belong to the biotype El Tor (V. cholerae eltor). This biotype is a key etiological factor and a
dominant strain in the seventh global cholera pandemic.
The third group of vibrios does not agglutinate with either of 138 diagnostic О sera. They were
named V. cholerae O139 Bengal because they had been isolated in that Indian state in 1992.
These vibrios do not lyze sheep erythrocytes, are sensitive to differential diagnostic phage, and
do not grow with polymyxin added. It is this biotype of the cholera vibrio that is expected to
become a key etiological microorganism in the future cholera epidemics.
Non-O1 cholera vibrios (formerly called non-agglutinating, or NAG vibrios) may cause acute
gastrointestinal distress in humans (mainly, in children), but they pose no epidemiological
danger.
Cholera vibrios possess highly flexible properties and can transform. However, assessment of
their epidemiological significance mostly considers hemolytic efficiency with regards to sheep
erythrocytes. Hemolysis-negative cholera vibrios are considered to be of epidemic significance.

Pathogenesis. Cholera vibrios enter the human gastrointestinal (GI) tract perorally. The chance
and severity of infection depends on the amount of bacteria, the barrier function of the GI
tract, and the microbes’ capability to produce certain types of toxin. The small intestine has the
best conditions for toxin production and reproduction. Development of different clinical
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presentations depends on the type of the toxin produced and its mechanism of action on
epithelial cells in the intestines. Cholera toxin (choleragen) causes stable activity of the
adenylate cyclase cell system with follow-up accumulation of cyclic adenosine monophosphate,
which results in intensive release of water and sodium ions from the cells and simultaneous
disruption of the process responsible for introduction of potassium ions in the cells. Cholera
toxin affects not only transport of water through the cell wall but also transport of molecules of
a much greater size than the water molecule. Therefore, the cholera toxin’s action results in
disorganization of the apical part of the intestinal epithelium. At the same time, it stimulates
crypt cell production and has diarrheal activity.

2.8.2

EPIDEMIOLOGY OF CHOLERA

Human cholera is endemic in many countries, but cores have been identified by restriction
analysis on detection of four toxigenic clones found in the Eastern hemisphere, the USA, Gulf
coast, northern Australia, and Latin America. In countries outside these cores, epidemic
manifestations of the infection begin with introduced cases, and their further outspread
depends on whether the epidemic control measures have been timely and efficient
(Aikimbayev, 1997; Aikimbayev et al., 2002b). The former Soviet countries are not cholera
endemic, and all infections are introduced. In countries with intact drinking water hygiene the
water factor does not play a significant role if contaminated water is used only after boiling or
chlorination. Seafood has a higher content because shellfish pump up to five liters of water per
day through their organisms, and cholera vibrios are concentrated in them. Infection results
from consumption of undercooked mollusks, fish, etc.
Introduction of epidemic cholera in the Republic of Kazakhstan may be all year round due to
lack of its seasonality in the countries where it comes from.
All patients sick with epidemic cholera are dangerous for people around them because cholera
vibrios are excreted on a mass-scale with feces and vomit. The patients’ families and relatives
or other persons in close domestic contact with them (joint use of household articles, food,
water, bathrooms, joint work, etc.) represent the high-risk population.
The last decade (2000-2009) is characterized by ongoing cholera epidemics and outbreaks in
Africa and Asia, and infection carry-overs from endemic foci to not only the neighboring
countries but also the United States, Canada, Europe, Australia and Oceania. According to the
WHO official data, a total of 1,634,809 cholera patients were registered during that period, with
a persisting cholera incidence growth worldwide (http://www.who.int/wer/archives/en/). In
2010, a total of 247,601 cholera patients were reported worldwide.
Countries experiencing natural disasters are especially vulnerable to cholera outbreaks. One of
such natural disasters is the devastating earthquake in Haiti, in January 2010, which claimed
more than 220,000 victims and caused immense damage. First cholera cases in Haiti were
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registered in mid-October 2010, and by as early as December 2010, cases were registered in all
departments of Haiti. The number of patients exceeded 324,299 (as of June 8, 2011), including
5,342 lethal cases. The characteristics of the strain that had caused the epidemic and the late
hospitalization of patients for rehydration therapy were among the most important factors that
accounted for the high mortality rate in Haiti.
To identify the cholera source in Haiti, the Independent Panel of Experts on the Cholera
Outbreak in Haiti carried out epidemiological surveys, molecular analysis, water tests and a
survey of sanitary conditions. The chronology of events and hydrological data, in combination
with molecular analysis results, confirmed that the most probable way of cholera outspread in
Haiti was the contaminated water of the Artibonite River. Contamination of the river tributaries
with the pathogenic cholera vibrio strain caused an epidemic outbreak in the lower reaches and
estuary of the river, and then all over the island. Such a rapid outspread was supported by a
number of other crucial factors: common use of the river water for domestic and housekeeping
purposes; regular contact of agricultural workers with water from the Artibonite River irrigation
system on rice fields; good conditions for fast reproduction of cholera vibrios in the canal
system and the estuary of the river; poor water supply and sanitary services; and lack of the
Haitians’ natural immunity to cholera.
Many medical facilities that provided first aid for cholera patients did not meet safety
requirements and contributed to the cholera outspread, including infection of the medical
personnel. A lot of patients, having been infected, wanted to go back to their villages and thus
contributed to the disease outspread.
Water contamination with the cholera vibrio strain per se would not have been the key factor
of such an epidemic. But poor water supply, sanitary and medical conditions, together with a
suitable set of natural and epidemiological conditions, caused infection of a huge number of
people.
According to the Independent Panel, the infection sources might have been linked UN
peacekeepers from Nepal, as they had been stationed in close proximity to the river. The waste
from the base station had been dumped without any decontamination into a tributary of the
Artibonite River, from which the local villagers took water for domestic use. The Nepalese
troops had arrived in Haiti between October 8 and 12 – a few days before the first cholera cases
occurred in local residents.
The tests of the strains that had caused the epidemic in Haiti, carried out by the CDC and
Harvard University, found out that the Haitian strains were the toxigenic strains of V. cholerae
О1, biovar Eltor, serovar Ogawa (Chin et al., 2011). They have specific genes confirming their
relation to V. cholerae and biovar eltor, and genes of cluster VSP-1, which is a marker of the
seventh pandemic strains. The strains were found to have the gene ctxB of classical biovar,
further classified as ctxB subtype 6 (coding subunit B of the cholera toxin; Choi et al., 2010). The
genetic tests confirmed that these strains belong to the altered versions of V. cholerae eltor,
serovar Ogawa.
119

2 Natural Sources of Biological Hazard

The strains produce the classical-type cholera toxin and possess signs that make them very
similar – but not identical – to the strains circulating in Southeast Asia. Besides, they are not
similar to the strains from the Gulf of Mexico and other parts of Latin America. The Haitian
strains are clonal (genetically identical), which may suggest the point source of the epidemic,
and possess a number of unique properties. This confirms the ongoing evolution of the cholera
vibrio, biotype Eltor, as it moves around continents and countries.
The nucleotide sequence of the gene ctxB of the Haitian strains was found to carry three coding
mutations, as distinct from two in typical strains of the cholera vibrio, classical biovar.
Such genetic polymorphism of the gene ctxB had earlier been observed in Calcutta and Orissa,
India, as well as West African countries (Nigeria and Cameroon), (Kumar et al., 2009; Quilici et
al., 2010).
To a greater extent, the strains isolated in Haiti resembled those from South Asia rather than
African ones – which again demonstrated the South Asian origin of the Haitian strains.
The Haitian strains were compared against those isolated in Nepal, and against other strains
from South Asia. The genetic typing method was used to detect tandem repeats in the bacterial
chromosome, in order to establish differences between the strains. Test results for the strains
isolated during the Haitian outbreak showed their close relation (clonality), which suggested
one possible source of contamination. A thorough analysis of the gene ctxB showed that the
Haitian strains were very similar to those isolated in Nepal in 2009 and to those isolated in
South Asia in the late 1990s. Supplementary old-generation antibiotic resistance genes were
also found in the Haitian strains’ genome. They have reduced sensitivity to ciprofloxacin, and
are sensitive to azithromycin and tetracycline.
Theses cholera strain possess a high pandemic potential, are highly adapted to the
environmental conditions, and show increased virulence – thus, these strains show a greater
potential to cause a more severe course of the disease with a higher mortality rate.
The rainfall season and tropical storms in Haiti resulted in a greater number of patients in the
country’s capital, Port-au-Prince, and its suburbs, and in areas located on the Plateau Central, in
western and southern departments. In the capital, approximately 600,000 people had lived in
refugee camps, with poor sanitary and living conditions and a limited access to good potable. In
Carrefour, one of the national capital’s communes, the rainfall season brought in a new wave of
the disease. This time, the situation was much worse than in the fall of 2010, when no more
than 900 cholera cases had been registered per week, while the new wave claimed more than
300 cases every day.
The epidemic wave rolled out to the Dominican Republic in November 2010. In late January
2011, cholera cases occurred in Venezuela, too. Furthermore, cholera cases were also reported
in the United States, Mexico, Spain, and Canada.
Therefore, the epidemiological situation with cholera in Haiti – according to the 2005 IHR – can
be determined as a public health emergency with international significance. This definition is
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based on the event’s suddenness (for the first time in 100 years), mass-scale casualties in
people – aggravated by the devastating earthquake – worldwide outspread, and the risk of the
epidemic process globalization caused by a new and more virulent strain of the cholera vibrio,
Eltor.

2.8.3

LABORATORY DIAGNOSTICS OF CHOLERA

Laboratory tests include bacterioscopy of Gram-stained and luminescent serum stained smears,
IHAT with the immunoglobulin diagnostic kit which detects the specific antigen in a sample.
The most convincing ones is the bacteriological diagnosis, made when the cholera vibrio is
isolated on the alkali agar. This allows identifying the isolated culture and determining the
strain’s epidemicity and its antibiotic sensitivity.
Bacterioscopy smears are prepared from excrements, vomit matter and environmental objects
where the cholera vibrio is represented by Gram-negative curved bacteria.

Serological tests aim to find specific antibodies and antigens. Test samples include blood
serum, excretions, vomit and cultures of cholera vibrios.
Serological testing methods include orientation agglutination test, volume agglutination test,
IHAT and ANT.

Bacteriological tests. The cholera pathogen has a characteristic feature of growing on the
accumulation medium – 1 % peptone water with рН 7.2-7.4. The other accumulation medium is
recommended to utilize rapid and expedited diagnostics methods which – apart from IFT – also
include FAT, ELISA and IHAT.
Twelve to eighteen hours after culturing on the alkali agar, the cholera vibrio forms smooth,
round, flat colonies, translucent in transmitted light. In the microscope, the colonies are
homogeneous, with even edges and a slightly convex center. At this colony growth stage, the
“crushed drop” smears have visible vibrios with a characteristic “swarm of flies” or “swallow’s
flight” motility of some bacteria. The typical morphology of the colonies and the positive vibrio
immobilization reaction (retardation and loss of activity with introduction of the specific serum
О, Ogawa or Inaba) serve as a basis for the presumptive diagnosis.

Polymerase chain reaction using specific primers detects V. cholerae DNA in tests excrements,
vomit matter and environmental objects.
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2.8.4
2.8.4.1

CLINICAL DIAGNOSIS AND TREATMENT OF CHOLERA
CLINICAL DIAGNOSIS

In case of the hypovolemic exotoxic course of cholera, it manifests acutely with frequent (more
than 10 times a day) loose stools and vomiting. The fulminant dehydration (Grade 3-4) results
in the death of patients who failed to receive adequate nosotropic treatment with fluids.
In the case of normovolemic exotoxic course, cholera immediately manifests with enteric
syndrome with general intoxication, muciferous stool and fecal character (up to 10 times a
day). It is characterized with abdominal pains and tenesmus. Palpation will detect spasms in the
colon and the sigmoid. Nausea and vomiting may develop. Dehydration is not pronounced and,
as a rule, does not exceed Grade 2. Fever response may occur (mostly, in children), subfebrile
temperatures develop more often, and fever (over 38oС) less often, with a remitting
temperature curve.
Signs of enteric toxic syndrome are obvious – loss of appetite, nausea (even vomiting), general
weakness, sweating, chills, headache, less often - impairment of consciousness (retardation,
inadequacy or restlessness). Tachycardia and hypotonia may develop, resulting in Grade 1-2-3
endotoxic shock.
Normovolemic atoxic course is characterized by blurred symptoms and mild course of the
infection. The disease is only characterized by infrequent loose stool up to 3 times a day during
2-3 days.
Subclinical course of cholera lacks any manifested signs of the disease. Such patients can only
be detected during active epidemic control activities with contacts. They are, as a rule,
diagnosed to be the carriers (vibrio carriers).
However, clinical and laboratory examinations of such persons duly find soft symptoms of
cholera: furred tongue, signs of gastritis and duodenitis, cholecystic angiocholitis and colitis.
Antibodies to the cholera vibrio are detected in blood (rising titers in the acute period).

The presumptive case manifests with the following clinical symptoms and signs:
•
•
•
•

Acute onset, normal or subnormal temperature, critical condition;
Sudden, frequent, voluminous watery diarrhea, without tenesmus or abdominal pain or
fecal odor;
Sudden and frequent vomiting;
Symptom complex of hypovolemia and hypovolemic shock.

Also, the following epidemiological data are to be considered:
•
•
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Visits to cholera-endemic countries and within the epidemic zone;
Contacts with acute intestinal infection patients or persons with signs of acute intestinal
infection who died;
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•

Consumption of raw water, unwashed fruit and vegetables in public places.

The probable case – a disease when its clinical and epidemiological signs match the suspect
case of cholera, and the following data are obtained from laboratory tests:
•
•
•
•
•

Characteristic motility of bacteria;
Immobilization of bacteria motility with specific sera;
Positive result of immunofluorescence tests;
Positive result of serological tests for specific antigens and antibodies;
Gram-negative comma-shaped rods in feces and/or vomit.

The confirmed case – a disease in which clinical, epidemiological and laboratory data match the
probable case of cholera, and when cholera vibrio has been isolated.

2.8.4.2

TREATMENT

Depending on main clinical and pathogenetic manifestations, treatment of cholera consists of
nosotropic, etiotropic and anti-shock therapy.
For hypovolemic exotoxic course, nosotropic therapy includes rehydration and detoxication.
Rehydration utilizes balanced salines, and calculation of the volume of the liquid administered
is based on the liquid loss and directly measures the body weight, tests the plasma density,
hemoconcentration, and controls blood ions (above all, sodium, potassium and bicarbonate).
Rehydration therapy for severe hypovolemic course of cholera is an emergency life support
activity that should be completed within 1-2 hours. Detoxication utilizes infusions of colloid
solutions, anticoagulants, and non-steroidal anti-inflammatory drugs. Main detoxication drugs
are also used for anti-shock therapy.

Etiotropic therapy should begin as early as possible and utilize efficient antimicrobial
preparations to include tetracycline antibiotics, levomycetin (chloramphenicol), and
quinolones. As patients with hypovolemic course of cholera are admitted with extensive
dehydration, their therapy should begin with intravenous administration of efficient
medications together with salines. As blood microcirculation recovers, antibiotics may be
administered intramuscularly and later, per os.
Sensitivity of the cholera vibrion cultures isolated from patients must be determined on a
mandatory basis to the treatment drugs. If the pathogens sensitivity is unknown, etiotropic
therapy should utilize at least two antimicrobial preparations. In this case, use of quinolones,
and namely, fleroxacin (Chinodis), is preferable as it has an advantage of a single dose a day.
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In normovolemic atoxic course of cholera, etiotropic therapy utilizes pills perorally. The
treatment course is 5 days. Nevertheless, even atoxic mild course may have various digestive
system disorders. Therefore, right away or after the antibiotic therapy course, medications
must be used to restore the enzyme activity of the alimentary tract and normal gastrointestinal microflora.

In subclinical course of cholera, etiotropic therapy utilizes efficient medications during 3-5 days.

Preventive treatment is prescribed for those who had contacted cholera patients. It utilizes
efficient pills per os for 3 days. Single-dose or even single-day intake is not acceptable for
preventive treatment as this will not guarantee complete sanitation of the organism from the
V. cholerae, and may result in strains developing resistance to the drugs used.

2.8.5

PREVENTION OF CHOLERA

When there is no real risk of introducing cholera into the country, the cholera control activities
include:
•
•
•
•

Information on cholera cases abroad;
Training of medical staff on cholera clinics, diagnostics and prevention;
Drafting of a comprehensive action plan for cholera cases;
Implementation of general sanitary practices aimed to eliminate causes and conditions that
induce introduction and outspread of cholera.

The general sanitary practices must first of all ensure systematic control of water supply and
water sources. Sanitary surveillance must cover food trade, disinfection of latrine facilities and
cesspits, and fly control.
With a real risk of introducing cholera, or the more so, with detection of a case, each case of
gastrointestinal distress must be viewed as potential cholera, and laboratory diagnostics must
be performed for such patient.
The person sick or suspected of cholera must be immediately isolated. All persons who had
contacted the patient will be subject to five-day-long observation and examination for bacteria
carriage. Persons with signs of cholera will be treated for this infection.
A special unit at the infectious disease hospital will be deployed in the affected area, or –
depending on the number of patients – a special hospital and isolation unit.
Convalescent people will be discharged from the hospital after a three-time negative
bacteriological test of feces, within two-day intervals.
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Each cholera or cholera suspected case must immediately be reported to MoH in accordance
with the established procedure.

2.9

CONCLUSION

Thus, the reviewed EDI are significant natural sources of biological hazard in the Republic of
Kazakhstan, and necessitate improved surveillance. Appropriate and well-targeted
implementation of preventive measures requires justified identification of surveillance areas,
consideration of current regional, natural and social factors of their epidemic potential, and an
enhanced interaction between scientific and practicing facilities in order to address the
biological safety issue in a comprehensive way.
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3

SANITARY PROTECTION OF BORDERS

Due to its geographical location within the U.S.S.R. borders and complicated relationships
between the U.S.S.R. and the People’s Republic of China, Kazakhstan has never had any sanitary
quarantine stations on its external borders. Sanitary activities in the country had only been
limited to ensuring preparedness and alert of health facilities should a quarantine infection case
be reported.
Disintegration of the Soviet Union and emergence of new independent countries on its territory
drastically changed the situation in the Eurasian region. The issue of sanitary protection of
areas and borders became a pressing one in 1991-2000, with a severe economic crisis,
formation of new borders, activation of natural foci of especially dangerous infections,
escalation of local military flare-ups in the former Soviet republics, intensive immigration and
emigration processes, chaotic development of new international – above all, by air and by sea –
links with foreign countries, and development of shop tourism within the Commonwealth of
Independent States (C.I.S.).
The growing cargo and passenger flows gave rise to a wave of quarantine infections (first of all,
cholera and malaria) spreading out to the C.I.S. countries, not only from remote foreign
countries but also from the neighboring ones where local military hostilities were in process –
Azerbaijan and Tajikistan.
During this period, the C.I.S. countries began to arduously build border guard facilities, first of
all customs and border stations, followed by sanitary quarantine stations. The current network
of border crossing points includes 30 sanitary quarantine stations on highways, eleven at
international airports and two at seaports. Also, three railway sanitary control checkpoints
were established and equipped (Ospanov, 2010).
Agreements on cooperation in sanitary protection of the C.I.S. areas served as a regulatory
basis for improving the efficiency of sanitary protection.
The interests of Kazakhstan in ensuring sanitary protection are interrelated with those of the
C.I.S. countries. Nosological entities have by now been agreed upon to be covered with sanitary
rules.
The Republic of Kazakhstan took an active part in the work to set up a regulatory background
for the C.I.S. countries.
Close relationships have lately been built between the Republic of Kazakhstan and the Russian
Federation.
In his inauguration address on January 11, 2006 in Astana, President of the Republic of
Kazakhstan N.A. Nazarbayev stated that “…Kazakhstan has completely settled the national
border issues with all of its neighbors – Russia, China, Uzbekistan, Turkmenistan, and
Kyrgyzstan – and fixed that at the international legal level. It is a great success for our country’s
127

3 Sanitary Protection of Borders

foreign policy as it has more than 14,000 kilometers of land borders. We set a high value on the
cooperation and partnerships with all of our neighbors, and are committed to develop them.
Our border security is built on a sound understanding of our international commitments in the
area of energy security, suppression of international terrorism, and establishing of a “good
neighbor and stability belt” along all Kazakh borders”.
The national policy of establishing good relations with all countries sharing the land borders
with Kazakhstan also aims to simplify sanitary epidemiological control procedures to the extent
possible, and provide good – and yet epidemiologically secure – conditions for the C.I.S. citizens
to cross the border.
The quarantine service of Kazakhstan was established on December 24, 1991, when Bakhty, the
very first border checkpoint, was opened on the border between the Republic of Kazakhstan
and the People’s Republic of China, based on Directive #204-r by the Prime Minister of the KZ
S.S.R. Cabinet of Ministers (CoM), (Directive by Prime Minister, 1991; MoH Order, 1992).
In 1992, the Law of the Republic of Kazakhstan On the National Border was adopted. The July
30, 1993 Directive by the KZ CoM, On Measures to Implement the Law of the Republic of
Kazakhstan “On the National Border”, provided appropriate conditions for operation of sanitary
quarantine stations at the national border checkpoints (KZ CoM Directive, 1993).
The situation with cholera had significantly worsened in the early 1990s. Introduction of cholera
was registered in ten C.I.S. countries. In 2003, seventy-eight cholera patients were detected in
Kazakhstan, who had arrived from Pakistan, Uzbekistan and Tajikistan (Temiraliyeva et al.,
2002).
During this period, first Kazakh regulatory norms and documents on protection of the country’s
sanitary borders were drafted:
•

•
•

•

•
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Sanitary rules on protection of the Republic of Kazakhstan from introduction and outspread
of quarantine and other infections dangerous for humans (SanPiN 7-3/7-94), drafted in
accordance with Directive On the Quarantine Service in the Republic of Kazakhstan, by the
CoM of the Republic of Kazakhstan, dated May 31, 1994 (KZ CoM Directive, 1994; SanPiN 73/7-94; Ospanov et al., 2000);
General provisions of medical/sanitary inspection at the Republic of Kazakhstan’s national
border checkpoints (Ospanov et al., 2000);
The regulations of the sanitary quarantine station at the international airlines airport,
approved by Chief State Sanitary Doctor of the Republic of Kazakhstan on July 5, 1994
(Ospanov et al., 2000);
The regulations of the sanitary quarantine station at the international highway at the
Republic of Kazakhstan’s national border checkpoint, approved by Chief State Sanitary
Doctor of the Republic of Kazakhstan on July 6, 1994 (Ospanov et al., 2000);
The regulations of the sanitary quarantine station at the port open for international links,
approved by Chief State Sanitary Doctor of the Republic of Kazakhstan on July 6, 1994
(Ospanov et al., 2000);
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•

•

The regulations of the sanitary quarantine station on the railway transport at the Republic
of Kazakhstan’s national border checkpoint, approved by Chief State Sanitary Doctor of the
Republic of Kazakhstan on July 6, 1994;
The regulations of medical/sanitary inspection at the Republic of Kazakhstan’s national
border checkpoints, approved by Chief State Sanitary Doctor of the Republic of Kazakhstan
on July 6, 1994 (Ospanov et al., 2000).

These regulatory documents are currently the key norms for operation of sanitary quarantine
stations on the country’s borders and contain the following lists, alongside with general
provisions:
•
•
•
•
•
•
•
•

Unified documentation;
Standard kits for sample collection from patients with symptoms presumptive of cholera;
Standard kits for sample collection from food and environmental objects;
Standard kits for delivery of dead rodents to the laboratory;
Specimens of international licenses and certificates;
Pro forma diagrams of operational plans on primary epidemic control activities carried out
by sanitary quarantine stations in case of detecting a patient with a quarantine infection;
Updated charts of emergency communication with managers of the sanitary
epidemiological station;
Updated lists of physicians consulting on quarantine diseases.

In 1998-2000, a total of 30 sanitary quarantine stations were established on the country’s
borders. The total number of sanitary quarantine stations on the country’s borders in 2000 was
33, including 31 sanitary quarantine stations and 2 sanitary control stations on the railway.
Sanitary quarantine control applies to all persons who cross the national border, including
passengers, train crews, crews and personnel of vehicles, and persons who cross the national
border on foot, means of transportation and freight posing the risk for public health.
Sanitary protection of borders and territory of the Republic of Kazakhstan prioritizes the
national laws, and for cases set forth in international agreements and conventions, it is
practiced in accordance with the IHR and agreements between the C.I.S. countries.
International and national expertise is the basis for the global infectious disease control
strategy, as reflected in the IHR which took effect in the Republic of Kazakhstan in 2008.
The purpose and scope of the new IHR, as declared by the WHO, are to prevent, protect
against, control and provide a public health response to the international spread of disease in
ways that are commensurate with and restricted to public health risks, and which avoid
unnecessary interference with international traffic and trade. The main principle is preemptive
risk control aimed at early identification and elimination of an outbreak before an international
threat is formed. The IHR aim first of all at the risks of new infectious diseases, mass-scale noninfectious diseases (poisonings), and known biological threats associated with bioterrorist
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attacks. All these threats for international health care are integrated into the global
epidemiological surveillance object termed as a public health emergency of international
concern. The emergency means an extraordinary event which is determined to “constitute a
public health risk to other States through the international spread of disease” and which
requires or may “potentially require a coordinated international response”.
The decision-making algorithm includes assessment of whether test situations belong to the
WHO-notifiable infectious diseases of List А (IHR). These include smallpox, polio caused by the
wild polio virus, human influenza caused by a new subtype, and SARS. Smallpox is included in
the IHR list as a PBA in the arsenal of biological aggression tools, and polio as a disease subject
to elimination according to the WHO plan. It is due to these reasons that detection of that
pathogen represents a public health emergency of international concern (http://www.who.int).
List B includes infectious diseases requiring use of the algorithm to assess their international
significance. The WHO must be notified of such a disease. They include cholera, pulmonary
plague, yellow fever, viral hemorrhagic fever (Ebola, Lassa, Marburg), West Nile fever, dengue,
Rift Valley fever, and meningococcal disease.
Therefore, the IHR logically prioritize viral infectious diseases in global epidemiological
surveillance and control.
Sanitary protection of borders and territory of the Republic of Kazakhstan from especially
dangerous infections must become not only part of a complex of national activities aimed to
ensure sanitary and epidemiological well-being of people but also an integral part of the
national policy in ensuring the country’s national security.
The latest document on sanitary protection of borders is Resolution #2293 by the KZ
Government On Approval of the Rules on Implementation of Sanitary Quarantine Control of
Introduction and Outspread of Infectious and Parasitic Diseases at the National Border of the
Republic of Kazakhstan and Ensuring Sanitary Protection of Borders and Territory of the
Republic of Kazakhstan, dated December 30, 2009.
Thus, in 1991-2010, the independent Republic of Kazakhstan established the appropriate
regulatory and legal environment and a network of sanitary quarantine and control stations to
ensure an adequate level of sanitary protection of the country’s borders and territory.
However, the ever-growing migratory and transportation flows, emerging new infections, reemerging old especially dangerous infections, and potential bioterrorist attacks necessitate
further improvements to sanitary protection of the country’s borders and territory, which must
comply with international requirements.
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4

RISKS OF INTENTIONAL USE OF BIOLOGICAL
AGENTS

4.1

FORMER FACILITIES THAT USED TO DEVELOP BIOLOGICAL WEAPONS IN
CENTRAL ASIA

Literary sources demonstrate that he Soviet Union used to have a whole system of closed
institution related to BW programs. In this system, the Central Asian republic of Kazakhstan was
one of the implementing parties to that program. Remmington, a specialist from the Centre for
Russian and East European Studies, University of Birmingham, carried out an extensive survey
of BW facilities in the former U.S.S.R. According to him, the Kazakh BW facilities might have
taken the second place in the BW potential within the Soviet Union.
Kazakhstan used to have several facilities directly or indirectly involved in the study of
pathogenic microorganisms and viruses. They include: АО Biomedpreparat in Stepnogorsk,
Akmola Oblast; Scientific Research Agricultural Institute in Gvardeiskiy, Zhambyl Oblast; Central
Asian Research Anti-Plague Institute under the U.S.S.R. Ministry of Health, in Almaty; and the
military proving ground on Vozrozhdeniya Island in the Aral Sea.

Biomedpreparat. AO Biomedpreparat is located 14 km off the city of Stepnogorsk, Akmola
Oblast. The facility was subordinate to Biopreparat, based in Moscow. Construction of its
production buildings began in the mid-1970s. The facility design documentation was based on
the then latest domestic and world developments in the area of industrial biotechnology and
sanitation, and special materials were supposed to be used. In 1990, retrenchment of BW
programs led to the cessation of funding, and the project was shut down.
АО Biomedpreparat has rail and motor access ways, and all types of electrical resources. Main
production facilities have state-of-the-art technological and special systems and auxiliary
equipment to make the product and ensure personnel and environment protection. They are
all linked into one process flow. The core operation of the facility was BW production when the
H-hour comes.
The production buildings were designed and made to perform certain operations in the BW
production process. For instance, Building 211 was designed to make large amounts of nutrient
bases (hydrolysates) and liquid growth media. It therefore had appropriate tanks, process and
auxiliary equipment, a warehouse complex to accept and store dry and liquid raw materials,
and rail access.
Building 221 was designed for microorganism culturing and production of concentrated
suspensions and liquid agents. It was equipped with appropriate systems to ensure the
processes above, and with special personnel and environment protection systems.
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Buildings 241-244 were designed to load finished products made in Building 221. They had
appropriate technological systems to ensure these processes, as well as personnel and
environment protection.
Building 231 was designed to dry and refine microbiological products resulting from culturing. It
had special drying and refinement equipment, as well as appropriate systems to ensure these
processes and protect personnel and environment.
Buildings 251-252 were designed to store finished products. They had technological systems to
ensure the storage process at low temperatures, various types of hoisting and lifting
equipment, and rail access.
Building 600 was designed to carry out scientific research and integrity tests of the products
made. It had technological systems to carry out such operations, appropriate equipment, and
personnel and environment protection systems.
Apart from these buildings, a number of auxiliary buildings were built on the facility grounds to
ensure functioning and operations of the core buildings.
АО Biomedpreparat’s scientific research laboratories had current analytical and pilot
equipment, both locally made and imported, which allowed to carry out experiments at a high
scientific and methodological level.
In 1991, the facility employed more than 700 people. All operations were funded from the
budget. Research was carried out by highly-skilled professionals experienced in handling special
materials.
Experimental research of microbial cultures and culture-based formulations was carried out in
Buildings 221 and 600. No full-scale production had ever been done at АО Biomedpreparat.
After termination of the work, special sanitary and epidemic control activities were
implemented in the buildings. The military-purpose equipment was dismantled and destroyed.
At the same time, these and other buildings were used to carry out research on development of
technologies to make vaccines, diagnostic kits, bioactive substances, antibiotics, plantprotecting agents, etc. Special attention was paid to the development of technologies to make
medications based on genetically modified forms of microorganisms: insulin, Reaferon
(Interferon alfa-2b), etc. The work was done to improve technologies used in production of
biological preparates at Production Association Progress. The research was funded by
Biopreparat Concern (Moscow), the principal customer. However, following disintegration of
the U.S.S.R., funding of many research areas was terminated. This resulted in an extensive
outflow of biotechnology specialists, as some of them moved over to private commercial
enterprises, and others left the Republic of Kazakhstan for good.

Scientific Research Agricultural Institute. The Scientific Research Agricultural Institute (SRAI)
was founded in 1958. It is the country’s only scientific facility of the veterinary virology profile.
It is located in the urban-type residential community of Gvardeiskiy, in the suburbs of Otar,
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Zhambyl Oblast. Unlike the Stepnogorsk complex, design of this facility was based on the
principles characteristic of organizations that handle EDI. The Institute boasts well-equipped
laboratory facilities. Its analytical equipment allows carrying out high-quality fundamental
research in molecular biology and genetic engineering.
The SRAI structure includes the “museum” with a collection of microorganism, viruses, fungi
(including pathogenic ones), and plants, as well as the vivarium, greenhouses, agricultural
implements and vaccine production facilities.
Until 1991, SRAI had been a facility implementing part of the U.S.S.R.’s BW program with
regards to livestock and plants. It was not related to the military test site on Vozrozhdeniya
Island or the Stepnogorsk complex. SRAI studied especially dangerous and little-known
infectious diseases of animals and plants, and developed technologies to make vaccines against
a number of viral infections in animals.

Central Asian Research Anti-Plague Institute under the U.S.S.R. Ministry of Health (CARAPI) in
Almaty, founded in 1949, was part of a system of anti-plague research institutions and APS
under the Chief Office for Quarantine Infections of the U.S.S.R. Ministry of Health (U.S.S.R. MoH
COQI). This system was mainly responsible for implementation of civil epidemiological
inspections, and boasted an extensive network and high-skilled employees. CARAPI managed a
network of field APS in Central Asia in charge of control of especially dangerous infections. The
U.S.S.R. MoH COQI system was not directly related to the BW program; however, some
developments in the areas of genetic research and technologies to obtain diagnostic and
protective medications against EDI (including those by CARAPI) could have been used by
military specialists in their work. Besides, the research process involved an exchange of highlevel specialists between the anti-plague system and facilities included in the Soviet BW
program.

Vozrozhdeniya Island. The military test site on Vozrozhdeniya Island in the Aral Sea was yet
another facility related to the U.S.S.R.’s BW programs. First records of using Vozrozhdeniya and
Komsomolskiy islands in the Aral Sea as a ground to test BW date back to the mid-1930s.
The very first party of 100 people, led by Velikanov, arrived on Vozrozhdeniya Island in the
summer of 1936. The party was equipped with special ships and two airplanes. The party
evacuated from the island in the fall of 1937.
The decision to resume use of the islands as a testing site was made in 1952. The secret military
ground for BW testing opened in 1954 on Vozrozhdeniya and Komsomolskiy Islands in the Aral
Sea. The total area of the test site was a little over 200 km2. Vozrozhdeniya Island was
apparently chosen for testing due to its geographical location. It was situated in the middle of
the Aral Sea. Also, the Aral Sea region is surrounded by vast and sparsely populated desert and
semideserts, which prevents any unauthorized access to the secret facility. The island’s scant
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vegetation, hot and dry climate, and sandy soil heating up to 60°С in summer could have
reduced outspread of pathogenic microorganisms. The island’s location also prevented transfer
of pathogens by animals and insects to the adjacent mainland. The northern tip of
Vozrozhdeniya Island and the city of Aralsk are located within Kazakhstan (the Kazakhs refer to
this part of the island as Mergensai). The greater southern part of the island (approximately
2/3) is located within the territory of Uzbekistan.
The appropriate infrastructure had been built on the Vozrozhdeniya Island test site: a field
research laboratory, power supply facility, airfield, port, residential campus with amenities for
specialists, etc.
The proving ground was situated in the southern part of the island. Biological aerosol spreading
patterns and ways to detect them were studied in the field. Tests were carried out to check
efficiency of aerosol cartridges with different types of BA. The field was rigged with a special
sensor system. Aerosol tests in the field excluded any potential risk of affecting the military
camp located in the north. A special island service was in charge of environmental control.
Buildings of the field research laboratory (PNIL-52) were situated about three kilometers from
the residential compound. The field laboratory had state-of-the-art equipment and a facility
with the biological protection level of Р-3.
According to some publications, a broad range of BW agents were tested on a large scale on the
site, including anthrax, tularemia, brucellosis, plague, Venezuelan equine encephalitis, typhoid
fever, Q fever and botulinum toxin. According to those who had taken part in this dangerous
work on the islands, BW experiments involved horses, monkeys, donkeys, sheep, as well as
laboratory animals such as white mice, guinea pigs and hamsters.
In 1991, the military personnel were evacuated from Vozrozhdeniya Island in the Aral Sea, and
the laboratory was removed from operation. On April 11, 1992, Decree #390 of Russia’s
president officially announced that the test site on Vozrozhdeniya Island was shut down and
that “special structures” in the area would be dismantled, and that the island should be
disarmed within 2-3 years and turned over from Russia to Kazakhstan. Dismantling activities
and BW disarming, according to mass media, began in 1992. In August 1995, Vozrozhdeniya
Island was visited by a team of specialists from the U.S. Department of Defense, who reported
that the field laboratory testing complex had been dismantled, the infrastructure destroyed,
and the island abandoned. In recent decades, the Aral Sea regression has resulted in a merger
of Vozrozhdeniya and Komsomolskiy islands. The island area has increased significantly, and
now exceeds 2,000 km2.
The Aral Sea water loss is a major problem and, according to scientists, may cause an
environmental disaster if the island merges with the mainland. Some types of microorganisms
that had been tested on the site may survive for a long time in soil and other environmental
objects, while others can persist in the organisms of animals which in turn may become sources
of epidemics. According to scientists’ estimates, the island and the mainland may merge by
2010. However, it was as early as at the end of the last year when the southern part of the
island merged with the mainland.
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Until now, Kazakhstan has never used the island’s territory for economic purposes because its
environment status has yet not been finalized. After the last Russian forced abandoned the
island in 1993, Kazakh and Uzbek residents flooded into the island looking for abandoned
machinery or scrap metal. This process is still going on. One should keep in mind that almost
two thirds of the island today belongs to the independent country of Uzbekistan, which over
the last few years has been prospecting the island for oil and other mineral resources.
All BW-related activities – including those carried out on the site – had constituted a state
secret, were securely protected by special services and coordinated directly from Moscow. The
local government might have never been informed about such activities, while the former
government of the republic had been informed in very general terms. Therefore, Kazakhstan
does not possess any specific data on the nature of activities carried out on the site. Up to the
present day, there has been no official information on the issue but rather some unofficial open
publications in foreign and domestic sources. Repeated attempts by Kazakhstan’s Ministry of
Foreign Affairs to get the required data on the test site operations have been unsuccessful.
Russia leaves all requests unanswered.
These attempts to get information on the nature of the tests carried out on the island,
emergencies, dangerous effect on the environment, etc. hardly stand a chance because the
Russian troops abandoned the site almost 20 years ago, Kazakhstan announced shutdown of
the site, and two thirds of Vozrozhdeniya Island is under state jurisdiction of Uzbekistan.
The legacy of the bacteriological test site on Vozrozhdeniya Island and potential dumping of
large amounts of anthrax bacteria – a microbe resistant in the environment – may necessitate
decontamination of dangerous parts on the island.
There are different ways of decontamination, both in situ and that involving soil removal –
although such activities have no significant historic precedent.
In the mid-1980s, the United Kingdom carried out decontamination of its former test site on
Gruinard Island, off the Scottish coast. The United Kingdom had used Gruinard as an open test
site for using anthrax as a bacteriological weapon during World War II. Once the war was over,
soil samples collected and tests performed on an annual basis suggested that sporadic anthrax
cases in animals were related to Gruinard. These anthrax cases owed most probably to sheep
carcasses abandoned between the rocks on the island’s shore in 1942-1943. A monitoring in
1978 showed that three acres of the island’s total area of 550 acres were still contaminated
with anthrax spores in the upper centimeters of the top soil.
By 1985, British scientists had come to the conclusion that 5 % formaldehyde solution diluted in
seawater, used in the amount of 50 liters per m2, was rather effective in destroying anthrax
spores and yet did not degrade soil fertility. In summer 1986, British specialists treated around
10 acres of the island’s territory. A close post-decontamination monitoring showed positive
anthrax infection in nine out of 284 samples taken. After re-treatment of these areas in 1987,
the collected samples did not have any traces of anthrax. After close follow-up observation of a
flock of sheep on the island, the British Ministry of Defense declared the island to be safe for
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animals and human health, and in 1990 the island was repurchased by the heirs of the original
owner (Graham, 1998).

4.2

THE HISTORY OF INTENTIONAL USE OF BIOLOGICAL AGENTS

Fallible mechanisms of control over implementation of the Convention on the Prohibition of
Chemical and Biological Weapons, presumed continuation of developing the BW program by
Iraq, and a number of incidents associated with attempts of intentional use of BA for terrorist
purposes triggered serious concern with regards to potential use of biological objects as a
weapon (Biological and Chemical Terrorism, 2000).
Attempts to use pathogens of infectious disease to infect humans and animals go back into
antiquity. On the threshold of World War II, there were reports on Japan being ready to use BW
against the U.S.S.R. and Mongolia.
Shortly before World War II, at least three capitalist countries (Germany, United Kingdom and
Japan) had had bacteriological weapons. The most intensive biological warfare program had
been developed in Japan. Candidates to be used as a BWA included pathogens of plague,
anthrax and glanders, which had been planned for use in air bombs.
Enteric infections – pathogens of typhoid fever, dysentery and cholera –were planned to be
used for subversive purposes. Some data are available on potential use of plague-infected fleas
by Japan. According to Japanese researchers, the microbe in fleas is better protected from
environmental effects. This type of weapons was successfully field-tested in 1944.
In 1952, the field test program of Dugway Proving Ground (Utah, USA) included Y. pestis, B.
anthracis and botulinum toxin. By 1960, aerosols of Coxiella burnetii, the pathogen of Q fever,
had successfully been tried on volunteers. In 1966, volunteers in Fort Detrick were reported to
be successfully infected by inhalation of F. tularensis subsp. tularensis aerosols.
Between 1900 and mid-2001, a total of 262 incidents had occurred where microorganisms and
toxins as BA had been used. Of these 262 incidents, 157 (60 %) were viewed as terrorist attacks
and 105 (40 %) as criminal cases, including extortion or assassination attempts (Leitenberg, 2001).
Upon investigation of terrorist use of anthrax spores in 2001 by letter sending, the U.S. Federal
Bureau of Investigation (FBI) jointly with scientists reported that each of the bioterrorist attacks
in New York, Washington and Miami used a high-virulence and highly stable strain Ames, most
preferred by the military and terrorists. During the previous 15 years, the virulent anthrax strain Ames
had been transferred from United States Army Medical Research Institute of Infectious Diseases
(USAMRIID) laboratories to five laboratories in the United States, Canada and Great Britain.
The initial origin of the strain was also established – it had been isolated at the Texas Veterinary
Medical Diagnostic Laboratory and sent to USAMRIID in May 1981.
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The FBI was sure that the offender had worked at one of the government laboratories and was
“used to handle extremely dangerous materials”. He could have “had access to anthrax spores and
to information on them”. Tests of the spore powder used in the attacks showed that spore
concentration and quality in the powder was very high and comparable to concentration and
quality achieved in production of BW by the U.S. military. This suggests potential production of
the pathogen “at home”. Silicate was used as filler – a secret technology for anthrax spore treatment
in the United States back in the 1960s. This fact also confirms the terrorist’s potential link with a military
laboratory or institution (Onishchenko, 2003).
The Washington Post (Monday, January 25, 2010) published an opinion by a number of
researchers on use of botulinum toxin in beauty care products. For instance, in the early 2006, a
cosmetics seller Rakhman was selling a popular anti-ageing preparation to beauty salons in St.
Petersburg at a questionably low price. He promised to supply the item “as much as you want”
from a supplier in Chechnya. The outlooks of using the multi-billion beauty product market by
terrorists gave rise to an underground network of suppliers and distributors, who transact
mostly online. And according to the Non-Proliferation Center (2009), a biologist with a master’s
degree can easily use the $2,000 worth equipment to make 1 gram of pure botulinum toxin,
which contains thousands of human lethal doses (http://www.washingtonpost.com/wpdyn/
content/article/2010/01/24/AR2010012403013.html?wpisrc=newsletter).
A bioterrorist attack may cause difficulties in differentiation of natural and artificial pandemics
of a little-known disease, and the 1999 West Nile fever outbreak in New York or the tularemia
outbreak in Kosovo 199/2000 may serve as vivid examples of that.

4.3

CATEGORIES OF BIOLOGICAL AGENTS

There are three categories of BA (А, В, С) clinically important with regard to civil services’
preparedness for counteraction (http://www.cdc.gov; Tikhonov & Lipnitskiy, 2000;
Onishchenko, 2003;).
Category А includes agents of smallpox, anthrax, plague, tularemia, hemorrhagic fevers and
botulism. Simple and cheap medium growth methods, long-time survival of spores in the
environment, and little risk of laboratory-acquired infection lead to think that anthrax spores
are the most preferred agent for bioterrorism.
Of all bacteria meeting the current requirements for BA of military use, we will provide a more
detailed description of the plague agent as the most threatening one, the so called “weapon of
despair”. Its use may cause not only large-scale but also uncontrolled damage of both the
enemy and own forces and population.
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The tularemia pathogen (F. tularensis subsp. holarctica) is opposite to plague microbe regarding
its threat. But it is valuable for some tactical purposes because its mortality rate is a mere 1-4
%, i.e. it keeps the enemy’s soldiers and civil people alive while at the same time fully knocking
them out of action.

The plague bacterium belongs to Group 1 of the list of potential pathogens for making BW. It is
therefore very important to provide complete characterization of this microbe.
Intraspecific differentiation of Y. pestis is of both taxonomic and applied significance for
studying the natural focus genesis, enzootic laws, changing properties of the bacteria due to
the changing environment in the focus, and for epidemiological investigation (Aikimbayev et al.,
1994a).
The study of the plague pathogen’s virulence for wild rodents is critical in addressing issues of
natural nidality and fluctuations of epizootic activity areas. It is a component of determining the
epidemic potential of natural foci, and is used to organize epidemiological surveillance of the
infection. But assessment of the epidemic potential requires determining the microbe’s
virulence for humans, because this value for animals cannot be applied to humans.
In this respect, development of indirect determination on homological biological models of the
plague pathogen’s virulence for humans began in 1986. This will allow for a differentiated
approach to plague prevention – not only considering the epidemic potential of natural foci but
also depending on the epizootic process phase.
In the 1950-1990s, main factors of pathogenicity and immunogenicity were discovered, as well
as genes that determine their synthesis. Their main physical, chemical and immunobiological
properties were characterized. The plague microbe’s virulence is based on a set of its properties
termed as “determinants of virulence”. Classical determinants by T.W. Burrows (1963) included
the cells’ ability to absorb exogenic dyes and hemin (Pgm), synthesis V and W antigens, murine
toxin (Tox), capsular antigen FI (Fra), synthesis of pesticin (Pst), and ability to synthesize
exogenic purines (Pur).
However, these signs did not have any absolute value for manifestation of “epidemic”
virulence, and the list of determinants associated with the plague microbe’s virulence is
continuously expanding (Cornelis, 2000).
The gene typing method helped to establish that Y. pestis strains from different geographical
regions belong to genetic groups 5 and 6. Great flexibility of these strains is associated with
localization of main virulence genes on three plasmids, and also with presence of different ISsequences in the chromosome (Kutyrev & Smirnova, 2005).
Genetic typing is also done in other countries. During a study of geographical distribution of Y.
pestis ribotypes in China, all test strains were split into three ribotypes. A correlation was
demonstrated between ribotypes and natural plague foci; usually, only one ribotype was found
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in one plague focus. All three ribotypes had different origins but ribotype А and ribotype С are
likely to be related to each other (Wei et al., 2003).
Genetic analysis of Y. pestis strains isolated in China in different periods and in different natural
foci allowed to split them into 15 genetic types by 6 signs (glycerol fermentation, number of
rRNA genetic copies, nitrate reduction to nitrites, rhamnose fermentation, pulsed-field
electrophoresis profiles, and RAPD profiles), where each of them belongs to a separate
geographical area (Yu et al., 2003).
Based on the study of Y. pestis strains from vole foci, they are recommended for inclusion into a
new biovar, Y. pestis microtus. These strains ferment glycerol, do not ferment arabinose, and
do not reduce nitrates. Strains of the Y. pestis biovar microtus feature a unique genome profile
with gene loss and distribution of pseudogenes which determines its lower virulence for
humans. A detailed study of the genome of the new biovar strains will enhance the
understanding of the plague microbe’s evolution and plague pathogenesis (Zhou et al., 2004).
Research results in recent years show that tyrosine phosphatase YopH (“injected” by the
bacterium into the host’s cell) is a key factor of the Y. pestis virulence (Alonso et al., 2004).

The tularemia pathogen belongs to the category of PBA of terrorism, which pose a great threat
for the public health system due to their mass-scale effect. They require comprehensive efforts to
rise alertness of health structures. Main subspecies of the tularemia microbe, F. tularensis nearctica
(tularensis), F. tularensis holarctica and F. tularensis mediasiatica feature a number of
microbiological and genetic properties (see Table 6).
The subspecies F. tularensis nearctica, seen only in North America, is known to cause severe
forms of the disease. In the course of his work, Chapin got infected with tularemia and was sick
for more than 28 days. High virulence of the tularemia pathogen is confirmed by other
repeated cases of laboratory-acquired infection (Semin et al., 2005), which may be caused by a
mere 50 microbial cells (Meshcheryakova, 2008).

Table 6: Taxonomic characterization of the tularemia microbe’s subspecies

Tularemia microbe’s subspecies

F. tularensis nearctica
F. tularensis holarctica
F. tularensis mediasiatica

Distribution

North America
North America,
Europe, Asia
Central Asia,
Kazakhstan

Virulence for
rabbits and
humans

Presence of
citrulline
ureidase

Fermentation of
glycerol

High
Moderate

+
-

+
-

Moderate

+

+
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The second subspecies, F. tularensis holarctica, is seen in America, Europe and Asia, and is less
virulent.
F. tularensis holarctica circulates in natural tularemia foci in Kazakhstan except for tugai
(riparian woodland) foci. In their microbiological properties and the DNA structure, strains of
this subspecies are similar to F. tularensis nearctica but have reduced virulence. Strains of the
subspecies F. tularensis mediasiatica circulate in tugai tularemia foci in Zhambyl and
Taldykorgan Oblasts (Aikimbayev et al., 2002a).
Cultures of F. tularensis mediasiatica and nearctica subspecies were found to possess
phosphatase activity, unlike the holarctica subspecies. It was also established that strains of the
F. tularensis mediasiatica subspecies – unlike those of the nearctica and holarctica races – are
not able to hydrolyze beta-lactam antibiotics (penicillin), a finding recommended to be used for
expedite diagnostics (Pavlovich et al., 2000). Using the hybridization oligonucleotide assay to
study the F. tularensis mediasiatica subspecies of the tularemia microbe, Sandstrom et al. (1972)
found its genetic relation to the subspecies F. tularensis tularensis (nearctica). The data were
later confirmed by a proteomic analysis of various subspecies of the tularemia microbe (Hubálek
et al., 2004).
Scientific achievements in biology, genetic engineering and biotechnology ensure a greater
availability of technologies such as culturing of pathogens of infectious disease and creation of
genetically engineered and modified organisms. Potential isolation of pathogens from natural
and endemic infection foci, and relative simplicity of stocking bioterrorist tools by specialists
possessing microbiological expertise, make the threat of bioterrorism a very realistic one.
Vorobyov et al. (1997) offered a criteria rating approach to assess the probability of using an
agent as a BW. The approach is based on a set of criteria such as their biological parameters in
combination with interaction with a human organism and habitat, as well as technological,
technical and economic indicators. As seen from Table 7, Group 1 includes infectious diseases
whose natural foci occupy vast areas in Kazakhstan and with a high epidemic potential.
As a means of biological warfare, a biological agent should meet a set of criteria based on its
biological properties, interaction with a human organism and habitat, and also have
technological, technical and economic indicators that determine probability of creating
biological formulations. Criteria for assessing the probability of using BA include: human
sensitivity, infective dose value, transmission routes, contagiosity rate, stability in the
environment, severity rate, culturing capacity, possibility of covert use, possibility of genetic
modification, and availability of prevention and treatment medications (Shcherbakov, 2003).
One cannot but consider potential use of any pathogen for terrorist purposes – any of the
whole diversity in the nature. Therefore, we have to be prepared to detect and respond to
outbreaks caused of any biological agent, including conventional and exotic types of
microorganisms.
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Table 7: The rating system of distributing biological agents by the probable use as a biological
warfare agent, per criteria.

Agent

Group 1
High probability of use (Rating 15)
Rating

Smallpox
Plague

26
23

Anthrax
Botulism
Tularemia
Q fever
Marburg fever
Influenza
Glanders
Typhus

21
20
20
20
18
17
17
15

4.4

Agent

Group 2
Potential use (Rating 10 - 14)
Rating

Brucellosis
Japanese
encephalitis
Yellow fever
Cholera
Tetanus
Diphtheria

13
13
13
13
13
12

NEW-GENERATION BIOLOGICAL WEAPONS

Recent scientific developments in areas such as biology, biotechnology, genomics, proteomics,
and computer-aided engineering set the basis for design and “assembly” of new types of
microorganisms and toxins possessing potential capabilities to be used as a biological weapon.
Decoding of complete genome structures of many pathogenic microorganisms opens up
possibilities for targeted genetic engineering modifications of dangerous viruses, fungi and
bacteria that increase their virulence, ability to overcome the immune response and resistance
to drugs. The effect of some of such engineered BA may prove to be much more devastating
than that of any disease known to humans (Paltsev et al., 2009).
The threat of creating a new-generation biological weapon – the third, “post-genomic”, or
molecular weapon, is taken seriously. It is termed in international literature as Advanced
Biological Warfare (АВW; Borovik, 2009). It includes whole new, as well as undiscovered,
regulators of biochemical processes – oftentimes, from just a few dozens of nucleotide bases.
Such regulators easily go through membranes to affect different biochemical processes. They
are viewed by many as a more serious danger than such conventional pathogens as plague,
smallpox or anthrax. These biochemical regulators are characterized by the following:
•

Low cost of design and possibility to develop them in small teams.
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•

•
•
•
•
•

A huge effect of action. One gram of such a substance may contain 1 to 100 quintillion
(1018-1020) active molecules of the pathogen. The ability not to depend on the immune
system or vaccination.
Poor efficiency of traditional medications and treatment methods.
No material damage.
The possibility of covert development and of covert use.
The capability of delayed action (long-term effect).
The possibility of selective effect on individual populations (races, ethnic groups).

The threat of using dangerous pathogens has come to the foreground due to the increasing
number of countries capable of a mass-scale production of BA (Yevstigneyev, 2003; Spirande &
Ignatyev, 2003; Fedorov, 2006).
All international documents on prohibition of BW are also implied on bacteriological or toxin
weapons. Currently, BW are classified into conventional (bacteriological and toxin), genetically
modified, which includes bacteria and viruses modified by genetic engineering methods, and a
more sophisticated form – advanced BW, which includes artificially created biological structures
(Spirande & Ignatyev, 2003; Onishchenko et al. 2006). The latest types of biological danger
include:
•

•

•

•

Knowledge of genetically predetermined peculiarities of the immune system allows
developing a weapon that mostly affects people of a certain race or ethnic group (Bobylov,
2006);
Binary agents of biological warfare are expected to appear in the nearest future as they
become effective only in combination with a certain component. For instance, Australian
researchers have shown that virulence of the mouse pox virus may significantly increase by
inclusion of the interleukin-4 gene. Notably, this technology may apply to other natural
pathogens such as anthrax and smallpox;
Artificial agents engineered in such a way as to ensure antibiotic resistance or prevent
development of an effective immune response. For instance, the key protein of the natural
smallpox virus has been synthesized, and its efficiency to block the human immune system’s
response demonstrated; the polio virus has been created in vitro;
“Stealth viruses”, which may remain passive inside a victim for a long time before their
activity triggers. Some stealth viruses are known to induce acute arthritis, with the true
cause of the disease remaining a mystery.

So, the unstable political situation in the world and confrontation between the countries
aggravated by economic misbalance and religious differences may spark off use of biological
means by governments and extremist organizations to achieve their goals.
One of the principal biosafety conditions is a country’s ability to respond to emergencies on a
timely basis and undertake respective and adequate measures to protect its populace.
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The risk group classification has traditionally been used to allocate infectious microorganisms
by categories, based on their relative hazard. The factors used to determine the risk group
includes the following characteristic properties of microbes:
•
•
•
•
•
•

Pathogenicity;
Infective dose;
Mode of transmission;
Host range;
Availability of effective prevention measures;
Availability of efficient treatment methods.

These classifications imply regular functioning of a research laboratory or growth of
microorganisms in small amounts for diagnostic or experimental purposes. The following four
risk levels have been established (Laboratory biosafety manual, 1993):
•
•

•

•

Risk Group 1 (no or low individual and community risk), includes BA that are unlikely to
cause human or animal diseases in healthy humans or animals.
Risk Group 2 (moderate individual risk, low community risk), includes pathogenic
microorganisms that can cause diseases in humans, but are unlikely to be a serious hazard
to laboratory workers, the community, livestock or the environment. Exposure of such an
agent to a laboratory worker rarely causes an infection resulting in a serious disease.
Effective treatment and preventive measures are available and the risk of spread of
infection is limited.
Risk Group 3 (high individual risk, low community risk), includes any pathogenic
microorganism that usually causes a serious disease in humans or may result in serious
economic consequences, but does not ordinarily spread from one infected individual to
another after accidental contact or causes a disease that can be cured by antimicrobial or
antiparasitic medications.
Risk Group 4 (high individual and community risk), includes pathogens that usually cause
serious human diseases – often incurable – and that can be readily transmitted from one
individual to another, or from an animal to individual, or from an individual to an animal,
directly or indirectly.
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5.2

BIOSAFETY LEVELS

Classification of microorganisms by risk groups is not directly related to biological safety levels
in laboratory practices. For instance, the risk group system disregards the techniques to be used
when handling a specific microorganism. Biosafety levels are selected to provide the end user
with a description of the necessary minimum protection required for safe work with a specific
microorganism in a laboratory setting. In addition to the properties intrinsic for each microbe,
the biosafety level (BSL) system includes engineering, operational, technical and physical
requirements to manipulations with a specific pathogen (Collins & Kennedy, 1999a). These BSLs
are applicable to diagnostic, research and clinical laboratories, as well as laboratories at
educational and production organizations that handle small amounts of cultures. The following
four BSLs have been established:
•

•

•

•
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Biosafety level 1 (BSL-1). This level refers to basic laboratories handling pathogens which
require BSL-1. BSL-1 does not imply any design features, and no BSC are needed. The work
may be done on open bench surfaces, and protection is ensured by compliance with regular
rules ordinary for basic microbiological laboratory practices.
Biosafety level 2 (BSL-2). It is applied to laboratories handling pathogenic microorganisms
that require BSL-2. Main routes of potential infection are peroral and by exposure through
mucous membranes. These pathogens are normally not transmitted by air, but due caution
should be observed to avoid formation of splashes and aerosols. They may settle on a
laboratory bench surface and pose the risk of getting into the gastrointestinal tract from
dirty hands (Collins & Kennedy, 1999b). Primary protection devices should be used such as
BSC, centrifuges with sealed rotors or protective buckets, as well as respective personal
protective equipment (PPE, e.g. gloves, laboratory coats, eye protection). Apart from that,
environment contamination must be minimized by use of hand sinks and decontamination
equipment (autoclaves).
Biosafety level 3 (BSL-3). It is applied to laboratories handling pathogens that require BSL-3.
Such microorganisms may be transmitted by air, oftentimes have a low infective dose, and
may cause serious or life-threatening diseases. BSL-3 implies setup of enhanced primary
and secondary barriers to minimize release of infectious organisms into the laboratory
rooms and environment. Additional factors to prevent pathogen transmission include
respective respiratory protection, filtration of the exhaust air with high-efficiency
particulate air (HEPA) filters, and strictly controlled access to the laboratory.
Biosafety level 4 (BSL-4). It is the maximum possible protection level designed for facilities
handling pathogenic microorganisms that require BSL-4. These pathogens may be
transmitted with aerosols, oftentimes have a low infective dose, and cause very serious and
often lethal diseases. Vaccines or treatment are usually unavailable. This BSL implies setup
of a stand-alone isolated room, functionally – or if needed, even structurally – separated
from other areas. BSL-4 provides maximum containment of an infectious pathogen with
complete sealing of the laboratory perimeter (the sealing capacity is to be confirmed by a
pressure drop test). Isolation of the personnel from pathogen cultures utilizes protective
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suits with a positive air pressure or Class III biological safety cabinets, as well as
decontamination of the exhaust air and other products removed from the laboratory.

5.3

RISK ASSESSMENT

Risk assessment constitutes a critical stage in selecting the appropriate BSL to perform
microbiological operations. A detailed on-site risk assessment must be done to determine
whether or not the work scheduled requires use of a BSL-1, BSL-2, BSL-3 or BSL-4 laboratory
and respective operational manuals. The risk assessment process must involve persons of
various competencies and responsibilities, to include the facility’s director, laboratory manager,
principal investigator, senior microbiologist, biological safety inspector, and biological safety
commission.
The available information may be used as a starting point because it may help identify risk
factors, including which risk group a certain pathogen belongs to. Apart from classification by
risk groups – based on the risk factors intrinsic to a specific pathogen – some additional factor
should also be assessed. These include factors associated with the nature of operations in a
specific laboratory:
•
•
•
•
•
•

Potential generation of aerosols;
Quantity;
Concentration;
The pathogen’s stability in the environment (natural biological speed of death);
Type of the work scheduled (e.g. in vivo, in vitro, experimental administration of the
infectious organism by aerosol);
Use of recombinant microorganisms (e.g. genes coding synthesis of virulence factors and
toxins, changes in the host range, study of carcinogenicity, reproduction capability,
potential reversion to the wild type).

The BSL needed to handle a specific pathogen is based on manipulations usually associated
with scientific research and clinical procedures. If a certain procedure, e.g. preliminary
identification is less risk-bearing than handling a live culture, the adequate BSL in this case will
be a lower one.
On the other hand, the BSL may have to be increased if the on-site risk assessment shows that
certain manipulations are more risk-bearing than routine laboratory research and diagnostic
tests.
The BSL may have to be increased if the laboratory is about to begin large-scale production.
Usually, large-scale culturing means manipulations when more than 10-liter (10 l) of the culture
is contained in one container. Special precautions have been developed for handling large
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amounts of infectious materials. The point to be emphasized here is that the 10 l threshold is
not an absolute value. A hazard analysis may show that due to high pathogenicity, specific
transmission route and low infective dose, this particular research involving less than 10 l may
cause a higher risk and require an increased physical and operational protection level.
Therefore, the 10 l value, which identifies differences between laboratory and production
levels, is only a recommendation, so the risk level must be thoroughly assessed for each specific
case.

5.4

BIOLOGICAL SAFETY MANAGEMENT

The Biorisk Management Policies are being developed to enhance biological safety measures in
specialized institutions (Nekrasova et al., 2012). In Kazakhstan, this document was developed in
compliance with the national laws (Law of the Republic of Kazakhstan On National Security of
the Republic of Kazakhstan, dated June 26, 1998; Resolution #850 by the KZ Government On
the Republic’s Collection of Microorganisms, dated July 30, 2002; Resolution #78 by the KZ
Government On Establishing the Biological Safety Commission, dated January 16, 2008; KZ Code
#193-IV On People’s Health and Healthcare System, dated September 18, 2009; Resolution
#1081 by the KZ CoM On the Long-Term Program of Emergency Prevention and Actions, dated
September 29, 1994), and international biosafety standards (BMBL: USA, Canada, WHO;
standards: OHSAS 18001:2007, CEN CWA 1579:2008).
The Policies define measures and procedures to ensure personal and public safety,
environment protection during work with microorganisms (bacteria, viruses) of Pathogenicity
Groups I and II (PBA), and with any objects and materials (including field, clinical and necropsy
materials) suspected of containing such agents.
The Policies have the following sections:
•
•
•

•
•
•
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Protection of personnel, contractors, visitors, population and environment from BA used or
stored at the facility;
Mitigation of the risk of unintended release of BA;
Mitigation of the risk of unauthorized intentional release of dangerous BA to the acceptable
level, including the need to implement risk assessments and undertake respective control
measures;
Compliance with all legal requirements applicable to BA that will be stored or used in the
work;
Understanding that the need of effective biorisk management prevails over all current
requirements no related to “health and safety”;
Efficient notification of all employees and respective third persons, and also introduction of
these groups to their individual obligations associated with biorisks;
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•

Continuous improvement of efficiency in biorisk management.

Each section of the document provides a detailed description of all biosafety measures needed.
Primary focus is on emergency response measures.
The policies provide for continuous improvement of efficiency in biorisk management through
its implementation, self-audit program, analysis of the audit results, risk assessment, and
corrective and preventive measures.
The policies are approved by the facility manager’s order and are binding for all PBA handling
units.
The facility’s regime commission designs an algorithm of introducing the Policies into
laboratory biorisk management. Each PBA handling laboratory formalizes this algorithm to
match the nature of specific research it carries out. Risk assessment in laboratories is based on
PPE, documentation, personnel, materiel, and biological security of laboratories.
Risk assessment sheets are filled out with respective recommendations. Jointly with members
of the Center’s regime commission, each laboratory drafts the biological safety and laboratory
security assessment report, as well as reports on addressing the problems associated with risk
management in the course of laboratory operations. All these allow developing the biorisk
management strategy and laboratory biological security plans with descriptions of emergency
response measures.
During scheduled and unscheduled audits of the facility’s units, the regime commission pays
special attention to operability and actual implementation of the laboratory biological security
plans.
Introduction of the laboratory biorisk management policies improves the effectiveness of public
and personal prophylaxis and environment protection.
Although responsibility for the personnel safety is vested in the microbiology laboratory’s
manager and the facility’s director, assignment of a special employee might seem feasible to
address issues associated with biological safety. In many laboratories, this function is
unofficially assigned to a skilled employee who performs it on a part-time basis, or else this role
is shared by several professionals. This function may also be officially vested in a specialist
(biological safety inspector) experienced in laboratory practices and procedures.
Establishing of a facility commission for biological safety to supervise implementation of
respective program can also become an integral part of the biological safety management
structure. The biological safety inspector must communicate with the commission through
regular meetings, and can use such meetings to raise problems and issues associated with
safety, as well as suggestions to improve protocols and procedures that need to be addressed.
The commission also helps the biological safety inspector in risk assessment, addressing
disputable issues and other areas related to biological safety. Due attention must be paid to
members of the commission, as it (to the extent practicable) should include several specialists
of various competencies: the biological safety inspector, and at least one person from the
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science, technical and administrative staff. A medical consultant should also be considered for
inclusion into the commission.
The biological safety management structure must be specified for each facility on site; it varies
depending on the coordination level and resources available for its implementation.
Crucial factors include:
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•

Facility size (number of employees and area);
Availability of a number of laboratories within one facility;
Biosafety levels practiced at the facility (i.e. BSL-2 laboratory, several BSL-3 laboratories);
Complexity of the processes performed (routine diagnostics, scientific research, large-scale
culturing, handling recombinant DNA etc.);
Availability of common laboratory rooms within one facility (shared by many researchers or
various organizations);
Experimental or diagnostic manipulations with animals (mice in sealed cages, rooms for
larger animals etc.).
Biological safety management may include:
Assessment of the need to train specialists and providing assistance in development and
introduction of biological safety training programs such as general issues of biological
safety, use of BSC, safe handling of animals, on-site briefing, and kit use drills;
Implementation of risk assessment procedures, as needed, and development of
recommendations to revise standard procedures or physical parameters of laboratories;
Regular check of the biological safety program and its management system;
Participation in investigating accidents, providing assistance in drafting facility/laboratory
emergency reports;
Distribution of new and updated information on biological safety for the laboratory staff;
Coordination and monitoring of decontamination, disinfection and infectious material
disposal procedures developed for the facility or laboratory;
Coordination of receipt, loading and transportation of infectious materials within the facility
per existing regulations;
Development of accounting systems and safe storage procedures for all infectious materials
delivered to the laboratory;
Coordination of outbreak response activities;
Communication with auxiliary and maintenance personnel and contractors on issues
associated with the facility’s biological safety.

BSL-3 and BSL-4 laboratories may additionally perform activities associated with biosafety:
•
•
•
•
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Laboratory validation and re-validation;
Investigation and response to technical and operational failures in the facility’s biological
security system;
Access control for secured suites;
Communication with regulating authorities.
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5.5

BIOLOGICAL SECURITY

Currently, organizations that handle pathogens of infectious diseases need not only a biological
safety program but also a biological security plan. While biological safety includes all isolation
aspects to prevent any impact by pathogens on the environment, biological security aims to
prevent theft, misuse or intentional release of infectious pathogens. Regrettably, the potential
for dual use is inherent in this work, irrespective of whether it’s the research to develop science
and improve diagnostics or abuse of the same technologies (Biotechnology Research in an Age
of Terrorism, 2004). A lot of international recommendations (Richmond et al., 1999; Interim
Final Rule, 2002; Laboratory Security and Emergency Response Guidance for Laboratories
Working with Select Agents, 2002; Public Health Response to Biological and Chemical Weapons,
2003) and memoranda (Salerno et al., 2002; Barletta, 2002; ABSA Biosecurity Task Force White
Paper, 2003; Biosafety, Biosecurity, and Biological Weapons, 2003; Tucker, 2003; Controls over
Biological, Chemical, and Radioactive Materials at Institutions Funded by the U.S, 2003) have
been published that may be of additional use in addressing issues associated with biological
threats.
Development and implementation of the biological security plan must be facility-specific and
consider the nature of a specific facility, types of scientific and diagnostic research carried out,
as well as local peculiarities. Therefore, different specialists should be involved in this work:
research managers, principal investigators, laboratory employees, administrators, safety
inspectors, security staff, and engineering services and, where appropriate, law enforcement
officials. Also, a “responsible officer” will be involved if available. The responsible officer usually
deals with development, training and implementation of plans on safety, security and
emergency response. This specialist is notified on a timely basis about all cases of theft, loss or
release of agents. The responsible officer takes part in ensuring access to pathogens for
authorized persons only and in control of transfer/transportation of pathogens from the
facility. The responsible officer may provide assistance in keeping detailed records of the
information needed for complete accounting of all actions associated with use of pathogens.
A detailed risk assessment should become the fundamental component of the biological
security plan. From the biological security aspect, risk assessment should include the list and
analysis of protected assets, identify threats, characterize vulnerabilities, plan control or
mitigation measures specific for each organization. Furthermore, the biological security plan
should describe the following factors: physical security, personnel eligibility and reliability,
pathogen accounting, and associated emergency response measures.

Physical security. Risk assessment for the physical security factor must include all levels of
biosecurity analysis (perimeter, facility or laboratory protection, protection of specific
pathogens) and map out zone protection activities such as use of access cards, sensor keys,
locks, etc. All laboratories must accept the biological security rules to minimize any
unauthorized infiltration in the laboratories, animal facilities and storage facilities, as well as
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unauthorized removal of infectious materials from the site. Due attention should also be paid
to information protection including data and electronic technologies.

Personnel eligibility and reliability. Background checks and security clearance might be
required before the employees are granted access to the secure zone. These factors must be
considered as part of the local risk assessment procedure in developing the biological security
plan. Identification of the personnel authorized to access restricted areas may utilize the
employees’ ID cards with photographs and temporary cards for escorted visitors. Procedures
must be in place for approval and clearance of visitors to enter controlled areas. In this respect,
access to pathogen cultures and storage facilities is limited to the intended purpose and
permitted persons only. All employees with access to controlled areas must be trained on the
biological security rules.

Pathogen accounting. Pathogen accounting procedures must include inventory requirements
to appropriate labeling, tracking of current ownership, decontamination and disposal after use,
as well as transfer within and outside the facility. Such inventory control also helps track
pathogen storage sites and persons responsible for them. Inventory logs must be kept on a
regular basis and updated with diagnostic results, qualification tests, receipt of cultures from
elsewhere, and de-registration of pathogens after duly performed shipping, disinfection and
disposal. Record keeping must include inventory lists of pathogens, lists of employees cleared
to handle pathogens, persons with access to the rooms where pathogens are stored and
handled, and documents on culture turnover. Procedures must be in place for notification of
detection, reports and measures to address the security-associated problems in inventory
discrepancies, equipment malfunctioning, security failures, etc.

Emergency response measures. An instruction must be developed for notification and
investigation of security-associated emergencies, e.g. loss of infectious materials and
unauthorized infiltration in containment facilities. A mechanism must be in place for
notification of detection of unauthorized persons and their expulsion. Emergency response
plans must offer a response to intentional (bomb threat, etc.), unintentional (accidental
release) and natural (power outages, extreme weather conditions) events. Appropriate
personnel must be trained on emergency response actions.
Requirements to biological security of facilities handling infectious pathogens in a BSL-3 or BSL4 setting are more stringent than those for BSL-2 clinical or research laboratories.
Recommendations on practical application of the biosecurity rules (pathogen storage,
inventory, entry/exit logs) and of security components for the building (locks, restricted access)
are included in the requirements to each BSL. Development of security procedures and threat
assessment for each specific facility must be based on expert evaluations by security specialists
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and/or law-enforcement officials. Threat assessment and security procedures must be
reviewed and updated on a regular basis to reflect any new hazards.

5.6

HANDLING INFECTIOUS MATERIALS

Laboratory employees working with infectious materials are exposed to the risk if being
infected with microorganisms they handle. Laboratory-acquired infections are not rare: more
than 5,000 cases and 190 fatalities had been registered by 1999. These numbers are believed to
be significantly underreported as such cases tend to be concealed (Canadian Council on Animal
Care, 1984; Containment Standards for Veterinary Facilities, 1996; National Research Council,
1997).
There are several ways an infectious material can use to enter a human organism and cause an
infection: per oral (ingestion), airborne (inhalation), contact with mucous membranes, including
conjunctiva (when microorganisms get into the eyes from contaminated hands), and through
damaged skin.
Events that can result in infection include: effect by microbial aerosols; spills and splashes;
accidental pricks by syringe needles; cuts by sharp objects and broken glass; bites and scratches
inflicted by animals or ectoparasites, mouth-pipetting (which is universally prohibited),
centrifuge malfunctioning, and secondary outspread of an infectious material beyond the
laboratory area. Exposure to aerosols is the greatest biological hazard encountered by the
laboratory staff. Aerosols pose the danger of infection from inhalation, ingestion, penetration
through mucous membranes, etc. Work practices and methods must be used to minimize
generation of aerosols in routine laboratory work.
The following rules have been developed for laboratory activities involving human disease
pathogens, in accordance with four BSLs.

5.7

LABORATORY WORK PRACTICES

The following general practices should be used in all laboratories working with infectious
materials.
•

The written biosafety manual must be available for the whole staff to follow its
requirements. This manual must be reviewed and updated on a regular basis.
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•

•

•
•
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•
•

•

•

•

•
•
•
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The personnel must be trained on potential hazards associated with their work and
appropriate precautions to prevent exposure to infectious pathogens and release of
infectious materials from the containment area. Employees must demonstrate they have
successfully completed their training. The training must be documented and approved by
signatures of the trainee and the laboratory manager. Retraining cycles must be provided,
too.
Eating, drinking, smoking, storing food, personal belongings and utensils, applying
cosmetics and handling contact lenses is prohibited in all laboratories. Contact lenses are
allowed only in cases when other forms or vision correction are unacceptable. Wearing
jewelry in the laboratory is not recommended.
Mouth pipetting of any substances is prohibited in the laboratory.
Long hair must be tied up at the back or covered in such a way as to prevent its contact with
hands, samples, containers or equipment.
Access to the laboratory and utility areas is limited to the authorized personnel.
The laboratory doors must not stay open. This requirement does not apply to the open area
within the laboratory.
Open wounds, cuts, scratches and abrasions must be covered with bandages from a waterresistant material.
The laboratory must be kept clean and tidy. Storage of items not designed for work or those
that cannot be easily decontaminated (e.g. magazines, books, correspondence) must be
minimized. All paperwork and report making is to be done outside the area where
biologically dangerous materials are handled.
All personnel, including visitors, trainees and other persons entering the laboratory and
working there, must wear closed protective laboratory clothes. They must wear respective
footwear covering toes and heels in all laboratory zones.
Eye and face protection devices must be used in places with the known or potential risk of
splashing in the course of routine operations or some unusual circumstances (e.g. accident).
Due attention should be paid to identification of procedures that require eye and face
protection, and selection of appropriate devices in accordance with the risk.
Gloves (e.g. latex, vinyl, from copolymer materials) are worn for all procedures associated
with direct contact of the hand skin with a biologically dangerous material or infected
animals. Gloves must be taken off before leaving the laboratory and decontaminated with
other waste prior to disposal.
Protective laboratory clothes cannot be worn outside the laboratory areas. They cannot be
stored in contact with personal clothing.
After the actual or presumed contact with a biologically dangerous material, the
contaminated clothes must be decontaminated prior to laundry.
Use of needles, syringes and other sharps must be minimized. Needles and syringes must be
used only for parenteral administration of liquids to laboratory animals and collection of
biological samples from them, and also for collection of substances from tubes with
membranes. Caution should be used when handling needles and syringes to avoid
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•
•

•
•

•

•
•
•

accidental self-administration of a substance or aerosol generation during use and disposal.
As needed, such manipulations must be carried out in a BSC. Needles cannot be bent, cut,
recapped or disconnected from the syringe. For disposal, they must be placed into a
puncture-resistant sharps container.
Hands must be washed after taking off gloves, before leaving the laboratory, and each time
after working with the actually or presumably infected material.
Work surfaces are cleaned and decontaminated with an appropriate disinfectant at the end
of the day, and also after each splashing of a potentially dangerous biological agent. Work
surfaces which became penetrable for biological materials (i.e. cracked, bulged or chipped)
must be replaced or repaired.
Contaminated materials and equipment taken out of the laboratory for maintenance or
disposal must be disinfected and appropriately tagged or labeled.
Performance monitoring of the autoclaves used for decontamination with biological
indicators must be regular (e.g. weekly which depends on how frequently the autoclave is
used). Test results and records of autoclaving cycles (time, temperature, and pressure) must
be filed and archived.
All solid and liquid contaminated materials must be disinfected prior to disposal or repeated
use. These materials must be packed in a way to prevent leak of contaminated contents
into the environment. Centralized autoclave rooms must meet the BSL-2 requirements.
Disinfectants affecting specific pathogens must always be available in sufficient quantities in
areas where infectious materials are handled or stored.
Sealed containers must be used to transport infectious materials within the facility (e.g.
between laboratories of one facility).
Any spills of a liquid culture, accidents, exposure to infectious materials, or breach of
containment integrity must immediately be reported to the laboratory manager. Records of
such emergencies must be maintained, and investigation results must be used for follow-up
training.

Biosafety level 2. Apart from the general practices applicable to all laboratories handling
infectious materials, there is a basic minimum of additional requirements for BSL-2, as
described below.
The “good laboratory practice” (GLP) standards must be used to avoid leaks of infectious
materials.
•

•

BSC must be used for techniques that may generate aerosols and when using large amounts
of cultures of pathogenic microorganisms. The laboratory management, jointly with the
biological safety inspector or the biological safety commission, must assess risks to
determine which procedures, concentrations and culture volumes require use of BSC.
The entry to each laboratory must have respective signed posted to reflect the nature of
the hazard (e.g. biological hazard sign, BSL sign). If the pathogens used require specific
precautions to be taken at the entry to the laboratory, this must also be written on the sign.
153

5 Basics of Biological Safety in Laboratories

•
•

•

Signage should also include contact information of the laboratory manager or other
responsible persons.
Entry to the facilities is granted only to the laboratory staff, animal caretakers, and
employees of engineering, technical and other services in the course of their routine work.
All personnel working in the secure area must be trained to follow the rules set for specific
processes. The trainees must be escorted by a trained specialist. Visitors, employees of
engineering and technical services, cleaners and other appropriate employees (depending
on their types of activities) must also be trained or work in the secure area under the
oversight of specialists.
Written instructions on urgent leak repair measures, BSC failure actions, fire response,
escape of laboratory animals and other emergencies must be developed, kept in an
available place and followed. Persons from other units who enter the laboratory during an
accident must be registered in the written form.

Biosafety level 3. Apart from the safety practices common for all microbiology laboratories
handling pathogenic microorganisms and additional requirements for BSL-2 facilities, there is a
set of safety measures applicable to operations in a BSL-3 setting.
•
•

•

•

•
•

•
•
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The laboratory must have a biological safety management program and assigned officials
empowered to supervise implementation of safety and security regulations.
Any person entering a containment laboratory must before that be trained on techniques
used in it, and demonstrate his or her understanding of the issue. The training will result in
a document to be signed by the employee and the laboratory manager.
The personnel working in the secure area must be aware of physical features and laboratory
structure (e.g. air pressure gradient between the zones, directional airflow, and alarm
signals to notify of ventilation system failure, containment perimeter).
The laboratory must have the workflow regulations developed. Each employee must read
them and confirm his or her understanding in the written form. The workflow regulations
describe staff entry and exit procedures, delivery and removal of animals, equipment,
samples and waste. These general regulations will be augmented with specific instructions
for individual projects.
The personnel must demonstrate flawless knowledge of microbiology practices and
techniques.
Employees who are about to enter a containment unit, must prepare for that in advance
and take all necessary materials they might need. If they leave something over, they should
stick to the established workflow procedures (i.e. never go back but rather make a
telephone call to ask their coworkers bring them the missing items, or leave the area
following the regulations).
Routine cleaning of the laboratory is to be done by employees using the secure area rooms,
or by specially trained staff.
The containment laboratory must always be locked.
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•

Infectious pathogens are stored inside the containment area. If the pathogens are to be
kept outside this area, they must be placed into sealed containers and locked. Emergency
response instructions must consider potential storage of infectious pathogens outside the
BSL-3 containment areas.
Personal belongings such as wallets and personal clothing must not be brought into the
secure/containment area.
Drain traps must be filled up with liquid (by regular use of the sink or manual filling in rarely
used areas).
Laboratory samples and supplies can be brought into the laboratory or handed over
through the pass-through airlock. If a pass-through autoclave is used for these purposes, it
must undergo a sterilization cycle prior to opening the outside door from the “clean” area.
When entering the containment laboratory, employees must take off their personal clothes
and jewelry and put on appropriate laboratory clothing and footwear. Before leaving the
area, protective clothing and footwear must be taken off in a way to minimize skin
contamination from contact with potentially contaminated laboratory clothes. A feasible
alternative would be use of full-cover protective clothing (i.e. completely covering all
personal clothes). In case of a potential or actual contact with the pathogen, all clothes
including personal must be decontaminated appropriately.
With direct manipulations of infectious materials (e.g. in a BSC), an additional layer of
protective clothing (a solid-front gown with tight cuffs, gloves and respirator) may be put on
laboratory clothes and taken off upon completion of work.
Centrifuging of infectious materials utilizes closed tanks located in sealed adapters or
rotors, and after centrifuging the material must be retrieved in a BSC.
Experimentally infected animals or arthropods must stay in the laboratory or the respective
containment area for animals.
In case of a known or presumed exposure to a microbial aerosol, the need to use the
shower at the laboratory exit will be determined according to the existing regulations and
based on the local risk assessment.
All operations with infectious materials will be carried out in a BSC. If the BSC is unavailable,
other primary protection devices may be used in combination with PPE. All types of
manipulations with open vessels containing pathogenic cultures on the open bench are
prohibited.
Prior to disposal, temperature-sensitive materials that cannot be autoclaved must be
decontaminated otherwise, at the area border (e.g. with formaldehyde vapor, vaporized
hydrogen peroxide or other gases, liquid disinfectants or other techniques with proved
efficiency).
Written instructions on response to ventilation system failure and other security-breaching
emergencies must be developed, available and followed.
During life-threatening accidents, personal health and safety come to the foreground as a
top priority. A special procedure must be provided for such events to allow evacuation from
the area when ordinary rules may be ignored.
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Biosafety level 4. Below is a basic minimum of additional safety regulations that must be
followed at BSL-4 facilities, alongside with с general safety and security practices common for
all laboratories handling infectious materials, and with basic additional requirements for BSL-2
and BSL-3 facilities.
•
•

•

•
•
•

•
•
•

•
•
•
•
•
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Emergency instructions must be enacted including those for damages of the positive
pressure suits, air supply failure, and emergency shower failure.
Employees must immediately notify their supervisor about any unexplainable malaise
involving fever. The supervisor must contact each employee who did not show up due to
unknown reasons.
The employer must establish communication with a hospital or health facility so that after
an employee’s accidental exposure to a BSL-4 pathogenic microorganism, the staff has full
information on the pathogen, and the facility has appropriate treatment methods available.
Records must be continuously kept on use of the containment area rooms (i.e. entry/exit
log), with the date and time specified.
Cultures and stocks of pathogens must be stored in a safe area within the containment area
and must be accounted for.
Every day, before entering the laboratory, containment systems (e.g. directional air flow,
disinfectant level in the emergency shower, critical points in the line of Class III biological
safety cabinets) and life support system (e.g. redundant systems for breathing air supply)
must be checked.
The personnel entering the laboratory must take off their personal clothes, including
underwear and jewelry and put on respective laboratory clothing and footwear.
Protective suits with the positive air pressure must be worn to work in a BSL-4 setting.
Integrity of the suit must be checked for air leaks on a regular basis.
The personnel in protective suits exiting the containment area rooms must take the
emergency shower for a specific length of time. The disinfectant used must be effective
with regards to the pathogen handled, diluted to the appropriate concentration and fresh.
This does not apply to BSL-4 laboratories which have lines of Class III BSC.
When exiting the containment area, the employee must take the regular shower.
Materials may be taken out of the containment area only after due decontamination or
special permit from the biological safety inspector or another authorized person.
When working within the containment area, a competent employee must be present from
the outside to provide assistance in case of an accident.
Small laboratory animals, primates and insects infected with Group IV pathogens are to be
kept in partial isolation (e.g. in cages within enclosed premises equipped with HEPA filters.
All laboratory procedures must be performed in a BSC, in combination with use of suits with
the positive air pressure, or in a Class III BSC.
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5.8

LABORATORY ANIMALS

General requirements. Equipment and practices of animal handling laboratories must consider
not only prevention of outspread of pathogens in employees but also potential cross-infection
between animals and protection from accidental infection of animals by outside infectious
pathogens (the “barrier” system).
Ideally, animal maintenance and handling rooms should be located in a separate building. If
they are adjacent to the laboratory, the rooms must be separated from other areas to ensure
their isolation and appropriate decontamination. Since general rules fail to describe specific
requirements for each experiment, the entry-exit procedures for scientists and animal
caretakers, delivery and disposal of biological samples and waste disposal procedures must be
established for each individual project.
Rooms for small animals must be designed in a way to ensure easy cleaning and disinfection.
They contain a minimal amount of built-in equipment. Usually, it is quite sufficient to have a
small bench, a sink and a storage facility (vivarium). The project must give preference to use of
protected cage systems and individual auxiliary devices for operations with animals, cage wash,
waste disposal and food and bedding storage. Technological innovations are introduced into
the laboratory animal maintenance systems which allow controlling such micro-environment
factors as temperature, air exchange and humidity (Hessler et al., 1999).
At least 20 % of people working with laboratory rodents, guinea pigs and rabbits develop
allergies (Phipatanakul & Wood, 2000). The cause might include contact with animals’ wool and
excretions, and with bedding. The allergy may develop immediately or gradually after lengthy
exposure to the allergen. Symptoms vary from minor skin rash to severe bronchial asthma.
Excessive exposure to these allergens may be minimized by technical controls, ventilation,
isolation wards, cages with physical security features, and use of respirators and other PPE by
employees.
Isolation facilities for larger animals are unique partially because of large amounts of
pathogenic microorganisms that may be present in animal rooms and facilities. Unlike regular
laboratory rooms, where the primary containment barrier is ensured by BSC, units for handling
larger animals serve both as primary and secondary physical security barriers. Special attention
should be paid to use of protective clothing and equipment by the staff entering the large
animal handling units, as they are contaminated profusely with infected excretions. Effective
disposal and treatment of infected excretions from animals in BSL-3 and BSL-4 laboratories
utilizes floor drain outlets connected with the effluent decontamination system. Due attention
should also be paid to prevention of serious injuries (e.g. bone crushing) that may occur when
employees handle large animals. To prevent such injuries, mechanical barriers, animal
restriction devices and special pass-through gates should be designed and used. The personnel
must be aware of general characteristics of a certain animal species such as the intellect,
instincts and physical qualities.
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Nonhuman primates. Working with nonhuman primates poses a unique hazard associated both
with their natural pathogens and the animals themselves. Their long dog-like teeth and strong
jaws can inflict serious and painful lacerations. Monkeys also have long nails on their fore and
hind legs, which can scratch and flay the skin. Usually, these animals are slovenly, noisy and
prone to destruction. These characteristics must be taken into account for design of facilities
and cages.
Biological hazards of handling nonhuman primates include diseases caused by bacteria
(salmonella, shigella, campylobacteriosis, tuberculosis) and viruses (hepatitis A virus, simian
immunodeficiency virus, and especially herpes B virus, caused by Cercopithecine herpesvirus 1,
CHV-1), as well as protozoal and metazoal invasions caused by parasitic species such as
Entamoeba, Blastocystis, Trichomonas, Balantidium, etc. (The National Academics Press, 2003).
CHV-1 is an enzootic virus present in the organism of most macaques caught (up to 70 %),
including nonhuman primates of the species Rhesus and Cynomolgus (CDC, 1998). These
animals are natural hosts, and CHV-1 causes injuries in the mouth. However, it shows no clinical
signs in other organs and tissues (buccal mucosa, conjunctival fluid and, rarely, the urogenital
tract). At the same time, human infection (at least 50 cases have been registered) results in a
severe disease or death (Richmond et al., 1999). Except for one case of human-to-human
transmission, all people got infected after contact with nonhuman primates or their tissues.
Apparently, the infection occurs mainly through the infected saliva which penetrates with bites
and scratches. There is also one lethal case reported of contact with skin and mucous
membranes without any physical injuries. The risk of exposure to the simian disease pathogens
can also be minimized by an adequate animal health monitoring program, based on detection
and treatment of sick animals. People exposed to nonhuman primates are subject to medical
observation and case follow-up.
All persons who work with primates must undergo a hands-on training on appropriate
immobilization techniques and use of protective clothing to avoid bites, scratches and contact
with the saliva. Such techniques include use of cages that allow restraining animals to the back
wall, special transportation boxes, slide-down matting, tunnels, and mechanisms to capture
one animal out of a group. Cages and other equipment must be without any sharp edges or
corners that may result in scratches and wounds. If possible, pharmacological immobilization
should be used before an animal is taken out of the cage, especially when handling macaques
and other larger nonhuman primates. Apart from reliable restraint techniques, behavioral
restraint of animals may also be effectively used. The personnel working with monkeys must
wear elbow-length protective rugged leather gloves and long-sleeve gowns or coveralls to
prevent scratches. The personnel and everyone entering animal rooms must use PPE to protect
from aerosols and splashes of biological fluids (surgical masks, face shields, goggles). Reusable
protective clothes exposed to nonhuman primates, must be decontaminated prior to the
laundry. Employees handling monkeys must be instructed on the need to immediately and
thoroughly treat all bites, scratches and flayed skin, and immediately report the incident to
their supervisor. Post-exposure preventive procedures must be implemented right away
(Holmes et al., 1995).
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Laboratories working with nonhuman primates must comply with recommendations for
containment facilities where small animals are kept. If the primates are not challenged
experimentally and are not carriers of any microorganisms that require a higher BSL, they may
be handled in a BSL-2 setting with additional rules and precautions for the staff, as described
above. It is recommended to handle all colonies of macaques as if they are infected with CHV-1
– even if they are known not to have antibodies to this virus. The following general
requirements are in place for the maintenance of nonhuman primates:
•
•
•

•
•

•
•

•
•

•

The room layout should consider behavioral, emotional and social needs of animals.
Contact information on experts versed in animal handling and persons responsible for the
facility operations must be universally available.
Animal rooms have an antechamber or another device to always have two doors between
the cage with primates and the corridor. Before entering the room, all cages must be
visually checked to make sure the animals stay inside the cages.
All lighting, electrical implements, water supply and sewage devices must be protected from
potential damage by monkeys.
The floors in animal rooms must be made from slip-proof materials to make the daily
cleaning more efficient. Employees must wear footwear that ensures good adhesion with
wet floors. Walls and ceilings must be finished to withstand wet cleaning and disinfection.
The laboratory is provided with shower and changing rooms for employees exposed to
primates. Such employees must take a shower at the end of the day.
Animal rooms and cages must always be locked. Only authorized personnel may enter such
facilities. Locks and securing devices should be designed to withstand persistence, creative
and intellectual potential, and a taste for destruction in most of nonhuman primates.
The cages must be sufficiently durable not to be broken by animals and to ensure
appropriate working conditions.
The cages must be equipped with an animal restraining mechanism to ensure their
immobilization and examination. Transport boxes and other restraining devices may be
used to safely restrain the animals while cleaning their cages and relocating them from one
room to another.
If primates are caged in groups, factors such as compatibility and population dynamics
should be taken into account to minimize clashes between the animals.

5.9

RECOMBINANT DNA AND GENETIC MANIPULATIONS

Genetic methods such as natural selection, cross-breeding, conjugation and transformation
have for many years been used to alter biological species and organisms. These methods have
been augmented with newer and much more efficient ones, the most commonly known being
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the recombinant DNA acquisition procedures. Some of the most recent technologies include
creation of transgenic plants and animals, cloning of microorganisms’ virulence and toxigenicity
genes in expression vectors or directly in the host’s DNA where they can be expressed and
generation of complete infectious virus particles including virion reconstruction from
recombinant molecules of NA (reverse gene engineering).
Initial apprehensions of potential dangers coming from the organisms altered by those
technologies led a number of countries to develop strict biosafety regulations. These initial
apprehensions soon proved to be ill-founded because most tests with recombinant DNA do not
pose any risk with regards to biological safety (Laboratory Biosafety Guidelines, 1996).
There are rules to assess the potential risk when handling recombinant DNA, albeit very
general. The factors to consider when determining the BSL for work with recombinant
microorganisms include:
•
•
•
•
•

The BSL for the recipient organism;
The BSL for the donor organism;
The recombinant organism’s reproduction capability;
The donor protein’s ability to embed into the recombinant particle (cell);
Potential pathogenic properties associated with the donor protein.

Each case requires an individual risk assessment because it is unrealistic to predetermine all
gene engineered derivatives that may be constructed and used at the laboratory.
Most research activities to obtain recombinant DNA have but a tiny risk of getting hazardous
consequences because the source of DNA, vector and host strain are harmless. However, some
of genetic manipulations increase the risk significantly. Overall, if neither component used for
gene engineering poses any known threat nor their combination does not expect to result in a
hazardous product, no restrictions are required for biosafety purposes. If at least one of the
components used poses a threat, the adequate BSL should be considered in accordance with
the known risk level. The containment level may be either increased or reduced depending on
the factors such as specific properties of the transferred gene, its expression in a recombinant
organism, the biological environment the gene receives in the host’s cells/particles, anticipated
interaction between the gene and the recipient’s biomolecules, and viability of the host’s
cells/particles. Any research that involves genes coding hazardous products must utilize
recipient systems with a limited extra-laboratory survival capacity. Using them will reduce the
required BSL.
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5.10 CELL CULTURES
Cell cultures (cell lines) are widely used in diagnostic and microbiology laboratories, and in
industry (for production of pharmaceuticals). There are known cases of laboratory infection
with pathogenic microorganisms as a result of manipulations with primary cell cultures
(Davidson & Hummeler, 1961; Gandsman et al., 1997). Although cell lines are initially not
dangerous for persons handling them in a laboratory setting (Biosafety in the Laboratory,
1989), they are capable of containing infectious pathogens (initially or as a result of accidental
contamination, transformation or recombination). Therefore, a risk assessment should be
carried out when handling each cell culture (Frommer, 1993). Cell lines may be infected with
bacteria, fungi, mycoplasmas, viruses and prions.

5.10.1 TYPE OF CELL CULTURE
Detailed risk assessment must be carried out for each new cell line to be handled at the
laboratory, in order to identify the precautions to be taken for manipulations with the cells.
Once all information on a specific cell line has been received, including any hazards associated
with the environment used for cell culture manipulations, it will be analyzed to identify the risk
level of manipulations with this cell culture. Then the cell cultures are handled in accordance
with the BSL based on the risk assessment.

5.10.1.1 NON-RECOMBINANT CELL CULTURES
For non-recombinant cell cultures detailed risk assessment must include, but be limited to, the
following items:
•

•
•
•
•

The source of cell cultures – the closer it is phylogenetic to the human the higher the
potential risk (sequence of lines from the highest risk to the least risk includes human
autological cells, heterologous, and cells of primates, other mammals, birds and
invertebrates), (Doblhoff-Dier et al., 2000);
The source of the tissue – identification of potential pathogenic microorganisms or latent
(oncogenic) viruses that have infected the cell culture;
Cell line type (sequence from the highest risk to the least risk includes passage and wellstudied primary cell cultures);
Number of cells within a culture;
The source of the cell population from which the sample has been taken for culturing.
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5.10.1.2 RECOMBINANT CELL CULTURES
In addition to the criteria from non-recombinant cell cultures the following has to be known for
recombinant cell cultures:
•
•
•
•
•
•
•

Properties of the host’s cell line (in case of a hybrid, properties of each cell involved in the
merger must be taken into consideration);
The vector used for transformation (may lead to increase the required protection or BSLel);
Transfer of viral sequences (may lead to increase the required protection or BSL);
Transfer of virulence factors (may lead to increase the required protection or BSL);
Activation of endogenous viruses (may lead to increase the required protection or BSL);
Product of the recombinant gene (may lead to increase the required protection or BSLl);
Presence of the helper virus (may lead to increase the required protection or BSL).

5.10.2 CONTAMINATION OF CELL CULTURES WITH INFECTIOUS AGENTS
5.10.2.1 CONTAMINATION OF CELL CULTURES WITH BACTERIA AND FUNGI
When cultured, cell lines contaminated with bacteria and fungi are easy to detect in antibioticfree media, because bacteria and fungi quickly outrun cells in growth (Frommer, 1993).
Contamination with Mycoplasma spp. provides special problems. Although mycoplasmas are
known to be the source of cell culture contamination, no cases of laboratory-acquired infection
with contaminated cultures have been reported until now. However, due to the presence of
biologically active substances produced by mycoplasmas, stability of their antigens and the fact
that many mycoplasmas are pathogenic for humans, their presence in cell lines is viewed as a
biological hazard in cell cultures.
Manipulations with cell cultures contaminated with mycoplasmas are based on the BSL
corresponding to the risk group of the most dangerous contaminant.

5.10.2.2 CONTAMINATION OF CELL CULTURES WITH VIRUSES
Unlike bacteria and fungi, infection of cell cultures with viruses is not easy to detect, and
therefore viruses may pose a serious danger for the laboratory personnel handling primary cell
lines. For instance, a case has been described of a laboratory-acquired hantavirus infection
resulting from manipulations with tumor cells of a rat (Lloyd & Jones, 1986). Due to differences
in the risk level associated with cell lines, the WHO offered their classification based on the
probability of cell culture to carry viruses pathogenic for humans (Laboratory Biosafety Manual,
1993).
•
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•
•

Moderate probability: cells of mammals not related to blood cells, such as fibroblasts and
epithelial cells;
High probability: blood and marrow cells obtained from human and nonhuman primates,
human mucous cells, goat and sheep cells, especially nerve cells; hybridoma cells, when at
least one of the cells involved in merger has been obtained from human or nonhuman
primates.

Both viral and cellular oncogenes have been detected, the most important of them being the
human T-cell leukemia virus (HTLV-I). HTLV-I is a human oncogenic virus which transforms
normal cells into malignant.
Cell lines contaminated with viruses or suspected of having them, are handled with the BSL
corresponding to the pathogen’s danger which determines the highest risk.
Expression of latent viruses is one of the most critical dangers in manipulations with cell
cultures. Endogenous viral sequences were found in a number of cell cultures obtained from
mammals, including humans. Cell lines are cultured using different methods (changes in the pH
values, temperature, serum concentrations, varying supplements, joint culturing). These
different effects may cause changes in expression of oncogenes, latent viruses and surface cell
proteins, and interaction between recombinant segments of a genome.
Manipulations that may change the “normal” behavior of cell lines towards higher potential
danger must be carried out with the BSL that is based on the new state.
When determining the BSL, due attention should be paid to the biological hazard associated
with primates’ cell cultures. Primary cell lines obtained from representatives of the genus
Macaca may contain the hominoid herpes virus (Cercopithecine herpes virus, or Herpes B virus).
Hence, macaques’ tissues are handled as follows:
•
•
•
•

Manipulations with tissues and biological fluids from these animals are carried out in a BSL2 setting;
If the material is known to contain or suspected of containing the hominoid herpes virus,
BSL-3 is required;
Primary diagnostic in vitro tests are performed in a BSL-3 setting;
Virus culturing is performed in BSL-4 laboratories.

5.10.2.3 CONTAMINATION OF CELL CULTURES WITH PRIONS
Proteinaceous infectious particles, or prions, are found to be pathogens of contagious
spongiform encephalopathies such as bovine spongiform encephalopathy (BSE), or mad cow
disease (Griffith, 1967; Prusiner, 1982).
Cell cultures obtained from bovines known or suspected to have BSE, as well as primary
diagnostic tests of these animals’ cell lines, are handled using special instructions on
manipulations with prions.
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5.10.2.4 CONTAMINATION OF CELL CULTURES WITH PARASITES
Fresh primary cell lines may be contaminated with parasites if they have been obtained from
tissues of a human or animal with a known or presumed invasion. Parasites have complex
development cycles, and not all of their forms are invasive, which must be accounted for in
determining the appropriate BSL.
Cell cultures that contain parasites in an unknown development stage must be viewed as the
material contaminated with the most dangerous form.

5.10.2.5 EXPERIMENTS WITH ENDOGENOUS CELLS
Manipulations with transformed human cells obtained from the researcher (human autological
cells) are prohibited. Such manipulations may pose danger for this researcher because natural
mechanisms of immunorecognition of alien cells are ignored.

5.11 DECONTAMINATION
Mandatory decontamination of all contaminated materials prior to their disposal is the
underlying principle of biological safety. Decontamination includes both sterilization (complete
destruction or removal of all microorganisms, including spores) and disinfection (destruction or
removal of certain types of microorganisms). The list of substances used for decontamination,
their important properties, efficiency against different groups of microorganisms and the most
rational ways of using them at research and clinical laboratories, are covered by respective
publications (Dychdala et al., 1991; Hugo & Russell, 1999; Vesley et al., 2000). In Kazakhstan,
the list of disinfection, disinfestation and deratization substances allowed for use is approved
annually by Chief State Sanitary Doctor, included in the State Register and published.
All laboratory employees are responsible for effective decontamination of materials,
equipment and samples taken out of containment areas, as well as surfaces, rooms and spilled
cultures of pathogenic microorganisms.
Decontamination procedures are the critical protection barrier. Their improper implementation
may result in the employees’ exposure to pathogens and/or to unintended release of
pathogens from the closed laboratory circuit. The personnel must leave their treated laboratory
clothes for laundering in assigned places only.
In the Republic of Kazakhstan, medical waste disposal is regulated by SanPiN Sanitary
Epidemiological Requirements to Collection, Use, Decontamination, Transportation, Storage and
Dumping of Waste from Health Facilities, approved by the MoH Order #362 of June 23, 2008
(registered as #5264 in the state register of regulatory acts).
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All contaminated materials must be decontaminated prior to disposal or cleaning before
another use. Selection of the decontamination method is based on the nature of materials that
have to be treated. They include but are not limited to laboratory and archived cultures of
microorganisms, clinical samples, laboratory equipment, tools, protective clothing, and other
objects that had been exposed to infectious materials. Medical waste generated in laboratories
that work with microorganisms of Pathogenicity Groups I and II belong to Class C – extremely
dangerous medical waste, and are subject to disinfection. Waste from health facilities belongs
to Classes A and B. Medical waste of Class A and B are subject to disinfection.
Laboratory benches must be treated after spills of liquids that may contain live microorganisms,
and at the end of the day. Laboratory rooms and large equipment may also require
decontamination, e.g. prior to scheduled repairs, maintenance, relocation to other rooms or
transfer to other units. Each of these processes must have special written instructions
developed and implemented. The personnel must be trained on all decontamination
techniques in line with their work performed, and must be aware of the factors affecting the
treatment efficiency, as briefly described below.

5.11.1 AUTOCLAVES
Contaminated laboratory waste (Petri dishes, pipettes, tubes, other lab ware, etc.) can be
effectively decontaminated in autoclaves with two different air removal systems: air
displacement by steam or pre-vacuum. The pre-vacuumed autoclaves remove the air from the
chamber by rarefaction at the beginning of the cycle, prior to the inflow of saturated steam
(except for liquid cycles). The problem of air traps, characteristic of autoclaves with the
gravitational air removal system, is also addressed. The decontamination efficiency in steam
autoclaves depends on various loading configurations, which affect the temperature of the
material treated and the exposure time. Special attention should be paid to the stacking of
materials for autoclaving, including the size of containers and their distribution within the
autoclave. The containers must allow for steam penetration, and should be placed inside the
chamber in such a way as to ensure free steam circulation. Dense stacking of containers
prevents steam penetration in the materials sterilized. Laying containers onto each other and
autoclave overloading may result in poor decontamination.
Effective parameters of sterilization for each type of autoclaves should be determined by
selection of standard loading and cycle duration conditions, using thermal sensors and
biological indicators. These should be placed in the middle of the materials loaded, i.e. in the
area most difficult for decontamination. Biological indicators are also used for routine control
of the sterilization process (e.g. once a week, depending on how often the autoclave is used).
The biological indicator is a standardized population of bacterial spores used to demonstrate
appropriate sterilization conditions in a specific cycle. Due attention should be paid to the
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appropriate selection of the indicator because its design depends to a great extent on
conditions of its use (liquid or dry indicators, autonomous systems, enzymatic express method).
Chemical indicators are used alongside with biological and physical (pressure and temperature
monitoring) methods to control the autoclave operation. They ensure an immediate result of
checking each load; however, they should not become the sole method to control sterilization.
There is a publication (Favero, 1998) that provides an extensive review of the types of
biological, chemical and physical indicators, as well as recommendations for their use. Results
of the autoclave operation control using biological indicators must be documented and
archived.

5.11.2 CHEMICAL DISINFECTION
Chemical disinfectants are used to disinfect surfaces and equipment that cannot be autoclaved,
e.g. containers for samples and other materials taken out of the containment area, and also to
treat spilled infectious materials, rooms, animal facilities and other objects and materials for
which thermal treatment is difficult or impossible. The initial selection of a disinfectant is based
on the pathogen’s sensitivity to it. The most sensitive are the vegetative forms of bacteria and
fungi, as well as enveloped viruses. Mycobacteria and non-enveloped viruses are less sensitive,
while bacterial spores and protozoan cysts show the highest resistance to disinfectants.
Emphasis should be placed on usability of disinfectants, their stability, compatibility with the
materials treated, and the risk to health.
Normally, activity of disinfectants significantly differs from regular laboratory conditions to
strictly controlled analysis in optimal standard conditions, when effectiveness is studied to have
the product registered. Effectiveness of disinfectants may be affected by many factors:
presence of organic materials (e.g. blood, serum, sputum) which suppress hypochlorite,
temperature, relative humidity, concentration, and exposure time. In some cases, it might be
more preferable for laboratories to check the effectiveness of disinfectants on site, in their use
conditions. The main method to evaluate substances for surface treatment includes their
artificial contamination and application of a disinfectant in the appropriate concentration. After
that, the substance is neutralized by dilution and checked for live microorganisms. A similar
procedure may be used to check the effectiveness of disinfectants used in containers for
laboratory waste: an inoculum is added to the disinfectant solution, followed by neutralization
by dilution after a certain exposure time, and then the sample is tested by culturing.
Selection of an appropriate disinfectant may become an extremely difficult task, considering
the huge amount of products available in the market. More and more of new disinfectants are
being developed, and their new versions are being tested. However, their active ingredients
belong to a relatively small number of classes of chemical substances (mainly hypochlorite,
alcohols, quaternary ammonium compounds, QAC, phenolic and iodine-containing
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compounds), and understanding of capacities and limitations of each class will help select the
product based on its comparative effectiveness.
It is worth mentioning here that the commonly practiced substitution of ethyl alcohol in
disinfectant formulations and antiseptics with propyl (isopropyl) alcohol may significantly harm
the laboratory personnel, because exposure to isopropyl alcohol is considered to be harmful
working conditions. This substance is 100 times more toxic than ethanol, and has a mutagen
and cumulative effect on the human organism. Isopropyl alcohol may be used only in rooms
equipped with exhaust ventilation systems (Ivanova, 2009).

5.11.3 GAS DECONTAMINATION OF ROOMS
Room decontamination using gases is usually required for BSL-3 and BSL-4 laboratories, in
specific circumstances (e.g. after a spill or accidental release of an infectious material), for
relocation of large equipment from the containment area, and prior to maintenance of the PPE
or testing of the heating, ventilation and air conditioning (HVAC) systems in the area. Due to
potential exposure to dangerous chemicals (for instance, formaldehyde), room fumigation must
be performed only by the well-trained staff. The “pair” principle is always applied, and both
persons must be trained to use respiratory protection devices. The recommended procedure
includes paraformaldehyde depolymerisation in a tightly sealed room to create the
formaldehyde concentration in the air of 10.6 g/m3. After the exposure of at least six hours,
formaldehyde is neutralized with ammonium carbonate (taken for the reaction in the amount
equal to 1.1 of the formaldehyde weight), and the room is then ventilated and aerated. The
formaldehyde concentration in the air is checked in the treated and adjacent rooms, and they
are considered safe for entering without protective clothing only when the concentration falls
below the maximum allowable level. Successful gassing requires the room temperature of at
least 21oC and relative humidity of 70 %. Biological indicators should be used to check the
decontamination effectiveness.
Vaporous, or gaseous, hydrogen peroxide was offered as a safer option for treatment with
formaldehyde vapor. The sterilization process evaporates 30 % of liquid hydrogen peroxide to
the concentration of 1,200 particles per million. Vapors disintegrate into non-toxic oxygen and
water. Vaporous hydrogen peroxide may be used as a non-aggressive disinfectant with the
purpose of taking the laboratory equipment and items (e.g. telephones, cameras, computers,
pipettes, electrical drills) into “clean” areas. The future commercially available applications may
help overcome the current restrictions associated with massiveness and high cost of hydrogen
peroxide vapor generators, and the limited space that can be disinfected (e.g. pass-through
airlocks or smaller rooms).
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5.11.4 EFFLUENT TREATMENT SYSTEMS
Liquid waste treatment systems are used in BSL-4 laboratories (as well as BSL-3 laboratories
working with introduced animal pathogens) to disinfect effluents from sinks, showers,
autoclave chambers, etc. These are secondary treatment systems because the materials that
may contain pathogenic microorganisms are not dumped into the special sewerage system
unless after primary decontamination (e.g. chemical disinfectants added). The decontamination
parameters for effluent treatment systems (e.g. time and temperature of heat disinfection
systems) must ensure effective inactivation of all microorganisms handled. The internal
temperature and pressure in the system reservoirs, as well as the treatment duration, must be
registered and recorded during the whole decontamination cycle. Chemical disinfection
systems might prove viable for relatively small effluent amounts. The decontaminated liquid
waste leaving the treatment systems must comply with all requirements and respective norms.

5.11.5 IRRADIATION
Gamma irradiation may be used to disinfect heat-sensitive materials. It is also an effective way
to disinfect chemicals and solvents removed from the containment area. Effectiveness of this
disinfection technology is based on penetration of gamma rays into the material treated, on its
density and the emission power (Dychdala et al., 1991).
Microwave irradiation is hardly used in containment laboratories for disinfection. Just like with
steam sterilization, temperature here is a critical factor for inactivation of pathogenic
microorganisms. Other parameters affecting the process include the radiation frequency and
wave length, exposure time and the material’s moisture percentage.
Ultraviolet (UV) irradiation cannot be relied upon as a sole method to disinfect materials to be
taken out containment rooms. It has a limited penetration power and mainly affects
unprotected microorganisms on irradiated surfaces and in the air. It may be an effective
method to reduce the surface and air contamination level provided that lamps are
appropriately cleaned and maintained, and checked for radiation intensity.

5.11.6 INCINERATION
Incineration (cremation) has traditionally been the method of choice for treatment of
biomedical and necropsy waste and carcasses. Effective incineration is based on the
appropriate equipment design with regards to the time, temperature, turbulence and air supply
to ensure complete oxidization, and on appropriate loading. Most incinerators today have two
chambers with the optimum temperature of at least 800oC in the primary chamber, and at least
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1000oC in the secondary chamber. Loading of contents with high humidity may reduce the
treatment temperature. There are no microbiological standards for smoke; however, such
standards are available for the solids content and for some chemical contaminants (Canadian
Council of Ministers of the Environment, 1992).

5.11.7 NEW TECHNOLOGIES
The growing concerns with air pollution made the environment regulating agencies to enact
stricter standards for incinerators. This in turn led to rapid development of alternative
technologies for waste treatment. Most of such systems utilize one or several of the following
methods: heating with microwaves, radio waves, hot oil, water, steam or overheated gases;
treatment with chemicals, including hypochlorite, chlorine dioxide or sodium hydroxide;
treatment with heated disinfectants, and irradiation. Reviews have earlier been published to
describe many of the technologies above, as well as their advantages and shortcomings
(Turnber, 1996; Salkin et al., 2000). The modified disposal process was shown to be yet another
effective approach successfully used for decontamination of infected carcasses (Thompson et
al., 1998). New waste treatment technologies must be agreed upon by the local administration
prior to equipment purchase and use.

5.12 BIOLOGICAL SAFETY CABINETS
With due maintenance and use, and in combination with correct laboratory techniques,
biological safety cabinets (BSC) ensure effective primary physical protection when handling
human pathogens. Improvements to the available BSC allow utilizing new design concepts,
enhancing safety when working in a BSC, improving ergonomics, and simplifying cabinet
disinfection procedures (Lyapin et al., 2012).
In BSL-2 laboratories, BSC are used for manipulations posing the risk of generating infectious
aerosols, and for handling high concentrations and large volumes of infectious materials. In
BSL-3 and BSL-4 laboratories, all manipulations with open containers which have pathogenic
microorganisms are carried out in a BSC. All employees working in a BSC must be trained on
their proper use and have a good understanding of different types of cabinets and how they
function.
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5.12.1 CLASSES AND CHARACTERISTICS OF BIOLOGICAL SAFETY CABINETS
There are three classes of BSC: I, II and III. Selection of a cabinet of the appropriate class
requires thorough assessment of the work planned.

5.12.1.1 CLASS I BIOLOGICAL SAFETY CABINETS
These cabinets have an air flow without recirculation, directed from the operator and
discharged in to the atmosphere after filtration with HEPA filters. They ensure good protection
of the operator but do not protect materials/products within the cabinet from contamination.

5.12.1.2 CLASS II BIOLOGICAL SAFETY CABINETS
The design of Class II cabinets ensures protection of the personnel, product and environment.
They are designed to work with microorganisms in BSL-2, BSL-3 and BSL-4 laboratories, and are
subdivided into two types (A and B), based on their design features, airflow velocity and
character, as well as exhaust systems (4).
Type A includes two subtypes, A1 (formerly, Type A) and A2 (formerly, Type B3). Type B
includes subtypes B1 and B2. Class II BSC are most commonly used in biomedical research
laboratories thanks to their design features.

Class II Type A1 biological safety cabinets. The air from the cabinet may either return to the
laboratory or be removed from the building using the thimble connection. A cone-shaped tip is
installed over the BSC exhaust filter case, with close-fitting clearance around the exhaust filter
case. As a result, the air balance in the cabinet is not disrupted with fluctuations in the
building’s exhaust system. The thimble must be designed in such a way as to allow for due BSC
validation (i.e. ensure access for HEPA filter checks).
•
•
•

The average frontal air velocity is provided at the level of at least 0.38 m/s.
They may be equipped with air ducts and positive pressure chambers.
They are not suitable for work with even low levels of volatile toxins and radionuclides.

Class II Type A2 biological safety cabinets. The air from the cabinet may either return to the
laboratory or be removed from the building using the thimble connection. A cone-shaped tip is
installed over the BSC exhaust filter case, with close-fitting clearance around the exhaust filter
case. As a result, the air balance in the cabinet is not disrupted with fluctuations in the
building’s exhaust system. The thimble must be designed in such a way as to allow for due BSC
validation (i.e. ensure access for HEPA filter checks).
•
•
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•

The cabinets may be used to work with small amounts of volatile toxic substances and trace
quantities of volatile radionuclides.

Class II Type B1 biological safety cabinets. They are equipped with a closed designated airduct
through which the exhaust air is removed into the atmosphere after HEPA filtration. They are
equipped with a negative pressure chamber.
•
•
•

The average frontal air velocity is provided at the level of at least 0.5 m/s;
30 % of the air in the cabinet recirculates;
The cabinets may be used to work with small amounts of volatile toxic substances and trace
quantities of volatile radionuclides.

Class II Type B2 biological safety cabinets.
•
•
•

•

No air recirculation in the cabinet.
The average frontal air velocity is provided at the level of at least 0.5 m/s;
They are equipped with a closed designated airduct through which 100% of the exhaust air
is removed into the atmosphere after HEPA filtration. They are equipped with a negative
pressure chamber.
The cabinets may be used to work with volatile toxic substances and radionuclides.

Exhaust airduct hoods must not impede BSC validation activities. The cabinets must be
equipped with emergency sound alarms triggered after the building’s exhaust ventilation fails.
The internal BSC fan must be blocked if the building’s exhaust ventilation fails to prevent
formation of the positive pressure in the cabinet.

5.12.1.3 CLASS III BIOLOGICAL SAFETY CABINETS
Class III BSC are completely enclosed, sealed and equipped with HEPA filters which filter both
exhaust and supply air. The work is done with long gloves attached to the front panel. The glove
box is under negative pressure of at least 120 pascal, and the airflow is supported by a
designated exhaust system. Class III BSC protect the operator and the product. They are
designed to handle pathogens of Risk Group 4 and serve as an alternative to positive-pressure
protective suits used in maximum containment laboratories. The lines combining several Class
III BSC (for centrifuges, animal cages, incubators, refrigerators, etc.), as well as transfer devices,
are usually custom-made. The exhaust air is filtered through two HEPA filters or through one
HEPA filter with follow-up annealing. Materials are removed from the cabinet through the
reservoir with a disinfectant solution, the two-door autoclave or through the airlock to ensure
decontamination. Special opening or blocking patterns are used in the autoclave or passthrough airlock to avoid simultaneous opening of the doors.
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5.12.2 INSTALLATION AND VALIDATION OF BIOSAFETY CABINETS
The air curtain in the front of the cabinet is rather fragile and may be easily breached by
passers-by, open windows, supply ventilation, and laboratory equipment BSC must be placed
away from heavy traffic areas, doors, and supply and exhaust grilles which may compromise
the airflow character. Clearance of at least 40 cm must be provided between the exhaust
branch in the upper part of the BSC and any objects located above. Where possible, 30-cmwide clearance should be allowed on each side of the cabinet in order to make access easier for
maintenance. For BSC equipped with airducts, exhaust fans must be installed at the end portion
of the airduct: a breach of the exhaust airflow must incur a sound alarm. To prevent pressure
increase, the cabinet uses the internal fan blocking system, which kicks in as the outside airflow
decreases. A counterflow protection device may be required to prevent reverse airflow through
HEPA filters.
Continuous BSC operation helps control the amount of dust and other particles suspended in
the air in laboratory facilities. If for reasons of economy the BSC is used only as needed, due
attention should be paid to the air balance in laboratory facilities. In some cases, the exhaust
ventilation in a room will be set up to consider the flow from the cabinet’s air duct. Such BSC
must be continuously turned on.
Supply of natural gas to the cabinet is not recommended. An open flame in the cabinet creates
turbulence, breaches the airflow pattern and may damage HEPA filters. If no reasonable
alternatives (disposable sterile loops, microfurnaces) are available, portable sensor burners
with a continuously burning wick are used to give off flames if needed.
The proper operation of the BSC must be verified prior to use and then on a regular basis, once
a year, and also after each relocation or maintenance. Relocation of the cabinet may result in
damaged HEPA filters and compromised pressure-sealing. Validation or re-validation includes
checks of the downflow velocity profile and frontal velocity through the work area, checks of
the HEPA filters for leaks, and smoke tests of the airflow patterns. The measuring and testing
equipment must be calibrated and undergo maintenance. A copy of the validation sheet must
be provided to the user and archived. A label is tagged on the outside surface of the cabinet to
show the validation date, the next validation due date, name of the test standard, and the
tester’s name. BSC validation is performed by experienced and skilled employees. NFS (National
Sanitation Foundation International) provides lists of such qualified and eligible persons.

5.12.3 WORKING IN A BIOLOGICAL SAFETY CABINET
The following preparations must be carried out prior to work:
•

172

Turn off the UV light (if turned on) and make sure the pull-out front sash is in the
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•
•
•
•
•
•

•

Turn on the daylight lamp and the internal fan (if turned off).
Check airflow vents and exhaust grilles for any obstructions.
If the cabinet is equipped with the emergency alarm, check it and turn on.
Make sure the air gets inside placing a napkin in the middle of the front panel (it should be
sucked in).
Treat interior surfaces with an appropriate non-corrosive disinfectant.
Collect all materials needed for work and load them into the BSC. Do not block air grilles.
The work surface may be lined with adsorbent paper with a plastic base. Segregate “clean”
and “dirty” items.
Wait for five minutes to remove particles that contaminate the work area’s air.

Observe the following instructions when working in the cabinet:
•
•
•

•
•
•

Put on protective clothing and gloves (if needed).
Perform operations as close to the back end of the work area as possible.
While working, avoid moving your hands and items through vents in the front sash. If you
still have to remove your hands or items from the cabinet or bring them into the cabinet, do
it in the forward direction. Before you continue your operations, allow some time for
airflow stabilization.
Keep the unnecessary contaminated materials close to the back wall of the cabinet. Do not
discard waste into the containers outside the cabinet.
Do not work with open flames in the BSC.
In case of an infectious material spill, disinfect surfaces of all items in the cabinet. Disinfect
the work area with the ventilation turned on.

Upon work completion, perform the following operations:
•
•
•
•
•
•

•

Leave the cabinet turned on for 5 minutes, without performing any actions.
Close (or put a lid on) the open containers before removing them from the BSC.
Treat surfaces of the items exposed to infectious materials, with a disinfectant solution
before removing them from the cabinet.
Take off dirty gloves and duly place them into a waste container. Wash your hands.
Put on clean gloves. Make sure all materials in the cabinet have been placed in sealed bags
for hazardous waste.
Treat the interior surfaces of the BSC with a non-corrosive disinfectant (e.g. 70 % ethyl
alcohol). Remove the attachable surface of the work area and disinfect the space beneath,
including the tray. Treat the surface of the UV lamp.
Turn off the fluorescent lighting and (if needed) the internal fan of the cabinet. Some BSC
should be left turned on continuously. If you are not sure what to do, consult the specialist
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•
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who has validated your cabinet, the biological safety inspector or the engineering service of
the building.
Turn on the UV light, if this is possible at the moment (do not turn on if people are working
nearby). The UV light source must be verified for emission of UV of the appropriate wave
length to ensure the bactericidal action. Ask the specialist who has validated your cabinet
about how to do that test.

6

HEALTHCARE-ASSOCIATED INFECTIONS

Strategic healthcare objectives include ensuring of the medical aid quality and a safe
environment for patients and personnel at healthcare facilities. HAI are a critical component of
this problem due to their prevalence and negative consequences for patients’ and employees’
health and for the national economy. The common criterion for considering an infection to be
an HAI is the direct link between the occurrence and provision of medical aid (treatment,
diagnostic tests, immunization, etc.). This is why HAI include not only cases concomitant to the
main disease in hospitalized patients but also those associated with provision of any types of
medical aid (outpatient hospitals, polyclinics, educational facilities, resorts and health centers,
social protection facilities, ambulance, domiciliary care, etc.), as well as cases of infection of
health workers resulting from their occupational activities (Aikimbayev et al., 2010b).
The term “healthcare-associated infection”, being a more accurate one, is currently used in
scientific literature, WHO publications and regulatory documents of most countries in the
world.
HAI affect around 5-10% hospitalized patients and take the 10th place of all lethal human cases.
According to official statistical data, about 30,000 HAI cases are registered in Russia every year
(approximately 0.8 per 1,000 patients). However, experts believe the real number is at least 2
to 2.5 million cases. Frequency of HAI varies with involvement of different factors. Some groups
of patients are especially vulnerable: newborn children, senior citizens, patients with a severe
course of the main disease and multiple co-morbidities, patients undergoing aggressive and
invasive medical manipulations, organ transplantations, etc. In these groups, the HAI incidence
is much higher.
HAI patients stay in hospitals 2-3 times longer than similar patients without infection signs. On
average, they are discharged 10 days later, the cost of treatment increases 3-4 times, and the
risk of a lethal outcome, 5-7 times. The economic loss caused by HAI is significant: in the
Russian Federation, on a conservative estimate, the loss may reach 10-15 billion rubles per
year. For comparison, the annual economic loss caused by HAI in Europe is about €7 billion, and
in the USA, $6.5 billion). HAI significantly reduce the patient’s quality of life and lead to loss of
reputation of a health facility.
Extensive development of high-tech invasive methods of diagnostics and treatment, in
combination with outspread of microorganisms with multiple drug resistance, necessitates
continuous improvement of surveillance and control systems.
Many chronic pathological processes are based on inflammation induced by infectious
pathogens. Development of chronic pathologies is triggered by infection with specific
microorganisms (Somov & Buzoleva, 2002).
Due to a number of reasons, the role of opportunistic pathogenic pathogens has lately
increased, especially in patients with immunodeficiencies and with hospital-acquired infection
(Ivanov et al., 2005).
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Control of infectious diseases has undoubtedly been very successful. For instance, infant
mortality has been significantly reduced after introduction of the measles vaccine into practice.
Thanks to scheduled preventive measures, complete elimination of polio becomes a realistic
task. And yet, evolution of infectious diseases gains pace, and its speed is already measured by
decades rather than millennia. This gave the reason to introduce the term “current evolution of
the epidemiological process” (Pokrovskiy, 1993). In recent decades, clinical and epidemiological
manifestations of many infections have changed much more significantly than in the whole
previous history of observations of these diseases. Chronic diseases of various etiologies are
rapidly spreading out. Hospital-acquired infections – first of all, of bacterial and fungal nature –
become especially important.

Definition of a nosocomial infection. The term HAI has been defined above as a more accurate
and current one. But as we go on, we will be using the commonly recognized definition –
nosocomial, or hospital-acquired infections, which still prevail and are more readily accepted by
the medical community, being the target audience of our book.
The term “nosocomial (hospital-acquired) infection” was first coined by the WHO Regional
Office for Europe in 1979, meaning “any clinically recognized infectious disease that a patient
develops as a result of his/her admission to the hospital or referral to the hospital for medical
treatment, or any infectious disease of a hospital employee resulting from his/her work in this
facility, irrespective of the time when the disease symptoms appear (before or during the stay
in the hospital)” (Hospital-Acquired Infections, 1990).
The following cases may be considered as a nosocomial infection (А Preliminary Report, 1993):
•
•

If the patient is readmitted to the hospital with a recognized infection resulting from the
previous hospitalization;
If the infection develops 48 or more hours after admission to the treatment facility.

A commonly accepted provision is that clinical signs of the infection must be present (Garner et
al., 1988). These signs are detected either by direct observation of the patient or by analyzing
the patient’s primary documentation (e.g. body temperature flow chart), (Тablan et al., 2004).
Clinical signs of the infection may be augmented with results of paraclinical test methods (e.g.
X-ray findings for nosocomial pneumonia), as well as laboratory test data (microbiological,
serological or rapid diagnostic methods), (Тablan et al., 2004).
The comprehensive analysis of these data should take into account that some hospital-acquired
infections have an incubation period of more than 48 hours (e.g. typhoid fever). Also, antenatal
infections, with symptoms and signs appearing soon after birth, are not considered to be
nosocomial infections (Тablan et al., 2004).
Foreign specialists have recently offered to use a broader term in this section of infectious
pathology: “healthcare-associated infection”. The category of patients with this nosological
entity includes:
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•
•
•

Patients with the infection which develops 48 or more hours after admission (nosocomial
infection per se);
Patients with the infection, who had been in the hospital for two days or more in the
previous 90 days;
Patients with the infection, who stay at nursing homes and senior care centers (Survey
Data, 1997).

6.1

EPIDEMIOLOGY OF NOSOCOMIAL INFECTIONS

Depending on various factors, the number of patients who develop nosocomial infections
during their stay in hospital varies between 3 % and 5 % (Survey Data, 1997). The research
carried out in 1996 in 271 hospitals of Southeastern France found that the average frequency of
nosocomial infections was 7.6 % (Survey Data, 1997). Similar research carried out in 72
hospitals of Germany found the frequency to be 3.5 % (Gastmeier et al., 1997).
According to a report by specialists from the CDC, two million patients admitted in the U.S.
hospitals in 1998 developed nosocomial infections (Hospital Infection Program, 1998). In 196
critical care and intensive therapy units of the USA general hospitals in 1986-1989, the
frequency of developing nosocomial infections was 9.2 per 100 discharged patients, and 23.7
per 1,000 patients/days (Weinstein, 1990).
In current clinical practices, these infections exacerbate the patients’ outlook, lengthen
hospitalization stay, increase treatment costs, reduce the efficiency of antibacterial therapy,
and add to the outspread of resistant strains within a hospital. According to some USA authors
(Martone et al., 1992), the damage from such infections is estimated to be US$5 to US$10
billion per year. According to the British Office of Health Economics (SCRIP, 1997), such
infections are the direct cause of 5,000 lethal cases annually and are responsible for occurring
of another 15,000 of such cases.
Studies of nosocomial infection epidemiology help obtain appropriate information for decision
making during outbreaks of infectious diseases within hospitals, analyze the structure of the
pathogens, level and phenotypes of their antibiotic resistance, and prevalence of “rare”
pathogens.
According to Ruef (1997), awareness in the area of nosocomial infection epidemiology must be
raised to:
•
•

Predict potential problems associated, e.g. with transfer of patients colonized or infected
with multiple resistant strains of microorganisms;
Monitor frequency and prevalence of nosocomial infections;
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•
•

Identify epidemic outspread of certain clones of pathogens, e.g. Gram-negative bacteria
with extended spectrum beta-lactamases;
Improve efficiency of infection control at the local level through adaptation of methods
practiced worldwide.

Besides, these studies are an integral part of epidemiological surveillance carried out to detect
“problematic” pathogens, analyze their resistance and design treatment regimens for the
infections caused by them.
In bigger urban inpatient hospitals, the frequency of developing nosocomial infections is usually
higher than in smaller facilities. Their frequency also depends on the type of the unit
(therapeutic, surgical, cardiovascular, etc.), type of the inpatient hospital, and characteristics of
patients (age, co-morbidities), (Mallet et al., 1997).
Based on Russia’s experience, the most accurate information on the incidence level for
nosocomial infections is obtained from annual statistical reports of the epidemiological service
(Zuyeva, 1991; The Concept of Preventing Hospital-Acquired Infections, 1999).

6.2

PATHOGENESIS OF NOSOCOMIAL INFECTIONS.

Nosocomial infections develop as a result of interaction between a micro- and a
macroorganism in a specific environment – the inpatient hospital. There is a series of factors
that can affect the outcome of such an interaction. Endogenous (i.е. patient-related) and
exogenous (i.е. hospital-related) factors may potentiate the pathogen’s danger or disrupt
protection mechanisms of the macroorganism (Gaivеz-Vatgas et al., 1995).
More than 80 % of all nosocomial infections are of the endogenous origin, i.е. caused by
microorganisms which had colonized the patient prior to his or her admission to the hospital
(Daschner, 1978; Preston et al., 1981; Kerver et al., 1987). Once the patient is admitted, the
hospital’s microflora will quickly colonize other patients to become part of the commensal
microflora. In the next stages, under certain circumstances, these microorganisms may cause
diseases (the so called exogenous infections), (Millership et al., 1986; Eerver et al., 1988). These
infections are rarer as compared with endogenous ones, and most pathogens are transmitted
by direct exposure to the patient (Larson, 1978; Daschner et al., 1982; Garner & Favera, 1985;
Garner & Hierzhoizer, 1993), although transmission by contaminated equipment and materials
plays a certain role, too.
Around half of all nosocomial infections are associated with implementation of invasive
diagnostic and therapeutic procedures (e.g. urinary and intravascular catheterization, hookup
to artificial lung ventilation units), (Stamm, 1978).
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The risk of developing nosocomial infections is affected by the patient’s endogenous factors:
sex, age, immune status, clinical symptoms, nutritional status, presence and severity of comorbidities (Britt et al., 1978; Emori et al., 1991; Jarvis et al., 1991; Haley, 1991).

6.3

ETIOLOGY OF NOSOCOMIAL INFECTIONS

Ninety per cent of hospital-acquired infections are caused by bacteria, with viruses and fungi
following far at the back (Hierholzer & Zernos, 1991; Bergogne-Berezin, 1995; Sidorenko et al.,
1999). During the last three decades, etiology of hospital-acquired infections has undergone a
dramatic change – partially, as a result of using new broad-spectrum antibacterial drugs,
appearance of multiple-resistance strains in the environment, and an increasing number of
invasive procedures (Hierholzer & Zernos, 1991; Yakovlev, 1999; Sidorenko et al., 2001a).
At the dawn of the antibiotic era, when penicillin was introduced into clinical practices and 65
% of all infections were of the staphylococcal origin, the problem of nosocomial infections
seemed to be successfully resolved. However, in 1944, reports were made on beta-lactamase
producing strains (Kirby, 1944) resistant to penicillin.
Later on, in 1955-1965, outbreaks of nosocomial infections caused by penicillin-resistant
staphylococci posed a greater problem for many hospitals (Bergogne-Berezin et al., 1993).
Introduction of penicillinase-stable beta-lactam antibiotics into clinical practices decreased the
importance of staphylococci in etiology of nosocomial infections. At the same time, in the 19601980s, infections caused by Gram-negative pathogens experienced a significant growth.
According to most research data of the time, Gram-negative aerobic bacteria as pathogen
caused about 60 % of nosocomial infections, while 30 % were caused by Gram-positive bacteria,
3 % by anaerobes, and the remaining 7 % of infections had the fungal or viral etiology (CDC,
1986; Hierholzer & Zernos, 1991; Bennett & Brachman, 1992).
At the same time, the character of the intra-hospital microbial flora is very diverse, which
depends on many hospital factors.
Epidemiology of hospital-acquired infections differs not only from country to country – it is
different in various regions and even medical facilities (Hayner et al., 1995; Campbell et al.,
1996; Mayer & Campbell, 1996; Sidorenko et al., 1999).
Today, some pathogens of hospital-acquired infections gain huge clinical importance due to
their high prevalence frequency. Despite the growing etiological role of Gram-positive
microorganisms as pathogens of nosocomial infections (Riebel et al., 1986; Christinsen et al.,
1987; Leclerc et al., 1989; Cookson, 1991; Utley & George, 1991), strains of Gram-negative
microorganisms with multiple resistance to antibacterial drugs pose the most serious problem
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for hospitals in different countries of the world (Buirma et al., 1991; Shah et al., 1991; Verbist,
1991).
Such strains spread out significantly faster in critical care and intensive therapy units. Some
authors attribute epidemic outbreaks to transient contamination of the health personnel and
the environment with these strains (Daschner et al., 1982; Garner & Favera, 1985; Larson,
1988; Garner & Hierzhoizer, 1993), and also to frequent use of antimicrobial drugs (Williams,
1986; Gentry, 1990).
In a situation when antibiotics are used broadly, and sometimes uncontrolled, the number of
gene mutations increases in bacteria such as E. coli, Klebsiella (K.) spp., Enterobacter spp.,
Citrobacter spp., Serratia spp. (Brisse et al., 2000). It is these Gram-negative microorganisms
that have in the recent decade determined the microbiological pattern of a modern-day
hospital (National Committee for Clinical Laboratory Standards, 1998; Sidorenko et al., 2001b).
With a severe course of the disease or in patients with co-morbidity (diabetes mellitus, cardiac
failure, hepatic cirrhosis, oncological diseases and diseases with immunodeficiency) the role of
certain microorganisms increases. Such microorganisms are characterized by multiple
resistances to antibacterial drugs, first of all to beta-lactam antibiotics, fluoroquinolones and
amino glycosides, traditionally used as basic therapy medications (Martone et al., 1992; Pfaller,
1993).
In 2002, the Recommendations for Optimization of Antimicrobial Therapy of Nosocomial
Infections Caused by Gram-negative Bacteria in Critical Care and Intensive Therapy Units were
published (Strachunskiy et al., 2002). They showed that the main Gram-negative pathogens of
nosocomial infections in critical care and intensive therapy units included Pseudomonas (Ps.)
aeruginosa (30 %), E. coli (18.4 %), K. pneumoniae (14.6 %), Proteus spp. (10 %), Enterobacter
sрр. (7.6 %) and Acinetobacter spp. (6.9 %).
Rare Gram-negative agents of nosocomial infections include Serratia spp. (4.1 %), Citrobacter
spp. (1.3 %), Stenotrophomonas (St.) maltophilia (1.3 %), Morganella morganii (0.8 %), and
Flavobacter spp. (0.8 %).
Alongside with such “classical” pathogens as Ps. aeruginosa, Е. coli, K. pneumoniae, and Proteus
spp., we are witnessing the growing etiological role of the opportunistic microflora — Serratia
spp., St. maltophilia, etc. (Rudnov, 2002; A Manual on Infection Control at Hospitals, 2003).

6.4

STRUCTURE OF NOSOCOMIAL INFECTIONS

The fact that the structure of nosocomial infections differs between hospitals of various profiles
is undeniable. Out of 191 HIV-infected patients in Germany, 28.6 % of all infections were in the
respiratory tract, 26.8 % in the urinary tracts, and 21.4 % were skin infections (including
catheter-associated infections), (Frank et al., 1995).
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According to a survey conducted in the United States, microbiologically confirmed nosocomial
infections of the urinary tracts held the first place in frequency (34.5 % of all infections),
followed by wound infections (17.4 %). The third place was taken by angiogenic infections (14.2
%), and the fourth, by pneumonia (13.2 %), (CDC NNIS System, 1996). Distinctive features of
this survey include strict standardization (use of similar protocols and criteria for nosocomial
infections, unified data processing and representation software), regular pattern (conducted
since 1970), government support and absolute confidentiality, which also help to achieve a
realistic picture of the problem.
Therefore, no concept of a “universal structure of nosocomial infections” for hospitals of
various profiles exists. This is why the planning stage should identify the units where the
research is to be carried out.

6.5

GENERAL PRINCIPLES OF ANTIBACTERIAL THERAPY OF NOSOCOMIAL
INFECTIONS

Considering difficulties in treatment of nosocomial infections in patients (severity, often
polymicrobial character of the infection, frequent isolation of pathogens multiple resistance to
antibacterial drugs), adequate and effective antibacterial therapy must comply with the
following provisions:
•
•
•
•

•

Treatment must begin urgently once the infection has been documented;
Treatment must necessarily be programmed and standardized;
Treatment, as a rule, is of the empirical character, at least at the initial stage;
Initial assessment of the antibacterial therapy efficiency is to be done within 48 after
beginning of the treatment to abate fever, intoxication and dynamic of the respiratory
index;
Treatment must be carried out under mandatory bacteriological control;

Antibacterial drugs prescribed for treatment of infectious diseases must possess the following
properties:
•
•
•

In vitro activity with regards to the most probable pathogens;
Pharmacokinetic properties that ensure penetration and activity of the drug in the infection
source;
Clinical and bacteriological efficiency, confirmed by controlled trials.

Prescription of an antibacterial drug must also take into account:
•

The ratio between the expected effect and potential development of adverse reactions, as
well as drug interactions during a respective therapy;
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•
•

Presence of a co-morbidity that may affect pharmacokinetics and drug tolerance;
Local data on prevalence of the drug resistance in potential pathogens.

Selection of an antibacterial drug may be based on the established etiology of the disease and
specified antibiotic sensitivity of the pathogen – such therapy is defined as etiotropic. In other
cases, when the pathogen is not known, drug prescription is based on the empirical approach.
Should this be the case, selection of an antibiotic will be based on the probable range of
microorganisms causing an infection in a certain location, and on the understanding of main
trends in antibiotic resistance of the most probable pathogens. It stands to reason that in
clinical practice, the doctor is often compelled to empirically prescribe the antibacterial drug,
before the disease etiology has been specified.
Obvious advantages of etiotropic therapy include potential use of directed-action drugs,
shorter therapy duration and, consequently, prevention of colonization with resistant
pathogens. Regrettably, limitations of bacteriological diagnostics explain the significant
dominance of empirical therapy in clinical practices.
The choice of empirical antibacterial therapy tactics is based on:
•
•
•
•
•
•

Confirmation of the infection;
Origin of the infection – community-acquired or nosocomial;
Previous antibacterial therapy;
Localization of the infection nidus;
Resistance profile of probable nosocomial pathogens;
Severity of the patient’s condition.

Two essentially different approaches to the selection of empirical antibacterial therapy could
be singled out – minimal (escalating) and maximal (de-escalating).
With the first approach, an antibiotic with a relatively narrow action range is prescribed at the
initial therapy stage, meaning low probability of having resistant pathogens. If the initial
therapy proves ineffective, antibacterial therapy may be corrected by using another antibiotic
or prescribing a new drug with a broader action range.
With the maximal approach, a drug with the maximum coverage of probable pathogens is
selected at the initial therapy stage, considering probability of multi-drug resistant pathogens.
In the late 1990s, conclusive clinical data were obtained to demonstrate feasibility of using the
maximal approach to startup empirical therapy of nosocomial infections. Two factors proved to
significantly affect outcomes of severe infections: delays in prescribing an antibiotic and
inadequate antibacterial therapy at the initial treatment stage (Luna et al., 1997; Kollef et al.,
1998).
Adequacy or inadequacy of startup empirical therapy is assessed considering the isolated a
pathogens and their sensitivity. Mortality of patients receiving inadequate startup empirical
therapy may be higher than that of patients who had received adequate therapy at the initial
stage.
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Inadequacy of startup empirical therapy is most often related to isolation of multi-drug
resistant pathogens, first of all Enterobacteriaceae, resistant to the 3rd generation
cephalosporins, and Рs. aeruginosa, resistant to cephalosporins and fluoroquinolones (Luna et
al., 1997).
Thus, improving the outcome of nosocomial infections requires urgent beginning of therapy
and an adequate treatment regimen as early as at the initial stage.
Rational empirical antibacterial therapy cannot be implemented without current knowledge of
the etiological structure of nosocomial infections and antibiotic resistance of their pathogens.
In effect, this means the need to use microbiological methods for detection of the etiological
pathogen of a nosocomial infection and assessment of its antibiotic susceptibility. The choice of
an optimal antimicrobial drug may be discussed only after that.
However, the situation in practical medicine is not so simple, and even the most advanced
microbiological methods oftentimes cannot provide the clinician with fast response – or even
specify the pathogen. In this case, the situation could be helped with the knowledge of the
most probable etiological pathogen of specific nosological entities of nosocomial infections, and
the spectrum of natural activity of antibiotics and the level of acquired resistance to them in a
specific region and a specific hospital. The latter seems to be the most important aspect in
planning antibacterial therapy of nosocomial infections.

6.6

GENERAL PRINCIPLES OF NOSOCOMIAL INFECTION PREVENTION

Prevention of nosocomial infections is an integral part of the infection control program of a
hospital or another health facility. It ensures the overall quality of medical care in a specific
facility. High-quality infection control programs help reduce the frequency of nosocomial
infections, length of hospital stay and economic costs associated with hospitalization.
Infection control has existed in various forms since the time when doctors began to understand
the role of bacteria in developing postoperative wound infection. In the early 1970s, the
position of the infection control nurse was introduced in the United Kingdom for the first time.
This event opened a new era – the era of recognizing infection control as an independent area
of specialization.
In some countries, medical insurance companies and certification authorities forced health
facilities to lower the infectious disease incidence level in hospitals, which in turn enhanced
large-scale introduction of infection control programs.
Infection control programs help implement medical aid quality standards in clinical practices.
Such programs will gain even more support if the government and community understand
183

6 Healthcare-associated Infections
advantages of implementing infection control programs to reduce incidence and mortality
caused by infections and secure their economic effectiveness.
Implementation of high-quality infection control programs helps reduce expenditures and
improve quality of medical services for hospitalized patients.
Compliance with inpatient treatment protocols and rational use of antibiotics reduce the
frequency of infection development and thus results in shorter hospital stay (the largest cost
item in medical services).
Infection control programs allow to significantly reducing incidence and mortality rates (Kollef
et al., 1998).
To reduce frequency of nosocomial infections, the problem scale should first of all be
determined. This requires data on the most common pathogens of hospital-acquired infections,
their sensitivity to antimicrobial drugs and routes of intra-hospital infection outspread. Current
and targeted surveillance is practiced to determine the prevalence of nosocomial infections.
Implementation of current surveillance requires special personnel, data collection systems and
a well-organized reporting system, ideally available in all units of health facilities.
Current surveillance allows identifying trends in antibiotic resistance development, assessing
results of long-term regulating measures, and obtaining data that will serve as a scientific basis
for developing and improving infection control programs.
Just like in any surveillance system, current surveillance is an expedient and efficient activity
only if the information obtained is used to undertake measures to change the situation in a
hospital. From this point of view, results of surveillance are retrospective and do not always
reflecting the actual current situation.

Targeted surveillance is carried out to determine the increasing frequency of sporadic infection
cases or a potential infectious outbreak.
This type of surveillance requires fewer costs, and its results immediately become visible, as a
rule. Targeted surveillance is an effective means to train the health facility personnel and
establish the infection control strategy within a short time.
Its downside is that with lack of current surveillance, there is a deficit of baseline data on
infection frequency in a specific hospital, and targeted surveillance stops after investigation of a
nosocomial infection outbreak.
Implementation of the infection control program should start with current surveillance to
obtain baseline epidemiological data for the hospital that will in the future allow for
implementation of targeted surveillance within areas with the high risk of developing
nosocomial infections.
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In order to develop simple and effective infection control measures, it is critical to have
information on potential sources of infections and their transmission routes. Only after that a
strategy may be developed to prevent infection outspread within a hospital.
Prevention of nosocomial infections is not only limited to implementation of measures of the
organizational character. An important component in control of potential emergence of
nosocomial infections in patients at hospitals is implementation of high-quality antibacterial
chemoprophylaxis.
Antibacterial prophylaxis is a system prescription of an antibacterial drug prior to microbial
contamination or development of a nosocomial infection, and also with signs of contamination
present, when iatrogenic intervention become the primary treatment method, and prescription
of an antibiotic aims to minimize the risk of developing a nosocomial infection.
Antibacterial chemoprophylaxis is most commonly used in surgery. Prophylactic use of
antibiotics in surgery is understood to mean their short-term intravenous administration during
the pre- and intra-operative period. There is ultrashort (1-2 doses), short (48 hours) and long
(until the risk of an infectious complication has been minimized) chemoprophylaxis (Yefimenko
et al., 2004).
In other words, antibiotic prophylaxis – unlike antibiotic therapy – means prescription of an
antibacterial drug with no active infectious process in place and a high risk of infection
development, in order to prevent it. Based on the definition of “antibiotic prophylaxis”, its goals
and objectives may be formulated.
The goal of antibiotic prophylaxis is to prevent development of infectious complications during
the hospitalization period and reduce the cost and duration of inpatient treatment.
The objective of antibiotic prophylaxis is to create bactericidal concentrations of an antibiotic in
tissues affected by bacterial contamination during an operative intervention – from anesthesia
to wound closing.
Adequate antibiotic prophylaxis, just like any other case of using an antibacterial drug, must be
exclusively based on the understanding of the role of potential pathogens which cause
infectious complications. Information on the sensitivity spectrum of v pathogens – both
community-acquired and nosocomial – is of equal importance.
The need to perform antibiotic prophylaxis is determined by a number of factors, the main ones
including: the individual risk of developing infectious complications, severity of consequences
of infectious complications, efficiency of antibiotic prophylaxis for this type of intervention,
consequences of the performed antibiotic prophylaxis for the patient (the risk of colitis,
anaphylaxis, etc.).
Principles of antibiotic prophylaxis:
•
•
•

The advantage of a single dose of an antibacterial drug (Murray & Shay, 2006);
With no signs of infectious complication, the same drug is used for therapy;
With development of infectious complication, the drug needs to be replaced;
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•

Early beginning (in surgery – 30 minutes prior to skin cut during anesthetic induction).

Methods of antibiotic prophylaxis:
•
•

•

The drug used must overlay the most probable pathogens;
An additional dose is usually not prescribed but possible for intraoperative hemodilution,
blood and plasma loss of 1,500 ml or more, or duration of intervention of more than two
elimination half-times;
With intolerance of a certain group of antibacterial drugs, a drug from another group should
be prescribed instead of this one.

With different patterns of antibiotic prophylaxis, except for operative intervention, the
presumed pathogen and its antibiotic sensitivity, the local spectrum should be considered for
sensitivity of nosocomial pathogens, as well as length of a patient’s stay in hospital, as these
factors determine changes of the endogenous skin and intestinal microflora (Mitrokhin et al.,
2008).
Therefore, the significance of nosocomial infections in public health is obvious. The changing
spectrum of pathogens of hospital-acquired infections oftentimes challenges therapeutic
efficiency.
Besides, in practical medicine, nosological entities of these infections and causal
microorganisms feature a great diversity, and the latter also have varying levels of natural and
acquired antibiotic resistance.
Additional and significant difficulties are associated with high probability of developing
nosocomial infections by patients staying in hospital for a long time and experiencing changes
in their immunity system.
Oftentimes, diagnostics of a nosocomial infection poses a real problem due to the patient’s
severe condition. Laboratory diagnostics is not very reliable either, because the pathogen(s)
may be cultured from biological samples only under certain conditions.
These factors explain high mortality in patients with hospital-acquired infections. Despite the
current broad-spectrum antibiotics that necessitate more defined approaches to indications
and counter indications for use, the problem of nosocomial infections garners much attention
and is widely discussed by doctors of various medical profiles (Aikimbayev et al., 2010a).

6.7

DISINFECTION IN PREVENTION OF HOSPITAL-ACQUIRED INFECTIONS

Addressing the problem of hospital-acquired infection complications heavily relies on effective
controls and prevention, where use of modern aseptics and antiseptics is of key importance.
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Microorganisms circulating within the hospital and present in different environmental objects
may have ambiguous interaction with the patient’s organism. Under certain conditions, they
either serve as the direct cause of an infection complication and cause the so called exogenous
infection, or hospital strains displace the own microflora of patient with disrupted colonization
resistance (usually because of antibiotic therapy), and become part of the patient’s microflora
and the cause of an exogenous infection.
Infection of a patient with hospital-acquired strains of microorganisms or colonization by them
may be prevented by using current sterilants, disinfectants and antiseptics. Disinfection and
sterilization are not only important for medical purposes but also economically feasible
(Philpott-Howard & Caswell, 1994; Becker, 1995; Kucisec-Tepes, 1996).
With regards to the efficiency of hospital-acquired infection prevention, use of disposable
instruments, gloves, catheters, and factory-sterilized equipment seems most expedient. This,
however, is not always possible to do.
Medical equipment, instruments and hands of the medical staff are the key factors for
outspread of hospital-acquired infections. In this respect, disinfection, pre-sterilization
treatment and sterilization are main components of any infection control program in a hospital.
A broad range of disinfectants are used in clinical practices, however, scientific literature
oftentimes offers obsolete recommendations on how to use such disinfectants and antiseptics.
Decontamination of multiple-use medical appliances consists of the following stages:
•
•
•

Pre-sterilization treatment is understood to mean mechanical removal of alien – first of all
organic – materials from the decontaminated surface;
Disinfection is a physical or chemical process to eliminate virtually all microorganisms
except for bacterial spores;
The sterilization process is understood to mean complete elimination of all microorganisms,
including bacterial spores.

Conventionally, disinfectants may be subdivided into disinfectants of high, medium and low
levels (Favero & Bond, 1991).
More than thirty years ago, Spaulding proposed a system for classification of medical
equipment subject to disinfection or sterilization (Spaulding, 1968). It turned out to be so
practical that, while constantly improving, it is still in use. Spaulding proposed to subdivide
medical equipment into three categories based on the level of potential contamination of items
while in use. He believed that in this case, the character of the decontamination methods
needed would be more defined. These categories of equipment are labeled as “critical”, “semicritical” and “non-critical”:
•

“Critical” equipment included all items exposed to blood, sterile cavities and tissues.
Therefore, they must be sterile and contain no microorganisms. They include instruments,
catheters, implants, injection and infusion fluids, suture and dressing materials, etc.
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•

•

“Semi-critical” items are those exposed to mucous membranes, e.g. anesthetic and
inhalation equipment, endoscopes, thermometers, etc. Not damaged mucous membranes
are as a rule resistant to infection with bacterial spores, and so high-level disinfection
ensures elimination of all microorganisms except for bacterial spores, and in most cases
ensures an adequate safety level.
“Non-critical” items are those exposed only to intact skin, e.g. stethoscopes, EKG
electrodes, blood pressure cuffs, etc. As intact skin per se is an effective antimicrobial
barrier, “non-critical” items may be disinfected to eliminate only vegetative forms of
bacteria. “Non-critical” items also include the floor, wall surfaces, and medical equipment
surfaces (Zaidi et al., 2000).

Even a very efficient system cannot automatically resolve all issues associated with selection of
a disinfection or sterilization method for some advanced equipment with a complicated design
and made from modern materials. These issues often have to be addressed on a case-by-case
basis.
Selection of a specific sterilization and disinfection method for specific items is based on
properties of the treated item and the method itself, as well as its upsides and downsides. As a
rule, manuals do not specify any types of medical equipment.
Selection of decontamination methods for specific items is the prerogative right of clinicians.
However, almost all of our clinics lack specialists versed in use of antiseptics, disinfectants and
sterilants.

Disinfectant Selection: A Brief Description of the Most Frequently Used Disinfectants. The
extensive experience in this area allows defining main factors for selection of the most efficient
antiseptics and disinfectants, based on the type of a decontaminated item and main properties
of the substance.
Main groups of items subject to decontamination in a hospital include:
•
•
•

Instruments and equipment;
Surfaces of rooms and items;
The patient’s skin (injection and operative fields) and hands of the medical staff.

Selection of an effective disinfectant is first of all based on the spectrum of antimicrobial
activity and considers not only action against bacteria and fungi but also the viricidal effect
against hepatitis viruses and HIV (Fedorova et al., 1991).
It is important for the exposure time to be as short as possible. The current disinfectant must
not cause metal corrosion or damage other materials that compose a piece of medical
equipment. It must preserve its activity in presence of organic substances (blood, mucus, urine,
etc.), and must not have toxic or allergic effect on the medical staff.
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The cost of such disinfectants – and in some cases, the cost of equipment for their use – is an
important factor, too. Effective use of disinfectants is based on user friendliness, good water
solubility, length of shelf life, and environmental safety.
Search and design of antiseptics and disinfectants is a matter of research worldwide, because
•
•
•
•

First, neither product is perfect,
Second, public health needs continuous development,
Third, manufacturing environments and stocks of raw materials keep changing, and
Fourth, environmental safety gains more attention.

Requirements to such products drastically limit the range of chemical compounds that may be
used as the effective agent of disinfectants (Volkov, 1992). The following groups are most often
used.

Aldehydes - glutaraldehyde, succinaldehyde, formaldehyde, etc. are substances with expressed
antimicrobial properties, including action against all types of microorganisms by alkylation of
amino and sulfhydryl groups of proteins and suppression of synthesis of the latter. Therefore,
despite their toxicity, expressed irritant action and acrid odor, aldehydes continue to be
commonly used in clinical practices (http://www.infections.ru/cmac/2002_4_1/full/ - 10; Babb,
1993).
The antimicrobial activity of formaldehyde is somewhat lower than that of glutaraldehyde.
Besides, formaldehyde vapors are believed to cause carcinogenic effect
(http://www.infections.ru/cmac/2002_4_1/full/ - 5A; Favero & Bond, 1991). Combination of
formaldehyde with 70% ethyl or isopropyl alcohol is a high-level disinfectant. Aqueous solution
of formaldehyde has the properties of a medium-level disinfectant (Zaidi et al., 2000).

Oxygen-containing substances, for instance, hydrogen peroxide, are powerful oxidizers with
the action based on formation of free radicals which damage lipids of the cellular membrane,
DNA and other important components of a microbial cell.
Many microorganisms produce catalase which protects the cells from hydrogen peroxide action
by breaking it down into water and oxygen. Still, Н2О2 concentrations used for disinfection can
in most cases overcome this resistance mechanism (Turner, 1983). However, its high
concentrations, concurrently with such positive qualities as the broad activity spectrum
including bacterial spores, capability of dissolving blood and many other biological substances,
lack of odor, and fast disintegration in the environment into non-toxic products, are also
accompanied by negative qualities – high tissue toxicity (Class II) with expressed local irritative
and resorptive effect. Hydrogen peroxide causes corrosion of some metals and decolors tissues
(Fedorova et al., 1991).
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Active chlorine compounds (bleach, chloramine) constitute traditional disinfectants. The
mechanism of eliminating microorganisms with free chlorine remains to be seen. Probable
ways of chlorine action include suppression of some critical enzymatic reactions in a microbial
cell, and denaturation of proteins and NA (Dychdala, 1983).
Conventional chlorine-containing substances possess high antimicrobial activity but have acrid
odor that irritates the conjunctiva and upper respiratory mucous membranes, corrode metals,
decolor dyed items, have low storage stability, can be inactivated by organic substances, and
have no detergent properties (Dychdala, 1983, Volkov, 1992).
Current chlorine-containing substances – cyanuric acid derivatives – usually have either blend
composition or a modernized product form, which allows to effectively offsetting their negative
properties.

Of all iodine compounds, the most common disinfectants include iodophors – an iodine
complex with a carrier, e.g., with polyvinyl pyrrolidone or ethoxylated nonionic detergents,
which is a reservoir of continuously releasing molecular iodine.
In using iodophors, adverse effects such as staining of treated surfaces, irritant action and
resorption are less manifested than when using iodine solution. The exact mechanism of
antimicrobial activity of iodine has not been finalized. Presumably, it reacts with amino acids
and fatty acids, destroying cell structures and enzymes.
Iodine preparations have an expressed antibacterial, antiviral and antifungal action, but are not
sufficiently active with regards to bacterial spores. They are mainly used as antiseptics (Volkov,
1992; Gibson et al., 1997). The most well-known ones are Iodopironum and Iodonatum, where
polyvinyl pyrrolidone and sulphonate are carriers.

From the group of alcohols, ethyl and isopropyl alcohols are most commonly used for
disinfection. Their mechanism of action is based on denaturation of microbial proteins (Larson
et al., 1991).
Alcohols in concentrations of 60-90% are active towards vegetative forms of bacteria and fungi,
mycobacteria and enveloped viruses. However, they do not possess detergent properties, fix
organic contaminations and may damage items made from plastic or rubber.

Disinfectants from the group of surfactants have become more common in recent decades.
They are subdivided into cationic, anionic, ampholytic and non-ionic. Of these, only cationic and
ampholytic ones are used as independent surfactants.
Cationic surfactants are first of all quaternary ammonium compounds (QAC). The antimicrobial
action of QAC is based on destruction of cellular membranes, denaturation of proteins and
enzyme inactivation (Merianos, 1991). While boasting such positive properties as lack of odor
and corrosive action, and having detergent properties, QAC, however, are only active for
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vegetative forms of bacteria, fungi and enveloped viruses. They often cause dermatitis (Rutala,
1996).
Use of QAC as part of compositional substances is promising.
For a number of decades, medicine has widely used chlorhexidine bigluconate – a compound
which is the cationic biguanide. Antimicrobial concentrations of the agent result in destruction
of the cellular membrane and, eventually, in coagulation of the microbial cell contents.
The antimicrobial spectrum of chlorhexidine includes vegetative forms of bacteria, many fungi
and enveloped viruses (Russell & Furr, 1991). Apart from rapid death of microorganisms,
chlorhexidine ensures lasting and persistent antimicrobial activity that prevents proliferation of
microorganisms for at least six hours after administration of the substance.
However, chlorhexidine is not active for bacterial and fungal spores and non-enveloped viruses.
It affects mycobacteria only bacteriostatically. Its antimicrobial activity is not reduced in the
presence of blood and other organic substances. At the same time, anions – both organic and
inorganic – for instance, different soaps are not compatible with chlorhexidine (De Riso et al.,
1996).

Phenol-containing agents are used in a relatively limited way. They possess high activity against
vegetative forms of bacteria and fungi, mycobacteria and enveloped viruses, and moderate
activity against some non-enveloped viruses. Bacterial spores are resistant. Still, such
drawbacks of phenol-containing agents as unpleasant acrid smell, irritant and sensibilizing
action of some of them, and carcinogenic action as a long-term effect, degrade their value
(Fedorova et al., 1991).

The choice of disinfectants made continuously gets richer. However, some specialists of
respective profiles still provide outdated literature data on ways to use disinfectants and
antiseptics. For example, technical anachronisms include use of a swab saturated with a
disinfectant for decontamination of hands – rather than a dispensing device that prevents
contamination of the container and the solution (Sokolova & Belov, 1993).
Harmonization of testing disinfectants and antiseptics is a matter of concern for specialists from
different countries. Eventually, all ways used to identify activity of disinfectants may be
subdivided into three groups (Pkhakadze, 1991; Russell & Furr, 1991; Afinogenova, 2000):
•
•
•

In vitro tests;
Practical tests – to determine efficiency of disinfection of intentionally contaminated
surfaces, instruments and hand skin;
Tests in clinical use of disinfectants.

Another issue is the selection of skin antiseptics, in particular for hand decontamination prior to
an operation (surgical treatment) or in other work processes (sanitary treatment), (Ayliffe et al.,
1990; Babb et al., 1991; Rotter, 1994; Larson, 1995; May, 1997).
191

6 Healthcare-associated Infections
A comprehensive analysis of properties that ensure efficiency, safety and profitability of using
current disinfectants, based on results of in-house research of antimicrobial, toxic and
ecological properties of agents of eight groups of chemical compounds in laboratory and clinical
settings, specified their assessment criteria and offered basic approaches to choosing the best
of them, considering the character of the object decontaminated (Pkhakadze et al., 1999).
Due to the complex and multiple-factor character of a hospital-acquired infection, special
entities should be established to deal with theoretical aspects and practical implementation of
hospital-acquired infection prevention. Such prevention activities should include objective
accounting, due level of microbiological control, feasible and rational chemotherapy, and
measures to prevent occurrence and outspread of hospital-acquired infections.

6.8

OPTIMIZATION OF NOSOCOMIAL INFECTION PREVENTION

HAI prevention requires design and practical implementation of a science-based system of
epidemiological surveillance in public health, and a set of effective organizational, preventive,
epidemic control, diagnostic and treatment activities.
Key activities include:
•
•
•
•
•
•
•
•
•
•
•
•
•

Improve the regulatory, legal and methodological support for the HAI prevention system,
and harmonization with international requirements;
Improve the government surveillance and control over implementation of HAI prevention
activities;
Improve epidemiological surveillance of HAI and its information and software support;
Improve laboratory diagnostics and monitoring of HAI agents;
Develop targeted comprehensive programs on HAI prevention;
Improve the manpower structure and staff support for epidemiological activities in
healthcare facilities;
Introduce current approaches and optimize sanitary and hygienic measures of HAI
prevention in healthcare facilities;
Improve the medical staff training system with regards to HAI prevention;
Promote the HAI prevention principles among the medical staff;
Increase the efficiency of preventive and epidemic control activities;
Increase the efficiency of disinfection and sterilization activities;
Evaluate the efficiency of the HAI prevention activities;
Promote scientific research in the area of epidemiology and HAI prevention.

The unified state system of epidemiological surveillance and HAI prevention are a total of
information, technological, laboratory diagnostic, research and training tools ensuring a set of
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organizational, preventive, epidemic control, diagnostic and treatment activities to minimize
morbidity and mortality in patients.
International scientific and professional health communities and organizations recommend
development and introduction of the evidence-based medicine principles in the public health
system. These principles aim to provide patients with medications and medical technologies
(diagnostic, therapeutic and preventive) with scientifically proved efficiency and confirmed by
clinical trials and practices.
The research carried out in previous decades received scientific data on clinical,
epidemiological, social and economic efficiency of certain HAI prevention activities, which
should serve as a basis for establishing regulatory, legal and methodological documents to on
implementation of preventive and epidemic control activities at health facilities with proven
efficiency.
Improvements to the national system of regulatory, legal and methodological support for
activities to ensure biological safety for patients and the healthcare staff include application of
uniform principles of receiving and providing conclusive evidence for relevancy of the
recommendations and requirements proposed.
The work on these documents should involve specialists of various profiles, from different
organizations, in order to have an in-depth discussion of draft documents.
Improvements to the regulatory and legal environment for the documents on HAI prevention
activities include:
•

•
•

•
•

Establishment of a unified system of regulatory and legal norms, including laws of the
Republic of Kazakhstan, regulations by ministries, agencies and organizations which ensure
effective HAI prevention, as well as containment and elimination of HAI, and adequate
compensations for those affected;
Continuous updates of regulatory, legal and methodological documents on key optimization
activities;
Expanding the regulatory and legal environment for HAI prevention at non-surgery facilities
(infectious disease hospitals, child care clinics, physical disease hospitals), critical care and
intensive therapy units, clinical diagnostic facilities and outpatient clinics;
Drafting documents to reflect legal aspects of HAI and protection of the medical personnel’s
and patients’ rights;
Development, approval and introduction of national HAI prevention standards.

Development and approval of national HAI prevention standards should include standard HAI
case definition of various nosological entities, infection introduction, intra-uterine infection,
standard definition of a hospital-acquired strain, standards of epidemiological surveillance,
preventive and epidemic control activities, etc.
Standard infection case definition is the foundation for the whole epidemiological surveillance
system, including detection and registration of HAI cases, epidemiological diagnostics, and
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differential diagnostics with other conditions. It seems feasible to concur standard HAI case
definition with the patient examination standards.
State surveillance and control needs to be improved because it is one of the forms of
government regulation in areas of special national, social and economic concern.
The state management of HAI prevention must ensure development of an exhaustive list of
mandatory requirements for facilities and persons in charge of implementing preventive,
epidemic control and other activities, adequate empowerment of entities authorized to carry
out state surveillance and control, and establishing of a system for social, economic and
medical protection of people affected by HAI.
Implementation of measures to improve state surveillance and control in the area of HAI
prevention should include:
•

•
•

Development of a list of mandatory requirements harmonized with international
regulations; compliance with these regulations ensures effective HAI prevention at
healthcare facilities;
Drafting of a standard to check compliance with the mandatory requirements aimed at HAI
prevention at healthcare facilities, depending on their profile;
Improvement of the national legislation on protection of rights of health service users.

Epidemiological surveillance of HAI is a system of continuous monitoring of the epidemic
process and its determinants to implement epidemiological diagnostics with the purpose of
making justified managerial decisions in HAI prevention.
Epidemiological surveillance is implemented at the national, regional, rayon and facility
(healthcare facilities) levels.
Implementation of epidemiological surveillance includes:
•
•
•
•
•
•

•
•
•
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Pro-active detection, accounting and registration of HAI;
Identification of risk factors for HAI occurrence in some categories of patients at various
healthcare facilities;
Epidemiological analysis of patients’ incidence with identification of leading causes and
factors of HAI occurrence and outspread;
Epidemiological analysis of HAI incidence in the medical staff with identification of leading
causes and factors of HAI occurrence and outspread;
Implementation of microbiological monitoring of HAI agents;
Identification of the microorganisms’ resistance spectrum with regards to antimicrobials
(antibiotics, antiseptics, disinfectants, etc.) in order to develop a rational strategy and
tactics for their use;
Epidemiological assessment of the diagnostic and treatment process;
Epidemiological and hygienic assessment of the hospital environment and conditions of
staying at the healthcare facilities, both for patients and medical workers;
Assessment of efficiency of preventive and epidemic control activities;
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•

Prediction of the epidemic situation.

Improvements to epidemiological surveillance include development of the following areas:
•
•
•
•
•
•

Epidemiological surveillance methodology;
Information support, based on standardized HAI case definition, and optimization of the list
of nosological HAI entities subject to registration;
Microbiological monitoring systems with development of standards for its implementation
at healthcare facilities of various profiles;
Approaches to assessing the risk of HAI occurrence and outspread at healthcare facilities of
various profiles;
Epidemiological diagnostic methods;
Hardware and software support.

Current computer technologies provide significant practical assistance in implementing
epidemiological surveillance of HAI, improve its operational efficiency and quality of
epidemiological diagnostics, and ensure timely making of adequate managerial decisions and
implementation of preventive and epidemic control measures.
Software and data support for the system of HAI epidemiological surveillance should include:
•
•
•
•
•
•
•
•

Use of computers, network equipment and application software products in
epidemiological surveillance of HAI;
Setup and maintaining of databases on cases and adverse outcomes of HAI in patients and
the medical staff;
Setup and maintaining of databases on HAI agents, determinants of their virulence and
sensitivity to antimicrobial drugs;
Setup and maintaining of databases on sanitary, hygienic and microbiological parameters of
healthcare facilities;
Setup and maintaining of databases on staffing, organizational support and intensity of the
diagnostic and treatment process at healthcare facilities;
Setup and maintaining of databases on patient flows at healthcare facilities;
Setup and maintaining of a register of preventive and epidemic control activities;
Conduct of a statistical analysis of the information obtained.

Improvements to software and data support for the system of epidemiological surveillance of
HAI include:
•
•

•

Establishment and update of a stock of computers and network equipment;
Establishment of computerized epidemiological HAI surveillance systems based on the
internet technologies, for healthcare facilities at the regional and national levels, and for
authorities in charge of SSES;
Development and introduction of uniform software for database formation and accounting,
and for statistical analysis of the information obtained;
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•

•

Development and introduction of hardware and software packages of the automated
workstations for a healthcare facility’s epidemiologist, bacteriologist and clinical
pharmacologist;
Setup and maintaining of electronic sanitary and hygienic reference sheets (“passports”) of
healthcare facilities, and the register of emergencies at healthcare facilities.

Laboratory diagnostics and monitoring of HAI agents are the key components of the
epidemiological HAI surveillance system. Microbiological monitoring of HAI agents should
include:
•
•
•
•
•
•
•
•

Mandatory and permanent microbiological support for the epidemiological HAI surveillance
system;
Etiological interpretation of HAI in patients and medical staff, intraspecific identification
(typing) of HAI agents;
Study of the hospital environment;
Identification of sensitivity of the isolated microorganism strains to antimicrobial drugs;
Setup and maintaining of databases on HAI agents;
Effective quality control of microbiological tests at health facilities;
Statistical analysis of test results;
The amount and level of microbiological tests should correspond to the conditions and
profile of a health facility and ensure efficiency of epidemiological surveillance.

Improvements to laboratory diagnostics and monitoring of HAI agents should include:
Optimization of the list of indications for microbiological tests of clinical samples and hospital
environment objects;
•
•
•
•
•
•
•
•
•

Inclusion of microbiological diagnostic methods in the standards of providing medical aid;
Development of the network of microbiology laboratories at health facilities;
Supply of advanced laboratory equipment and diagnostic systems to laboratories involved
in etiological interpretation and monitoring of HAI agents;
Optimization of the biological sample collection and delivery system;
Improvement and harmonization of HAI agent isolation and identification methods;
Development and introduction of rapid microbiological diagnostic methods;
Sequencing of the genome of actual HAI agents circulating within health facilities;
Ensuring continuity between etiological interpretation of HAI and clinical interpretation of
the results obtained;
Setup of reference laboratories ensuring methodological and consulting support for
laboratories at health facilities, quality control of the tests carried out at health facilities,
and implementation of costly and complex high-tech research including molecular genetic
typing.

HAI prevention requires concentration of efforts and coordination of activities, as well as
involvement of a broad range of health facilities (both government-owned and private),
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legislative and executive powers in order to provide patients with safe medical aid and ensure
safe working conditions for the medical staff.
A key component in optimization is development of targeted comprehensive programs on HAI
prevention for the national, regional and rayon levels. They should become an integral part of
health care development and update programs duly approved. Development of HAI prevention
programs should consider peculiar factors and development level of the health care, as well as
financial and material resources of a region. The respective action plan on the program
implementation should be developed at each health facility.
The health facility’s HAI prevention program should consider its structure, design and profiles of
its units/departments, and specific factors of the patients and the treatment process.
The HAI prevention program should include the list of specific activities, indicators of medical
(epidemiological, clinical), social and economic efficiency, funding sources and responsible
persons.
The health facility’s programs should be developed by the HAI prevention commission, and its
authority should cover all units and services of the facility. To ensure effective implementation
of its functions, the commission:
•
•
•
•

Coordinates development of HAI prevention programs and plans at a health facility, and
reviews them for further approval by chief medical officer;
Reviews appropriateness and feasibility of funding and providing resources for specific HAI
prevention activities;
Systematically evaluates the effectiveness of HAI prevention program implementation and
makes appropriate amendments;
Coordinates HAI prevention activities in the health facility’s units and services.

A specially trained epidemiologist plays the crucial role in establishing and implementing HAI
prevention programs at the health facility. The epidemiologist’s main objective is substantiation
and organization of activities to prevent and reduce HAI incidence, based on epidemiological
diagnostic data. To address these objectives, the health facility’s epidemiologist must set up an
HAI epidemiological surveillance system and manage its functioning.
To ensure implementation of HAI prevention activities, responsible persons will be assigned by
the administration at all units of the health facility.
Epidemiological activities are an integral part of the medical service system and aims to create
epidemiologically safe conditions and prevent infection of patients and medical staff in the
process of providing medical aid. These activities at health facilities include:
•
•
•
•

Organization and implementation of HAI epidemiological surveillance;
Implementation of epidemiological diagnostics;
Development of a set of diagnostic, preventive and epidemic control measures;
Standardization of measures to protect patients and medical staff from infection;
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•
•

•
•

Expert evaluation of projects on renovations, current repairs and complete overhaul of
health facilities;
A feasibility study of epidemiological and economic efficiency of using different
antimicrobial and immunobiological drugs, disinfectants, methods of protecting patients
and medical staff, the level of epidemic safety of equipment and new medical technologies
at health facilities;
Training of different categories of the medical staff HAI prevention;
Evaluation of epidemiological and economic efficiency of preventive and epidemic control
measures.

Improvements to the staffing and HR system at epidemiological health facilities should include:
•

•
•

Expanding of the HR potential and staffing health facilities with specialists of respective
medical profiles (epidemiologists and assistant epidemiologists), introduction of the
position of deputy chief physician for epidemiology and establishment of epidemiological
departments at health facilities with a high risk of HAI development in patients and medical
staff;
Optimization of functional responsibilities of the health facility’s epidemiologist (assistant
epidemiologist) focusing on organizational, methodological, diagnostic and expert activities;
Establishment of HAI prevention commissions and epidemiology departments at the
national and regional levels and at public health management bodies.

The need to implement current approaches and optimization of sanitary and hygienic activities
on HAI prevention are based on their peculiar significance. Such implementation should provide
appropriate conditions for patients and staff of health facilities, aimed to maintain their health
and prevent hospital-acquired infections.
Rational and hygienic activities serve not only as a basis for HAI prevention in patients and
personnel – their quality also determines successful treatment of patients, as well as efficiency,
comfort and safety of the staff’s professional activities. As sanitary and hygienic objectives are
diverse, they should be addressed with a broad range of measures.
Implementation of basic principles of hygiene at health facilities presumes:
•
•
•
•

Provision of appropriate hygienic conditions for the treatment and diagnostic process,
accommodation and nutrition of patients;
Provision of appropriate hygienic conditions for the medical personnel at health facilities;
Prevention of the infection introduction, group diseases or outbreaks at health facilities, HAI
transmission and circulation of hospital strains at health facilities;
Prevention of HAI agents’ outspread beyond health facilities and safeguarding of people
living in the area adjacent to the health facility.

Implementation of this work involves a broad range of activities that need to be improved,
including implementation of the developed measures and design and introduction of new
technologies:
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•
•
•

•
•
•
•
•
•

•
•
•
•
•
•
•

Use of advanced architectural and planning concepts that meet sanitary and hygienic
requirements, for construction and renovations of health facility buildings;
Rational layout of functional units by floors and buildings, based on the epidemic control
regulations;
Fulfillment of requirements and recommendations on layout of infectious disease
departments, operational units, maternity departments, etc. due attention should be paid
to the layout of outpatient clinics and individual doctor’s offices;
Compliance with sanitary norms and equipment location and room operation regulations,
based on the functional zoning principles;
Water supply, ventilation, heating and lighting of health facilities in accordance with
sanitary and hygienic norms and regulations;
Compliance of the room cleanliness class at a health facility with the work processes carried
out there;
Improvement of the system of containment and restriction measures;
Optimization of distributing flows with various degrees of epidemic hazard for organization
of the personnel, food, linen, instrument waste and other flows;
Providing conditions necessary for compliance with requirements regarding personnel hand
treatment, operational and injection fields, sanitization of patients’ skin, organization of
current and final disinfection, pre-sterilization treatment and sterilization of medical
products;
Introduction of advanced room cleaning technologies;
Compliance with epidemic control requirements and sanitary norms on collection,
temporary storage, disinfection/decontamination and disposal of medical waste;
Introduction of advanced technologies for preparation, transportation and dispensation of
food;
Compliance with personal hygiene rules and sanitary norms on patient care;
Compliance with linen use rules, wider use of disposable linen, clothing for the medical staff
and textile items used for patient care;
Providing due sanitary and hygienic conditions at the medical personnel’s work sites;
Optimization of sanitary awareness methods for inpatients.

Certain methodological approaches to the training of the healthcare staff on HAI prevention
have to date been formed. However, the existing measures are obviously not sufficient for
high-quality training of specialists of various profiles. The complexity of HAI prevention
objectives, involvement of the whole health facility’s personnel in such prevention, and multifaceted functions of individual specialists necessitate development and introduction of a
system to train the staff of health facilities on HAI prevention.
Training of the staff of health facilities on HAI prevention should include the following key
factors:
•
•

Modular training focused on various categories of the staff;
Differential training based on the character of the functions performed;
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•
•
•
•
•

Availability of departments and methodological training centers to ensure the allinclusiveness, continuity and regularity of training;
Use of different forms of post-diploma training: full-time, extramural, distant, etc.;
Improvement of informational and methodological support for the health facility personnel
(reference books, databases, subject journals, bulletins, software);
Raising the motivation of medical workers to provide a safe environment at health facilities;
Training quality control and attestation.

Irrespective of specializations and qualifications, the personnel of health facilities should be
trained on HAI prevention (both in theory and in practice) and continuously improve their
expertise. Compulsory training of the health facility staff on HAI prevention should occur right
after employment (per specifically designed curricula) and on a regular basis afterwards. For
that purpose, health facilities must possess appropriate manpower and resources sufficient to
train the staff on HAI prevention at an adequate methodological level, both within the facility
and at other institutions offering secondary and higher medical and vocational education.
Health facilities should have differential educational programs developed for the training of
specialists of various profiles on HAI prevention. Such programs should take specific
peculiarities of a facility/department into account. It seems expedient to support such training
with pre-tests, end-of-course tests and final tests, and use interactive forms of training such as
workshops, small group work, role plays, etc.
At the regional level, formation of training or educational centers on HAI prevention seems
reasonable. These centers should focus on development and implementation of differentiated
educational programs for specialists of various profiles and various categories, implementation
of elective courses for health care employees on different HAI prevention issues, and drafting
of methodological and visual aids. Joint discussions and training of different specialists will help
better understand the problems encountered by the facilities, and build a systemic approach to
organization of HAI prevention and control. At the post-diploma level, multi-disciplinary
training should be implemented on a broader scale to include improvement cycles on HAI
prevention. It should involve specialists of different profiles: epidemiologists, disinfection
specialists, hygienists, clinicians, bacteriologists, clinical pharmacologists, etc.
The morbidity of health facility employees with infectious diseases significantly exceeds
morbidity in many industries, and to a large degree depends on specific professional activities.
It is related to a great number of infectious pathogens at health facilities (patients and carriers),
the need for a lot of invasive diagnostic and treatment procedures, a distinctive microbial
landscape, and specific modes of transmission of infection pathogens. Widespread use of
antimicrobial drugs (antibiotics, disinfectants, antiseptics) and cytostatic agents at health
facilities is of great importance. They change the biocenosis of the personnel’s mucous
membranes and cutaneous cover and open the site of entry for other microorganisms.
Infection of health workers with different microorganisms, including multiresistant strains, may
be the cause of diseases and incapacitating. Optimization of the HAI prevention principles for
the medical staff includes:
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•
•

•
•
•
•
•
•

Organization of physical examinations when hiring, and regular examinations of the medical
staff;
Detection and accounting of infectious disease cases, carriage, intoxication, sensibilization
of the organism, injuries (microtraumas), accidents associated with application of blood and
body fluids on the skin and mucosae, organization of case follow-up, including carriers of
blood-borne infection markers;
Availability of welfare facilities, organization of food catering for the staff;
Organization of urgent and scheduled specific and non-specific prevention of infectious
diseases among the medical staff;
Compliance with hygienic requirements to hand disinfection;
Provision with PPE in accordance with estimated needs, and training on PPE use during
patient care;
Development and implementation of epidemiologically safe technologies for performance
of treatment and diagnostic procedures;
Training of health workers on HAI epidemiology and prevention at healthcare facilities of
various types.

Implementation of these activities should include:
•
•
•
•
•
•
•

Improvement of approaches to the assessment of the negative impact by the hospital
environment factors on the health workers;
Development of methods to assess health loss in the medical staff due to their occupational
activities;
Development of the medical staff after-care programs and sanitation programs;
Improvement of HAI prevention measures among the medical staff;
Development of programs on treatment, rehabilitation and social protection of the medical
staff at high-risk departments;
Improvement of legal support for occupational infection cases in health workers;
Development of the medical staff training programs on biological safety at healthcare
facilities of various types.

Evidence-based research carried out in recent decades were convincing to the effect that the
critical epidemiological principles in prevention to be implemented at healthcare facilities
include:
•
•
•
•

Shorter duration of a patient’s stay in hospital;
A reduced level of aggression of medical technologies;
A limited use of highly invasive procedures;
Use of epidemiologically safe medical technologies.

These principles are based on the following:
•

Development and implementation of epidemiologically safe algorithms for performance of
medical procedures, including a detailed description of HAI prevention measures;
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•
•
•

•
•
•

•
•

•

Minimization of contamination risks with regards to materials, solutions and instruments by
eliminating interim material processing stages;
Ensuring the principle of redundancy for protection barriers to safeguard from potential
sources of contamination of materials and instruments;
Compliance with safety techniques (when the staff handles biological materials) and
availability of a set of emergency preventive measures for any accidents involving the risk of
infection for the medical staff;
Segregation of workflows with different levels of epidemic hazard at all stages of the
treatment and diagnostic process;
Implementation of the principles of individual isolation (including manipulations with the
patient using individual kits);
Systematic implementation of measures aimed to limit the selection of antibiotic resistant
strains of microorganisms by rational use of antimicrobial drugs, including those based on
the results of monitoring of antibiotic resistance of the microflora;
Effective and adequate isolation and containment activities;
Maintaining the appropriate level of microbiological cleanliness of the hospital environment
through introduction of advanced technologies in room cleaning and medical waste
decontamination;
The patient’s protection from secondary endogenous infection, including sanitization of
chronic infection foci; preventive use of antibiotics; use of immune-enhancing therapy as
indicated; preventive use of probiotics (eubiotics) and bacteriophages, ensuring high-quality
surgery techniques during operations, procedures and manipulations, as well as
management of labor.

Optimization of using antibiotics and other antimicrobial drugs at health facilities is a
mandatory prerequisite for ensuring effective HAI prevention. Such optimization should be
based on close interaction between the epidemiologist of a health facility, the clinical
pharmacologist, the bacteriologist and clinicians. Optimization of using antibiotics should
include:
•
•

•
•
•
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Introduction of operating principles based on use of antibiotics in line with international
and national recommendations for antimicrobial chemotherapy;
Development of the antibiotic use tactics based on current recommendations, information
on global and regional outspread of resistant infectious pathogens, data on multi-center
trials of antibiotic resistance, and monitoring of antibiotic resistance of microorganisms’
strains at health facilities;
Evaluation of the strategy and control of using antibiotics at different units and types of
health facilities;
Optimization of perioperative antibiotic prophylaxis at each specific health facility;
Development of the science-based approach to making the logbooks on antibiotics and
chemotherapeutic agents, with a system analysis and evaluation of the value-for-cost
performance of the antibiotics selected;
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•

Development and introduction of methodological materials on the strategy of using
antibiotics in HAI treatment and prevention.

Optimization of measures to control and prevent HAI with different transmission routes
includes:
•
•
•
•
•
•
•
•

Implementation of key preventive and epidemic control measures for different groups of
infections at healthcare facilities of various types;
Streamlining of emergency prevention methods and patterns, including use of
bacteriophages and immunomodulators both for patients and health workers;
improvement of measures aimed to break natural transmission mechanisms;
Identification of the tactics for immunoprophylaxis of the medical staff (in special cases,
patients);
Introduction of current measures to protect the health workers from infection;
Development of recommendations on how to estimate the appropriate amount of PPE
needed for the medical staff;
Development of the strategy and tactics for activities to be carried out if HAI agent carriers
are detected among the medical workers;
Drafting of a package of regulatory and methodological documents on HAI prevention,
containment and other activities for infections with different transmission routes, as well as
methodological recommendations on rules of using PPE by the medical staff.

Higher efficiency of disinfection and sterilization activities should presume improvements of
disinfection, pre-sterilization and sterilization methods and substances, development and
implementation of new – more effective and safer – technologies and disinfection and
sterilization activities based on the nature of operations at healthcare facilities of various types.
A competent expert evaluation of disinfectants and sterilization substances requires:
•

•

•
•

•
•
•

Establishment of a system for accreditation of scientific research laboratories/centers which
provide pre-registration trials of new disinfectants, including those to be used at health
facilities;
Improvement of the accreditation system for Testing Laboratory Centers (TLC), which
confirm compliance of disinfectants, including those recommended for use at health
facilities;
Organization of quality control for supplied and used disinfectants, cleansing agents and
sterilization substances, with follow-up reporting of mala fide manufacturers;
Achievement of the quality standard in sterilization of materials and medical products that
excludes any possibility of having more than one non-sterile item per million of sterilized
items;
Extensive replacement of multiple-use items with disposable ones;
Protection of sterile materials from re-contamination;
Design, manufacture and use of domestically made washing and disinfection machines to
treat (disinfection, pre-sterilization) medical products, including endoscopes;
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•

•
•
•
•

•

•
•
•
•
•
•

•

•
•
•
•
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Design, manufacture and use of modern sterilization equipment based on new sterilization
agents (cold plasma, etc.). Top-priority requirements for such equipment include effective
sterilization of packaged medical products and sterilization control;
Development of science-based modes of sterilization of medical products in the newly built
equipment;
Development of new enzyme-containing substances for pre-sterilization of medical
products;
Organization of production and introduction of modern domestically made packages for
medical materials and products subject for sterilization;
Competent expert evaluation of foreign disinfection and sterilization equipment, auxiliary
materials (packaging, chemical and biological indicators, etc.), as well as their user manuals;
and if needed – preparation of complete instructions/manuals in the Russian language;
Further harmonization of approaches accepted in Russia and abroad with regards to the
study, performance evaluation and use of disinfectants, cleansing and sterilization agents,
while keeping the provisions substantiated by local research;
Improvement of means and methods of sterilization control and disinfection efficiency and
quality;
Production of new highly efficient and low-toxic disinfectants, sterilization and
disinfestation substances for use at health facilities;
Development of new means and methods of rapid control for working solutions of
disinfectants;
Drafting of methodologies to determine resistance of hospital-acquired strains of
microorganisms to disinfectants;
Development and implementation of measures aimed to prevent formation of hospitalacquired strains of microorganisms resistant to disinfectants;
Systematic implementation of measures aimed to contain the selection of strains of
microorganisms resistant to disinfectants, (including skin antiseptics), by improving the
quality of disinfection and disinfection tactics, and considering the results of monitoring of
microorganisms’ resistance to disinfectants;
Development of efficient ways for disinfectant rotation based on the results of monitoring
of resistance of hospital-acquired strains of microorganisms, and considering specific
functions of health facilities, types of agents and individual properties of disinfectants;
Introduction of new efficient, low-toxic and user-friendly skin antiseptics for disinfection of
medical workers’ hands and patients’ skin;
Introduction of current hand treatment methods and new antiseptic technologies;
Introduction of current methods for patients’ skin treatment prior to invasive
manipulations;
Development and introduction of new effective and safe (both for the medical staff and
patients) agents and equipment for air disinfection and treatment at health facilities;
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•

Development and introduction of current efficient agents and equipment for medical waste
decontamination at health facilities, with the preference given to physical methods (or their
combination with chemical methods).

Improvements to the efficiency of disinfection and sterilization activities should include:
•

•

•

•

•

•

•

•
•

Organization of Central Sterile Services Departments (CSSD) that meet current
requirements at health facilities. If a health facility has no CSSD, the treatment and
diagnostic process must be supplied with an adequate quantity of sterile materials and
medical products (including commercially made ones);
Continuous improvement of the regulatory and methodological environment for use of
current disinfectants, pre-sterilization and sterilization agents, disinfection and sterilization
equipment, and their efficiency control methods;
Development of a scientific basis for identification of needs, planning and control of rational
use of disinfectants and sterilization agents, considering their target efficiency and safety
for the medical staff and patients;
Development of the strategy and tactics for reasonable choice and use of disinfectants at a
specific health facility, based on its type and structure, goals and objectives of disinfection,
epidemiological situation, and HAI agent circulation;
Building of strategic stocks of disinfectants from different chemical groups in regions and at
health facilities, based on the rotation needs, designated purpose, and HAI agent
circulation;
Skills improvement training for specialists from test laboratories and TLC in the area of
testing the activity and safety of disinfectants, to exclude unjustified recommendations on
their use;
Improvement of the disinfectant testing methodology at the pre-registration trial stage;
implementation of an improved quality assessment for efficiency and safety of disinfectants
by introduction of the parallel testing system in two TLC;
Development of methodological recommendations on organization of activities aimed to
prevent formation of hospital-acquired strains of microorganisms resistant to disinfectants;
Systematic implementation of preventive disinfestation and deratization with effective and
low-toxic agents recommended for use at health facilities.

HAI prevention is an inter-disciplinary scientific area that studies laws of development of the
epidemic process with different nosological entities of HAI at healthcare facilities of various
profiles, etiology and properties of agents that cause development of infectious diseases in
patients and the medical staff, conditions and factors (medical, biological, hygienic,
organizational, treatment, diagnostic, etc.) that incur or prevent HAI outspread at healthcare
facilities. At the same time, HAI prevention is a practical activity area aimed to develop and
implement preventive and epidemic control activities in order to ensure safety of the patients’
stay in hospitals and safety of the medical staff’s work at healthcare facilities.
Development of scientific research in main areas of improving HAI prevention should include:
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•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Development of a targeted program on scientific research of HAI prevention problems;
Coordination of scientific research in main areas of improving HAI prevention;
Development of the scientific and technological potential in prioritized areas of improving
HAI prevention;
Consolidation and concentration of resources for promising scientific and technological
areas based on a more extensive use of mechanisms of public-private partnerships,
including innovative companies, in the area of research and development;
Ensuring of the inflow of young specialists in the scientific research and development area,
further development of leading scientific schools;
Development of research activities at universities;
Development of the research laboratory and technical potential of competitive scientific
organizations and universities that carry out research in the area;
Development of effective elements of the innovative system infrastructure;
Research of current HAI manifestations at healthcare facilities of various profiles;
Development of the epidemiological classification of HAI;
Study of current mechanisms, factors and conditions for development of the epidemic
process with different nosological entities of HAI;
Study of the structure and dynamic changes in the populations of bacterial, viral and
parasitic pathogens at healthcare facilities of various profiles;
Improvement of the methodology and technology of epidemiological surveillance and
control of HAI at healthcare facilities of various profiles;
Improvement of approaches and methods to ensure biological safety at healthcare facilities
and maintain the health of the medical staff;
Development of HAI diagnostic means and methods;
Improvement of approaches and methods for multi-level HAI prevention;
Development and improvement of approaches and methods for sterilization, disinfection,
disinfestation and deratization in HAI prevention;
Improvement of HAI treatment methods;
Development of criteria for occupational infection cases;
Development of biological safety criteria for healthcare facilities.

Assessment of epidemiological, social and economic efficiency of preventive activities is critical
for the epidemic control system. The goal of such assessment is to achieve the maximum
preventive effect with minimal costs for organization and implementation of the whole set of
preventive activities.
Epidemiological efficiency of activities is based on the rates in reducing long-term annual
average indicators of the incidence, with the predicted level and epidemic trends taken into
account.
Social efficiency of activities is assessed by the level of reducing the aggregate damages HAI
inflict on the public health and quality of living, considering HAI severity, duration, frequency of
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adverse outcomes (death, disablement), and their disruptive effect on various forms of human
life and activity.
Economic efficiency of activities is determined by reduction of direct and indirect damages HAI
inflict on the public health while limiting the workforce potential.
Assessment of economic efficiency of HAI prevention activities should include:
•
•
•
•
•
•

Estimates of economic damage incurred by one case, with different nosological entities of
HAI;
Estimates of costs on introduction and implementation of HAI prevention activities and
components of epidemiological surveillance;
Measurement of economic efficiency of HAI prevention activities and components of
epidemiological surveillance;
Cost-benefits ratio analysis;
Cost-effectiveness ratio analysis;
Cost-profit ratio analysis.

Efficient improvement of HAI prevention is expected to result in:
•
•
•
•
•

Reduced mortality, disability rate and complications from hospital-acquired infections;
Reduced additional costs on treatment and diagnostics of disease complications, and costs
associated with low efficiency of medical aid due to lack of appropriate information;
Increased labor potential of the nation by reducing temporary and permanent disability
caused by diseases;
Reduced costs of medical aid by reducing the number of excessive and redundant
laboratory tests;
Increased safety of patients and the staff by introducing epidemiological safe medical
technologies.
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7

MEDICAL WASTE

7.1

GENERAL INFORMATION

Medical waste management remains a pressing world problem due to methodological
challenges and ambiguous approaches to the assessment of their impact on human health and
the environment. A great variety of epidemiologically hazardous waste and their sources
present problems in design of classification for such waste. Waste decontamination and
disposal is viewed as an important component of the epidemiological and environmental safety
of people. This problem is constantly under control by the sanitary epidemiological service
which designs standards and technologies to meet disposal requirements for each specific type
of medical waste.
According to the WHO experts, disregard of the medical waste handling rules (including
transportation safety regulations) was the cause of 21 million cases of hepatitis В (32 % of all
new registered cases), 2 million cases of hepatitis C (40 % of all new registered cases), and
260,000 cases of HIV infection (5 % of all new registered cases).
A large amount of biologically hazardous materials are accumulated in the form of waste at
medical facilities. For instance, 70 tons of medical waste need disposal in the Republic of
Kazakhstan annually. This waste includes carcasses of laboratory animals, pathological samples,
dressing materials contaminated with patients’ excretions, syringes, etc. High-quality
decontamination of medical waste is one of the critical measures in compliance with the
biosafety regulations at such facilities.
All contaminated materials must be decontaminated prior to disposal or treatment before reuse. Selection of the decontamination method is determined by the nature of materials to be
treated. They include but are not limited to laboratory and archived cultures of
microorganisms, clinical samples, laboratory equipment, instruments, protective clothes and
other items that had been in contact with the infected materials.
Medical waste generated in the process of providing medical services and performing medical
manipulations. Medical waste is categorized into five hazard classes:
•
•
•
•
•

Class А – non-hazardous medical waste, similar to solid domestic waste;
Class B – hazardous (high-risk) medical waste;
Class C – extremely hazardous medical waste generated in laboratories handling
microorganisms of Pathogenicity Groups I and II;
Class D – medical waste with the composition identical to that of industrial waste;
Class E – radioactive medical waste.

Medical waste generated in laboratories handling microorganisms of Pathogenicity Groups I
and II belongs to Class C and is extremely hazardous, because it consists of materials that had
been exposed to patients sick with quarantine and especially dangerous infections, HIV/AIDS,
or contain waste from laboratories handling microorganisms of Pathogenicity Groups I and II.
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Such waste is to be decontaminated by chemical methods or by autoclaving. Liquid waste is
powdered with a dry disinfectant, and after disinfection is dumped into the sewerage system.
Disposable medical instruments are collected without decontamination into special or
disposable containers and then incinerated.
Class B medical waste (epidemiologically hazardous) generated in clinical and biological
laboratories, clinical diagnostic and anatomic pathology departments, surgery wards, intensive
care units, surgical dressing rooms and treatment rooms is collected in disposable plastic or
metal containers with lids and incinerated in a designated place within a medical facility. After
preliminary disinfection, liquid waste is dumped into the sewerage system or cesspits on the
medical facility grounds. Disposable medical instruments are collected without
decontamination into special or disposable containers and then incinerated either in
incinerators or ordinary furnaces or crematoria, under a contract with other facilities holding a
respective license for this type of activity. In rayon centers and in rural areas, some medical
waste is incinerated at boiler houses, furnaces, barrels or in open pits located on the medical
facility grounds. Burial of organic waste after operations (organs, tissues) on patients sick with
infectious diseases occurs at cemeteries, at designated places, under a contract with
morticians.
Decontamination of medical waste is governed by regulatory documents and consists of the
following stages:
•
•
•
•

Collection and decontamination of medical waste at the generation site;
Temporary storage of medical waste in containers on the facility grounds (Class А) or in
designated rooms (all other classes except for Class А);
Transportation of containers to the burial or incineration site;
Thermal decontamination (incineration) or burial of medical waste.

Issues such as collection and decontamination of medical waste at the generation site,
equipment of designated places for temporary storage of medical waste, and appropriate
workflows in delivering medical waste to the disposal site, need to be standardized.
Collection of medical waste utilizes disposal waterproof paper bags, packets, metal and plastic
receptacles, safe disposal boxes, and containers. Collection bags and packets must be of a
different color for each class of waste; and containers and receptacles must be labeled
differently. Medical waste collection packets must be of the following colors: Class А waste –
white, Class B waste – yellow, Class C waste – red, and Class D waste – black. The labeling of
containers, receptacles and packets must be matching. Metal and plastic receptacles and
containers for collection of hazardous waste must be closed tightly. However, the
manufactured packets and containers must be tested for compliance with their required
durability, sealing capacity and safe storage.
The used piercing articles and other sharps (needles, quills, blades, and ampules) are collected
separately from other types of medical waste into containers, without any pre-selection or
disinfection. To ensure complete physical and biological safety, durability and thickness of the
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collection bags must be reliable and correspond to the dimensions of the materials disposed of
(e.g. to graduated pipettes).
Transportation of medical waste is done by the trained staff. The vehicle driver and the person
who accepts decontaminated medical waste must have respective access and clearance.
For thermal decontamination, when rooms where contaminated materials are handled have
direct access to the incinerator, such materials may be disposed of without preliminary
decontamination, but the room itself and the incinerator must be within the contaminated
area. The incinerator employees must be working in respective protective clothing. It is
especially important to specify the schedule of operations for such facilities in case of predicted
man-caused and natural emergencies.
Disposal of such medical waste as used luminescence lamps, mercury-containing devices and
equipment must be specified.
Disposal of Class B and C waste is in most cases done after preliminary decontamination,
accumulation and transportation to the burial site. Such procedures are however not required
for digestors (enzymatic hydrolysis) as they are an environment-friendly and reliable disposal
appliance.
Burial of biological waste after chemical decontamination of infected waste is rather a
compelled measure. Tests of conditions for complete decontamination of carcasses of bioassay
animal which died from plague and anthrax demonstrated that complete decontamination is
achieved when using 4 % formalin for 10-24 hours, depending on the size of the experimental
animal. But this generates a high concentration of formalin vapors in the room. Such rooms
must be equipped with supply and exhaust ventilation.
Tests of the decontamination mode with 8% lysol and calcium hypochlorite showed a positive
effect. But as dead or killed infected animals are submerged, an incision must be made along
the abdominal wall to ensure disinfectant penetration to the internal organs.
Autoclaving effectively decontaminates with the mode of 2 atmospheres for 1.5 hours.
However, larger laboratory animals require longer autoclaving and autoclaves with a larger
chamber volume. The autoclaving duration must be determined experimentally for animals of
different sizes. Electronically controlled “pass-through” autoclaves are widely used abroad as
their dimensions allow decontaminating larger laboratory animals for further burial of
decontaminated biological waste.
Regulatory documents must reflect allowed methods of disposing of animal carcasses and
medical waste from field laboratories of the anti-plague service. The commonly practiced
immersion into the disinfectant solution for a certain period of time (as determined by the
disinfectant type and animal sizes), followed by burial into special pits, is an impelled breach of
requirements. Such methods should either be legalized in the SanPiN or realistic ways to
address the problem should be specified. If the burial is included into the regulatory
documentation, the required sanitary norms for such burials must be specified regarding the

211

7 Medical Waste
stand of groundwater level, soil aeration, remoteness from water sources and populated areas,
etc.
Basic incineration, without using filters so common to modern-day equipment, does not meet
environmental requirements. Disposal of medical waste to regular landfills poses a biological
hazard because of some people who recycle or sieve through the waste to find some items they
might need. This category of people has a higher infection risk. Disposal of toxic waste (acids,
alkali, and mercury-containing waste) to general landfills without inactivation is dangerous and
not allowed by environmental requirements.
Biological hazards posed by non-decontaminated medical waste for local residents are
especially pressing in rural areas, where disposal requirements are lower. The environmental
strain resulting from waste disposal violations is a big problem for the international community
because such strain escalates from a local problem to a regional, national and global one.
Currently, ecology is the most popular discipline, and any environmental violations – even at
the local level – may be the focus of closer attention from international environmental
watchdog organizations.
This problem has always been controlled by the sanitary epidemiological service. Norms were
developed and technologies were used to meet the needs of each specific period. However, the
swelling amount of medical waste and changing requirements to its disposal, based on the
world incidence with hepatitis, tuberculosis and HIV, necessitates a re-assessment of the
problem, with the new requirements taken into account.

Incineration. Incineration (cremation) has traditionally been the method of choice for
treatment of pathological biomedical waste and animal carcasses. Effective incineration is
based on the appropriate equipment design with regards to the time, temperature, turbulence
and air supply essential for complete oxidation, and on correct loading. Most incinerators today
have two chambers with the optimum temperature in the primary chamber of at least 800OC, in
the secondary chamber, of at least 1,000OC. Loading of contents with high humidity may
decrease the treatment temperature. There are no microbiological standards for smoke;
however, such standards are available for solids content and for some chemical contaminants
(Canadian Council of Ministers of the Environment, 1992).

New Technologies. Mounting concerns with air pollution led the environment regulatory
agencies enacted stricter standards for incinerators. This, in turn, boosted the development of
alternative waste treatment technologies. Most of such systems use one or several of the
following methods: heating with microwaves, radiowaves, hot oil, water, steam or overheated
gases; treatment with chemicals, including hypochlorite, chlorine dioxide or sodium hydroxide;
treatment with heated disinfectants, and irradiation. Some reviews have earlier been published
to describe many of these technologies, as well as their advantages and deficiencies (Turnber,
1996; Salkin et al., 2000). The modified disposal process was shown to be yet another effective
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approach successfully used for decontamination of infected animal carcasses (Thompson et al.,
1998). The new waste treatment technologies are subject to concurrence by the local
administration prior to equipment purchase and use.
The WHO Newsletter #253 (November 2011; http://www.who.int) draws the following basic
facts on medical waste.
Of all waste generated by health facilities, approximately 80 % is regular waste. The remaining
20 % is considered to be hazardous materials that may be infectious, toxic or radioactive. Every
year, 16 billion injections are administered throughout the world, but not all needles and
syringes are disposed of appropriately. The waste from health facilities contains potentially
dangerous microorganisms that may infect patients, health workers and other people.
As seen in the list below, waste and byproducts represent various materials (the percentage
content is approximate):
•

•
•
•
•
•

•
•

Infectious waste: waste contaminated by blood and its products, cultures and stocks of
infectious agents, waste from patients in isolation wards, removed diagnostic samples
containing blood and body fluids, infected animals from laboratories, contaminated
materials (swabs and dressing) and equipment (such as disposable medical items);
Pathological waste: identifiable body parts and infected animal carcasses;
Sharps: syringes, needles, disposable scalpels and blades, etc.;
Chemicals: e.g. mercury, solvents and disinfectants;
Medicinal products: expired, unused and contaminated medicinal products; vaccines and
sera;
Genotoxic waste: extremely dangerous, mutagenic, teratogenic (capable of producing fetal
malformation) or carcinogenic substances such as cytotoxic drugs used in cancer treatment,
and their metabolites;
Radioactive waste: such as glassware contaminated with radioactive diagnostic materials or
radio-therapeutic materials;
Waste from heavy metals: such as broken mercury thermometers.

Infectious waste and pathological waste in total represent the majority of hazardous waste, up
to 15 % of all waste generated by health facilities. Sharps make about 1 % of all waste, but they
are the main source of infection transmission if mishandled. Chemicals and medicinal products
are responsible for about 3 % of waste generated by health facilities, while genotoxic waste and
materials containing radioactive substances and heavy metals make up around 1 % of all waste
generated by health facilities.
Key sources of medical waste include:
•
•
•
•
•

Hospitals and other health facilities;
Laboratories and research centers;
Morgues and autopsy centers;
Laboratories where animals are studied and tested;
Blood banks and blood collection services;
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•

Assisted-care facilities.

High-income nations generate, on average, up to 0.5 kg of hazardous waste per hospital bed a
day. At the same time, countries with a lower income level generate, on average, 0.2 kg of
hazardous waste per hospital bed a day. However, in low-income countries, medical waste is
rarely sorted out into hazardous and non-hazardous, which results in a significant increase of
the actual amount of hazardous waste.
The waste generated by healthcare facilities contains potentially dangerous microorganisms
that may infect patients, healthcare providers and other people. Other potential infection risks
may include the outspread of drug-resistant microorganisms from healthcare facilities into the
environment.
Waste and byproducts may also lead to injuries such as:
•
•
•
•
•

Radiation burns;
Injuries inflicted by sharps;
Contamination and pollution of the environment through drug release, for instance,
antibiotics and cytotoxic drugs;
Contamination and pollution of the environment by wastewater;
Contamination and pollution of the environment by toxic elements or compounds such as
mercury or dioxins emitted during waste incineration.

Every year, 16 billion injections are administered throughout the world. Not all needles and
syringes are disposed of appropriately, which poses the risk of injuries and infections, as well as
an opportunity for a repeated use.
In 2000, injections by contaminated syringes resulted in 21 million cases of infection with the
hepatitis B virus worldwide. There were two million cases of infection with the hepatitis C virus
and 260,000 cases of HIV infection. Many of these infection cases could have been avoided by
safe disposal of syringes. Reuse of disposable syringes and injection needles is especially
common in some countries of Africa, Asia and Central and Eastern Europe.
In developing countries, additional hazards occur as people rummage through waste on landfill
sites, and also as a result of manual sorting of hazardous waste at health facilities. Such
practices are common in many regions of the world. Waste handlers run direct risks of injuries
by needles and exposure to toxic and infectious materials.
Handling vaccine waste may also be dangerous. In June 2000, six children were diagnosed with
a mild form of smallpox (vaccinia virus) after they had played with glass vials which contained
expired smallpox vaccine, at a landfill in Vladivostok, Russia. Although the infection was not lifethreatening, the vaccine vials should have been decontaminated before going to the landfill.
Use of radiation sources in medical and other equipment is common throughout the world.
Sometimes, people are affected by radioactive waste resulting from radiotherapy and not duly
disposed of. Some serious incidents were registered in Brazil in 1988 (where four people died
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and 28 suffered serious radiation burns), Mexico and Morocco in 1983, Algeria in 1978, and
Mexico in 1962.
The risks associated with other types of waste from health facilities (e.g. blood and chemicals)
may be significant, and have not yet been adequately assessed. Additional measures must be
taken in that regards, while complying with appropriate precautions.
Despite the fact that treatment and disposal of waste generated by healthcare facilities reduces
risks, indirect risks to human health may persist due to emission of toxic pollutants into the
environment as a result of treatment or disposal.
Waste landfills may contaminate potable water if incorrectly designed and built. Occupational
hazards exist in waste disposal facilities if they have been incorrectly designed, managed or
maintained.
Waste incineration is a common practice, but improper incineration or incineration of
inappropriate materials results in release of contaminants into the air and generation of ash
residuals. Incineration of chlorine-containing materials may generate dioxins and furans (a
group of heterocyclic compounds similar to dioxins), which are human carcinogens associated
with a number of adverse effects for human health. Incineration of heavy metals or materials
with a high metal content (in particular, lead, mercury and cadmium) may result in the emission
of toxic metal into the environment. Dioxins, furans and metals are persistent bio-accumulative
substances, and therefore, materials that contain chlorine or metals should not be incinerated.
It is only advanced incinerators operating at 850oC to 1,100oC and having special gas-cleaning
equipment that meet international norms regarding dioxin and furan emissions.
Current alternatives to incineration include autoclaving, microwave treatment, thermal steam
treatment in combination with internal mixing, and chemical treatment.
Waste mishandling results from lack of awareness about health hazards associated with waste
generated by healthcare facilities, inadequate training on appropriate waste management, lack
of waste management and disposal systems, inadequate financial and human resources, and
also the fact that a low value is set on this topic. These are the most common problems
associated with waste generated by healthcare facilities.
A lot of countries lack appropriate laws and regulations, or fail to enforce their implementation.
An important issue is establishing of a clear-cut responsibility for waste handling and disposal.
In line with the “polluter pays” principle, responsibility is vested in the waste generator –
usually, the healthcare provider or respective facility. To ensure safe and sustainable medical
waste management, the financial analysis should include all disposal costs.
Medical waste management can be improved by establishing a comprehensive system to
address issues such as responsibility, resource allocation, handling and disposal. It is a longterm process, and improvements are made gradually.
An important role is played by raising awareness of the risks associated with waste generated
by healthcare facilities, and of safe and reliable practices and methodologies.
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Optimization of medical waste management should be based on the correct choice of safe and
environment-friendly ways to manage protection of people from hazards during waste
collection, handling, storage, transportation, treatment or disposal.
A comprehensive and persistent improvement requires commitment and support from the
national government, although some immediate measures can be taken at the local level.
The first global and comprehensive technical guideline, Safe Management of Wastes from
Health-Care Activities, issued by the WHO in 1999 (the second edition was issued in 2012),
deals with such aspects as regulatory environment, planning issues, waste minimization and
recycling for reuse, waste handing, storage and transportation, options for treatment and
disposal, as well as special training.
This policy document is designed for managers of hospitals and other health facilities, policy
makers, public health specialists and waste management specialists. It has an attachment, The
Teacher’s Guide, with materials for conducting three-day-long workshops targeted at the same
audience.
Besides, some other WHO guideline documents on waste generated by healthcare facilities are
available, including (http://www.who.int/mediacentre/factsheets/fs253/ru/index.html):
•
•
•
•
•
•
•
•
•

Monitoring methodologies;
Cost estimate methodologies;
Rapid assessment methodologies;
Policy paper;
Guide on developing national plans;
Injection waste management;
Waste management at primary healthcare centers;
Waste management during mass-scale immunization;
Emergency waste management.

These publications are fully available on the WHO web site on water, sanitation and hygiene.

7.2

STUDYING INTERNATIONAL APPROACHES TO ORGANIZATION OF MEDICAL
WASTE DECONTAMINATION AND DISPOSAL

Countries such as Germany, France, Great Britain, the United States, Australia and New Zealand
have special services to ensure monitoring and control of education on medical waste handling,
both in the overall waste management system and its individual components.
In 1979, the WHO regarded medical waste as dangerous and specified the need to establish
special waste recycling services (Newsletter #253, http://www.who.int). The 1992 Basel
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Convention identified 45 types of waste, with clinical waste opening the list (International
Environment House, 2011).
The first global and comprehensive technical guideline, Safe Management of Wastes from
Health-Care Activities, issued by the WHO in 1999, deals with such aspects as regulatory
environment, planning issues, waste minimization and recycling for reuse, waste handing,
storage and transportation, options for treatment and disposal, as well as special training. This
policy document is designed for managers of hospitals and other health facilities, policy makers,
public health specialists and waste management specialists. It has an attachment, The Teacher’s
Guide.
According to the WHO integrated data, in 2005, about 1.8 billion tons of waste had
accumulated in the world, which is near 300 kg per each resident of our planet. Of all waste
generated by healthcare facilities, around 80 % is regular trash comparable to domestic waste.
The remaining 20% is considered to be hazardous materials that may prove infectious, toxic or
radioactive. One gram of domestic waste contains 0.1-1 billion microorganisms. In medical
waste, the number reaches 200-300 billion.
According to the WHO, infectious and autopsy waste in total make up the majority of
hazardous waste, or up to 15 % of all waste generated by healthcare facilities. Sharps make up
about 1 % of all waste, but they serve as the main source of infection transmission if
mishandled. Chemicals and medications make up about 3 % of waste generated by healthcare
facilities, while genotoxic waste and materials containing radioactive substances and heavy
metals make up about 1% of all waste generated by healthcare facilities.
According to the European Commission (1995), generation of medical waste differs from
country to country not only in established waste handling methods but also in the national
income level (Mironova & Kotlyarova, 2009). Countries with a high income level generate, on
average, up to 0.5 kg of hazardous waste per hospital bed a day. At the same time, countries
with a lower income level generate, on average, 0.2 kg of hazardous waste per hospital bed a
day. In low-income countries, medical waste is rarely sorted out into hazardous and nonhazardous, which results in a significant increase of the actual amount of hazardous waste.

The waste problem has initially been resolved at the legislative level in the United States,
France and the United Kingdom, which allowed establishing a due process for medical waste
recycling, decontamination and safe disposal.

The medical waste handling system in the United States. Every year, the United States
generates 2.4 million tons of medical waste, most of which had earlier been decontaminated
with incinerators (Popova, 2006). Medical incinerators were the third largest dioxin emission
source in the United States, and the source of 10 % of all mercury emissions. The U.S.
Environmental Protection Agency (EPA) has developed a document, Control of Waste
Generated by Medicine and Medical Industry, which has become a legislative norm applicable
217

7 Medical Waste
to all states. According to the ЕРА, there is no safe level of dioxin emission because dioxins are
so dangerous that they can in any concentration significantly increase the risk of oncological
diseases.
Federal laws hardly regulate handling of hazardous biological waste, the problem being mainly
addressed at the state level. Some states have adopted regulatory documents to prohibit
incineration within hospitals or even completely ban use of incinerators. These initiatives had
run into resistance by incinerator owners. In 2000, some of them had to invest considerable
amounts into bringing their equipment in compliance with the new standards. However, these
investments proved to be a wasted effort as the regulatory norms became more stringent.
According to the ЕРА, the number of incinerators in the United States has in the last ten years
decreased from 5,000 to 100, and the trend holds.
CDC, organizations associated with occupational health and safety, and respective state
authorities adopted documents on recycling and disposal of such waste (acts on blood-borne
pathogens, different classifiers of waste and waste decontamination methods, etc.), (Spasibo,
2010). Healthcare facilities are striving to minimize waste generation, so use of disposable
items or excessive packaging becomes less common. Non-hazardous waste, such as paper and
plastic, is collected and sent for recycling. Certain biologically hazardous fluids (blood, urine,
feces, and microbial cultures) are dumped into the sewerage system by hospitals, with a large
amount of water and disinfectant or after autoclaving – which is allowed by regulatory
documents. Medical waste decontamination methods alternative to incineration are becoming
more and more common: autoclaving, thermal, microwave and chemical treatment. Based on
the hazard degree, some waste must be pre-decontaminated at the generation site. To
decontaminate the most hazardous waste, many hospitals use services by third parties.
Stericycle is one of such organizations. It is a major player in the USA medical waste market,
which promotes alternative decontamination methods, including fragmentation followed by
sterilization with low-frequency radio waves.
As a result of the measures adopted, some waste elimination criteria in many states became so
stringent and restrictive that several states imposed a ban on elimination of any medical waste
within their territory. These regulations resulted in denial to provide some kinds of medical aid.
Procedures to obtain permits for installation of waste decontaminations systems became more
complicated, while the system themselves became more expensive. Removal of waste for
disposal at some facilities became more difficult, and sanitary control authorities began to
more often deny issuance of permits for storage or recycling of any types of medical waste.
These measures made the government, researchers and health workers to look for alternative
options in getting rid of accumulating waste, and apply advanced collection and disposal
technologies.

The medical waste handling system in France. The French sanitary regulations had initially
subdivided hospital waste into two categories: infected and other, non-infected, components
disposed of through regular municipal waste systems. Non-infected waste from hospitals goes
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to the containers of a firm in charge of waste management in the Paris Region, and then sent to
landfills or incineration plant. Infected waste made up about half of all hospital waste, and 80 %
of it was incinerated by hospitals on their grounds. Other facilities sent their infected waste to
incinerators belonging to other healthcare facilities. Such practices of decentralized incineration
of infected and potentially hazardous medical waste were criticized for economic, technical and
environmental reasons. As a result, the French Ministry of Environment Protection decreed an
ordinance that prohibited incineration of potentially hazardous waste in small units located on
the grounds of health facilities. This decision was based on deficiencies of local waste treatment
specified in the ordinance: intermittent operation and incineration technologies in most
facilities did not meet the requirements to atmospheric emissions purification, incineration
efficiency, and prevention of adjacent area contamination. Most units had a low capacity,
which made their rigging with modern emission treatment features unfeasible and
unprofitable. To that end, the ordinance specified that construction of special stations for
decontamination of potentially hazardous waste offered a full-scale solution of the problem. An
important positive side of the centralized system is that the human factor’s impact on the
quality of procedures is minimized, because the disposal process involves trained specialists
and offers an opportunity to establish effective controls for all workflow elements. This
centralization approach to medical waste treatment is developing rapidly in France. The goal is
to incinerate up to 40 % of waste generated by healthcare facilities in a centralized way.
A working group of the French Ministry of Social Affairs and Employment has developed
recommendations for a new classification of hospital waste, splitting it into three categories:
•

•

•

Hazardous waste, including remnants of autopsy organs, tissues, microbial cultures, blood
and medications. The Category 1 waste makes up 1-5 % of the total amount of waste. The
Category 1 waste must be unfailingly incinerated, and its storage period must not exceed 48
hours. Incineration of such waste must ensure complete absence of the so called unburnt
residue, whereas most solid waste incinerators are allowed to yield 5-6 % of the not burnt
residue.
Waste specific to healthcare facility operations, generated from patient services in therapy
and surgery units, excluding Category 1 waste. The Category 2 waste specific to hospital
operations makes up 40 % to 50%. Such waste must be incinerated at solid waste
incineration plants.
Waste generated by cleaning of wards, cafeteria, administrative rooms, hospital area, etc.
In its mass, the Category 3 waste makes up 50 % to 60 %. This category is classified as
domestic waste and is disposed of appropriately.

According to the French Ministry of Health, in the late 1990s, the country had 3,650 hospitals
with a bed space capacity of 700,000 beds. Seventy per cent of hospitals were public and 30 %
privately-owned. The annual amount of waste generated by all hospitals was 600,000 tons, or
approximately 860 kg of waste per bed per year. As a comparison, statistical norms in the Czech
Republic specify generation of 1,143 kg of waste per one bed a year.
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The medical waste handling system in the United Kingdom. The British specialists believe that
medical waste incineration is the best way to get rid of it. They emphasize that although
incineration results in some air pollution, it still is the most preferred method as it excludes any
toxic emissions and infection outspread (provided the incineration temperature is 1000oС or
higher). Due attention is paid to air release treatment facilities, laboratory control of their
performance, and search for optimum and adequate composition of controlled parameters. To
ensure incineration efficiency, minimum concentration of oxygen (6 %) is controlled at the
furnace exit, in addition to the strict requirement of maintaining the temperature of at least
1000оС. The currently available equipment allows for emission control of concentrations of
polychlorinated dioxins and furans, concentrations of suspended solids (100 mg/m3), phosgene
(COCl2), SO2 (300 mg/m3), organic compounds (20 mg/m3), heavy metals and their compounds
(5 mg/m3), as well as carbon monoxide. The British medical waste handling system pays a lot of
attention to appropriate packing of waste. To minimize use of plastic materials, waste is
compacted at collection sites. Liquid waste must be pre-segregated from what goes for
incineration. In all conditions, waste must be packed into closed labeled containers suitable for
their contents. Such containers must be shipped, stored and sent for disposal unopened, to
ensure safety of the waste manipulating personnel.

The production and consumer waste handling system in the Kyrgyz Republic. With support
from United Nations Development Program (UNDP) and the Kyrgyz-Swiss Red Cross, in 2010,
Kyrgyzstan’s Ministry of Health worked to establish a sectoral system for medical waste
management. The medical waste management issues are included into the national strategy on
solid waste management.

The medical waste handling system in the Russian Federation. The key sanitary document
regulating medical waste handling issues is SanPiN 2.1.7.2790-10 Sanitary Epidemiological
Requirements to Medical Waste Handling. In accordance with Federal Laws #89-FZ On
Production and Consumer Waste, dated June 24, 1998, and #131 On General Principles of
Organization of Local Self-Government in the Russian Federation, dated October 6, 2003, issues
related to collection, removal, disposal and recycling of domestic and industrial waste fall
within the powers of local self-government bodies.
On March 23, 2012, the board of the Federal Service for Surveillance in the Sphere of Consumer
Rights Protection and Human Welfare (Rospotrebnadzor) held a meeting chaired by Russia’s
chief sanitary medical officer G.G. Onishchenko. The topic of the meeting was: On Problems in
Handling Medical Waste, and Goals in Improving the Handling of Waste Generated by
Healthcare Facilities. The May 2, 2012 Rospotrebnadzor’s Order #536 On Implementing the
Board’s Decision of March 23, 2012 and the board’s materials demonstrate the annual growth
in medical waste generation. For instance, in 2005 a total of 469,452.5 tons of medical waste
was generated, and the amount significantly increased in the following years (Onishchenko,
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2009; Vereshchagin et al., 2009). In 2011, the amount of medical waste reached 1,789,162.6
tons.
About 24.6 kg of medical waste was generated in Russia per 1 person a year, including 8.6 kg of
hazardous and extremely hazardous waste. The waste generation norms for healthcare
facilities depend on their types of operations. The actual waste amounts in infectious disease,
tuberculosis and mycology facilities significantly exceed the estimate norms set for general
profile hospitals). The waste generation norms depend on the health facility structure (if health
facilities have some specialized units, generation of certain types of waste increases, e.g. waste
from the hemodialysis department, blood transfusion station and extra-corporeal
hemocorrection is characterized by an extremely high content of polymer waste). The waste
generation norms also depend on technical and financial resources of a healthcare facility, and
on improvements made to the facility building.
A survey of medical waste handling showed that many healthcare facilities fail to comply with
epidemic control requirements as they lack:
•

•
•
•
•
•
•

An adequate quantity of special equipment, tools and consumables for medical waste
packing (special bags, trolley racks, disposable receptacles, reusable tanks, in-vessel carts,
or mini-containers), and a simple and reliable technology of sealing disposable packing;
Containers labeled by waste groups, and facilities/areas for temporary waste storage;
Refrigeration equipment for food waste storage,
A safe transportation chain inside a health facility, that excludes potential contamination of
the personnel and patients with infected medical waste;
Special transport vehicles for taking waste from the hospitals to disposal/burial/incineration
sites;
A well-organized system of accident response measures;
A systemic approach to the training of medical and maintenance staff on medical waste
handling regulations.

The most pressing problems associated with medical waste handling in healthcare facilities
include protection of the health staff from occupational infection with infectious diseases.
In 2001-2011, there were seven international scientific conferences on medical waste handling.
The research and achievements may be subdivided into three stages (Oparin & Antoniva, 2009):
•
•
•

Stage 1: 2001-2003 – understanding and practical implementation of SanPiN 2.1.7.728-99
and SanPiN 2.1.7.2790-10;
Stage 2: 2003-2006 – research of methods, means and ways to optimize organization of
medical waste handling;
Stage 3: legal, economic and financial support for medical waste handling conditions –
began in 2006, and is ongoing.

This is the time to establish an appropriate expert body to assess equipment, methods, means
and ways not only from the technical, hygienic, epidemiological and environmental side but
also from the point of view of economic expediency for use in certain conditions. In line with
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the Stockholm Convention on Persistent Organic Pollutants, more attention should be paid to
solid waste recycling.
Improvements of the medical waste handling practices in any country are based on national
laws and regulations. In their article, International Experiences in Medical Waste Management,
Mironova and Kotlyarova write, “In medium-income and low-income countries, Russia rated
among them, generation of waste resulting from medical and sanitary services is usually lower
than in high-income nations. Yet, lack of an effective medical waste handling system makes
Russia a disadvantaged country in the area of rational and safe management of waste
generated by healthcare facilities” (Mironova & Kotlyarova, 2009).
According to the authors, the top priority is to establish an all-Russian uniform approach to this
system, develop the rationale for the legislation as well as national goals and key steps critical
for achievement of those goals.
Currently, the WHO manages Global Healthcare Waste Project to provide seven countries
(Argentina, India, Latvia, Lebanon, the Philippines, Senegal and Vietnam) with assistance in
developing and refining the medical waste regulation practices. The ultimate goal of the project
is protection of health and environment from dioxin and mercury effect. The project focuses on
activities such as waste minimization, use of technologies alternative to waste incineration,
streamlining of the waste segregation practices, and replacement of mercury-containing
devices.

7.3

THE MEDICAL WASTE HANDLING SYSTEM IN THE REPUBLIC OF KAZAKHSTAN

Kazakhstan’s current legislative system in the area of medical waste regulation was established
in 2004 when the MoH adopted the Sanitary Epidemiological Requirements to Collection, Use,
Decontamination, Transportation, Storage and Burial of Waste Generated by Healthcare
Facilities (Order #19 by MoH, dated January 13, 2004). This document sets forth four classes of
medical waste (A to D). After four years of working under this document, it was found that
these sanitary epidemiological rules and norms do not adequately reflect all appropriate
requirements to the medical waste collection, storage and transportation processes in
accordance with their epidemiological significance (Ospanov et al., 2009). To that end, in order
to optimize medical waste regulation, the Sanitary Epidemiological Requirements to Collection,
Decontamination, Storage, Transportation and Burial of Waste were approved in 2008 by Order
#362 of MoH, dated June 23, 2008. Back in 2003, the country did not have a single unit
designed to incinerate medical waste, and by 2008, eighteen incinerators had been installed to
meet international safety requirements. Besides, muffle furnaces, crushers and large boilerhouse plants were used for medical waste incineration.
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Since 2010, medical waste disposal has been implemented in accordance with Order #533 by
MoH, dated July 23, 2010: the Sanitary Epidemiological Requirements to Healthcare Facilities,
approved by Resolution #87 of the KZ Government, dated January 17, 2012, and Resolution
#291 of the KZ Government, the Sanitary Epidemiological Requirements to Collection, Use,
Application, Decontamination, Transportation, Storage and Burial of Production and Consumer
Waste dated March 6, 2012.
The medical waste categories are subdivided into five classes:
•
•
•

•

•

Class А – non-hazardous waste, similar to domestic solid waste not exposed to body fluids
of patients sick with infectious diseases;
Class B – epidemiologically hazardous waste – infected and potentially infected waste;
Class C – extremely epidemiologically hazardous waste – materials exposed to patients sick
with infectious diseases, which may result in an epidemiological emergency and require
implementation of sanitary protection activities;
Class D – toxicologically hazardous waste – waste (medications, including cytostatics,
diagnostic agents and disinfectants) not for use, mercury-containing items, devices and
equipment, raw materials waste, waste from pharmaceutical products, waste from use of
equipment, transport and notification systems);
Class E – radioactive waste – all types of waste, in any physical state, where the radionuclide
content exceeds allowable levels set by radiation safety standards.

The draft Law of the Republic of Kazakhstan On Waste was developed upon the
recommendation of UNDP (http://www.kap.kz/kap/?q=node/25). In the explanatory note to
the draft Law of the Republic of Kazakhstan On Waste, the developers write, “Key reasons of
waste generation include: unsustainable economic management; lack of economic incentives
for development of historic and newly generated waste, an outdated regulatory environment,
and lack of a special law that would regulate all waste management issues”. The draft offers
basic ways to address waste handling based on international experiences and the following
core principles:
•
•
•
•
•
•
•

Legal vesting of waste handling responsibilities in waste owners;
Prevention of waste generation (by reducing its amount and hazard, or by using the closedcircuit operation cycle);
Waste disposal to fully extract useful properties of substances (recycling);
Safe dumping of waste;
Precedence of waste disposal over waste dumping;
Exclusion of non-disposable waste (hazardous, toxic, radioactive) from the economic
turnover, waste dumping without causing harm to public health or the environment;
Waste removal at the manufacturer’s expense.

The proposed draft includes licensing of hazardous waste handling activities. To that effect, the
draft developers made an amendment to Clause 1 of Article 9 of the Law of the Republic of
Kazakhstan On Licensing, which presumes licensing of hazardous waste handling.
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Kazakhstan has ratified a number of international agreements on chemicals and waste
management, including the Montreal Protocol, Basel, Stockholm and Rotterdam Conventions.
Kazakhstan’s Ministry of Environment Protection (MoEP) plans implementation of the project,
Updating the National Implementation Plan, Integration of Persistent Organic Pollutant
Management into the Process of National Planning and Rational Management of Medical
Waste in Kazakhstan. The project partners should include the MoEP (laws on waste
management and incineration, promotion of clean technologies), MoH (safe management of
medical waste) and the WHO. According to the project draft developers, the total amount of
medical waste is underestimated, because data on categories of waste for certain regions are
missing. The MoEP’s project draft states that the public health sector is a major source of
dioxins and mercury resulting from medical waste incineration, malfunctioning and
inappropriate removal of mercury-containing devices. Kazakhstan, as a party to the Stockholm
Convention, should pay due attention to waste management processes, methods and practices
to prevent unintended generation and release of persistent organic pollutants such as dioxins
(http://www.eco.gov.kz/moos/index.php?option=com_content&view=article&id=373&Itemid=
73&lang=ru).
At the initiative of SSES authorities, executive bodies of each oblast developed action plans on
implementation of “regional programs on solid waste management for 2007-2009”. These
programs provide for procurement of equipment and units for collection and disposal of waste
generated by healthcare facilities. As a result of implementing such plans, the situation in
regions with regards to disposal of waste generated by healthcare facilities has considerably
improved.
The summary report of the Republican State Enterprise Information and Analytical Center for
Environment Protection under the MoEP (State Registration No. О.0411, Program 001
Supporting Activities of the Authorized Body in Charge of Environment Protection) underlines
that managers of the country’s health facilities fail to pay due attention to medical waste
management, although its handling may pose a serious problem. Overall in the country, the
medical waste handling system has not been harmonized, starting from the collection stage and
through removal. There is no unified approach to waste collection at the initial stages of
generation, storage and disposal.
Checks of laws on dumping, disposing and storing industrial waste find breaches in compliance.
According to http://aqtau.kz/blog/user/2096/D:\KAZ Buch\HYPERLINK of July 25, 2010 and
www.zakon.kz, a prosecutor’s investigation found that domestic waste landfills in Mangistau
Oblast were located in close proximity to populated areas. The landfills did not have either a
chain-link fence or a measuring post to control the height of the waste dumped, or the
hazardous waste profile sheet. No landfill regulations or operating hours had been established.
No domestic waste acceptance instructions or the list of serviced organizations with the waste
amount were available. A number of health facilities failed to assign officials responsible for
medical waste accounting, storage and disposal, and there were no regulations developed on
medical waste handling. At the time of the inspection, rooms for medical waste storage at the
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oblast’s healthcare facilities did not meet the respective requirements, and were not equipped
with sinks, germicidal lamps, ventilation, or refrigeration units.
The findings of this inspection are rather typical and characteristic of healthcare facilities in
other oblasts of Kazakhstan. Medical facilities continue to experience lack of special units for
medical waste destruction. According to the 2011 report by the MoH, the country has 91
special and 1,151 adapted units, while the number of healthcare facilities is 14,772. As an
example, only three facilities in Almaty Oblast have special units for incineration of all Class B
and C waste, which service 1,510 healthcare facilities (one in Taldykorgan, one in Kapchagai and
one in Almaty).
The WHO allows for use of medical waste incineration in the countries which do not have
environmentally safe options for healthcare waste management. But in such cases, the
following recommendations should be followed:
•
•

•

Use of new and advanced methods in the incinerator design, construction, rigging and
maintenance (e.g. preheating);
Capacity calculations to exclude overloading; incineration temperature of no lower than
800оC, etc.); preliminary segregation/sorting to limit incineration of waste which releases
toxic substances when heated;
Continuous control and rectifications in the operator’s training and management, to
prevent underperformance or malfunctioning of the incinerators.

Notably, the incineration technique is well suited for destruction (cremation) of large biomass
amounts (animal carcasses, massive surgery waste, etc.). It is only pyrolysis and burial that can
serve as an alternative to it. The problem of toxic substances here is not relevant because
protein-based organisms contain only tiny trace amounts of halogen compounds. The hightemperature controlled decontamination of hazardous waste generated by healthcare facilities
is viewed as the basic method of final disposal of medical waste.
As of 2011, disposal of mercury-containing items and devices in this country is based on
contracts with MAEK-Kazatomprom in Aktau, ТОО BKKiK in Lisakovsk, Kostanai Oblast, and ТОО
Regionalnyi Ekologicheskiy Tsentr Demerkurizatsii (Mangistau, Aktyubinsk and Eastern
Kazakhstan Oblasts). The number of entities authorized to dispose of mercury-containing items
and devices should increase.
The environmental prosecutor’s office has reviewed legitimacy of medical waste collection,
decontamination,
storage,
transportation
and
disposal
in
Akmola
Oblast
(http://www.zakon.kz/). The oblast has 730 healthcare facilities, 625 of them funded from the
budget and 105 being private entities. According to the press service of the oblast prosecutor’s
office, in 2010, a total of 132 health facilities in four rayons of Akmola Oblast failed to sign
appropriate contracts with profile enterprises specializing in transportation and disposal of
medical waste. They disposed of the waste on their own by incinerating it in boiler houses and
adapted metal furnaces located on the grounds of such healthcare facilities. This year, the
situation persists in three rayons of the oblast, at 92 healthcare facilities. Such egregious
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violations of the environmental legislation and sanitary norms and regulations results from lack
of targeted budget funding.
International experiences in medical waste handling demonstrated advantages of using the
centralized waste handling system. Such a system is cost-effective and epidemiologically safe.
In 2011, some private organizations began functioning in oblast centers to ensure centralized
collection and disposal of Class B and C medical waste. It should be noted however that not all
territorial healthcare facilities are covered with such services.
As of 2009, the country generated on average up to 49 tons of medical waste per day,
including: Class А – 30.3 tons, Class B – 16.7 tons, Class C – 1.5 tons, and Class D – 0.5 tons, i.e.
more than 17,600 tons per year (Tuleushova et al., 2012). This increase in the medical waste
amount results not only from the actual growth of production and consumer waste but also
from lack of uniform waste accounting standards.
Efforts to reduce the use of waste incinerators necessitated introduction of alternative medical
waste treatment systems. In 2006 in Kazakhstan, an ECHUTO – 150.03 (Environment-Friendly
Solid Waste Disposal, Russia, http://www.echutos.ru/) unit was launched at TOO Karakuduk
Malyi, in Aktau. The work takes only one operator working in one shift. The unit operates
continuously and generates a minute amount of ash residue (not exceeding 5 % of the basic
weight). The French-made Mueller pyrolysis units are used in Akmola and Aktyubinsk Oblasts.
Thermochemical units combine waste heating and its treatment with disinfectants. In
Kazakhstan, Newster-2 and Newster-10 (Newster Company, Italy) thermochemical units have
been installed in Atyrau, Pavlodar and Northern Kazakhstan Oblasts.
Therefore, healthcare facilities have sustained considerable improvements in medical waste
handling after the issuance of sanitary rules on medical waste disposal. Plastic items designed
for medical waste collection and decontamination, receptacles and bags of various types,
collection and transportation carts, etc. now reach out to the market. Safe disposal containers
are procured by healthcare facilities. A centralized system is being established for medical
waste decontamination and disposal. Medical waste is now segregated by the hazard class.
Waste generation amounts are assessed by respective entities. Exercises are carried out for
specialists at different levels – persons responsible for medical waste collection,
decontamination and disposal, mid-level and junior medical staff.
Introduction of the medical waste disposal standards should take the following shortcomings
into consideration: lack of norms and standards on waste incineration; underdeveloped
methods for monitoring and assessment of the damage caused by emergencies in the course of
collection, temporary storage, transportation and decontamination of medical and biological
waste, and potential hazards to human health. Environmental classification of pharmaceutical
products must be improved to incorporate international norms and regulations. The process of
environment-friendly disposal of medications must be amended to prioritize thermal disposal.
Regulatory norms on administrative offenses must be enacted to increase the amount of the
penalty fee for unauthorized dumping, use or decontamination of medical and biological waste
(Aikimbayev et al., 2012b).
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SANITATION

In many ways, control of infectious diseases depends on regular implementation of sanitation.
It is a set of activities to decontaminate human skin, clothes and bedding. There is partial and
total sanitation. Partial sanitation includes hair cutting (if there are indications for that or in
case of pediculosis), taking the shower, a change of underwear and chamber
disinfestation/disinfection of both outdoor clothes and underwear. Total sanitation includes
(apart from washing and chamber disinfestation/disinfection of personal belongings) chamber
decontamination of bedding and disinfection in the infection focus. Such total sanitation is a
necessary epidemic control of infections transmitted by lice (typhus and recurrent/relapsing
fever), fleas (plague and some other especially dangerous infections) and ticks (scabies in
humans or animals).effective and epidemiologically feasible disinfection, sterilization,
disinfestation and rodent control including deratization activities.
Disinfection aims to eliminate the infection cause while it is present in the environment; in
other words, it interrupts the infection transmission mechanism. Therefore, disinfection is a
critical link in prevention of infectious diseases and control of the existing infection foci
(Lukhnova et al., 2003c).
Sterilization is extermination of all kinds of microorganisms, including spore forms.
Disinfestation is extermination of arthropods (ectoparasites, ticks, fleas, etc.), vectors of disease
agents and food supply infestants.
Rodent control (deratization) is extermination of rodents.

8.1

DISINFECTION

Practical disinfection has two main types: focal and preventive. They are augmented with
additional types – chamber disinfection of things and sanitization of people.

Current disinfection is conducted within a focus on a repeated basis while the source of the
infection agent persists there. Its goal is to immediately destroy the infection agent once it has
been driven out of the patient’s or carrier’s organism. To do that, the primary action would be
decontamination of the excretions that discharge the agents from the organism.

Terminal disinfection is conducted after removal of the source of the infection agent (the
patient’s hospitalization, recovery, discharge, or death). The goal of terminal disinfection is to
completely destroy the agents that had survived current disinfection.
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There are mechanical, physical, chemical and biological methods of disinfection.
The mechanical method includes wet cleaning of rooms, washing, laundering, shake-up and
knock-out. It also includes air and water filtration (purification from foreign particles and
microbes), airing, and ventilation. The mechanical method does not result in complete removal
of microbes, and it is therefore combined with the physical and chemical methods. There are
records showing that wall washing with pure water using the spray gun can remove 25 to 51%
of microbes.

The physical method of disinfection is based on use of high and low temperatures for
decontamination (fire, heated air – dry and humid, boiling, water steam, freezing, sunlight, UV
rays, ultrasound, UHF currents, vacuum and high pressurization, desiccation).

The chemical method of disinfection is based on use of disinfectants that cause death of
pathogenic microorganisms on the surface and inside different environmental objects and
items, in the air and patients’ discharge (feces, urine, pus, blood, sputum, etc.).
Although chemicals act in a more superfluous way that high temperature, this method is a
principal one in disinfection practices, because the items damaged by high temperature may be
treated with the chemical method without any negative consequences.
The chemicals that cause death of bacteria are called bactericidal, and substances that only
result in fading their life activity are called bacteriostatic. Only the disinfectants with the
bactericidal action should be used in disinfection practices.
The disinfectants that kill viruses are called virulicides; those destructive to spores are called
sporocides, and to fungi, fungicides.
Disinfectants belonging to different groups of chemical compounds have different mechanisms
of action on the microbial cell. For instance, once inside a cell, chlorine-containing substances
and oxidizers interact with cell proteins causing the oxidation reaction. Mineral alkali and acids
are destructive of the microbial cell due to hydroxyl and hydrogen ions, and cause hydrolysis.
When penetrating the cell, phenols cause protein coagulation.
Effective use of disinfectants is based on the following conditions:
•
•
•
•

Use in the liquid state;
Maintaining of an appropriate concentration;
Ensuring sufficient contact between disinfectants and items to be decontaminated;
Compliance with appropriate exposure time.

Chemical disinfectants must meet the following requirements:
•
•
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Mix with water rapidly and completely;
Cause death of pathogenic microorganisms in minimum concentrations and within the
shortest time possible;
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•
•
•
•
•

Cause a minimum toxic effect on humans and domestic animals;
Ensure the decontaminating effect irrespective of the рН environment and presence of
organic substances;
Not to damage the decontaminated items;
Be stable for storage and convenient for transportation;
Have an affordable price.

A lot of foreign-made disinfectants have lately entered the Kazakh market. The right choice of a
drug depends on objective information about positive and negative properties of disinfectants.
There are certain criteria for evaluating the quality of disinfectants with confirmed efficiency as
a result of decade-long observations. First of all, disinfectants must serve the main purpose –
ensure an effective protection from infections and not cause any harm to the users’ health.
Current disinfectants, unlike traditional ones used before, are complex compositions of active
ingredients. As a rule, such compositions possess good properties – they do not destroy the
decontaminated materials, do not have an unpleasant odor, do not irritate the human skin and
mucosae, and are low-toxic. Some drugs feature a unique selective action causing death of a
certain group of microorganisms, and others boast a broad spectrum of antibacterial (including
mycobacteria and spores) and antiviral action.
Tuberculosis mycobacteria and other acid-tolerant bacteria are resistant to most disinfectants. But
sporous and prion forms of agents are the most resistant and hardly affected by the decontaminating
effect of disinfectants.

The disinfection chamber is a device to carry out disinfection (steam, vapor-air, formalin-vapor,
gas) and disinfestation (vapor-air, steam, air).
Disinfection chambers ensure the most effective (as compared with other ways of disinfection
and disinfestation) decontamination or disinfestation of bedding, footwear, clothes, wool,
carpets, books and other things. Disinfection chambers are installed at healthcare facilities,
sanitary epidemiological institutions and industrial enterprises.
Chamber disinfection is used for plague, cholera, recurrent fever, epidemic typhus, Brill’s
disease, Q fever (pulmonary form), anthrax, highly contagious viral hemorrhagic fevers, typhoid
fever, paratyphoid fevers, tuberculosis, leprosy, diphtheria, fungoid diseases of the hair, skin
and nails (microsporia, trichophytia, rubrophytosis, favus), while chamber disinfestation is used
for clothes-borne pediculosis and scabies.
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8.2

DISINFESTATION

In Kazakhstan, disinfestation is most commonly used for plague prevention, and an extensive
experience has been gained in this respect. So, it makes sense to use the plague control
disinfestation activities as an example for this section.
Field disinfestation remains an essential plague prevention tool due to its high anti-epizootic
and anti-epidemic efficiency. In most natural plague foci, field disinfestation is used for
epidemic indications. In case if acute epizootics develop in close proximity to populated areas
and if field samples are found to have a large amount of infected fleas, disinfestation is carried
out to establish the “barrier zones”. Such barrier zones encircle a populated area to prevent
human infection within it. This method disrupts the plague epizootics immediately after work
completion, and thus they are considered to be emergency activities.
Anti-epizootic efficiency of disinfestation in lowland plague foci persists for 1.5 to 3 years,
depending on the disinfectant supply technology. In mountain foci, this method was used for
plague devastation for a much longer period. Such activities are termed as focus “sanitation” in
the plague control lingo. The effect of a lasting freedom from plague in disinfested mountain
foci owes to the fact that such foci have an isolated landscape and environment, and migrants
from untreated areas do not enter the plague-free focus after total disinfestation. In the Tian
Shan plague foci, the work has been effective for more than 30 years, starting from the early
1970s.
Anti-epizootic efficiency of disinfestation is based on the fact that elimination of one of the links
in the epizootic chain (i.e. fleas) disrupts circulation of the plague agent and its “token passing”
from sick rodents to healthy ones. Since human infection with plague in a natural setting, in
most cases, occurs through flea bites, disinfestation possesses an expressed anti-epidemic
effect.
Contact insecticides are most common in flea control. Persistent poisons such as DDT, HCH, etc.
had been used until the 1990s. Currently, the plague control service is supplied with
deltamethrin and fipronil insect powders. Insecticides penetrate the fleas’ organism by contact
through the cuticle, including thin spots at the basis of sensory hairs, especially on the
proboscis and legs, contacting the surface on which the insecticide is applied. In areas
accessible for motor disinfestation is carried out by the “disinfestation anti-plague device” (or
ADP-66) mounted on the all-terrain vehicle chassis. Insufflation of the insect powder into
rodents’ holes using a compressor dusts virtually all runs in the colony and ensures an almost
100 % destruction of fleas.
In mountain foci, disinfestation of marmots’ holes utilized the AL-1, a special-design gun which
ensures deep dusting of holes with the insect powder. Manual disinfestation implements
include the RSA (Russian acronym for “manual aerosol charge”). Its action is based on fanpumping of the aerosol from a burning insecticide charge into the hole.

230

8 Sanitation
Field disinfestation is preceded by estimating the pre-treatment population of fleas, and ten
days upon completion of disinfestation, the after-treatment population of fleas is estimated.
These data serve as a basis for evaluating the performance of the effort.
Of all numerous and tried insecticides, it was DDT that had the most expressed insecticide
action due to its high toxicity for arthropods and a lasting effect. However, in 1988, the Ministry
of Health of the U.S.S.R. prohibited this agent from uncontrolled use. A one-time-only permit
from the republics’ ministries of health had to be obtained for using DDT for emergency plague
prevention.
Unfortunately, such ecological discredit of this agent was not fair because even with
accumulation of DDT in biological objects, it hardly had the hazardous effect attributed to it. An
illustrative example of this is the average morbidity rate in persons who had worked at DDT
production facilities for decades. The true reason for excluding DDT from the insecticide list is
based on market strategies pursued by insecticide manufacturers, because DDT is highly
competitive due to its low price and manifested specific properties.
Extermination of fleas in premises mainly utilizes 1-3 % solutions of chlorofos (or trichlorfon).
The most thoroughly soaked spots include base boards, floor cracks, trash collected, pet places,
and walls of up to 1 meter high. Two or three hours after treatment with chlorofos, the dead
insects are carefully swept and burned, because insecticides do not affect the fleas’ microbial
cells. Disinfestation is followed by thorough cleaning and floor washing. Performance
evaluation is based on after-treatment examination of populated areas for fleas. Such
evaluation utilizes glue sheets spread out on 4 m2 of the floor.

8.3

RODENT CONTROL (DERATIZATION)

Extermination of rodents (mostly, house mice and rats) in populated areas and on motor
vehicles must be a systematic epidemic control and prevention measure. With high populations
of rodents in populated areas, introduction of the plague infection by wild rodents from an
epizootic area or by motor vehicles may cause acute epizootics in close proximity to humans,
which poses a real epidemiological hazard.
Besides, rodent population control aims to minimize the damage incurred by rodents.
According to the WHO, murine rodents and rats annually destroy up to 130 million equivalent
tons of grain and other products. This equals the amount produced by countries which are
major suppliers of grain to the world market (Aikimbayev, 1992b). Such activities are carried
out everywhere, and they should be differentiated from plague prevention.
With epizootic occurrence within a populated area or close to it, rodent control becomes part
of emergency prevention and covers this populated area and its outskirts. The effort is
accompanied by mandatory disinfestation because mass-scale death of rodents releases a large
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amount of fleas deprived of their source of subsistence and capable of attacking and infecting
humans.
There are chemical, mechanical and biological methods of rodent control. The chemical method
includes use of toxic gases and poison baits. The mechanical method utilizes capture gear
(break-back traps, snap traps, loops, basket traps). The biological method experimented with
bacterial strains pathogenic for rodents; however, this method is currently not used any more
due to potential uncontrolled reproduction of such bacteria during artificial dissemination in
the environment.
The biological method also includes use of cats to kill mice, and dogs (fox terriers, Scottish
terriers) to kill rats. This may be used on a daily basis to control such rodents, but can hardly be
used in emergency prevention.
Popular methods of using the “rat wolf” include training of a rat to induce aggression against its
fellow creatures. The easiest way to get such an animal presumes setup of a barrel with bait
and a rotating lid in a place inhabited by rats. The rats crawling up the barrel will drop onto the
bottom and cannot get out. With no food for a long time, they begin to eat their weaker
fellows, and it eventually results in the survival of the strongest rodent. It is usually a big male
which is then released to begin killing other rats – even when it’s not hungry. Use of such a “rat
wolf” is only effective in limited stations (ships and river boats) because in an open setting its
aggression will result in migration of rats from one place to another.
With the gas method, chloropicrin, sulphur dioxide and black cyanide may be used as
suffocants. Gassing must be followed by airing the room to completely remove vapors of the
toxicants used. These poisons simultaneously lead to the death of ectoparasites. But due to its
high labor input, the method is rarely used, mainly on water and railway transport.
Carbon monoxide in a car’s exhaust fumes has the suffocating action, too. The fumes may be
administered into a sealed room using the metal tailpipe adapter, because a rubber hose will
burn out fast.
The chemical method most often used is based on supply of poisoned baits. The 8-12 % zinc
phosphide mixed with grains of wheat, corn, sunflower, or bread, is used as a caustic poison.
Zinc phosphide is attached onto the grain bait with vegetable oil or sweetened flour paste.
For mice, the bait is supplied to the holes (3-5 g per hole), placed into special boxes or along
walls and in the corners of the room in low boxes, in places inaccessible for children and pets.
Three to five days later, the bait remnants must be collected and disposed of. The U.S. firm
Genesis manufactures special containers where the poisoned bait is placed into the interior
maze. Such containers are convenient in a way that the poison is not accessible for poultry and
children.
The anticoagulants used – ratindan and brodifacoum – do not yield due effect.
Rats, considering their wariness, should first get used to eating the food that would later serve
as a basis for the poisoned bait. It is then placed in their feeding spots and areas where the rats
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usually eat (kitchens, warehouses, garbage containers, henhouses, etc.). These rodents more
willingly eat the bait made from fresh fish and meat products, especially those not available in
the room inhabited by them.
Zinc phosphide may be used by dusting the products damaged by rats and leaving them in the
same place, as well as dusting holes and trails with poisons. Unfortunately, this substance is on
the list of toxicants, in accordance with Resolution #1459 by the KZ Government The List of
Poisons the Production, Processing, Transportation, Procurement, Storage, Selling, Use and
Destruction of Which is Subject to Licensing. List C, dated December 31, 2004. Handling of this
toxicant is subject to licensing by the Ministry of Internal Affairs – despite the fact that it has
widely been used in the world rodent control practices for more than 70 years.
At the same time, all imported rodent control substances – including the second generation
anticoagulants – can still be freely used. Irrespective of the reason for making such a decision, it
has caused, and is continuing to cause, a considerable damage to the national economy of
Kazakhstan because it in fact encourages purchase of imported anticoagulants at much higher
prices, in comparison with the phosphide cost.
In other words, we are investing in the well-developed economies which manufacture
anticoagulants – instead of investing in the development of our own phosphorus production.
This approach can hardly be seen as rational, because zinc phosphide is not dangerous more
than any other rodenticides (Burdelov et al., 2007).
If anticoagulants (zoocumarin, etc.) are used for deratization, the substance must be fed
repeatedly as it is effective if accumulated in the organism. An advantage of anticoagulants
over caustic poisons in controlling the rat population is that their action (intestinal bleedings)
occurs only by the fifth day rather than immediately. Thanks to that, rats are not able to link
their population co-members’ death to consumption of the poisoned bait, and continue to eat
it. Zoocumarin comes in the form of a 0.5 % starch powder.
The preparation called Vascum was recommended in 1989 for use in the form of a vaselinebased paste, with zoocumarin as its active ingredient. The paste consistence is convenient for
use in deratization coatings, smearing of rodents’ holes and making of granulated food baits.
The mechanical method is more labor-consuming than the chemical one and yet as effective,
provided that the work is correctly organized. It is the simplest, most affordable and safest
method for people. Besides, no rodent bodies are left in the rooms deratized by the mechanical
method. With the chemical method, the bodies lie decaying in inaccessible places, which make
it impossible to use the room for some time – especially for human accommodation or storage
of odor-absorbing food such as fats or butter in permeable containers.
Mouse catching utilizes small-size Hero traps and rat catching, larger size traps, arch traps Nos.
0 and 1, and other capture gear. Hero traps or live traps, with bait made from bread soaked
with vegetable oil, or from roasted pumpkin seeds, are set at the ratio of one trap per 5 m2.
This ensures complete mouse trapping within 2 to 10 days.
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Capturing rats is much more complicated as these rodents are wary and suspicious. The capture
gear is set for 6-7 days at the rat feeding places disarmed so the rodents get used to it. Then
the traps are armed, and special persons are put on duty to retrieve the rat’s right after
capturing and re-arm the traps. This allows capturing up to 90 % of rats inhabiting the facility in
one night. The remaining rodents are caught with traps without the bait, set on the trails and at
holes. If rats are captured in basket traps loaded with the bait, the rodents are shaken off into a
high-sided container filled with water, or the basket trap with rodents is immersed into it.
Contrary to popular belief, rats do not travel freely from one room to another and stay at a
certain habitat (Shchepotyev & Popov, 1971). In this respect, deratization should be carried out
at the facility which is the main habitat area for the rodents.
Apart from killing rodents to prevent the population growth, some housekeeping activities are
recommended in populated areas to deprive rodents of food and shelter: keep the area clean,
make food and waste inaccessible for rodents, and make buildings rodent-proof.
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FOOD SAFETY

Food safety issues can be fully applied to the biological safety system because meat and dairy
products are considered to be staple foods, and lose control of their production, storage and
processing may lead to the outspread of especially dangerous zoonotic disease such as
brucellosis and anthrax.
The concept of the national system for food safety management aims to exercise food quality
control at all levels of the food chain, based on the “farm-to-fork” method, and at critical points
of each chain link, to prevent infection of food supplied to the market with zoonoses,
microbiological, chemical or physical contaminants, and make sure the food is safe for human
consumption.
This control is exercised by food safety authorities, producers, processors, distributors,
wholesale dealers and consumers of food, in line with current laws.
The key authorities responsible for quality control of food of animal origin in Kazakhstan
include the Committee for State Inspection in the Agro-Industrial Complex (CSIAC) under the
MoA, and CSSES under MoH. The Kazakhstan Institute of Metrology (KazInMetr) is also
responsible for evaluation of food conformance with mandatory food standards.
The MoA’s CSIAC is responsible for animal disease surveillance, protection of people from
zoonotic diseases and sanitary guarantees in trade. With regards to food safety, the CSIAC is
authorized to perform official surveillance in order to ensure compliance of food of animal
origin, veterinary drugs, fodder, supplement feeds and vegetable products sold at markets with
legal requirements on biological safety.
Unlike the Soviet times, today 90 % of all livestock are kept by small holders, which make the
work of veterinary services much more difficult as they have to inspect a large quantity of
farms.
The CSIAC bodies implement surveillance of animal diseases, farm and cattle market
surveillance and surveillance of animal movements to prevent outspread of zoonotic diseases in
Kazakhstan. To ensure unimpeded animal movements, the animals must have their passports.
Home slaughtering is prohibited, and according to the MoA, the government of Kazakhstan
invests heavily in construction of slaughterhouses all over the country, including remote
villages, to allow for slaughtering in such areas. Yet, it is not quite clear how available those
slaughterhouses will be for farmers from remote villages. According to unofficial data, a
considerable share of livestock, in particular, sheep and goats are slaughtered at home. The
MoA admits that traditions and habits of animal owners – especially sheep and goat owners –
are hard to change. These traditions and habits are specifically observed for holidays such as
the New Year’s Day, public holidays, religious feasts and wedding celebrations as well as home
slaughtering is in full swing at this time.
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The CSIAC’s responsibilities include quality control of dairy products. Usually, control of raw
milk is limited to monitoring of the cow morbidity status in rural herds. In summer, most dairy
products are sold unpasteurized by “door-to-door” street vendors. This poses a real threat for
consumers because raw milk may be infected with brucellosis. This risk is mitigated by boiling
milk prior to consumption. Still, cream is consumed unpasteurized either directly or in the form
of an unpasteurized dairy product.
The CSIAC is authorized to check all types of products of animal and plant origin in markets.
Food may be sold only with the veterinary certificate confirming the product’s safety for human
consumption. In Kazakhstan, outdoor markets are checked by the CSIAC, which has testing
laboratories at every outdoor market.
In accordance with the law, frequency of inspections for veterinary services and services that
ensure quarantine and protection of the plant, grain and cotton markets is as follows:
•
•
•

Two inspections a year, for high-risk facilities;
One inspection a year, for medium-risk facilities;
One inspection in 3 years, for low-risk facilities.

In case of an immediate epidemiological risk, random checks may be conducted, with urgent
notification and without any preliminary permit issued, and without the inspection report to
notify about the checkup. Random checks may be conducted only with a notification 24 hours
in advance.
To ensure veterinary control on borders, there are about 133 border inspection stations at
seaports, 31 on the railway and at airports, and 100 on the border. According to the OIE’s
Performance of Veterinary Services (PVS) assessment, the border inspection stations are wellequipped, especially on the southeastern border with China. But they are inadequately
equipped on the border with the Russian Federation.
The main diagnostic laboratory in Kazakhstan is the Republican Veterinary Diagnostic Center
(RVDC) in Astana. It has a laboratory network all over Kazakhstan – 16 laboratories at the oblast
level, including those in Almaty and Astana, and 115 laboratories at the rayon level. In 20062010, the KZ Government had considerably invested in these laboratories. At the international
level, RVDC is recognized as a laboratory meeting the international standards. RVDC is
accredited by ISO 17025 General Requirements for the Competence of Calibration and Testing
Laboratories, by the Slovak National Accreditation Service (SNAS), which is a full member of
European Accreditation (EA) and a signatory to its Mutual Recognition Agreement (MRA). The
SNAS is also a full member of the International Laboratory Accreditation Cooperation (ILAC) and
a signatory to the ILAC MRA. The accreditation took place on February 8, 2010 and is valid for
five years, until February 8, 2015. RVDC is officially a national validation and diagnostic
veterinary laboratory.
The KZ Government is also upgrading regional veterinary laboratories. To date, five of 14
oblasts have completed the laboratory upgrades, and those of the remaining laboratories will
have been completed by late 2011.
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Law #339-II On Veterinary Medicine of July 10, 2002 was amended in 2004, 2006 and 2009 to
ensure its harmonization with international norms and standards, including the OIE
recommendations. Also, some ancillary acts were adopted in the form of government
resolutions. They covered the following areas:
•
•
•

•
•

Licensing and qualification requirements in the area of veterinary medicine;
Slaughtering of livestock for selling;
Registration and issuance of the identification number to food enterprises involved in
slaughter, storage, processing and selling of live animals or products of animal origin, and
also in organization of production, storage and selling of veterinary drugs, fodder and
supplement feeds;
Delegation of certain veterinary authorities to local government bodies;
Animal identification.

The MoH and MoA passed a number of joint resolutions on zoonotic diseases, including
brucellosis, avian influenza, rabies and foot-and-mouth disease.
The CSSES under MOH is authorized to control public health and carry out preventive sanitary
measures against infections, zoonotic diseases and outbreaks of food-borne diseases. The
CSSES is also responsible for food hygiene and food safety for human consumption.
A national reference laboratory is planned to be established for food testing per international
standards. This laboratory will be capable of testing food safety parameters set by international
standards, including the Codex Alimentarius.
The goal of sanitary epidemiological checks carried out by the government is confirmation of
conformity of food production, storage, transportation, selling and disposal processes with
sanitary safety norms. Such food includes meat and meat products, milk and dairy products,
baby food, buns and rolls, fresh vegetables and fruit, and alcohol drinks.
Risk classification for food plants is similar to the one used in the EU, but inspection frequency
for high-risk facilities is quadruple to the EU.
Samples of finished products are taken for laboratory testing.
There are no legal requirements for food processors or food plants regarding the establishment
of a tracking system in the food chain and documentation of food raw materials, except for the
animal health certificate which confirms that the animals have been checked and are fit for
slaughter. Lack of tracking is a food safety risk that can be averted.
Certification of all imported food is mandatory per Kazakh standards or GOST
(Gossurdarstwenny standard, Russian norm). The same requirements apply to the food
produced within the country. KazInMetr, an authority on technical regulation and metrology,
bears regulatory responsibility for compliance of all food (both imported and made in the
country) with respective food standards. KazInMetr exercises official control through its market
survey program once the products enter the market, and through checking the imported
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product documentation. For that, KazInMetr involves the CSSES laboratories because it lacks its
own facilities to test compliance with food safety and quality parameters.
There is a network of 228 microbiology and chemical laboratories all over Kazakhstan, with
centralized republican laboratories in Astana and Almaty, which operate in compliance with
international standards and have the ISO 17025 accreditation by the SNAS. There are 27
regional laboratories in cities and large towns, as well as smaller laboratories in cities and towns
or in the transportation hubs.
The CSSES analyzed data on cases of food-borne diseases that had occurred in 1990-2010.
More than half of all food-borne disease cases result from consumption of pastry and meat
products. According to the data, more than half of all food poisoning cases occur in children’s
facilities (schools, kindergartens, summer camps) and in shared food consumption places, e.g.
office cafeterias. The main microbial agent that caused food-borne diseases during the period
was salmonella, responsible for more than half of all cases. The salmonella species is similar to
the one found in the EU, although the serovar S. typhimurium is more typical for the EU than S.
enteritidis found in Kazakhstan. The survey did not provide an unequivocal answer to whether
the food poisoning sources included water, ingredients or cross-contamination. The following
was recommended to minimize such cases in the future:
•
•
•
•
•
•
•

Establish cold chains for all perishable foods;
Ensure correct rotation of perishable food batches – i.е. “First In First Out” (FIFO);
Observe the working temperature range at processing plants not to exceed +12°С;
Avoid storage of meat products within the temperature range of +4°С to +65°С, in order to
minimize the growth of microorganisms;
Make sure the perishable foods do not stay outside a refrigerator for more than 45 minutes;
Avoid cross-contamination by mixing finished and raw products;
Ensure the cold chain for transportation.

These recommendations fully correspond to the prerequisite programs on introducing the food
safety management systems: Hazard Analysis and Critical Control Points (HACCP); ISO 22000:
2005; Food Safety Management Systems, FSSC 22000 Food Safety System Certification, Publicly
Available Specifications (PAS) 220:2008, Prerequisite Food Safety Programs for Food Production,
and PAS 96: 2008 Defending Food and Drink: the Guidance on Food Protection.
Food safety is expected to improve through harmonization of basic regulations, including
SanPiNs and inspection procedures. There are also plans to continue upgrading of the central
laboratories’ potential per international standards, to bring them up to the international level
required for reference laboratories on food safety. Upgrades of the regional laboratories’
potential will also continue, and the standards applied will be concurred with international
standards and norms.
Law #377-IV On State Control and Inspection in the Republic of Kazakhstan requires preliminary
notification of the inspection. This contradicts with international norms, impairs the inspection
performance per international norms, and poses a potential threat to food safety.
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Kazakhstan is expected to join the World Trade Organization (WTO) in a few years. The country
has already begun harmonization of its technical regulations and standards on food safety with
international norms and guidelines, as required by the WTO rules. Still, the Eurasian Economic
Community countries and the C.I.S. republics – especially the Russian Federation – remain key
trading partners for Kazakhstan. In 2010, Kazakhstan, the Russian Federation and Belarus
established the CU and plan to found the Common Economic Space in 2020. The CU stated its
intent to harmonize the technical regulations and standards applicable to all CU countries, with
the WTO rules. But this is going to take some time.
In November 2009, presidents of Russia, Kazakhstan and Belarus signed a package of
documents to establish the CU and the CU Commission, and set out its formation and operation
stages. The CU Commission’s Decision #299 of May 28, 2010, the union of the three countries
was took effect as of July 1, 2010.
The Unified Sanitary Epidemiological and Hygienic Requirements to the Goods Subject to
Sanitary Epidemiological Surveillance (Control) will apply to the CU countries. In accordance
with these requirements, the sanitary epidemiological service laboratories must test imported
and made products to determine all indicators set forth in regulatory documents of the CU
(Sadvakasov et al., 2013).
In addition to traditional objects of control and survey methods used by the national sanitary
epidemiological service, the CU regulatory documents introduced new types of regulated
products which consequently require new testing methods. For instance, common methods
should include testing of food for content of GMO, identification of the pathogenic microflora
using the ELISA, and use of PCR. Testing of foods made with use of supplements and
nanomaterials is on the agenda.
A republican laboratory for food safety was established at SPC SEEM to carry out product
counterfeiting tests, as well as three similar laboratories in other oblasts.
To ensure validity of results, the “external evaluation quality system” has been introduced with
a high confirmability factor of 91.0 %.
In 2012, seventeen sanitary epidemiological expertise testing centers passed international
accreditation and signed an agreement with National Center for Accreditation on use of the
Laboratory Combined MRA Mark. This allowed including them in the Unified Register of the CU
accredited laboratories authorized to test regulated products within the CU.
In line with international standards and in order to improve efficiency of the international
control system, new staff positions – quality managers – were introduced to the sanitary
epidemiological expertise centers; also, development of standard operating procedures (SOP)
began.
Such activities serve to prepare the sanitary epidemiological service laboratories for sustainable
operation after the country joins the WTO.
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Optimization of the food safety system necessitates development and adoption of a public law
on food safety to serve as a legislative foundation for developing sanitary and hygienic rules
and food safety measures. The proposed public law on food safety should mandate use of the
HACCP for all food plants. Secondary or implementing legislative documents should require that
the CSSES develop the HACCP program audits and respective prerequisite programs.
The current Law #67 On Principles of Technical Regulation, dated May 22, 2004, must be
amended to delete references to food safety measures and standards (sanitation and plant
health).
New laws should be drafted and adopted to establish requirements for small business
registration at the oblast, city and rayon levels, such as street vendors and “door-to-door” food
sellers. Another requirement should be enacted for them to use sanitary measures, hygiene
regulations and food safety standards mandatory for other food plants.
The laws must have a “traceability” requirement, based on the “farm-to-fork” principle, to
more efficiently recall food from the market in case of outbreaks of food-borne diseases or
food poisonings.
Current production of new agricultural varieties and animal breeds utilizes genetic and
molecular biology achievements on a broad scale. Such animals and plants possess new
properties that their parent varieties and species lacked. This offers an opportunity for fast and
mass-scale production of such varieties, and easy and scientific predictability of their predesigned properties.

Genetically modified organisms (GM0) are organisms whose genetic material (DNA) has been
artificially changed by crossing or recombination. Some genes are transferred from any live
organism into any other organism. In the nature, such transfer is impossible.
The very first genetically modified food that came into the USA market in 1994 was the storagestable tomato, thanks to decelerated pectin degradation.
The goal of obtaining GMO:
•
•

•

Improve good properties of the source donor material (better resistance to herbicides,
insects, etc.);
Acquire a certain property to fit the organism with a set of new qualities (pleiotropic action,
i.е. unpredictable change of the genetic apparatus’ “work”, potential disturbance of cell
metabolism and synthesis of toxic or allergic compounds not seen before);
Overcome one of the strongest evolutionary bans – the ban on exchange of genetic
information between distant species.

Positive effects of using GMO include:
•
•
•
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Increase in productivity;
Low content of residual quantities of insecticides;
Smaller accumulation of mycotoxins (as a result of reduced insect invasion).
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First-generation GMO ensured high crop yield thanks to vermin and pesticide resistance.
The next generation improved flavor properties and nutritional value of products (high content
of vitamins and microelements, optimum fatty acid and amino acid compositions, higher
resistance to climatic factors, longer shelf-life).
The bulk of GMO (99 %) are made in the United States 63 %, Argentina 21 %, Canada 6 %, China
5 %, Brazil 4 %, and South Africa, Spain, Germany, Romania, Bulgaria, India, Indonesia, Uruguay,
Colombia, Australia, and Mexico 1 %.
Currently, the GMO crops occupy an area of over 58 million hectares worldwide. Herbicideresistant GMO grow on 73 % of the total cultivated area; insect-resistant GMO on 18 %; and
GMO with both properties on 8 %.
Of all GMO, soybeans make 61 %, corn 23 %, rapeseeds 5 %; and potatoes, tomatoes, zucchini,
etc. make 11 %.
The difficult process of making GMO is aggravated by its immaturity, which is the cause of
biological risks in use of genetically modified products. Pressing questions include how safe
these technologies are, and how adequately the United Nations Environment Programme
(UNEP) international safety guidelines are followed in the area of biotechnology, adopted back
in 1995 (Apsemetova & Zhernosenko, 2013).
Biological risks of using GMO include:
•
•
•
•
•
•
•

Unpredictable incorporation of a foreign DNA fragment (e.g. incorporation of DNA of a
human or fish bacterium into the plant organism genome);
Pleiotropic effect of the embedded gene (unpredictable change);
Disruption of the genome stability and its functioning resulting from transfer of alien
information in the form of a DNA fragment;
Presence of technological “trash” in the embedded DNA fragment (resistant genes that may
cause adverse effects);
Allergic effects of the alien protein;
Toxic effects of the non-typical protein;
Long-term effects.

GMO control in Kazakhstan is based on adopted regulatory norms which include:
•
•
•
•
•

The Code of the Republic of Kazakhstan On Public Health and Healthcare System, dated
September 18, 2009 (Article 145);
The Environmental Code of the Republic of Kazakhstan – took effect on January 1, 2007
(Articles 195, 281, 282, 248);
The Law of Kazakhstan On Food Safety – effective since January 1, 2008;
The Cartagena Protocol on Biosafety, Montreal, January 29, 2000;
Resolution #346 by the KZ Government On Approval of the Rules for Implementation of
Scientific Confirmation of Safety of Genetically Modified Objects, dated April 16, 2008;
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•
•
•
•

•

•

EU directives: 1829/2003 – provides labeling of food and ingredients obtained from GMO;
2001/18ЕU – harmonizes the system of tracking genetically modified products at all stages;
European standards (ISO/DIS 21568:2003, 21571:2002, etc.);
Unified Sanitary Epidemiological and Hygienic Requirements to the Goods Subject to
Sanitary Epidemiological Surveillance (Control), No. 299, dated May 28, 2010;
Resolution #969 by the KZ Government On Approval of the Technical Regulation
“Requirements to the Safety of Food Obtained from Genetically Modified (Transgenic) Plants
and Animals”, dated September 21, 2010;
Methodological recommendations Methods of Qualitative and Quantitative Identification of
Genetically Modified DNA of Plant Origin, dated May 23, 2006, MoH, Kazakh Academy of
Nutrition;
Order #36 by the Chief State Sanitary Physician of the Republic of Kazakhstan, Chairperson
of Kazakhstan’s MoH CSSES, On Implementation of State Registration of Products/Goods,
dated February 21, 2011.

The following is needed to improve control of GMO safety:
•
•
•
•
•
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Improve the legislative, regulatory and methodical environment for evaluating the safety of
such products and regulation of their circulation;
Introduce state registration of foods obtained from GMO;
Conduct sanitary epidemiological expert evaluation of food with issuance of sanitary
epidemiological statements;
Maintain a register of food from GMO;
Implement post-registration monitoring of products containing GMO.

10 KEY AREAS IN ENSURING BIOLOGICAL SAFETY IN
KAZAKHSTAN
Biological threats to the community and national security of the Republic of Kazakhstan may
include mass-scale outbreaks of diseases; accidents and subversive actions at high-risk
biological facilities; access to EDP, “dual-purpose” expertise and technology with lack of
adequate physical security; natural reservoirs of pathogenic microorganisms capable of causing
infectious diseases; unauthorized trans-border transfer of pathogenic microorganisms;
accidental or intentional introduction of agents of exotic infectious into the Republic of
Kazakhstan; terrorism with use of dangerous BA; use of BW, and large-scale or subversive
(clandestine) use of pathogens as a biological weapon (Aikimbayev, 2007b).
In the current context, epidemiological well-being should be based on ensuring biological safety
of the country. Globalization of the world political, economic, industrial, migratory and
epidemic processes, biotechnological development, and the fast-growing problem of biological
terrorism necessitate improvements to be made to the national biological safety system.
The WHO believes it necessary to establish sustainable national and international
epidemiological surveillance systems to possess information that helps understand the
epidemiology of infectious diseases, and also to implement effective prevention programs
(Onishchenko et al., 2008).
In case of unusual outbreaks that pose threat to the world public health, trade and tourism, the
WHO forms special teams for the outbreak containment and elimination (Lederberg et al.,
1992; Sandakhchiyev et al., 2001). The international infectious disease control strategy will not
be successful unless each country develops their national action plans to control infectious
diseases.
A new stock list of nosologies was developed to reflect the changing epidemiological situation,
population growth, incursion into unsettled territories, skyrocketing urbanization, high farming
and misuse of antimicrobials. The list includes 14 line items replacing the former six
“quarantine” diseases (plague, cholera, recurrent fever, smallpox, typhus and yellow fever),
(Toporkov et al., 2008).
Pursuant to the MoH order of June 27, 2008 On Enacting the International Health Regulation in
the Republic of Kazakhstan, and resolution by Chief State Sanitary Physician, the IHR 2005 took
effect in Kazakhstan.
Implementation of biological safety in Kazakhstan involves the MoH, Ministry of Science and
Education, Ministry for Emergency Situations, Ministry of Transport and Communications,
Ministry of Internal Affairs, etc. Implementation of biological safety is based on legislative and
regulatory norms. The authorized body in charge of implementing main biological safety
functions in the country is the MoH. The thirty-six documents in this area that we have
analyzed clearly regulate the following:
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•
•
•
•

Early case definition and outbreak response;
Case reporting – the requirement on timely notification to be able to undertake appropriate
response measures;
Effective sanitary and quarantine control on the border to prevent introduction of
infections from neighboring countries;
Safety requirements for laboratories and health facilities handling EDI agents; safety
requirements for specialists handling EDI agents.

However, what often happens is that each ministry, agency and regional authorities utilize their
own set of tools and techniques that are not always adequate or well-coordinated. At the same
time, a threatening biological situation (e.g. when eliminating epidemic foci of especially
dangerous infections) during preventive activities necessitates a unified national organizational
structure. Evaluation of the work done in 2001 in a potential bioterrorist attack setting (when
KSCQZD tested the contents of 87 mail envelopes) identified loose interaction between the
MoH sanitary epidemiological service, agency for emergency situations and internal affairs
authorities. At the beginning, there was no clear assignment of responsibilities, and supply and
transportation issues were not coordinated. The situation incurred extensive labor and financial
costs for communication services, as more than 150 faxes were sent within ten days to
different authorities, informing about the research and negative test results (Meka-Mechenko
et al., 2003).
Key activities in ensuring the country’s biological safety include establishment of a coordinating
body entitled with sufficient powers to implement the national policy in this area. Overall
coordination of the SSEPR at the national level is exercised by the Ministry for Emergency
Situations and the Inter-Agency State Commission chaired by First Deputy to Prime Minister of
Kazakhstan. At the local level, coordination is exercised by oblast/rayon commissions headed by
deputy akims (heads of a local government) of oblasts/rayons. The next step was made by
Resolution #78 by the KZ Government On Establishing the Commission for Biological Safety,
dated January 30, 2008. The Commission is composed of 15 ministries in charge of biosafety
and biosecurity. It is an advisory body at the KZ Government and has the following objectives:
•

•
•

Review and draft proposals on improving the KZ laws regulating biological safety issues, and
on developing fundamental and applied science and technology in the area of biological
safety in Kazakhstan;
Draft proposals to address biosafety problems by harmonizing the agencies’ action plans;
Review pressing biosafety issues and make recommendations to address them.

A uniform understanding of the biological safety problem should be reflected in the respective
conceptual paper. Such concept document was drafted by the MoES, and passed peer-review
by stakeholder agencies, but it still remains only as a draft document.
From 1997 to 2008, ministries and agencies involved in the program and incorporated in the
SSEPR structure adopted a number of documents, approved by joint orders, aimed to prevent
and effectively regulate outbreaks of especially dangerous diseases (including diseases such as
anthrax, brucellosis, rabies, foot-and-mouth disease, plague, avian influenza), and improve
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interaction, collaboration and information exchange. We provided extracts from the list of such
documents in the first section of the book.
Currently, border crossing points include 26 sanitary quarantine stations: 20 on the railway
transport and six at international airports, where thermovision cameras have been installed.
Specialists of sanitary quarantine stations are trained on implementation of sanitary quarantine
control. Weekly sanitary epidemiological surveillance of passenger trains and aircraft is
exercised. Health screening applies to passengers, train and flight crews. All sanitary quarantine
stations have emergency communication flowcharts to be used in cases of especially dangerous
and quarantine infections. Drills involving stakeholder agencies are practices on an regular basis
(Ospanov, 2010).
Organization of regional (inter-oblast) inter-agency centers for laboratory diagnostics and
indication of BA remains a pressing issue because such centers must have state-of-the-art
equipment and diagnostic products, including those for use in molecular genetic monitoring of
hospital-acquired and other strains of infectious disease agents circulating in the region. The
KSCQZD, Republic State Sanitary Epidemiological Surveillance (RSSES), DSSES and MoH CSSES
laboratories are best suited for implementation of activities corresponding to public health
levels 3 and 4.
Prompt response to emergencies caused by especially dangerous infections is implemented by
the “specialized anti-epidemic team” (SPEB). Its mobility and efficiency has been repeatedly
confirmed in the U.S.S.R. system of epidemic control activities. In Kazakhstan, the respective
Order #220 was issued on this team by the MoH on May 28, 1993. The SPEB upgrades and
structural and functional organization must focus on development of epidemiological
diagnostics based on current technologies.
Apart from the existing laboratories capable of performing deep indication of EDP, some
reference laboratories were set up at RSSES and KSCQZD. The work of the reference
laboratories is planned to have the stationary and mobile modes, adequate to the
epidemiological situation. Test (expert evaluation) results obtained by reference laboratories in
detecting agents of especially dangerous infections and their markers of Pathogenicity Groups I
and II are definitive, and can be contested in due manner prescribed by laws of the Republic of
Kazakhstan.
Challenges in the work of reference laboratories (like for the country’s whole laboratory
service) include lack of licensed diagnostic kits, lack of molecular biology specialists authorized
to handle especially dangerous infections, and lack of the engineering and technical staff to
maintain the laboratory equipment.
Use of a biological weapon by terrorists will require rapid identification of the pathogen. The specific
indication process takes up to 2-3 days, which is unacceptable in a current setting.
Advanced technologies such as real-time PCR, multiple-locus PCR test systems, automated
identification systems, and chip technologies are already being used in field and fixed-site
laboratories. Common requirements to the diagnostic methods used include specificity,
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validity, high sensitivity, velocity and automation capabilities. These requirements are met by
PCR and other variations of molecular genetic methods, luminescence immunoassays,
immunochemical and immunosorption test methods.
Genetic labeling allows differentiating strains by their geographical origin. An MLVA study of 88
B. anthracis strains identified that 12 genotypes of B. anthracis strains (KZ 1–12) circulate in
Kazakhstan’s anthrax foci. Some of these genotypes had earlier been found in China, Turkey,
Europe, the United States and other countries. Genotypes KZ-2, KZ-5, KZ-8, KZ-9, KZ-11, and KZ12 are unique to Kazakhstan (Aikimbayev et al., 2007b; see Table 5).
Today, almost all methods used for specific indication are based on immunochemical and
amplification/hybridization techniques (Khramov, 2003).
Introduction of new-generation genetic methods is one of the most remarkable events in
diagnostics. They are based on the genome analysis: PCR, multi-locus reactions (MLVA, VNTR)
and microchip technologies. New opportunities in improving and creating revolutionary
diagnostic and therapeutic drugs, as well as specific and non-specific prevention means are
offered by achievements in the area of nanotechnology and nanomaterials (Aikimbayev,
2009a).
Information sphere is critical for epidemiological diagnostics. Effective approaches to
introducing information technology in epidemiology are based on transfer from databases to
geodata bases, integrated automation of epidemiological surveillance and control through
introduction of electronic regular reporting sheets, and passportization of facilities and areas by
their biological hazard properties. Development of information technology is of high
importance because it helps bring the country’s potential to an internationally acceptable level
of emergency response, as set forth in the WHO strategy on the IHR 2005 implementation until
2013. Project activities, supported by the U.S. Department of Defense, resulted in introduction
of new technologies (GIS technology, molecular biology methods) in epidemiological
surveillance of anthrax, brucellosis, CCHF and HFRS in Kazakhstan.
The growing problem of bioterrorism raised the issue of ensuring strict accounting and security
of the collection of dangerous microorganisms’ strains. To that effect, Resolution #850 by the
KZ Government On the Republican Collection of Microorganisms, dated July 30, 2002, granted
KSCQZD the status of the repository of the republican collection of microorganisms of especially
dangerous infections. To decrease the collection of dangerous pathogens, KSCQZD developed
safe surrogates of agents of plague, cholera, anthrax and tularemia for use in daily operations.
But this work requires extension of the list of safe surrogates.
In case of bioterrorist attacks, the decisive role is played by rapid and accurate diagnostics of
the disease, needed for proper organization and implementation of adequate measures and
effective treatment. It requires not only available and reliable methods and test systems but
also high professionalism of the infectious disease specialist. It is only full awareness of all
health services about the natural background, epidemiological features, clinical presentation
and microbiology that can help differentiate an unexpected outbreak of a natural infectious
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disease from a bioterrorist attack. For example, group cases of pulmonary anthrax – which is
not typical to this infection – may suggest intentional infection of people with an aerosol.
The 1979 outbreak of pulmonary anthrax (not typical for peace time) in Sverdlovsk, U.S.S.R.,
became notorious. At least 120, or possibly, more than 400 people got sick, and 75 fatalities
were documented. Western and Russian scientists carried out a retrospective epidemiological
study in 1992. They took the wind direction into account, reviewed medical records, surveyed
clinicians and came to the conclusion that patients appeared along a narrow strip of the
southeastern wind flow directed from the BW production facility. Animal mortality cases
stretched 40 km along the wind direction prevalent on that day, while human cases were
recorded along the same trajectory within the city limits. They stated that the outbreak was
caused by a leak (release) of anthrax spores from the bacteriological production facility.
Most infection cases occurred after the release (April 4), but there were a lot of cases some
time after the initial release. These cases presumably had either a very long incubation period
or they resulted from re-aerosolization of spores after the treatment procedure.
Oftentimes, the clinical presentation of a disease may provide diagnostics much faster than
laboratory methods. To improve clinical diagnostics, on December 15, 2006, the MoH issued
Order #623 On Approving Standards in the Area of Medical Activities to Identify Cases of
Especially Dangerous Infections in Humans During Detection and Registration.
The standards mentioned in the order include objective and coordinated criteria to be used by
medical workers in making a decision on the presence of a notifiable and disease to be
reported. The list of criteria includes basic symptoms and other clinical signs of the disease,
laboratory test results and epidemiological anamnesis data.
The standards classify diseases with varying accuracy (presumptive, probable and confirmed
cases). These data should be combined with objective results of epidemiological investigation.
Velocity and accuracy of diagnostics determine the successful implementation of epidemic
control activities. For instance, in Yugoslavia, in 1972, the diagnosis “natural smallpox” was made
for a pilgrim from Mecca four weeks after identification of the very first case. By that time, as
many as 150 secondary cases of smallpox had already been reported. Vaccination covered
around 20 million people. The outbreak was eliminated nine weeks later.
Kazakhstan had had cases of late diagnostics in patients sick with plague (Aikimbayev et al.,
2006a), and in more than half of all cases, tularemia is diagnosed only after formation of
tularemia antibodies, i.e. in 2-3 weeks.
Current diagnostics focuses on effective treatment that requires use of rapid ways to determine
sensitivity of the identified agent to chemotherapeutic drugs.
Formation of a stock of vaccines and chemotherapeutic drugs plays an important role in the
biological safety activities. For specific prevention of especially dangerous infections,
Kazakhstan manufactures only the live plague vaccine and carries out pre-clinical trials of the
enhanced-potency strain Francisella tularensis mediasiatica 240, with Patent #12742 from the
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Committee for Intellectual Property Rights under the KZ Ministry of Justice (Aikimbayev et al.,
2006b).
A review of the world practices in plague treatment has been conducted. In his report,
Bioterrorism: The Role of Antimicrobial Drugs, Rubinstein (2001) presented treatment regimens
for pulmonary plague with a limited inflow of patients. He recommends using ciprofloxacin,
doxycycline and chloramphenicol (only in adults). In mass-scale cases, when the number of
patients who need antibacterial therapy is great, and also for preventive treatment, only
peroral forms of drugs are used. In such cases preference is granted to doxycycline, prescribed
per os in the dose of 100 mg bd, or ciprofloxacin per os in the dose of 500 mg bd.
According to the CDC recommendations, early antibiotic therapy is a decisive factor in saving
the life of patient. Antibiotic therapy is recommended to use streptomycin, doxycycline,
ciprofloxacin, and chloramphenicol (levomycetin). The WHO-recommended treatment regimen
repeats the combination of drugs supplemented by gentamycin and tetracycline. There is a
trend of substituting streptomycin. Use of maximum single doses of streptomycin (0.5 g for an
adult) significantly worsens the pharmacokinetic disposition – distribution in organs and tissues,
as well as pharmacodynamics properties – the drug clearance rate. This poses a risk of direct
toxic reaction and nephrotoxic action.
Tetracycline has an adverse effect on the fetus’ developing teeth and bones, while
chloramphenicol has a low risk of the “gray baby” syndrome, or bone marrow suppression.
Currently (2008), Kazakhstan lacks any regulatory documents on plague treatment, but Kazakh
health workers and plague specialists are experienced in treating such patients. To treat plague
patients, Kazakh scientists used the drugs listed above, and back in 1992, gentamycin had been
given preference (Aikimbayev, 1992b).
To treat plague, Russia’s Ministry of Health recommends use of drugs listed in the
methodological instructions Emergency Prevention and Treatment of Dangerous Infectious
Diseases, Moscow, 2001.
The most effective combinations of antibiotics are as follows: streptomycin/ciprofloxacin,
streptomycin/doxycycline, streptomycin/ levomycetin, and gentamycin/ciprofloxacin. They
simultaneously penetrate into the blood, lungs, liver, spleen and kidneys, and preserve their
maximum concentrations and activity against the plague microbe for 2-4-6 hours.
Combinations of gentamycin with tetracyclines or levomycetin are less active. The 1:1
streptomycin/ciprofloxacin combination has a synergistic action with regards to
pharmacokinetic and pharmacodynamic disposition, and action against the plague microbe.
Thus, all etiotropic treatment regimens reviewed begin with intravenous administration of
medium doses of a bacteriostatic drug, and intramuscular administration of a bactericide, with
a gradual increase of the dose and correction of the drug choice, based on laboratory data. The
most widely practiced combination is based on amino glycosides – streptomycin or gentamycin.
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Another component of the combination is one of the most active representatives of the group
of tetracyclines – doxycycline, and quinolones – ciprofloxacin or chloramphenicol
(levomycetin).
These regimens mainly prescribe drugs and their combinations per os, because they are
designed for administration in cases of deliberate use of EDP with mass-scale human foci. This
method is highly efficient and can utilize available medical units to aid a large number of
patients.
Use of injection-administered regimens is unrealistic in such emergencies, considering the
available capabilities of the medical service and potential losses in health workers.
Improvements to the effective surveillance system with regards to counter-bioterrorism must
include not only rapid detection and accurate identification plans but also a well-polished
system for hospitalization of patients and isolation of contacts.
Natural foci of especially dangerous infections have stationary quarantine units and
pharmaceutical units to ensure timely isolation, hospitalization and treatment of patients. They
also have established and tried reporting and patient transportation systems.
However, the existing plans do not always meet current conditions or fully ensure biological
safety. Biological risk levels have not yet been adequately identified, and they pose a threat for
certain regions.

Transformation of epidemiological surveillance methods into the biological safety system. It
is a long-felt need to transform comprehensive epidemic control plans on sanitary protection of
areas from introduction and outspread of quarantine infections and contagious viral
hemorrhagic fevers into plans on ensuring biological safety. However, the measures aimed to
improve the readiness of Kazakhstan’s healthcare system to ensure biological safety should not
replace the existing science-based and efficient means to control infectious diseases.
Kazakhstan’s program on ensuring biological safety requires readiness and coordination
between different institutions – not only those working in healthcare. To achieve the goal, each
level develops comprehensive epidemic control plans on sanitary protection of areas from
introduction and outspread of quarantine infections and contagious viral hemorrhagic fevers.
Also, each health facility develops its own operational plan in this area.
•
•
•
•
•
•

The new documents must additionally reflect the following sections:
The list of biological risks and threat levels for the region;
Data on terrorist risks in border areas;
Availability of laboratories and their capabilities in identification of EDP;
Procedures for transportation of identified samples of EDP at a higher-level laboratory for
further, deeper, identification.
Activities scheduled to ensure safe working conditions for the personnel at specialized
laboratories;
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•
•
•

Key scheduled activities of anti-plague institutions and sanitary epidemiological service
facilities to control regional natural sources of EDP;
Availability of a stock of treatment, prophylactic and disinfection drugs and medications, as
well as efforts to replenish and update the stock;
The plan on training of specialists on biological safety basics.

In each specific region, the plan may be augmented or amended to consider specific capabilities
of the local health service.
The biological risk level is affected by morbidity of other infectious diseases, the level of lifesupport systems, population density and medical services, livestock keeping, migratory
processes, labor intensity, availability of airports, bus stations, railways, etc. All these data
should be part of the biosafety plan.
Another critical aspect is the establishment of a network of laboratories with a high biological
security level and organization of regional (inter-oblast) inter-agency centers for laboratory
diagnostics and indication of BA, fitted with state-of-the-art equipment and diagnostic
materials. We graded the laboratories of various levels as their classification increases from
level 1 to level 4 (see Table 8).
To improve the readiness of existing laboratories for operation in case of a bioterrorist attack,
the list of pathogens must be defined for appropriate sample testing. For that, the existing
pathogen ranging system should be used with respect to the biological weapon.
Pursuant to the WHO and CDC lists, a total of about 40 BA (viruses, bacteria, rickettsia, fungi
and toxins) have been selected. Three categories have been formed to include agents based on
the threat level for civilian population (http://www.who.int; http://www.cdc.gov).
The most dangerous Category A includes natural smallpox, anthrax, plague, botulism,
tularemia, and viral hemorrhagic fevers. The smallpox (variola) virus is considered to be the
most dangerous agent due to its clinical and epidemiological properties.
The second most dangerous agent is B. anthracis, which causes anthrax. Its most important feature
is the ability to form persistent spores, which made it the most popular biological weapon
agent.
The “human factor” plays an important role in preventing unauthorized leaks of dangerous
pathogens. The international standard of ensuring reliability of the laboratory staff handling
dangerous pathogens includes a set of requirements to the personnel with regards to their
health status and reliability. But even the most reliable employees may be threatened or
blackmailed to impel them into theft of pathogens at the terrorists’ demand. For such cases,
strain encoding should be used, with the decoding key kept separately, as well as bar codes.
Training and technical equipment of the emergency response personnel must be adequate to
the threat at all levels. Current necessities include development of molecular genetic methods
in epidemiology (real-time PCR, microchips, nanotechnology). Genetic labeling allows for
differentiation of strains by their geographic origin.
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Table 8: Basic Requirements and Objectives of Laboratories of Various Levels for
Identification of Biological Agents.
Physical
Security
Levels

Requirements for the Facility and Objectives

Optimization Measures within the
Biosafety System

1

Rural and city district hospitals – Transfer of information
per notification route. Isolation of patients and suspects.
Collection of clinical data, collection, packing and
allocation of samples to laboratories with higher
diagnostic
capabilities,
sample
labeling
and
transportation.

Test the notification, isolation and
primary aid systems. Information
and technical supply for transfer of
information and for obtaining
primary consultations.

2

Regional laboratories and laboratories of city health
authorities, APU which may carry out rapid and routine
tests for specific agents, and transfer of samples and
strains to laboratories with a higher BSL.

3

Laboratories of oblast health departments, APS,
academic research institutions, national-level facilities.
Specialized tests for toxicity, improved diagnostic and
molecular biology technologies with decontaminated
materials. Evaluation of new tests and reagents.

4

Specialized laboratories at the national level, research
centers, reference laboratories. Diagnostics of genetically
engineered, rare and dangerous BA. Development and
introduction of new tests and methods. Maintenance of
the collection of BA strains.

Bring physical security levels of laboratories into compliance. Supply
with licenses diagnostic kits; this
first of all applies to genetic test
methods. Train medical, biological
and engineering staff.

The information technology arsenal of epidemiological diagnostics includes database
management systems, GIS, mathematical models of epidemics and methods of the
epidemiological risk assessment.
The IHR 2005 offer more stringent requirements to the quality of information resources
created, as well as organizational mechanisms of database replenishment and updates. It is the
GIS-based technologies that become the actual software standard in analyzing spatial-temporal
data as part of epidemiological diagnostics.
Detection of a dangerous biological agent and outbreak of an infectious disease will require use
of large quantities of therapeutic drugs, vaccines, etc. This necessitates establishment of a
program to accumulate national pharmaceutical stocks.
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For specific prevention of especially dangerous infections, Kazakhstan manufactures only the
live plague vaccine. This issue must be addressed promptly, using experiences from countries
with well-developed public health systems.
When developing a biological safety program, one must keep in mind that in case of an
epidemic, it is a group of people that may become the object for diagnostics and treatment. For
instance, during three days in September 1993, around 60 Kazakh shop tourists sick with
cholera had arrived in Almaty by air from Pakistan, India and other countries. More than 500
contacts were tested for cholera and received preventive treatment.
In 1999, one case of plague in Aktyubinsk Oblast required isolation of 99 people from two
oblasts, including health workers. That same year, 46 people were isolated after two women
and a boy got infected with plague in Mataikum, Baiganinskiy Rayon. They also received
preventive treatment.
The KZ sanitary epidemiological service is experienced in carrying out epidemic control
activities in foci with large numbers of patients and contacts. However, considering lack of
vaccines, on the one hand, and an extensive list of antibacterial drugs and non-specific
prevention drugs, on the other hand, scientific research coordination between different
agencies remains an outstanding issue. Such coordination aims to control and make drugs,
vaccines and diagnostic substances to protect from BW using advanced achievements in
biotechnology and genetic engineering.
Current requirements to ensuring the national biological safety presume involvement of almost
all services contributing to public health protection and epidemiological well-being. The public
health status determines the readiness of a country, region and city to timely detection and
elimination of any infectious outbreak. Therefore, the country should above all provide conditions for:
•
•
•
•
•
•

Enhancing the national public health system with sufficient funding;
Developing and financing the healthcare system, to include programs on prevention and
diagnostics of infectious diseases;
Exercising control of risk factors affecting outspread of infectious diseases, including both
environmental and demographic factors;
Developing and propagating new technologies for effective control of infectious diseases;
Informing the community and public awareness of risks associated with infectious diseases,
and environmental methods to control them;
Establishing and maintain international links to control infectious disease risk factors.

Therefore, the importance and scale of this new area is visible even when highlighting key areas
of the country’s biological safety. The materials presented here do not reflect problems of
ecology, nutrition and other areas which may at least be partially attributed to the biological
safety area. I believe that further development of this area will augment it with missing data
and ensure a comprehensive approach to addressing the biological safety issues for the sake of
the country’s populace.
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11 CONCLUSION
From a general scientific point of view, biological safety is a young and developing scientific
discipline which utilizes the fundamental knowledge of traditional fields of study and new
achievements in molecular biology, biotechnology, microbiology, virology, and genetics. The
biological safety problem includes a broad range of issues which become part of the national
security, and their solution is a prerequisite for a sustainable development of the country.
Alongside with introduction of biological protection principles and technologies in many areas
of human activity, we need to train subject-matter specialists on new algorithms. Such training
should focus on the expertise and skills the specialists will need to duly organize the biological
safety management systems, and improve their professional qualifications in line with
international biological safety requirements. This is why this book on biological safety basics
has been written. It contains data of interest for various specialists who work to ensure the
country’s biological safety.
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