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Abstract

Previous economic analysis of brucellosis control in Mongolia provided a basis for
further research. It was observed that there was a long tradition of brucellosis control
in Mongolia but little knowledge on its effect on the spread of disease. This thesis
addressed this gap and analysed the relationship between stated surveillance policy,
the brucellosis prevalence in animals, and the brucellosis incidence in humans. The
aim was to contribute to better understanding of the brucellosis surveillance policies

applied in Mongolia and their effectiveness, and to draw conclusions and recom-

mendations for control of brucellosis.

Four aims were formulated providing steps for investigating the research question.
The first two aims focused on (1) the establishment of the epidemiological patterns
of brucellosis in Mongolia over the time period 1966 to 2002, and on (ii) the provi-
sion of a historical overview of the different strategies applied to the control of
brucellosis in Mongolia over the same time period. The third aim was to assess the
interactions between the spread of brucellosis and the surveillance strategies, and
finally the forth aim was to issue recommendations about future surveillance policies

for brucellosis.

It was found that the published figures reflected the Brucellosis abortus incidence in
the population that could be serologically tested. However, the population at risk
(herders) with the main burden of disease, and suffering from Brucellosis melitensis,
was underdiagnosed and not treated properly, additionally, the immunisation cam-
paigns in small ruminants did not reach the critical vaccination level for eradication.
Therefore, the diagnosis and treatment of Brucellosis melitensis in humans has to be
assured at Soum (district) level. The current immunisation campaign has to be moni-
tored and evaluated, and the knowledge of brucellosis in humans has to be recog-

nised by policy makers, physicians and general population.
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DrPH Summary Statement

The Doctorate in Public Health (DrPH) is a professional doctorate and is target for
those who expect their careers to be leaders in public health practice rather than re-
search. Access to a wide range of skills and insights to various disciplines is needed
to face the challenge of understanding and adapting scientific knowledge to achieve
health gain. This is reflected by the programme for DrPH degree, consisting of three

components:

1) a taught component during the first 6 — 8 months of the programme, consisting

of six units at least;

ii) a professional attachment in an institution engaged in public health practice, giv-
ing the opportunity for reflecting on the practice of public health, and

ii1) a research project leading to the production of the thesis in hand.

Each of these components contributes to the award of the degree (London School of
Hygiene & Tropical Medicine, 2002).

After 15 years of working experience as a health economist in different places and
positions, I had wanted to underpin this practical professional experience with theo-
retical and current knowledge, and to broaden my approach with public health prac-
tice. The programme of DrPH means the ideal combination of scientific research and
practical experience. Working first in public health insurance and committed to in-
troducing managed care in Switzerland, I took over the managing lead of one of the
first Health Maintenance Organisation (HMO) in Switzerland. Joining the Swiss
Tropical Institute (STI) as senior officer in the directorate, I was managing various
projects in Developing Countries. I followed up the DrPH programme part-time,
working whilst as manager of the EQUAM Foundation (Ziirich / Switzerland), pro-

moting a quality label for quality management in primary health care.
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During the teaching component (October 2001 to April 2002), I complemented the
compulsory study units (evidence-based Public Health Practice 1&2, Leadership
and Management Development) with introductory courses in epidemiology (“Basic
Statistics for Public Health and Policy”, “Basic Epidemiology” and “Design &
Analysis of Epidemiological Studies”), and courses introducing research methods in
social sciences (“Principles of Social Research” and “Health Care Evaluation”)
and a course on reviewing the literature. These courses equipped me well for con-
ducting my research work: besides searching literature and assembling epidemiol-
ogical figures, I collected and analysed qualitative data, and my epidemiology train-

ing helped me undertake the quantitative analysis.

The professional attachment was carried out at the Swiss Tropical Institute (STI),
where I had broad insight. 1 developed, through the professional attachment, a
deeper understanding of this organisation, observing and analysing the mechanism
of how the STI contributes to public health and how this could be measured. The
STI also provided the platform for (i) being the partner institution, together with the
Mongolian Academy of Sciences, to establish the important research partnership to
conduct my research work, and for (ii) publishing two papers on brucellosis control

in Mongolia (attached in the pocket at the back).

My interest in brucellosis control in Mongolia arose from this previous work, where

I was the coordinator of a research study on the impact of brucellosis on households,
a survey with special consideration of its direct and indirect costs and on coping
strategies. This allowed me to conduct the research work in one of the most fascinat-
ing areas, and address the problem of zoonosis control, a topic underestimated and
challenging public health in developing countries worldwide. The difficulties of
zoonoses control in nomadic settings have to be addressed with an interdisciplinary
approach. This gave an opportunity to yield knowledge, skills and experience in
such a working environment, uniting different methodologies and acknowledging an
entire subject or problem. In this sense it contributed greatly to my becoming a Pub-

lic Health professional.
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Chapter 1
Introduction

The interest in the topic of the thesis arose from previous work on brucellosis control
in Mongolia. Brucellosis control occurred for many years but remained unevaluated.
The aim of the thesis was to analyse the possible interactions between the surveil-

lance strategies applied to control brucellosis - and its spread - to formulate recom-

mendations about future surveillance policies.

1. Brucellosis

Man and animals have long since lived with brucellosis. Hippocrates (450 bc) de-
scribed brucellosis in humans (Parnas J. et al, 1966) and examinations of the skele-
tons of victims of the eruption of Mount Vesuvius (79 AD) reveal a high prevalence
of brucellosis as bone lesions - typical of brucellosis - were found in 17.4% of the
adults (Capasso L, 1999), presumably due to the consumption of milk from sheep
and goats. During the 18™ century this disease was commonly known in the Medi-
terranean region as “Malta fever”, “Mediterranean fever”, “Gibraltar fever”, “Crete
fever”, “Neapolitan fever”, “Cyprus fever”, etc. The etiology of brucellosis was not

known at that time. In the 20™ century, brucellosis became recognised as a clinical

entity. It was called “undulant fever”.

Brucellosis is a zoonosis caused by the bacteria from the Brucella group. Brucella
species create chronic diseases persisting for life. In animals, the organisms is local-
ised in the reproductive organs and cause abortion and sterility; these organisms are
shed through the urine, milk or placental fluid. This facilitates infection not only to
other animals but also to humans. Brucella spp. can survive for long periods outside

the animal body and can enter the human body through food (un-pasteurised infected

milk) or respiration, cutaneous contact, conjunctival contact. Transmission of
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Brucella organisms from human to human is extremely rare. Human brucellosis is a
febrile illness with varied clinical manifestations and may simulate other diseases. In
the absence of specific treatment, human brucellosis may persist and progress to a

chronically incapacitating disease with severe complications.

Despite the biotechnological improvements achieved during the last half century,
brucellosis has remained one of the most important bacterial zoonosis worldwide
(Young E, 1995) (Cutler S J et al, 2005) (Cutler S et al, 2003). Brucellosis was clas-
sified as a list B disease by O.LE (Office International des Epizooties; Organisation
mondiale de la santé animale), as being of importance from a socio-economic and /
or public health points of view (see appendix 1.1 for list B). Only 17 countries were
considered to be free of brucellosis (1994), and this status could only be maintained

with a considerable surveillance investment (see appendix 1.2 for countries listed).

When present, this disease is a huge burden in developing countries, perpetuating
poverty through the loss of productivity and livestock, and causes severe and debili-
tating disease in humans. Although controlled or even eradicated by rigorous sur-
veillance policies in most developed countries, re-introduction of brucellosis remains
a constant threat. WHO/FAO/O.LE. joint consultation on emerging zoonotic dis-
eases (WHO et al, 2004) considers brucellosis as one of the key zoonosis of concern,

leading Dr. William Amanfu’ to state:”This is the second most important Zzoonosis in

the world after rabies” (Cutler S et al, 2003).

It is estimated that about half a million new human infections cases occur worldwide
per year (Cutler S J et al, 2005) (Roberts A et al, 2001) (Araj G F, 1999) (Cutler S et
al, 2003). This may not reflect the actual number, because brucellosis is not consid-
ered a notifiable disease in many parts of the world; there is no disease-reporting
system in many countries, and relevant statistics are lacking or not comparable. Hu-
man brucellosis is considered to be under-diagnosed and under-reported (Madkour

M., 2001). In developing countries, diagnosis is difficult, and reporting systems are

! Animal Health Officer (Bacterial and Zoonotic Diseases) at FAO/Rome
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less reliable than in industrialised countries. But even in developed countries - where
the disease is being controlled - a reporting rate of only 20% is estimated in France
(Foulon G et al, 1981), and even less in Spain (8%) (Aller B, 1975), or the USA
(3,5%) (Wise R I, 1980). More recent estimations report the ratio of reported to un-
reported cases of 1:26 (draj G F, 1999), without giving more specific background

information.

Despite the eradication in a few countries, brucellosis in humans and animals 1s 1n-
creasing worldwide. Brucellosis was serious and longstanding in livestock and hu-
mans in the former USSR-Countries, such as Russia (Caucasus region) (Flynn M P,
1983) (Liamkin G I et al, 1995) and its central Asian states Kyrgyzstan (UN Office
for the Coordination of Humanitarian Affairs, 2003) (Kyrgyzstan Development
Gateway Social sector annual data, 2001), Tajikistan (Jackson R et al, 2003) and
Kazakhstan. Despite the fact that these countries, with former centrally planned
economies, had made considerable efforts to control brucellosis for many years, re-
lated data and published articles are very few (Dobrean V et al, 2002). The weaken-
ing of the veterinary system and the transition from large government controlled
farms to small-scale private farming has lead to the re-emergence of brucellosis. The
unequal distribution of the spread of brucellosis may reflect deteriorating control
over the past 10 years, uncontrolled movements of livestock, and influences of envi-
ronmental factors on local animal management practices (Jackson R et al, 2003).

Thus situation fits the current situation in Mongolia, the focus of the thesis.

2. Mongolia

Mongolia has unique demographic and environmental characteristics which impact
health significantly (Government of Mongolia et al, 1999). Few inhabitants (2.475
million) (National Statistical Office of Mongolia, 2003) who live in a large geo-
graphical territory of 1.566 million km2 (National Statistical Office of Mongolia,
2003). Ensuring adequate health services throughout a sparsely populated terrain

(only 1.58 inhabitant per km2) is a challenge. Providing access to health services for
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rural populations who are semi-nomadic pastoralists is particularly difficult due to

the long distances and poor road infrastructure compounded by the severe climatic

conditions.

Mongolia had close political and economical relations with the Soviet Union from
1921 (Mongolian communist revolution) up to the collapse of the Soviet bloc 1989.
The Soviet Union used to provide about a third of the Mongolian GDP (WHO,
2005a). This contributed to the gradual transformation of a society based on a no-

madic lifestyle to a more industrialised and urban society.

The loss of former assistance, and trade from the Soviet Union, has led to severe
economic difficulties. The GDP per capita dropped by about 20% between 1990 and
1993 (World Bank, 1997b). During the transition from a centrally planned economy
to a market oriented economy Mongolia has seen dramatic changes in all aspects of
the social, political and economic life. Since 1994, the GDP per capita has grown,
with fluctuations, from per capita ppp-dollar 1290.-- in 1995 to 1710.-- in 20022
(UN Common Database / World Bank, 2006). However, there was a growing dispar-
ity between rural / urban and rich / poor. The fraction of GDP produced in the capi-
tal Ulaanbaatar (UB) had grown to 54.9% in 2001 (46.6% in 1999) (National Statis-
tical Office of Mongolia, 2003). There is a high level of internal migration from rural
to urban areas, leading to ad hoc urbanisation around urban centres particularly

Ulaanbaatar. About a third of the population are poor (United Nations economic and

social council, 2002), the fraction of poor in rural areas is increasing.

Traditionally, the survival of a major section of the population and of the country as

a whole depended largely on breeding animals. “The main livelihood source and the
wealth is livestock in Mongolia™ (National Statistical Office of Mongolia, 2003).
However, due to three consecutive harsh winters (2000 to 2002) the number of live-
stock has declined from 33.5 million in 1999 to 23.9 million in 2002, and the agri-

culture sector has experienced a sharp reduction; its contribution to GDP has de-
clined from 38% in 1995 to 20.1% in 2002 (National Statistical Office of Mongolia,

2 Ranking as 120" country in 2002 after Laos and before Bangladesh (as 134™ country in 1995)
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2003). As livestock production contributed to 78.9% of the total agriculture produc-
tion, its contribution to GDP still reached 16% in 2002, and provided 5.5% of the
national exports (National Statistical Office of Mongolia, 2003). The production is

mainly nomadic and extensive.

The Soviet-style health system covered the entire nation, with universal access to
hospital-based medical services provided free of charge. There was a strong prefer-
ence for in-patient rather than ambulant care. The system was supported by commu-
nity-based health workers (Bag Feldshers), Soum (district) health centres and Aimag
(provincial) hospitals. The first Health Sector Development Programme (HSDP)
(1997-2002) aimed at shifting the hospital based services towards a more responsive
primary health care-orientated system based on family group practice (WHO, 2005a)
(O'Rourke M et al, 2001). This has been implemented in urban areas. The second
HSDP (2003-2008) focused on reforms to the first level of referral for rural health
services, the Soum hospitals (Hill P S et al, 2006). The total health spending ac-
counted to 6.2% of GDP (1998), representing per capita total health expenditure of
USD 24, or expressed in ppp (purchasing power parity) of USD 88 (WHO, 2005a).

3. Brucellosis in Mongolia

Mongolia has a long history of brucellosis control, starting in the early 1960s with
wide-scale epidemiological studies led by the WHQO, and intervention programmes
in animals assisted by COMECON States. After various control activities over dec-
ades, surveys conducted in the 1980s and 1990s among humans at risk, such as
herders and workers in slaughterhouses, still confirmed high contamination rates:
between 15% and 25% of the tested persons were sero-positive, and about 10% of
the tested persons had active brucellosis (clinical signs). Brucellosis continues to be
listed among the four major chronic infections, together with hepatitis B and C, tu-
berculosis and sexually transmitted diseases (STDs) (Ebright J R et al, 2003).

Brucellosts 1s thus one of the major veterinary and public health problems. Important
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in this context is the big population proportion being at risk: about 23%’ of the

population live in rural areas and lead a nomadic or semi nomadic way of life
(Ebright J R et al, 2003).

4. Previous work leading to the research question

Being a centrally planned country most livestock was the property of the State and
kept in co-operative herds. This assured prescribed preventive measures taken by the
herders. Along the transition in the early 1990s, introducing a market oriented econ-
omy, most livestock have been returned to private ownership and the state funding
for animal health activities has been reduced and veterinary services privatised. To
regain control of the increasing spread of brucellosis, the Mongolian Government
adopted in 2000, on the recommendation of WHO, a whole-herd vaccination strat-

egy, seen as the only feasible option and most appropriate approach.

Prior to the implementation of the whole herd immunisation, the economic implica-
tions and the effectiveness of this whole-herd vaccination programme was estimated
by the author who on behalf of WHO and FAO conducted and coordinated a benefit-
cost analysis and a cost-effectiveness analysis in 2000, with the technical support of

experts from the RVC, WHO, FAO, STI, and in collaboration with Mongolian coun-
terparts from the MoH and MoA (Roth F. et al, 2001).

The study concluded that mass vaccinations of livestock against brucellosis in Mon-
golia would be cost-effective and would result in net economic benefits, if the inter-

ventions costs were shared between the different beneficiaries on the basis of an

intersectoral economic assessment.

In general, there are various factors on different levels which make control, eradica-

tion or prevention of brucellosis difficult. One set of hampering factors have eco-

* Other source mention 28% (Foggin, Peter M. et al, 1997)
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nomic, political and psychological origins: there were few studies, evaluating the
costs of various methods to prevent, control, and eradicate this disease. An important
impact of animal brucellosis is human disease and its associated costs. So it is both
logical and necessary that both animal and human health authorities promote brucel-
losis control programmes and allocate their costs through an intersectoral approach.
Only cost benefit analysis considering the overall costs and benefits for both the
animal and human sectors can demonstrate their real benefits. Brucellosis often be-

comes chronic and fails to generate enthusiasm among livestock owners and others

for longstanding control and eradication efforts.

The results of the study were therefore useful for policy-makers in determining
strategies, and publication became an important issue. The topic has been split into
two parts to better reach scientists. The first is oriented to health economics and
health policy, whereas the second tackles dynamic modelling of transmission from
animal to animal, and from animal to human. The paper estimating the economic
benefit, cost-etfectiveness and the distribution of benefit has been published in the
WHO Bulletin (Roth F. et al, 2003). The other paper reporting the dynamic model of
livestock to human transmission, which was developed as an underlying framework
to estimate the profitability, has been published in the Preventive Veterinary Medi-

cine (Zinsstag J. et al, 2005a). Both papers are enclosed in the pocket at the end of
this thesis.

The involvement with policy and the analysis of the economic implications stimu-

lated interest in previous policy to control brucellosis in Mongolia. It also provided a

basis from which further research could be conducted.
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5. Research question

The author observed that there was a long tradition of brucellosis control in Mongo-
lia, but that unfortunately there was little knowledge of the effects these surveillance
policies had had. Therefore, this thesis now proposes to explore these effects and
provide a better guide to future control efforts in Mongolia. This crucial investiga-
tion has been greatly facilitated by the author’s previous work on brucellosis control
in Mongolia which established a data collection network in Mongolia, and important

relationships with scientists, public authorities, policy makers, and health officers.

The central research question is to determine whether there was any relationship
between the stated surveillance policy and the brucellosis prevalence in animals and
humans between 1966 and 2002. To accomplish this aim the empirical evidence of
epidemiological patterns in animals and humans had to be provided, as well as over-

view of the different surveillance strategies.

The observation period begins in the mid 1960s, the start of comprehensive surveil-
lance activities and data collection. The elements of the applied surveillance policies
have to be analysed to assess their possible effectiveness. The dataset on the epide-
miological patterns allow quantitative analyses of the effects of surveillance policy

on the spread of brucellosis. The findings allow addressing recommendations for

brucellosis control policies in Mongolia.

6. Overview of the thesis

The characteristics of brucellosis are discussed in chapter 2., which provides an
overview of the symptoms, transmission paths and techniques of diagnosis. The
worldwide spread of brucellosis is analysed and the Mongolian situation put in this

context. Basic elements of surveillance are elaborated and put in current context of
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brucellosis surveillance, providing the critical elements for a qualitative policy

analysis.

The research question is presented in chapter 3, and an overview given on the meth-
odology applied for addressing it. This includes the definition of the type of informa-
tion required, listing of the data sources, and describing the methodology for data
collection during the field work in Mongolia, conducted in autumn 2003. The quality
assurance of the collected data was an important aspect, as the data collection had to
cope with the language barrier and constraints of conducting research in a large
sparsely populated developing country. Its methodology is therefore described sepa-

rately. Finally the methodologies leading to qualitative and quantitative analyses are

presented.

The history and evolvement of brucellosis in Mongolia is elaborated in chapter 4,
creating a comprehensive picture. The etiological aspects determining the sources,

factors and routes of transmission gave important baseline information for assessing

the surveillance policy.

The history of the different surveillance policies applied to the control of brucellosis
in Mongolia is analysed in chapter 5. The policy papers provided detailed insight on
the various elements defining the policies, and allowing further analyses carried out
in chapter 6. Data collection on testing and vaccination allowed an assessment of the

policy implementation with quantitative data.

Chapter 6 brings the spread of brucellosis (chapter 4) and the control policy (chapter
5) together by analysing possible interactions. Qualitative analysis of the surveil-
lance policies opened the view on policy gaps and on further possibilities for quanti-
tative analysis. The vaccination scheme was analysed with mathematical modelling,
the animal human transmission with multiple regression. Both analysis, the qualita-
tive and quantitative, allowed drawing conclusion on the applied policies and its

effectiveness in controlling brucellosis.
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The | ' '
ast chapter 7 summarises the main findings and discusses the limitation and

contributi ' '
ution of the thesis. Recommendations for policy makers are formulated
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Chapter 2
Brucellosis

1. Characteristics of Brucellosis
History

In 1886, the British scientist David Bruce (who was later knighted) discovered on
Malta micrococci probably causing the fever affecting British troops stationed in
Malta. Microscopic examination of tissue from the spleen of soldiers dying after
developing “Malta fever” (Parnas J. et al, 1966) had revealed them, and he called
the organism Micrococcus melitensis after the Isle of Malta. In 1918, the bacteria
would be named Brucella to honour this discovery. The infection’s reservoir in

goats, however, was found only in 1905 by Sir Themistokles Zammit (Parnas J. et
al, 1966).

The Danish veterinarian Bernhard L. F. Bang discovered in 1897 that the cause of
cattle mass abortions in Denmark was located in infections caused by a bacteria he
named “Bacillus abortus bovis”. Mass abortions in pigs also caused by bactenal
infections were described in the USA in 1914 by Traum (Madkour M., 2001). Fi-
nally, in 1918, Alice Evans noticed the similarities between micrococcus melitensis
causing “Malta Fever” in humans and the Bacillus abortus causing mass abortions in
cattle, pigs, sheep and goats. Micrococcus melitensis was found to be a bacillus, The
division of the pathology into human and animal, as well as insufficient collabora-
tion between physicians and veterinarians all combined to delay the linkage between
human and animal research.

In the late 30s, it was finally recognised that the fight against brucellosis in humans
should begin with animals. After WW II, a WHO-Expert Committee on Brucellosis
was created through the initiative of Martin Kaplan, head of the epidemiological
department at WHO. The Office International des Epizooties; Organisation mondiale
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de la santé animale (O.1.E.) became the coordination centre for collecting data on the

Brucellosis reservoir worldwide.

The bacteria Brucella

Brucellosis is a zoonosis caused by the bacteria from the Brucella group. Geneti-
cally, it can be regarded as variants of a single species, with differentiation into six
main species: B. abortus, B. suis, B. melitensis, B. neatomae, B. ovis and B. canis.
This is of practical importance, as the epidemiology and the severity of the diseases
in humans is influenced by the Brucella type and its source (Corbel M. et al, 2000):
B. abortus is normally associated with cattle, B. melitensis with sheep and goats, 5.
suis with swine, B. ovis causes infections specific for sheep and has not been impli-
cated in human diseases, B. canis is usually associated with diseases in dogs but oc-
casionally causes human brucellosis, and B. neatomae has been isolated on few oc-

casions and has never been implicated in human diseases. The most common

Brucella species to affect humans is B. melitensis, the most pathogenic species pro-

ducing the most intense symptoms, the greatest tissue damage, and the most frequent

incidence of localisation in body organs, systems and tissue.

Brucellosis in animals

Clinical features

The course of brucellosis in animals is sub-acute or chronic. The initial phase fol-
lowing infection is often unapparent, and the clinical signs are not pathognomic. In
most host animals, abortions in the latter part of pregnancy, premature births and
retained placenta are characteristic but not specific signs. The interference with fer-
tility is usually temporary as most infected animals will abort only once, or have no
abortion. The infection localises itself in the reproduction system and typically pro-

duces placentitis in females and epididymitis and orchitis in males.
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Diagnosis

Infections acquired in utero or when sexually immature may be negative to serologi-
cal testing until the animal aborts (Madkour M., 2001). Thus, the identification of
one or more infected animals is enough evidence for the presence of brucellosis in

the herd. Other serologically negative animals may present a risk as they might in-

cubate the disease.

In view of the fact that clinical signs of brucellosis are not pathognomic, or may be
absent, laboratory procedures are necessary. There are two categories of diagnostic
tests, one demonstrating the presence of the organisms using some culture methods,
and the other detecting an immune response to its antigens in serum. The later is, in
practice, more feasible, but provides only a provisional diagnosis. For definite proof
of the infection, the isolation method of Brucella is required. This may also be useful
to monitor the progress of a vaccination programme. Unfortunately, the facilities
needed are not always available, and the definite identification can only be made

using techniques available at Brucella Reference Centres (Corbel M. et al, 2000).

Treatment

Economic losses occur in reproductive efficiency, in livestock commerce, and in
animal replacement costs. But in most cases, treatment is not an option due to costs

of therapy, antibiotic residues in milk, and high failure rates (Madkour M., 2001).

Transmission between animals

The organisms are shed out through the urine, milk or placenta fluid, thus potentially
spreading at alarming rates. As pasture areas or accommodations may be contami-
nated, the bacteria are most frequently ingested, but they can be inhaled, spread by
conjunctival inoculation and skin contamination as well. Sexual transmission plays a
particularly important role in transmission of B. melitensis and B. suis. The transmis-

sion of diseases is facilitated by factors such as commingling of herds of different
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owners, close contact caused by high flock density, and by purchasing unscreened
animals. Brucella species are host specific to some extent, however cross-species
infections occur: dogs can be infected with B. abortus, B. melitensis or B. suis, by
ingesting ruminant foetal or placental material, and can then excrete bacteria and
present a serious hazard to humans and domestic livestock (Corbel M. et al, 2000).
Cattle can be infected with B. melitensis or even B. suis through close contact with

small ruminants or swine herds (Poester F P et al, 2002) (Ist International Confer-

ence on Emerging Zoonoses, 1997).

Brucellosis in humans

Transmission to humans

Brucella spp. can survive for long periods in dust, soil, slush, water, dung, aborted
foetuses, meat or dairy products, and enter the human body through several ways

varying according to the endemic situation (Madkour M., 2001). In endemic areas it

is usually transmitted to humans through food.

Other modes of infection are respiration, cutaneous contact, the conjunctival contact
or auto-inoculation. Transmission of Brucella organisms through inhalation com-
monly occurs among shepherds, animal handlers, farm workers, slaughterhouse
workers and butchers, veterinarians and laboratory workers. Other risks among
slaughterhouse workers are transmission through skin abrasion or accidental skin
penetration. Veterinarians risk infection through accidental splash of live Brucella
vaccines into the eyes or the accidental self-injection of live Brucella vaccines.

Transmission of Brucella organisms from human to human is extremely rare.

Clinical features
Human brucellosis is an acute or sub-acute febrile illness marked by an intermittent
or remittent fever (“undulant fever”). The most frequent clinical symptoms beside

fever are chill or shaking, malaise, generalised aches and pains, joint and low back
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pain, headaches, anorexia, tiredness, general weakness and mental depression
(Madkour M., 2001). During systemic spread, the Brucella organisms disseminate
widely from regional lymphoid tissue and may localise in lymph nodes, spleen, liver
or bone marrow. Thus, human brucellosis is a disease with varied clinical manifesta-
tions and may simulate other diseases. In the absence of specific treatment human

brucellosis may persist and progress to a chronically incapacitating disease with se-

vere complications.

Incubation period

In about half of the cases brucellosis is acute, with an incubation period of two to
three weeks. In the other half, the onset is insidious, developing over a period of
weeks to months from the infection. The incubation period may vary according to

the virulence of the organisms, the route of entry and the infecting dose (Madkour
M., 2001).

Diagnosis

The diagnosis of human brucellosis is based on the history of exposure to a known
or probable source of Brucella, the history of features of the disease at its onset, and
significantly raised or rising Brucella antibody titres with or without positive cul-
tures from blood or other fluids or tissues (Madkour M., 2001). Due to the extraordi-
nary variety of manifestations of this disease, the diagnosis cannot be made solely on
clinical grounds. The Rose Bengal Test (RBT) can be used as the most sensitive
rapid screening test, but the results must be confirmed by bacteriological and other
serological tests (Corbel M. et al, 2000). However, the presence of antibodies does
not always mean an active case of brucellosis. In endemic areas, sub-clinical infec-
tion with Brucella organisms may lead to the presence of a high titre of Brucella

agglutinins in an otherwise asymptomatic individual. In endemic areas, a titre of

1:640 is significant, while in non-endemic areas a titre of 1:160 is significant
(Madkour M., 2001). Therefore, there are no agreed unified agglutination titre levels

which can be considered significant and indicative of active brucellosis.
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Treatment

The essential element in the treatment of all forms of brucellosis is the administra-
tion of effective antibiotics, and treatment should be implemented at an early stage.
Treatment regimes usually consist of combination of at least two agents; however,
the optimum antibiotic therapy is still disputed (Ist International Conference on
Emerging Zoonoses, 1997). The full treatment lasts 7 to 12 weeks. A shorter dura-
tion of treatment is associated with higher relapse rates. Additionally, severely ill
patients should be treated in a hospital. In those patients with complications, addi-

tional treatment is necessary including, in some cases, surgical intervention.

2. Worldwide spread of Brucellosis

There is no worldwide, coordinated and comprehensive reporting on the spread of
brucellosis and therefore there are no statistics available or published. This thesis’s
overview on the burden of brucellosis in the different parts of the world has been
assembled by reviewing the literature and choosing the most robust available data.
Some of this data were overviews supplied by the O.L.E. and FAO, and surveys and
conference notes on the spread of brucellosis provided by literature search through
the internet. This results in the maps shown in the figure 2.1. of worldwide brucello-

sis distribution. The template map has been downloaded from internet”.

The database for the spread of B. melitensis and B. abortus were culled from a 1994
report on the First International Conference on Emerging Zoonoses (Ist Interna-
tional Conference on Emerging Zoonoses, 1997). The incidence is shown in broad
categories: (1) not present or eradicated, (i1) low sporadic incidence, (iii) high inci-

dence and (iv) no data.

* http://www.rbgkew.org.uk/gis/tdwg/index.htm!
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The maps concerning animals show that B. abortus is more spread out worldwide
than B. melitensis, - the latter remaining the principal cause of human brucellosis.

The third map aggregates the burden of B. abortus and B. melitensis.

This analysis considered only B. abortus in cattle and B. melitensis in sheep and
goats, as this was relevant for the further search of the brucellosis epidemiology in
Mongolia. However, the following species affected by brucellosis worldwide are:

cattle, sheep, goats, pigs, and with a lower importance: bison, camels, dogs, horses,

reindeer, yaks and marine mammals (Corbel M. et al, 2000).
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Worldwide spread of Brucellosis

Figure 2.1
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Data that were more than ten years old have been included because there is little data

on the topic.

The map d) of figure 2.1. shows the average worldwide human brucellosis distribu-
tion for 1996 to 2004, and is based on human cases reported by O.LE (Office Inter-
national des Epizooties, 2005). Even though human brucellosis is reported in the
literature for Brazil (Poester F P et al, 2002), India (Renukaradhya G J et al, 2002)
and China (Dequi S et al, 2002), no such data is reported to O.LE on behalf of these

big countries. Problematic endemic regions do stand out: Central Asia, parts of Af-

rica, the Near East and the Arabian Peninsula, the Mediterranean region, and Latin

America.

In Europe, several control and eradication programmes have been implemented re-
sulting in a diverse epidemiological situation among different regions. Nevertheless,
North European Countries such as the UK (Cutler S J et al, 2005) are free from
brucellosis (see also appendix 1.2.), while the situation concering B. melitensis
(Taleski V et al, 2002) is less favourable in Southern European Countries. Thus, the

challenge remains and is currently made more difficult by several factors, such as

(Godfroid J et al, 2002): (i) infected cattle with Yersinia enterocolitica 0:9 (Y09)

which induce false positive serological reactions in brucellosis tests; (ii) there is a
Brucella spp. reservoir in wildlife, mainly in hares and wild boars, infected by B.
suis biovar 2, though this particular biovar is not an important pathogen for humans,
it remains a threat to eradication programmes; (iii) B. melitensis infections in cattle
are increasing worldwide, but basic information regarding this strain is lacking (epi-

demiology, diagnostics and vaccination), making control and eradication difficult

t00.

In North America, B, abortus and B. suis had accounted for brucellosis in most ani-
mals, but immunisation of herds combined with surveillance and culling of infected

animals has been successful and the region has been essentially free of brucellosis
for several years now (Ragan V E, 2002). Still, B. abortus continues to be present in

wild animals such as bison and elk in the Rocky Mountains, which poses a threat of
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infection to cattle, or reindeer in Alaska, accounting for occasional human cases
(Rust R S, 2004).

Historically, B. abortus was endemic in cattle herds in New Zealand and Australia,
but a successful animal vaccination and surveillance campaign resulted in eradica-
tion in both countries by 1989 (Miller M et al, 2005) (Crump J A et al, 2001). B.

melitensis is absent in animals in most parts of these countries, though a few human

Cascs OCCUTr,

In Latin America, brucellosis is mainly reported in the context of cattle farming,
where beef production contributes to a significant part of the GDP (Baumgarten D,
2002). As the economic impact of brucellosis is considerable, important investments
have been made towards efforts to control this disease, as reported from Chile
(Rivera S A et al, 2002), Argentina (Samartino L E, 2002), Paraguay (Baumgarten
D, 2002), Brazil (Poester F P et al, 2002), Venezuela (Francisco J et al, 2002), Cen-
tral American States (Moreno E et al, 2002) and Mexico (Luna-Martinez E J et al,
2002). Brucellosis in sheep and goats is considered a disease of minor importance,
with the exception of Mexico and the Andes States (Peru) (WHO et al, 2005). Hu-
man infection is considered to be underestimated as the reporting and diagnostic
services for human brucellosis are inadequate (Poester F P et al, 2002). An underre-

porting rate is published for Mexico, where the real notification rate of human cases
is estimated at 30% (Luna-Martinez E J et al, 2002).

In sub-Saharan Africa, brucellosis remains mainly a neglected disease with little
attention to control and prevention (Smits H L et al, 2004), except in the southern
African region, were successful control policy has been reported in Botswana, Zim-
babwe and South Africa (McDermott J. et al, 2002). In fact, brucellosis is prevalent
in most sub-Saharan livestock production systems, common in cattle and perceived
to a lesser level in small ruminants. This is not only the consequence of lack of

awareness by both veterinarians and health care staff but also to the absence of ac-
cessible laboratory diagnostic facilities. The difficulty in diagnosing brucellosis in

humans without laboratory testing is due to the similarity with clinical presentations
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of other infections occurring in sub-Saharan Africa such as malaria. The situation in
the animal sector is similar as the cause of abortions is confounded with other com-

mon animal diseases present in Africa (Zinsstag J. et al, 2004).

In countries of the Near East region and the Arabian Peninsula, brucellosis infection
has had a long history (WHO, 2005b), due to the traditional consumption of raw
milk and milk products (Awed R, 1998). The disease is considered a major risk for
humans; 40,000 new human cases are reported every year and the true infection rate
is probably higher. Brucellosis often remains unrecognised and is treated in the same
fashion as other diseases, labelled “fever of unknown causes”. Most human infec-
tions are due to B. melitensis, which can be transmitted by almost all domestic ani-
mals. There is a rising awareness concerning the importance of controlling brucello-

sis in animals; most countries have already attempted to control it, some with good

results, while others do little (Refai M, 2002).

There is a low sporadic incidence of brucellosis over the Asian continent (Bandara
A B et al, 2002). Areas of highest incidence in the region are Sri Lanka (Bandara A
B et al, 2002) and the Indian subcontinent (Renukaradhya G J et al, 2002). Re-

markably neither of these countries has ever controlled brucellosis. It 1s not present
in the animals of Malaysia (Sabah), the Philippines and Japan (Ist International
Conference on Emerging Zoonoses, 1997). In former USSR-Countries and Central
Asia brucellosis is a serious and longstanding problem in livestock and humans.
China has a longstanding experience with brucellosis control, especially in provinces
where stock raising is important, with the dominant strain being B. melitensis. Also
Inner Mongolia has suffered from severe epidemics before the 1980s and has suf-
fered again since the 1990s. (Dequi S et al, 2002). China has established control
programmes since the 1950s, with comprehensive measures based on studies of the
infection sources and transmission modes. Methods employed were quarantine,
separation and elimination of infected animals and also immunisation campaigns,
starting in the late 1950s (Dequi S et al, 2002). Nevertheless, brucellosis remains a

serious public health issue.
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3. Mongolia’s situation in an international context

The main risk of infection is different in the non-endemic areas, where the source of
infection is mostly work-related (veterinarians, abattoir workers and laboratory per-
sonnel), from the risk of infection in the endemic areas, where the infection is
mainly related to hygienic methods and community eating habits (consumption of
raw food such as contaminated raw milk or un-pasteurised cheese) (4raj G F, 1999).
To analyse the animal to human transmission we need to quantify the relation be-
tween disease reservoir in the animals and new infections in humans. The most
comprehensive data available in an international context concerns the Near East re-
gion, which is one of the most contaminated regions of the world. The review article
of M. Refai (Refai M, 2002) tries to assess brucellosis in man and animals in the
region, while mindful of the lack of information. In fact, besides using publications,
M. Refai depended on data he accumulated during FAO/WHO consultancy missions
through seminars, workshops and country reports. In the following analysis, the hu-
man incidence is put in relation to the prevalence of B. melitensis in SR, as this

strain is the predominant cause of brucellosis in humans’ (Refai M, 2002) (Awed R,
1998).

The data extracted out of this review for our purpose are plotted in the figure 2.2..
The negative binomial regression analysis showed a significant correlation (LRT =
12.58, P-value = 0.0004) between the prevalence in animals and the incidence in
human for these countries of the Near East Region. Despite all limitations, such as
poor data quality, different study designs, different observation years etc., we can
statistically establish what is known: the disease incidence in humans closely paral-
lels animal prevalence, although the likelihood of disease in human is further greatly
influenced by the degree of contact with animals and their excreta, or the ingestion

of animal products (Rust R S, 2004). Thus, by adding the corresponding data of

> B. melitensis infecting cattle can not be considered as there are no data available distinguishing the
infection in cattle between B abortus and B. melitensis.
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Mongolia 1n figure 2.2., we see that Mongolia takes an “outlier position” because of
its lowest brucellosis prevalence in animals combined with very high incidence in
humans (even compared with Near East countries, representing one of the most con-
taminated region of the world!). This is important to consider for choosing and ap-
plying surveillance policies, such as testing methods (specificity of the tests) and
prevention measures. Compared to other countries, there seems to be an extremely
close animal-human contact in Mongolia, which could be due to its nomadic live-

stock rising, where both transmission routes (the work related and the alimentary)

have to be considered at the same time.
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Figure 2. 2: Brucellosis prevalence in small ruminants and incidence in
humans: situation in the Near East (1984-1999) and Mongolia (1999)
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4. Brucellosis control

The first section of this chapter described the characteristics of brucellosis and
showed that most human brucellosis originates from an infected animal. Human to
human infection is rare. Prevention includes health education and pasteurisation of
milk. However, education campaigns alone have never succeeded in fully eliminat-
ing these risks to humans (Robinson A, 2003a). Attempts at vaccinating people at
risk have resulted in effective protection, but also provoked severe reactions when
given to sensitised individuals, or when administered incorrectly (Schurig G G et al,
2002). As a result, vaccination of humans is no longer routinely used®; the ultimate

prevention of human infection remains the elimination of the brucellosis in animals.

This section describes the measures to control, eradicate and prevent brucellosis in
animals. It provides the basis for understanding and analysing Mongolia’s brucello-
sis control policy, described in chapter 5. Currently, methods used to prevent infec-

tions are test and slaughter (T&S) of seropositive animals, vaccination, hygiene
measures, and management. Various factors influence the choice of methods used
such as husbandry system, climate, nomadic livestock breeding, prevalence of
brucellosis among various animal species, and control programme resources avail-
able. As clinical signs are not evident, testing is crucial to estimate the prevalence of

brucellosis. Therefore, the details of methods will be preceded by an overview of

brucellosis tests.

® “Renewed interest in Brucella as a potential biological warfare agent has ...drawn attention to the
need for effective vaccines for humans. ...The cost implication and limited commercial possibilities

for vaccines against human brucellosis mean that development is likely to be restricted to national
defence agencies.” (Schurig G G et al, 2002)

Brucella species are considered by the CDC (Centers for Disease Control and Prevention, 2000a) t0
be Category B biological warfare agents, which are the second highest priority agents. The biological
warfare route of infection is most likely aerosol. Category B agents are moderately easy to dissemi-
nate, cause moderate morbidity and low mortality, and require specific enhancement of diagnostic
capacity and enhanced disease surveillance. Additionally, brucellosis is listed among critical biologi-
cal agents as having disease characteristics with particular potential for biologic terrorism (Centers
for Disease Control and Prevention, 2004). To ensure a prompt response to a biological terrorist
event, early detection is essential. However, this is difficult in a population with a low prevalence of
disease, as to rule out false-positive laboratory findings, diagnostic laboratory testing has to be inte-

grated with lengthy epidemiologic investigation (Centers for Disease Control and Prevention,
2000b).
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Testing

Brucellosis can be diagnosed only by isolating and identifying the causative organ-
ism, Brucella spp. But this is not possible in the field as techniques for this are only
available at Brucella Reference Centres (Corbel M. et al, 2000). Theretore, the most
practical diagnosis of brucellosis involves an indirect test using antibody specific
tests in serum or milk. Serological diagnosis can be unclear, as vaccines may be
serologically indistinguishable from virulent strains, and cross-reaction with other
agents may occur. This leads to diagnostic dilemmas. With the development of an
assay, vaccination antibodies could be distinguished from antibodies resulting from
field infection. But the acceptance of these serological tests has been slow (Nielsen

K, 2002). The same tests are applicable to animal and human serology.

A number of tests have been developed for brucellosis (see figure 2.3.). A test with
higher sensitivity misses fewer false negatives. A test with higher specificity will
result in fewer false positives. This has to be considered according to the circum-
stances applied and the stage achieved in the process of controlling and eradication
of the disease. At the beginning of a control programme, when broad screening is
carried out to get an overview of the spread of disease, sensitivity of a test is most
important. When eradication is progressing, then the specificity of a test becomes
crucial to obtain a precise view on the residual elements of disease and identify the
individual carrier of pathogens. After eradication it is important to monitor changes
in the situation and investigate particular problem herds or areas; for this a test with
good sensitivity should be used again. Table 2.3. lists the sensitivity and specificity

values for various serological tests and shows that no individual test is perfect.

Predicted value positive indicates the probability a case is infected given a positive
test result (right positive). Analogously, predicted value negative indicates the prob-
ability a case is not infected given a negative test result (right negative). Increasing
the specificity of a screening test (by changing the criterion of positivity) increases

its predictive value positive. The predictive value positive of a screening test can
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Figure 2.3.: Diagnosis of brucellosis by serology

Sensitivity, specificity, and performance index of the serological tests for hrucellosis

Test Sensitivity®  Specificity”  Performance References
index”

SAT 29.1-100 99.2--100 129.1-XX) Vian Acrt et al., 1984; Lord et al., 1989

RBT 21.0-98.3 68 .8-100 121.0-193.9 Van Acrt et al., 1984; Samarntino et al., 1999

Card 74.3-990 7.4-104) 106.4-187.8 Stemshom et al, 1985; Huber and Nicoletty,
1986:
Lord et al., 1989

BPAT 75.4-599 90.6-100 174.3~199.7 Stemshomn et al.. 1985; Uzal et al., 1996;
Samartino et al., 1999

RIV 30.5-1(4) 219--100 108.7--200 Huber and Nicoletti. 1986; Lord et ul.. 1989;
Dajcr et al,, 1999

2ME 56.2-100 99 8100 156.2-200 Lored et al., 1989; Stemshorn et al.. JOBS:
Saruvi et al., 1995

CFT 23.0-97.1 30.6-100 123.0-197.8 Huber and Nicolettt, 1986; Van Aert et al., 1984;
Saravi et al., 1995

PCFIA 92.0-98.1 48.6-699 140.6~168.0 Nicolettt and Tanyx, 1993; Niclsen et al., 1998

IELISA 925100 90.6-100 190.9-2)) Dohoo et al., 1986; Rojas and Alonso, 1994

CELISA 97.5-100 99.7-99 8 197.3-199.8 Samartino et al., 1999; Nielsen and Gall, 2001

FPA 99.0.99 .3 96.9-100 195.9-199.3 Dujer et al., 1999; Niclsen and Gall, 2001

® Sensitivity and specificity values are presented as percent ranges of the worst and best results. The literature
cites for each test with very low resulis used sensitivity and specificity calculations relative to other serological
tests while the higher values were obtained using sera from cattle from which 8. aborms was cultured or

expenmentally infected animals. The perfformance index is the sum of the % sensitivity and specificity.

(Nielsen K, 2002)

also be increased by increasing the prevalence in the screened population (targeting
to groups with high risk) (Hennekens C H et al, 1987). Therefore, a combination of
tests has to be applied, according to considerations such as budget restrictions, tech-
nical possibilities, and need for sensitivity or specificity. Tests can be administered
either in parallel or in series, whereas parallel testing increases generally the sensi-
tivity, and serial testing increases the specificity (Hennekens C H et al, 1987). There-
fore, an appropriate testing procedure for brucellosis is serial testing. The test first
applied should have a high sensitivity, detecting all positive samples and leaving
only true negatives. The first test should ideally be inexpensive and easy to adminis-
ter, and may be weak in specificity. From the first run, only positive samples are
kept for the second run, which should have a high specificity and exclude false posi-
tives. This procedure can reduce costs since as the second more specific test may be

more complex and costly (Honhold N., 1994b).
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In most brucellosis control situations, the entity of interest should be the infected
flock or herd rather than the infected individual animal (Food and Agriculture Or-
ganisation of the United Nations Rome, Italy, 1992). Whatever testing is applied it is
impossible to detect all infected animals at a particular time; hence, the entire flock
should be regarded as infected even if only one animal proves to be positive. Each
infected flock poses a risk for public health (Garin-Bastuji B., 1999): Human cases
may often be a useful indicator of the presence of the disease in animal populations

or may sometimes be the only source of information for surveillance (Corbel M. et
al, 2000).

The following tests are suitable for herd surveillance: (1) the Milk Ring Test (MRT):
a relatively insensitive agglutination test, appropriate only for locating infected dairy
cattle herds (World Health Organization et al, 1986); (11) The Allergic Skin Test
(AST), a more promising method for detecting infected herds of sheep and goats. It

involves only minimum handling of the animals, and an individual animal identifica-

tion is not required.

The following tests are widely applied for diagnosing individual animals: (i) The
Rose Bengal Test (RBT), a standardised spot agglutination test, simple to perform
and inexpensive. However, there are conflicting opinions on the efficiency of this
test in detecting infected animals (World Health Organization et al, 1986). As most
agglutination tests, RBT is susceptible to false positive reactions (or oversensitive)
due to cross-reactions’ and vaccine titres in Brucella-vaccinated animals (Nielsen K,
2002). To confirm reactors it is therefore necessary to apply another test. (11) The
Serum Agglutination test (SAT), a simple test, but many studies have reported a
poor sensitivity as well as specificity (World Health Organization et al, 1986). (iii)
The Complement Fixation Test (CFT), recognised as the most reliable and effective
test for diagnosing brucellosis in individual cattle, sheep and goats (World Health
Organization et al, 1986). As it is associated with a high work load, and the proce-

dure is technically complex, its worth lies in the use for confirming positive reactors

" with Y. enterocolitica O9-infected animals and animals with other Gram-negative bacteria
(Erdenebaatar J et al, 2004)
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found in preliminary screening tests. (iv) New genecrations of tests with Enzyme-
Linked Immuno-Sorbent Assay (ELISA) based on the characterisation of diagnostic
antigen (DNA), knowledge of the host immune responses, and use of specific anti-
body reagents (Food and Agriculture Organisation of the United Nations Rome,
Italy, 1992). These tests aim to overcome most of the drawbacks associated with
conventional techniques of serological tests; they improve both sensitivity and speci-
ficity, implement a high level of international standardisation, and discriminate re-

sponses due to immunisation or exposure to cross-reacting organism from field in-

fection.

In Mongolia, tests used must be simple, quick and cheap. Although sensitivity might
be lower, experiences in developing countries have shown that simple screening
tests (such as card agglutination test with buffered antigen) meet most diagnostic
needs (Kolar J., 2001). A further test helpful for brucellosis surveillance in nomadic
conditions is the allergic skin test (Kolar J., 2001). For specification or verification
of doubtful results, serological quantitative tests such as SAT or CFT are helpful
(Kolar J., 2001). Also, recent studies in Mongolia demonstrated good results when

combining RBT for screening and ELISA tests with sarcosine extracts for confirma-
tion (Erdenebaatar J et al, 2004). ELISA could discriminate positive results in such
cases. Further, ELISA with sacrosine extracts proved to be more convenient for

practical applications than CFT, and a more useful confirmatory test in the Mongo-

lian context.

Test and Slaughter

The following steps are usually applied in T&S programmes, where animals are
tested for evidence of antibodies to brucellosis and positives are separated from
other animals (Madkour M., 2001): (1) identification of the susceptible animals, for
example with ear tags; (2) performing serum tests, (3) removal of seropositive ani-

mals for isolation or slaughtering; (4) retesting remaining animals, until herd tests

are negative for at least 6 months; (5) purchasing new animals from brucellosis-free
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populations only; (6) keeping herds under surveillance. T&S is based upon the fact
that infected animals can be contagious throughout their life-time while not showing
pathognomic signs. If possible, infected animals should be removed from the popu-
lation prior to parturition, when transmission occurs. T&S has been successful in

situations where farms and herds are small, and where there is little movement of

livestock.

T&S is often ineffective in large populations as animals, tested positive with sero-
logical tests, may have spread Brucella by the time they are identified. One problem
is that up to 20% of infected cattle do not show blood antibodies, until after they
abort. It is during abortion that transmission risks are highest, when billions of or-
ganisms are spread (Honhold N., 1994b). Only few countries have been able to
eliminate brucellosis in sheep and goats through T&S. In nomadic settings, the limi-
tations of T&S are most revealed by the great size and movement of the herds, the
poor logistics of test administration, the lack of sufficient funds for programme ad-
ministration and for financial compensation to owners. The separation of the in-
fected animals has to be enforced by government regulations, and slaughtering
within a certain period after testing (2 weeks) has to be compulsory. The prerequisite

of this is an accurate identification tool, and the use of a compensation scheme is

essential to ensure the owners’ co-operation.

Vaccination

T&S is not realistic 1n the majority of places where B. melitensis is endemic (Banai
M, 2002). Therefore, until the disease prevalence is significantly reduced, whole
herd immunisation should precede T&S activities. Experts advise a shifting away
from immunisation to a T&S policy only after the individual prevalence rate is no

greater than 2-3% and the herd prevalence is 5-10% (Food and Agriculture Organi-
sation of the United Nations Rome, Italy, 1992).
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Vaccine protection from infection is not absolute and to achieve high vaccination
coverage, animal owners have to give their consent and a vaccine campaign has to
be backed up with sufficient regulatory authority and resources. Furthermore, the

correct administration of vaccines is crucial to develop rapidly a herd’s resistance.

The vaccines have been initially developed on an empirical basis, and their admim-
stration was based on trial experience and was subject to continuous evolution (see
chapter 5). The current research on brucellosis vaccine attempts to stimulate a pro-
tective immune response by introducing genes encoding protein antigens (DNA vac-
cines) (Schurig G G et al, 2002). But these recent attempts have been hindered by an

incomplete knowledge of the protective antigens of Brucella (Schurig G G et al,
2002)°.

The most successful vaccines used so far for the immunisation of farm animals were
S19 and Rev.1. Both used live smooth attenuated derivates of Brucella spp., S19 of
B. abortus and Rev.l of B. melitensis. S19 had been developed by Buck in late
1930" and protects cattle against B. abortus but not against B. melitensis (Kolar J.,
1992). Depending on animal age, dose, and route of vaccine administration, antibod-
ies appear and persist in serum, and prevent the differentiation of vaccinated from

infected cattle. This makes the use of this vaccine incompatible with simultaneous
T&S application (Schurig G G et al, 2002). In 1996, APHIS licensed the B. abortus
Strain RBS1 Vaccine, a live attenuated rough strain, which does not stimulate the
production of antibodies on standard diagnostic tests (Lin D X et al, 2000). Primarily
responsible for the immunisation is the production of a cell-mediated response. This

vaccine has been implemented in the USA, Mexico and Chile, and replaced S19
(Schurig G G et al, 2002).

Rev.1 vaccine can be used also in cattle, where B. melitensis is prevalent in SR, and

where it may be the cause of infection in cattle. The protection against B. abortus 1s

8 Brucella is found inside the cells rather than in the circulation. So, as the Brucella 1s therefore pro-

tected from antibodies, it is not the antibodies that protect the animals from infection by Brucella
bacteria, but cell mediated immunity (Fonhold N., 1994b).
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comparable to protection provided by S19 (Kolar J., 1992), or even better (Schurig
G G et al, 2002). However, because of fear of the risk of Rev.1 excretion in milk,
epidemiologists resist the use of Rev.1, preferring instead S19 to fight B. abortus
(Banai M, 2002). To obtain protection against B. melitensis infection, Rev.1 vaccina-

tion of cattle has been used in Mongolia (see chapter 5). The extension of this proce-

dure to endemic areas is suggested (Banai M, 2002).

The Rev.1 vaccine is used for immunisation of SR against B. melitensis. ”Rev.]1 vac-
cine is a live, attenuated B. melitensis strain derived from a virulent B. melitensis
isolate which became dependent on streptomycin for its growth, but lost this charac-
teristic, although remaining streptomycin resistant, upon further subculture” (Elberg
S. et al, 1956) (Schurig G G et al, 2002). The Rev.1 strain has been isolated by Prof.
S. Elberg’, and has been intensively studied since 1955 in several countries world-
wide, and was proven to protect SR in endemic areas. Like the S19 vaccine, the vac-
cine Rev.]l also induces positive serology, preventing the differentiation between
vaccinated and infected animals. However, this interference could be reduced by

shifting from subcutaneous administration to the ocular method (conjunctival ad-
ministration) (Banai M, 2002).

This leads to an important topic of this thesis: in the late 1960s and 1970s local pro-
duction of the Rev.1 vaccines had been established for local use. The vaccine be-
came the basis of several national control programmes, such as in Italy, Iran, Israel,
USSR, Turkey, South Africa, Peru and Mongolia (Elberg S., 1981). Later on, 1n late
1970s and 1980s, Rev.1 vaccination of SR became an important pillar in the control
programmes In France, Greece, Spain and Kuwait as well (Elberg S., 1996). The
control programmes, and the use of Rev.l, varied between these countries, but no
conclusion regarding the success or failure of these immunisation campaigns could
be reached, as the results were not obvious (Banai M, 2002). Chapter 5 looks into
the 1970s Mongolian large-scale immunisation programme, which is considered to
be one of the most successful (Elberg S., 1996). It eventually became one of the

world’s largest immunisation campaigns using Rev.l in SR, vaccinating about 33

® Sanford S. Elberg, School of Public Health, University of California, Berkley, USA
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million of them. Only one other vaccination programme was larger: in the Central

Asian Republics of the USSR several hundred million SR were vaccinated with
Rev.l (Elberg S., 1996).

Management practices

Hygiene methods or management practices can be applied to reduce exposure of
susceptible animals and reduce exposure to their discharges and tissues. As diagnos-
tic tests in individuals are not sufficiently reliable to assure the absence of disecase,
animal replacements have to be purchased from herds that are certified Brucella-
free. Commingling with herds of unknown status should be prevented and animals
should be isolated at parturition to prevent possible transmission of infection. All
these measures aim to reduce exposure, but may be difficult to put into action in

nomadic conditions.

5. Key thoughts on Brucellosis

Despite powerful approaches provided by technical improvements during the last
decade, the understanding of the Brucella pathogenesis still remains in its infancy
and the scientific community is far from understanding the molecular mechanisms of
Brucella and how this bacteria causes brucellosis (Letesson J J et al, 2002). Devel-
opments in radiological and laboratory diagnostic methods have contributed to ad-
vances in information about the effect of the disease on every organ of the human
body. Therapy, however, has not kept pace with these advances. In treating patients

with brucellosis, relapses and therapeutic failure still constitute the major problems
(Agalar C et al, 1999) (Ariza J et al, 1995).

Factors contributing to the rising spread of brucellosis in animals are related to the

recent expansion of the animal industry (Madkour M., 2001). Three new develop-
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ments in the epidemiology of brucellosis challenge control policies (Maurin M,
2005): (i) the reservoir of brucellosis in wildlife is expanding, possibly impacting on
domestic animals; (ii) cattle are infected by B. melitensis but vaccines are not yet
well-established for this constellation; and (ii1) a disease reservoir has been recog-
nized 1n marine mammals, and their potential virulence to humans remains un-

known.

Brucellosis can impact more deeply on poorer communities (Perry B D et al, 2002).
As surveillance of brucellosis needs huge financial investments, it is not uncommon
to encounter large ~ scale efforts to control the disease where large-scale cattle and
sheep husbandry have an important economic role. This is the case in Latin Ameri-
can countries, the USA, New Zealand and Australia. These countries have succeeded
in controlling or even eradicating B. abortus. However, the most difficult to control
is B. melitensis (Nicoletti P, 2002), which is at the same time the most virulent spe-
cies for humans. Commonly, regions infected are pastoral communities, in which
sheep and goats play an important role and where husbandry practices create diffi-
culties for the control of brucellosis. However, pastoralist systems account for only a
small part (§%) of the rural poor, where the great majority of poor associated with
livestock are found in mixed crop-livestock systems (Perry B D et al, 2002), com-
mon in developing countries endemic with brucellosis. The disease presents a con-
stant threat to both reproductive performance amongst animals and human health.
The development and application of suitable control strategies for these smallholder

dairy systems would mean an important step in poverty alleviation through im-

proved animal health.
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Chapter 3

Methodology

1. Research question

The central research question addressed in this thesis is: “Is there any relationship
between stated surveillance policy and the brucellosis prevalence in animals and the
brucellosis incidence in humans?” Four aims provide investigative steps to address

this question:

1. To establish epidemiological patterns of brucellosis in animals and humans in

Mongolia from 1966 to 2002;

2. To provide an historical overview of the different strategies applied to the control

of brucellosis in Mongolia;

3. To analyse the possible interactions between the strategies applied to control

brucellosis and its spread;

4. To make recommendations about surveillance policies for brucellosis.

2. Type of information required and how it was ob-
tained

Type of information required

The following information was needed for the analysis:

(1) Information on the characteristics of brucellosis, its epidemiological aspects and

methods of surveillance.
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(ii) To estimate the spread of brucellosis in Mongolia (aim 1), consistent and reliable
data by year and by Aimag'® was required on the human incidence and animal
prevalence.

(iii) Information on the methods for control, eradication and prevention was re-
quired. (aim 2). The surveillance policy was defined for the whole nation, but
implemented during different years at the Aimag level. So surveillance policy
was needed on Aimag level. To understand the surveillance policies in their his-
torical context, information on the political and economic situation was col-
lected. To underpin this qualitative information quantitative data on production,
vaccine use, and animal testing were collected.

(iv) Information on the etiology of brucellosis was needed to understand and assess
possible interactions between the strategies applied to control brucellosis and the
spread of disease (aim 3).

(v) Information on the worldwide spread of brucellosis in animals and humans, and
the current efforts for control, eradication and prevention was needed, to inform

surveillance policy.

How the required information was obtained

Information and data as described above were collected first in London, Prague, and
Geneva. The field work in Mongolia searching paper and electronic records and in-

terviewing key persons completed gaps of information and data required.

Paper and electronic records
This included electronic searches of databases for journals and catalogues of librar-
ies, searching the internet and searches in the intranet of WHO headquarters. Non-

electronic searches were conducted in various archives such as at WHQO Geneva and

authorities in Ulaanbaatar. Other documents were located after discussions with par-

19 An Aimag is the primary administrative unit in Mongolia, i.e. province; it consists of several
Soums
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ticipants at the Brucellosis 2003 International Conference in Spain, through inter-
viewing key persons and by searching through the files of experts.

Networks of informants

A network of brucellosis experts resulting from the previous study'! was reactivated.
The contact with Dr. O. Cosivi - was crucial, facilitating access to the knowledge
based at WHO headquarter. The richest source of information was gained from net-
work of key experts in Mongolia. The collaboration with Dr. J. Kolar '* was out-

standing, and provided a basis for identifying key persons in Mongolia.

3. Data sources

Methods used for searching paper and electronic records, and for interviewing key

persons, are described below.

Systematic literature review

Libraries

Searching electronic catalogues of libraries in London '* for the term “Mongolia”
and such as “brucellosis”, “agriculture”, “development”, “economies”, “health”,
“governance”, “policy”, “livestock”, “transition” “policy” provided good back-
ground information. Besides books, various reports were provided from World
Bank, IMF, TACIS Technical Dissemination Project, Asian Development Bank,

' Economic analysis of the brucellosis control in Mongolia (Roth F. et al, 2001)

'2 Dr. Otorino Cosivi was responsible project leader for brucellosis control in the Department for
Communicable Disease, Surveillance and Response at WHO Headquarter.

' Dr. Jan Kolar, retired WHO-expert living in Prague, worked for WHO for about 10 years in Mon-
Folia from 1965 onwards.

* Consortium of Higher Education Libraries (M25 Consortium London)
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UNESCO, and United Nations Centre for Regional Development. The search for

“Brucellosis” covered the relevant scientific literature.

Regular search on the web

Web searches concerning “Mongolia” and “Brucellosis” have been conducted
throughout to ensure information was up to date. Catalogues of scientific papers
such as Pub med, Medline, Web of Science, SIGLE, IBSS !*> and BIDS'® have been
consulted. The catalogues of international organisations, WHO, FAO and O.LE.,
were very important. References and citation searches have been applied to the pa-
pers identified. This provided comprehensive and up to date information used in
chapter 2 on the worldwide epidemiology of brucellosis, on the experiences with

applied brucellosis surveillance policies and on the current discussion about this

disease.

The observation period of this thesis includes the transition, from a centrally planned
country to market oriented economy in the 1990s. Strong impact of such economic
transitions on public health have been documented for China, Russia, Eastern and
Middle Europe countries, and Central Asian countries (Adeyi, O. et al, 1997). There-
fore, to consider this in the policy analysis, special consideration was given to the

search of publications related to the topic of “Public Health in Mongolia following

the transition’.

Processing the information

The relevant publications, books, reports, documents etc. were entered in Reference
Manager and filed with a continuous number. This allowed easy physical and elec-

tronic access through the search by key words.

'3 International Bibliography of the Social Sciences
' Social Science data-base from LSE
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Information from Dr. Jan Kolar

Dr. Jan Kolar, retired WHO-expert living in Prague, worked for WHO in Mongolia
for about 10 years from 1965 onwards. His task was to elaborate, implement and
conduct a brucellosis surveillance strategy for Mongolia. Beside his wealth of ex-
perience, which he could communicate as a key person during interviews, he pro-
vided reviews, surveys and documents on the policy of brucellosis disease control

and epidemiology of brucellosis before the transition. Most of the material provided

by Dr. J. Kolar is neither published nor accessible in any archive.

WHO Geneva

Literature identified at WHO headquarter in Geneva
The search for “brucellosis” as well as for “Mongolia” within the WHO-Intranet at

the headquarter in Geneva yielded electronic versions of working groups and com-

mittees reports, as well as minutes from joint FAO/WHO expert meetings and mis-
sion reports. This document search gave a comprehensive overview of the involve-

ment of WHO in the fight against brucellosis in various parts of the world.

In the archive of the WHO library the search within the card index boxes gave refer-
ences to historical documents not available electronically. The material documented
the involvement of the WHO in brucellosis control in Mongolia in the 1960s and
1970s and addressed the first aim (epidemiological patterns) and the second aim

(applied surveillance strategy). Most of these documents were assignment reports,

mission reports and reviews, in other words internal or unpublished work, so-called

“grey literature”.

Dr. Ottorino Cosivi

Dr. O. Cosovy, project leader for brucellosis control in the Department of Communi-

cable Disease, Surveillance and Response at WHO Headquarter, made available his
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files related to world-wide brucellosis control which contained relevant documents,

such as memorandum, guidelines and notes from conferences or forums.

Mongolia

The data sources presented did not provide all the required information. In order to
close this gap, fieldwork was conducted in Mongolia in 2003. The aim of this field
work was to get coherent information for the 1966 to 2002 time period for: (i) Ai-
mag level prevalence of brucellosis in sheep, goats and cattle and the incidence of
brucellosis for humans; (ii) numbers of produced doses of vaccines Rev.1 and S-19
and data concerning the vaccination process; (iii) information on the different strate-
gies and applied policies in fighting brucellosis in animal and human, including is-
sues concerning governance, share of responsibility, process and results. This was

obtained through intensive searching of archives and interviewing key persons.

Archive work in Mongolia

Data on the prevalence of brucellosis in animals was obtained from authorities
within the Ministry of Agriculture (MoA) and the Statistical Department. Data on
human brucellosis incidence was extracted from authorities within the Ministry of

Health (MoH) and the Statistical Department.

Quantitative and qualitative data was used to provide an overview of surveillance
policies. The qualitative data was backed up by quantitative data, such as data on
testing and vaccination collected from authorities within the MoA. Two different
methods were used to collect qualitative data: (i) documentary approach by review-
ing published and unpublished literature, local reports, surveys, and government
papers in the MoA, MoH, WHO local office in Ulaanbaatar, central Governmental
archives, Medical University of Ulaanbaatar and by approaching key informants; (ii)

interviewing key personnel, and visiting key sites such as hospitals, laboratories,

vaccine production.
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Interview with key persons in Mongolia

The contacts with Mongolian authorities (MoH, MoA) and with the local WHO of-
fice in Ulaanbaatar, established during previous work 17 were used for further iden-
tification of key persons. Formal interviews with 18 key persons, responsible for
brucellosis surveillance at different levels, provided information about the surveil-
lance policy over the time periods. The appendix 3.1. lists the interviewees. They

could also often provide hints about further sources of documents and data.

4. Methodology used to obtain information during
field work in Mongolia

Research partnership

The field work in Mongolia was embedded within a research partnership, that facili-

tated approaching institutions and coping with the language barrier.

Collaboration, organisation and setting

As first part of this “University Exchange”, Dr. M. Nansalmaa was a *“guest re-
searcher” at the STI in Basel/Switzerland for two months in summer 2003. Her focus
was a scientific exchange with the research group “Human and Animal Health” on

epidemiology and health policy. She was there for specific training to develop statis-

tical methods and tools.

As second part of this “University Exchange”, the author carried out field work as a

“guest researcher” at the MAS in Ulaanbaatar/Mongolia for one month, in autumn

'7 The author conducted in 2000 an economic analysis of the whole herd vaccination programme
(Roth F. et al, 2001). This network amongst Mongolian policy makers and scientists could be com-

pleted at the occasion of the presentation of this analysis at the Second National Workshop on
Brucellosis Control in Ulaanbaatar in 2001.
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2003. The field work in Mongolia served to establish further contacts with con-
cerned authorities and scientific experts in order to complete gaps of information and

data. Key persons were interviewed and unpublished material tracked down.

Participation

The collaboration with M. Nansalmaa was crucial for many types of data collection
during the field work. With her participation, archives could be accessed in Ulaan-
baatar and searched for reports, government documentation, data as well as all re-
lated unpublished scientific material. As all scientific documents were in Russian,
and all policy papers were in Mongolian, she translated them into English, after hav-

ing traced and discussed with me which parts were relevant for the research ques-

tions.

Her broad network helped identifying further of key persons for interviews to fill
information gaps. She also provided valuable support in establishing contacts with
local authorities in Khuvsgol Aimag, where additional field work was conducted. M.

Nansalmaa also acted as interpreter since the key persons interviewed in Mongolia

were all non English speaking Mongolians.

Interviews with key persons

Selection of interview partners and interview sites

M. Nansalmaa complemented existing contacts within the authorities from her own
network within the Mongolian Health System, and her knowledge of the organisa-
tion of the authorities at different levels. The candidates for the interviews were se-
lected jointly with M. Nansalmaa to include: Key persons from all the authorities
responsible for the control of brucellosis in animals or in humans at three adminis-
trative levels: central level, Aimag level, and Soum level, and patients ill from

brucellosis were interviewed. Further interviews took place with herder families and

scientific experts on brucellosis. This selection of interview partners provided a view
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of the policy and actions taken concerning brucellosis control and treatment, from

the perspective of the different groups.

For the interviews on the level of Aimag and Soum, the Aimag of “Khuvsgul” in the
northern part of Mongolia along the Russian border was chosen. The choice was

logistical, as M. Nansalmaa had worked there for 16 years'®, and her broad network

facilitated contacts with key persons.

Khuvsgul Aimag has a surface of 100,600 km2 and a total population of 121,000
(2002). The population density (1.21 person/km?2) is slightly lower than the national

average (1.58 person/km2). The prevalence of brucellosis was at 0.4% for sheep and
1.1% for cattle (all data are means for 2000 to 2002), close to the Mongolian average

(0.5% for sheep and 1.1% for cattle). However, the data for the incidence of brucel-
losis in humans differ between Khuvsgul Aimag (0.75 / 10,000 inhabitant) and the
whole country (7.5 / 10,000). As we had noticed during the interviews with key per-
sons from the Aimag Hospital in Moron, the reason for this was lack of test kits for

serological diagnosis in this Aimag rather than the successful prevention of infection

in humans.

Interview technique

The interviews were semi-structured. The questions were prepared in advance to
meet the specific aim of the single interview. But depending on the circumstances
and preferences of the interview partners, the single interviews were finally con-
ducted in a structured, semi structured or open way. A brief description of the topic

of interest had been given when arranging the appointment. Most interview partners

were therefore prepared for the interview and sometimes even had some written ma-

terial to show or to give.

'® She worked first as physician, then as director and state senior inspector in sanitation and epidemi-
ology.
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Most interview partners were visited at work; two elder interview partners were pen-
sioned and came to see us in the offices of the Mongolian Academy of Sciences.
Most interviews lasted between one and two hours and were often followed by a

visit of the site, lunch or tea. Thus, the overall time of contact leading to further dis-

cussion was considerable.

Documents and data search

Organisation of the search

The document and data search in Mongolia was based in Ulaanbaatar for practical
reasons. Material from local Aimags was only included if reported to the Central
Government in Ulaanbaatar. There are some decentralised archives in various De-
partments and Ministries such as the Central Governmental archive, archive of the
Veterinary Laboratory, archive of the Statistical Department, archive of MoH or
archive of the Biocombinat !°, But it turned out that most of these archives had mate-
rial on policy filed only from 1991 onwards. After 1989 the country had shifted from
a socialist state to a democracy and from a centralised to a market economy. In
1992, a new constitution was adopted based on democratic principles. Thus, for our

field work, informal pathways were set up to search materials related to policy prior
to 1992.

As international Organisations have been involved in brucellosis control in Mongo-
lia since the early stages of the fight against this disease, the local offices of UNDP
and WHO were included in the archive search. UNDP keeps files for 7 years con-
cerming financial matters, and 5 years concerning technical issues. There was no
relevant technical report in the UN house library, and the archives of the WHO local
office were not organised in a way that facilitated searching, As a result, WHO

documentation is restricted to what could be found in the office rooms of WHO.

'% Plant in Songino, close to Ulaanbaatar, to produce vaccines against Brucellosis
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Searches in the catalogues of the Medical University of Mongolia allowed access to

all scientific work on the epidemiology of brucellosis in Mongolia, including re-

search carried on before “transition”.

Procedure in finding policy and scientific documents and data

Policy and scientific documents

As stated above, generally, policy papers concerning the period prior to democratisa-
tion could not be found in archives. So other informal ways had to be used to find

them.

In order to locate them, knowledge of the existence and identification of every single
policy paper was needed. Some of our older interviewees could show us one or two
governmental documents such as “Government Resolution” or “Order of the Minis-
try”. The number and date of the previous documents, which had to be replaced,
were often mentioned in these documents. Reports referring on existing Governmen-
tal papers gave further hints about their existence. But still, they mostly had to be
found in someone’s office or maybe in the local archive of a department. Documents
had to be found in an informal way, which meant through older key persons or

somebody knowing key persons having these documents.

Out of the interviews and document search a list with 24 Governmental papers on
policy and strategy for fighting brucellosis, covering the time frame between 1959
and 2003 was compiled. Some of them we already had found and were crucial as
starting points for further searches. Others, we only knew of their existence, or as-

sumed that they must have existed in order to fill the policy gap supposing brucello-

sis control was continuous.

A second list of 12 items of scientific papers on brucellosis was compiled from hints

from key persons and catalogues from the Medical University in Ulaanbaatar.

64



Some policy and scientific papers were identified during fieldwork. After fieldwork,
M. Nansalmaa found the missing documents and translated them. She translated all

documents but seven. These were translated by a colleague (Oyunaa Tsedendorj). As

some scientific papers were long, only extracts were selected for translation.

Human data

The data concerning the spread of brucellosis in humans was found from: (i) offi-

cially published data from the MoH, or the State Statistical Office of Mongolia

(SSOM), and (i1) from unofficial data mostly relating to data collected by the Infec-
tious Disease Research Institute (IDRI).

The official data from the MoH were published in various papers such as “80 years
Health Sector of Mongolia” (Bayart B. et al, 2001), “Health Statistical Report 2002
(The Directorate of Medical Services, 2002b), “Health Indicators 2002” (The Direc-
torate of Medical Services, 2002a), “Health Statistical Data in 1960 - 2002” (Health
Development Centre, Mongolia, 2002), “State Hygiene and Epidemiological Statis-

tics Data (1952 - 1997)” (State Statistical Office of Mongolia, 2000), and “Health
Statistics of Mongolia 1960-1992” (Ministry of Health et al, 1993).

There are two main problems with the officially published data: (i) the MoH, or
SSOM data include only reports from the Aimags to the capital (MoH), and varia-
tions may have occurred in case definition (clinical diagnosed, serologically con-
firmed), in the reliability of reporting to the capital, and in the governance in the
Aimags. (i1) The available datasets are not continuous for all Aimags from 1966 to
2002, For the time period before 1993, there are missing data at Aimag level, and
before 1980, there are nearly no continuous data available from the MoH, or SSOM,

except a figure for “Brucellosis incidence 1958-2000” at national but not Aimag
level (Bayart B. et al, 2001).

The data gaps were filled mainly through the IDRI. This Institute has systematically

collected data on brucellosis since 1966, but these data are not officially published

and generally show a higher incidence (The Directorate of Medical Services, 2002b)

65



(Infectious Disease Research Institute, 2004) (Honhold N., 1995). These data result
from surveys, and systematic investigations with the involvement of researchers of
the IDRI (Infectious Disease Research Institute, 2004), or even particular studies
carried out in one or two Aimags per year, in which people from high risk groups
were selectively sampled (Honhold N., 1995).

Therefore the human data obtained of this research may result from a mixture of

collection methods, of case definitions, and of sampling methods. This was consid-

ered when carrying out the analysis.

The human population was taken from data provided by the Infectious Disease Re-
search Institute (Infectious Disease Research Institute, 2004) for early years up to
1990 and from officially published sources afterwards (State Statistical Office of
Mongolia, 2000) (State Statistical Office of Mongolia, 1994) (State Statistical Office
of Mongolia, 1999) (National Statistical Office of Mongolia, 2003) (Mongolian
Statistical Office, 2004). All sources seemed to correspond to each other where there

was an overlap of reported data, thus these data appear to be consistent.

Animal data

The sources of animal data were not as varied as for human data. Official statistics
provided the data on animal population (State Statistical Office of Mongolia, 1974)
(State Statistical Office of Mongolia, 1996) (State Statistical Office of Mongolia,
1999) (National Statistical Office of Mongolia, 2003). One main source provided
data on the sample size of tested animals (cattle, sheep and goat) and the correspond-
ing cases with brucellosis (Ministry of Agriculture, 2003c). These statistics were
unpublished. The dataset was largely complete. As these data have been compiled by
one single entity (Central Veterinary Laboratory of the Ministry of Food and Agri-
culture), the consistency concerning case definition and methods of compiling the
data are more reliable. However, uncertainty remained as to how the sample for test-
ing the animals was designed. The other uncertainty related to how many herds were
used. As described in chapter 2, the compilation by herd or area is important for

considering the epidemiology of brucellosis.
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Surveillance data

The data concerning the planning and implementation of the vaccination in animals
was obtained through an intensive archival search at the State Veterinary & Animal
Breeding Department of the MoA. This department was responsible for implement-
ing the vaccination campaign against brucellosis in Mongolia. The data however

were not assembled and had to be collected from yearly files reported in different

formats.

The data concerning the production of the Rev.1 vaccines have been used for verify-
ing and crosschecking the plausibility of the data on vaccination implementation.
They were obtained through archive search at the Biocombinat factory located in
Songino-Mongolia®® (pers. Communication with ULZIITOGTOKH Tsedev, Vice-
Director, 2.10.2003 (Roth F., 2003a)). All Rev.1 vaccines used for the vaccination
campaigns since mid 1970s had been produced at this factory. Data on the produc-
tion of S-19 vaccines were only available for the years after 1996. Before then cattle
were also vaccinated with Rev.1. All these primary data found in archives were
drawn out of internal reports or production files. As they were in Mongolian, the

archive search was conducted by a staff member according to our requirements.

Recapitulation on obtaining information

To recapitulate this section on data collection methodology, most of the documents
and data uncovered during the Mongolia field work were unpublished, sometimes in
the form of handwritten notes. Tracking down Governmental policy papers about
brucellosis control turned out to be rich in impediments: they were not incorporated
into a single archive, but were disseminated among various archives of the different
authorities, within the MoA and MoH, and the Central Government Archive (CGA).

As the access to this CGA was restricted to authorised persons, the research partner-

% This state-owned factory produces over 60 types of bio preparations and aims to satisfy 100 percent
of the domestic market.
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ship established with M. Nansalmaa and the MAS helped. Still, most of the govern-
mental decision papers could only be obtained from key informants who had put
their own copy at our disposal. M. Nansalmaa played a key role in establishing con-

tacts in Ulaanbaatar, accessing archives, tracking down the documents and translat-

ing them into English.

5. Quality assurance

Data cleaning

The collected data documented the prevalence in animals (sheep, goats, cattle) and
the incidence in humans, at the Aimag level, for the period 1966 to 2002. This re-

sulted in about 17,000*' single items entered in Access to form unique and compre-

hensive database.

For data cleaning, the database was transferred to Excel and Intercooled Stata using
Stat Transfer. This allowed for eliminating of mistakes made in data entry (check-
ing) and to assure the reliability and validity™ of the primary data. Crosschecks with
plausibility calculations in Excel were done, such as calculation of prevalence, inci-
dence and totals. Plots of the data with Intercooled Stata were made to show any
unusual constellations caused by mistakes in data or data entry. If mistakes were

identified the original data were checked for inconsistencies.

The original data sources were cross-checked with other data sets or overlapping
data sets. For example, the production of vaccines was checked with the imple-

mented vaccine programme, and with the planned vaccination programme. The inci-

?! Collected data for animals (cattle, sheep, goats) for every Aimag and all years (1966 to 2002):
totals in population, samples, positives, prevalence, vaccinated (planned, effective, with Rev.1 or with
$19 vaccines). Collected data for humans for every Aimag and all years: population, number of new

cases, incidence, Collected data on vaccine production: for Rev.1 and S19 during the observation
?criod at central level.

? Reliability & validity: “the two key concepts that determine the accuracy of surveillance data are
reliability and validity. Reliability refers to whether a particular condition is reported consistently by

different observers, whereas validity refers to whether the condition as reported reflects the true con-
dition as it occurs.” (Teusch Steven M. et al, 2000)
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dence of brucellosis at national level had been calculated with the total Mongolian
population as the denominator, however, for some Aimags the numerator was miss-
ing for the period between 1979 and 1990 and could have caused published inci-
dence rates to be too low (Bayart B. et al, 2001). It appeared that “zero” and “miss-
ing” were not distinguished. This was adjusted: the denominators representing the
total Mongolian population have been diminished by the population of the Aimags
with missing values (numerator). The aggregation used in the spatial analysis was
not correctly weighted by the number of animals per Aimag to derive the number of
cases. Instead, the aggregation was based on the samples of positive cases irrespec-

tive of population in the Aimag. This was corrected.

Quality assurance of grey literature

Grey literatures provided a rich source of information and often gave indications
about important discussions, controversial views or trends. However, this grey litera-
ture did not undergo any scientific peer review. Numbers, implemented policies, and
technical details included in this thesis work have been checked and verified by tri-
angulation with other information such as published literature, confronting interview
partners, or comparisons with other documents not quoting each other. Through this

procedure, potential bias was minimised.

Quality assurance of interview

M. Nansalmaa acted as interpreter. Quality assurance of the translations was done
through asking the same question differently when the question was crucial, or the
answer given doubtful. This led several times to further discussions, where the an-
swers were refined or even changed. This was not always because of translation
problems, the interviewee sometimes revised his or her opinion. Numbers mentioned
during the interview were written down and shown to the interviewee. When appro-

priate, sketches were drawn and developed during the follow up talks and the state
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of knowledge shown on a graphic illustration. So during discussion the information
gained in the interviews could be backed-up, qualified or rejected, which improved
the quality of the content. Because of consecutive translations, there was enough
time for taking notes about the conversations. After the interview, all notes were
written down in a standard format and were discussed and revised with M. Nansal-
maa. Missing or unclear information could be revised, sometimes by contacting in-

terviewee. This process of triangulation was continued by comparing or completing

the interview-information with official documents on brucellosis control.

Quality assurance of translations

M. Nansalmaa scanned and sent the original documents together with her transla-
tions by E-Mail. To assure quality, she worked through the translation with other
English speaking persons living in Mongolia. The purpose of this quality control

was to check the English and not correct the translation, as these persons were not all

experts in the Mongolian or Russian languages.

Working through these translations and having the originals allowed some plausibil-
ity control, for example, with numbers and tables, but also by cross-checking the
coherency of the content. Questions and comments were sent back to M. Nansalmaa.
No doubt some weaknesses in interpretation remained, but this process provided

documentary evidence of good quality and reliability.

6. Analysis
Plotting and mapping the data

Various graphs have been created to get a first overview on the data. Graphs show-
ing the spread of disease are included in chapter 4; graphs showing surveillance pol-

icy and the course of disease are included in the chapter 5; comprehensive set of
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graphs with human incidence and animal prevalence in every Aimag are in the gp-

pendix 4.2..

The data have been mapped with a geographical information system (GIS, MapInfo
software) to get a view of the spatial distribution of brucellosis. Maps showing the
population density of humans and animal as well as the spread of disease are in-
cluded in chapter 6. Comprehensive sets with the incidence in humans, together with
the prevalence in SR, and with immunisation proce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>