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Chapter 1. General Introduction  
 

Background 

Over the last decades, a considerable amount of evidence has been generated on 
how certain health interventions can lead to dramatic reductions in mortality and 
disability, often at modest cost’.1 Yet analyses and debates on prioritization of health 
interventions often do not take into account the specific contexts of individual 
countries.2 In this thesis I will explore some of the interventions related to the control 
of three communicable diseases: tuberculosis, visceral leishmaniasis and human 
African trypanosomiasis (HAT), in three specific settings: Uzbekistan, India and the 
Democratic Republic of the Congo (DRC). The aim of the research presented is to 
identify ways to increase the effectiveness of these interventions. The terms 
communicable and infectious are used interchangeably in this text; communicable 
disease being defined as: ‘a disease caused by pathogenic microorganisms, such as 
bacteria, viruses, parasites or fungi; the disease can be spread, directly or indirectly, 
from one person to another’.3 Apart from being communicable, all three are also 
chronic diseases, defined by the World Health Organization (WHO) as diseases of 
long duration and generally slow progression.4 Moreover they mainly affect low 
income countries. For the purpose of this thesis I will define control of communicable 
diseases as: ‘measures to prevent transmission of disease from person to person or 
from animal to man, as well as measures to prevent unnecessary suffering from 
disease once infected.’  
 
Whereas tuberculosis is found all over the world, visceral leishmaniasis and HAT 
have a more focal distribution. Visceral leishmaniasis occurs mostly on the Indian 
Subcontinent, in East Africa, in Southern Europe and in Latin America; HAT is found 
exclusively in sub Saharan Africa (figure 1-3).5,6 Tuberculosis is transmitted from man 
to man, transmission of visceral leishmaniasis and HAT involves an arthropod vector. 
Though tuberculosis can also infect a number of animal species, humans are 
considered to be the main reservoir. 7 The same applies to visceral leishmaniasis in 
East Africa and on the Indian subcontinent, where Leishmania donovani is the 
causative organism.8 HAT occurs in two different clinical forms, caused by two 
different parasites. Over 90% of HAT cases are caused by Trypanosoma brucei 
gambiense, and are also referred to as West African sleeping sickness; the 
remainder are caused by Trypanosoma brucei rhodesiense and are also referred to 
as East African sleeping sickness.6 West African sleeping sickness is an 
anthroponosis; humans are assumed to be the only reservoir. Currently over 60% of 
all cases of West African sleeping sickness reported are from the Democratic 
Republic of the Congo (DRC).  
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Figure1: Estimated annual tuberculosis incidence (all forms) in 2008 
(Source: WHO Global Tuberculosis Control, A short update to the 2009 report) 
 
 

 
Figure 2: Number of West African HAT cases reported per year by country 
(Source: Fevre et al. The Burden of Human African Trypanosomiasis, 2008) 6 
 
 
 

 
Figure 3: Countries affected by visceral leishmaniasis 
(Source: Chappuis et al. Visceral leishmaniasis: what are the needs for diagnosis, treatment 
and control, 2007)9 

 
Control of chronic infectious diseases requires not just treatment of individuals but 
also eradication of the disease reservoir. If the reservoir of the causative organism is 
mainly or exclusively human, as in the case of tuberculosis, visceral leishmaniasis 
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caused by Leishmania donovani and West African HAT, treatment of patients and 
eradication of the disease reservoir go hand in hand. A well functioning health 
system will then be of key importance in controlling the disease. It is not enough for 
patients just to be diagnosed and treated; preferably they should be diagnosed and 
treated at an early stage, before they have been able to transmit the disease to 
others. Thus health care services that are accessible, affordable and permanently 
available are a prerequisite. If transmission of the disease involves a vector, vector 
control may further reinforce disease control measures. 
 
In this thesis I will focus on the different aspects of control of the three diseases: 
prevention, case detection and treatment, and surveillance. This requires 
consideration not only of the epidemiology and clinical presentation of disease but 
also of the social and health care system contexts. For West African HAT the focus 
will be on the DRC, the most endemic country; for visceral leishmaniasis the focus 
will be on Bihar, India, the state from which the bulk of visceral leishmaniasis cases 
caused by Leishmania donovani originate. For tuberculosis the focus will be on 
Uzbekistan, a low income former Soviet country with a moderately high incidence of 
tuberculosis. For each of the three diseases the main research focus is on improving 
disease control taking into account the existing health care system and limited 
resources available. We studied healthcare seeking behavior and the way the health 
systems manage suspect cases and patients; for visceral leishmaniasis we also 
studied risk factors as a way to identify potential preventive measures or target 
control measures.  
 

Tuberculosis in Uzbekistan 

Tuberculosis is caused by infection with mycobacteria belonging to the 
Mycobacterium tuberculosis complex, which includes the pathogenic species M. 
tuberculosis, M. bovis and M. africanum.6 The species most commonly affecting 
humans, and of which humans are also the main reservoir, is M. tuberculosis. 
Transmission of M. tuberculosis is directly from man to man through inhalation of 
infectious droplets. The main sources of infection are tuberculosis patients with 
concentrations of bacilli in their sputum high enough to be detected by direct smear 
microscopy. These patients, known as sputum smear-positive tuberculosis patients, 
disseminate infectious droplets when coughing. Of all those infected with M. 
tuberculosis, only an estimated 10% go on to develop clinical disease; about 50% of 
those tuberculosis patients will be sputum smear-positive cases.7 WHO estimates 
that during 2008 worldwide 9.4 million new cases of tuberculosis disease occurred 
and 1.8 million died from the disease.10 A vaccine for tuberculosis, Bacille de 
Calmette Guérin (BCG), has been available since 1921. However BCG does not 
prevent infection and is not very effective at preventing the infectious forms of the 
disease11.  
 
Until anti-tuberculosis drugs became available, the only effective tuberculosis public 
health measure was to isolate infectious tuberculosis patients in sanatoria. They were 
to remain on admission until they were cured spontaneously or until they died. With 
the advent in the 1950s of effective anti-tuberculosis drugs, early case finding and 
treatment have become the mainstay of tuberculosis control12. Approaches to ensure 
early case detection have changed over the years. Whereas in the 1960s mass 
population screening by X-ray was widely practiced, this practice was abandoned in 
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most countries in the 1970s in response to the results from studies in 
Czechoslovakia, Canada and the Netherlands which showed that the yield of active 
case finding was very low. Most patients presented themselves to the health services 
at their own initiative because of symptoms arising in between two screening 
rounds.13,14,15,16 In the countries of the Soviet Union the practice of active case finding 
by mass X-ray screening was continued.  
 
The first anti-tuberculosis drugs became available in the mid 1940s and early 1950s. 
Tuberculosis patients were still admitted to sanatoria but now for the first time they 
could effectively be treated.11 Soon it became apparent that when patients are 
treated with a single anti-tuberculosis drug, resistance to this drug develops. 
Preliminary results of a trial published in 1949 showed that development of 
resistance could be prevented by using combinations of two or more drugs. 17 
Resistance to anti-tuberculosis drugs was shown to be the result of selection of 
resistant mutants; this can be prevented by combining drugs since the probability of a 
tubercle bacillus being resistant to several drugs at the same time is very small. 
Combined treatment regimens thus became one of the axioms of tuberculosis 
treatment. A course of anti-tuberculosis treatment in those days took 18-24 months. 
With the advent of rifampicin as an anti tuberculosis drug in the mid 1960s and the 
rediscovery of pyrazinamide, shorter regimens could be devised. In the meantime a 
study from Madras in India had shown that even under very poor socio economic 
conditions; results of home based treatment were not inferior to results of hospital 
based treatment.18  There was also no increase in the proportion of close contacts 
being infected when a patient was treated at home; those household contacts 
infected were apparently already infected by the time the index case was diagnosed. 
In most countries this led to the adoption of ambulatory treatment for tuberculosis 
and the closure of sanatoria; in the Soviet Union however in-patient treatment 
remained the standard.  
 
Control of tuberculosis became very much standardized worldwide when the World 
Health Organization launched the DOTS strategy in 1995. 19  The strategy 
encompasses 5 key components:  

1. Sustained political commitment 
2. Access to quality-assured sputum microscopy 
3. Standardized short-course chemotherapy for all cases of tuberculosis under 

proper case management conditions, including direct observation of treatment 
4. Uninterrupted supply of quality-assured drugs 
5. Recording and reporting system enabling outcome assessment of all patients 

and assessment of overall program performance. 
 
Under the DOTS strategy, case finding, diagnosis and treatment of tuberculosis are 
integrated into general health care services. Key elements are the focus on smear 
microscopy for diagnosis and the standardization of treatment regimens. Case finding 
is based on screening by sputum smear microscopy of suspect cases presenting 
themselves to the health services at their own initiative. Treatment regimens are not 
only standardized but are also provided preferably on an ambulatory basis. To 
prevent irregular treatment and thus protect the key drug, rifampicin, treatment is 
provided under direct supervision of a health worker. Treatment outcomes are closely 
monitored using a standardized recording and reporting system. Though the DOTS 



Chapter 1. General Introduction 

  9 

strategy was successfully implemented in many countries, it met with a lot of 
skepticism and reluctance in most countries of the former Soviet Union.20  
 
About a decade after the inception of the DOTS strategy major progress in global 
tuberculosis control had been made. However it also became clear that the DOTS 
strategy alone was insufficient to achieve the targets set by the World Health 
Assembly at the start of the new millennium, i.e. a 50% reduction in tuberculosis 
mortality and prevalence by 2015 as compared to the 1990 levels.21 The rapid rise in 
tuberculosis cases as a result of the HIV-epidemic in sub-Saharan Africa and the 
major increase in incidence and prevalence of multi-drug resistant tuberculosis 
associated with the socio-economic crisis that followed the dismantling of the Soviet 
Union in the early 1990s presented new challenges. Moreover the DOTS 
implementation depended to a large extent on existing public health systems; as it 
turned out these health services were often very weak and in need of strengthening. 
In many countries a substantial part of tuberculosis patients were missed by the 
DOTS strategy because they were diagnosed and treated in the private sector. 
Though successful, the DOTS strategy has been criticized as rather paternalistic 
because of the emphasis on supervised treatment.22 There was an obvious need to 
better take into account the point of view of patients and communities affected. 
Finally there was a clear need for more research, in particular related to diagnostic 
tests and drugs. When programs were confronted with multi-drug resistant 
tuberculosis and tuberculosis-HIV co-infection, the need for rapid and sensitive 
diagnostic tests became more prominent; the increase in multi-drug resistant 
tuberculosis also necessitated development of new drugs. Taking into account all 
these new challenges, the ‘Stop TB strategy’ was launched in 2006.23 The six pillars 
of the strategy are:  
 

1. Pursue high-quality DOTS expansion and enhancement 
2. Address tuberculosis/HIV and multi drug resistant tuberculosis and other 
special challenges 
3. Contribute to health system strengthening 
4. Engage all care providers 
5. Empower people with tuberculosis and communities 
6. Enable and promote research 

 
Although globally there is a unified tuberculosis control strategy, the challenges 
presented vary widely between different settings. Former Soviet countries 
traditionally have a very different approach, including elements such as active case 
finding, diagnosis based on radiography and individualized hospital based treatment. 
These policies are now being revised in most of these countries but efforts to reform 
the system often meet with considerable resistance.20 
 
The general healthcare system which Uzbekistan inherited upon independence in 
1991 was the Soviet Semashko model.24 This system provided all its citizens with 
free health care at the point of delivery.25 In rural areas there was a 4-tiered system 
with feldsher* midwifery points (Feldshersky Akushersky Punkt [FAP]) as lowest level, 
the rural physician ambulatory (Selskaya Vrachebnaya Ambulatoriya [SVA]) as next 
level, followed by the rural hospital, and with the central district hospital at the top of 

                                            
*
 A midlevel health worker in rural areas of the (former) Soviet Union 
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the pyramid.26 FAPs served populations of 600-3000 and were staffed by 
paramedical workers, at SVA level there was usually an internal medicine specialist, 
a pediatrician, an obstetrician and a dentist. In urban areas first line healthcare was 
provided by policlinics, staffed by specialists in internal medicine, pediatricians and 
other specialists. There were different types of policlinics, e.g. for adults, for children, 
and for women’s health. Those policlinics were equipped with highly specialized 
diagnostic and treatment facilities. There were also many hospitals and in-patient 
care was considered superior to outpatient care irrespective of the clinical condition. 
In 1994, 64% of all physicians in Uzbekistan were working in hospitals.26,27 The most 
striking feature of the whole set-up, in rural as well as urban areas, was the virtual 
non-existence of general practitioners.27,28 
 
The Uzbek healthcare system is gradually being reformed, starting with pilots in rural 
districts of three out of 14 provinces in 1998. Two more provinces were included in 
the reforms in 2002.24 In these districts a 2-tier system has been introduced 
consisting of rural physician points (Selsky Vrachebny Punkt [SVP]) and a central 
district hospital. SVPs are first line facilities, run by general practitioners. FAPs and 
SVAs have been phased out and replaced by SVPs. More recently the reforms have 
been extended to urban policlinics which have been transformed into family 
policlinics, run by general practitioners and providing care for all groups of the 
population.  
 
The tuberculosis control system of the Soviet Union was a fully vertical system.29,30 
The whole population was screened by X-ray or fluorography once yearly; those 
found to be suffering from tuberculosis were treated as in-patients in specialized 
hospitals and sanatoria. Treatment regimens were individualized. Upon completion of 
treatment patients were kept under continued observation for at least 3 years or as 
long as cavities remained visible on X-rays. During this period additional anti-
tuberculosis treatment courses were prescribed in spring and autumn. As long as the 
patient was admitted and/or not able to work; (s)he was provided with an income 
substitution.24 Treatment and hospitalization were entirely free of charge.  
 
This was the tuberculosis control system that Uzbekistan inherited when the Soviet 
Union fell apart in 1991. Due to economic difficulties during the years following 
independence, the system could no longer be maintained; at the same time there 
was a steep increase in tuberculosis case notification rates from the early 1990s.31 
Faced with this situation, Uzbekistan decided to reform its tuberculosis control 
system according to the principles of the internationally recommended DOTS 
strategy19. Under the new system, case finding is mainly passive and decentralized 
to general health facilities. Treatment regimens have been standardized. New 
patients are treated for 6 months; patients with a history of previous treatment are 
treated for 8 months. Patients are still admitted to specialized hospitals but only for 
the first 2-3 months, the so-called intensive phase. For the remaining 4-5 months, 
treatment is provided on an outpatient basis, drugs are provided three times weekly 
under supervision of a health worker from specially designated rooms in general 
policlinics (DOTS corners). The reforms were implemented in a phased manner; by 
2005 all districts of Uzbekistan had been covered.  
 
Although the DOTS strategy is now officially implemented in all districts of 
Uzbekistan, many elements of the former system are still in place. These include 
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annual chest X-ray screening of a large part of the population and mandatory 
hospitalization during the first 2-3 months of treatment. Also the practice of keeping 
patients on register after completion of treatment and prescribing additional treatment 
courses in spring and autumn has been maintained. This is the result of 
compromises that were necessary to overcome initial resistance to the DOTS 
strategy from tuberculosis specialists. A national tuberculosis program was created, 
directly answerable to the minister of health, under the name ‘DOTS Center’. 32 
Traditionally policies in tuberculosis control were decided upon by the National 
Research Institute for Pulmonology and Phthysiatry (NRIPP). When DOTS Center 
was created, the two structures continued to exist in parallel and as a result there is 
still no uniform national tuberculosis policy as both institutions issue their own specific 
guidelines. Over the years DOTS Center has become firmly established and has 
been the principle recipient of two grants from the Global Fund to fight Aids, 
Tuberculosis and Malaria. These grants provide a substantial part of the running 
costs for tuberculosis control in Uzbekistan. While the second grant is currently only 
in its first phase, the first grant has been very successfully implemented.33  
 
The studies on tuberculosis included in this thesis relate to the specific context of 
Uzbekistan. The fact that two systems of tuberculosis control exist in parallel has 
resulted in a number of inconsistencies in policies and practices related to case 
finding and treatment. These inconsistencies are causing confusion among patients 
as well as staff. Our studies on tuberculosis explored case finding, prescribing 
practices and problems related to adherence to treatment with the aim of informing 
policy reform.  
 

Visceral Leishmaniasis in India 

Visceral leishmaniasis, also known as Kala-azar is a vector-borne parasitic disease 
which is nearly always fatal if left untreated.34,35 Protozoa of the leishmania complex 
cause an obligate intra-macrophage infection. The clinical syndrome is characterized 
by fever, weight loss, splenomegaly, hepatomegaly, and anemia, but, as in 
tuberculosis, only a fraction of those infected develop clinical disease.36 Though 
visceral leishmaniasis is endemic in over 60 countries, 90% of all reported cases 
occur in just 6 countries: Bangladesh, Brazil, Ethiopia, India, Nepal and Sudan. 9 The 
disease is transmitted through the bite of an infected phlebotomine sandfly. The host 
reservoir is different in different parts of the world, reflecting a difference in parasite 
strains. Whereas in Europe and Latin America the causative organism is Leishmania 
infantum, which has the domestic dog as its main reservoir, on the Indian 
subcontinent (Bangladesh, India, Nepal) the causative organism is Leishmania 
donovani, which is essentially a parasite of humans.8 A skin condition, called post-
kala azar dermal leishmaniasis (PKDL), can occur after a patient has been treated for 
and apparently cured from visceral leishmaniasis. PKDL is not a serious clinical 
condition but PKDL patients are very infectious and may form a reservoir of the 
parasite.37  
 
Parasitological confirmation remains the reference standard for diagnosis but is not 
very sensitive unless a spleen puncture is performed. Because this is a risky 
procedure, several serological tests have been developed. Some of these tests are 
highly sensitive and have a high positive predictive value when used in endemic 
areas among clinical visceral leishmaniasis suspects. One test format in particular, 
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the rK-39 dipstick, has proven very useful under field conditions.38,39 Though these 
serological tests do have a high positive predictive value when used in a population 
of clinical visceral leishmaniasis suspects, substantial proportions of asymptomatic 
persons in endemic areas will also test positive. This is assumed to be a reflection of 
the existence of sub clinical infections; it is unclear which proportions of these sub 
clinical infections progress to clinical infections.36,40 
 
A number of new treatments have become available since 1990; at that time the only 
treatment in use was 20 to 28 days of daily injections of pentavalent antimony. 
Pentavalent antimony is still widely used but there have been several reports of high 
rates of resistance to the drug from Bihar, India.41 Three additional, highly effective 
parenteral drugs are now available: amphotericin B, lipid formulations of amphotericin 
B and aminosidine (paromomycin).42 More recently an oral drug, miltefosine, has 
been added to the armamentarium.43 
 
On the Indian subcontinent the estimated population at risk for visceral leishmaniasis 
is around 200 million, the estimated annual incidence about 420,000. The disease 
affects mainly poor rural communities; 50% of all reported cases are from the state of 
Bihar in India44.  As a result of intensive dichlorodiphenyltrichloroethane (DDT) 
spraying during the malaria eradication campaigns of the 1950s and 1960s, the 
reported incidence of visceral leishmaniasis on the Indian subcontinent decreased to 
zero levels. However a few years after the spraying campaigns were abandoned 
there was a strong resurgence, starting in the state of Bihar in the 1970s and peaking 
in the 1990s.34 Though vector control can apparently be effectively used to control 
visceral leishmaniasis, resistance to DDT and the high cost of alternatives such as 
pyrethroid insecticides pose challenges.  Bearing this is mind; the governments of 
Nepal, India and Bangladesh developed a ‘Regional strategic framework for 
elimination of Kala-azar from the South-East Asia region’ which envisions five main 
strategies:  

1. Early diagnosis and complete case management 
2. Integrated vector management and vector surveillance 
3. Effective disease surveillance through passive and active case detection and 

vector surveillance  
4. Social mobilization and building partnerships  
5. Clinical and operational research 

 
To achieve early diagnosis and complete case management, rK-39 dipstick tests are 
to be made available in all public health facilities in endemic areas. Treatment 
regimen of choice is miltefosine, an oral drug. Treatment is provided preferably under 
direct supervision of a health worker. Amphotericin B and lipid formulations of 
amphotericin B are kept as 2nd line treatment; aminosidine is a possible alternative. 45 
 
The mainstay of vector management is indoor residual insecticide spraying. In India 
DDT is the insecticide of choice even though there have been a number of reports 
about DDT resistance in sandflies46 . To ensure efficient use of insecticide, areas of 
high transmission are to be determined. Insecticide treated bednets are the second 
component of the vector management strategy. The sandfly vector on the Indian 
subcontinent, Phlebotomus argentipes, prefers to feed around midnight. Several 
observational studies have shown a protective effect of bednet use against visceral 
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leishmaniasis however a recent intervention trial in the region was inconclusive 
(A.Picado, personal communication).38, 47  
 
The remaining three components of the strategy, disease surveillance, social 
mobilization and research are mainly aimed at supporting the first two components. 
Disease surveillance includes surveillance of PKDL because of the role of PKDL 
patients as a reservoir of the parasite.37 Social mobilization is important to reduce 
patient’s delay, to promote adherence to treatment and to generate support for vector 
control activities. The main research objectives are the identification of additional 
drugs and diagnostics and monitoring of drug resistance. Identifying an appropriate 
treatment regimen for PKDL is an important aspect.  
 
The health care system in India is a classical district health system, though the term 
‘district’ can be misleading as an Indian district with a population size averaging 2 to 
3 million is comparable to a province/region in other countries.  The equivalent of the 
‘health district’ in those other countries is called a ‘block’ in India, with an average 
population size of around 200,000 to 300,000. Since visceral leishmaniasis in India is 
a disease of rural areas, I will focus here on the rural health care system. Primary 
health care in rural blocks of India has been organized as a 3-tier system.48,49  At the 
top of the pyramid is the Community Health Center, in theory catering for a block 
population of 120,000. This Community Health Center is staffed with physicians and 
has a limited number of beds; the next level of referral is the district hospital. By 
design each Community Health Center should support 4 Primary Health Centers. 
The Primary Health Center is the lowest level of the system at which physicians are 
available. A primary health center in its turn supports 6 Health Sub-centers, run by 
auxiliary nurses/ midwives (ANM). In addition, at village level there are volunteer 
outreach workers known as ‘accredited social health activists’ or ASHA’s. They are 
supervised by the ANMs and constitute the link between the community and the 
health system. The system is well organized with all ASHA’s attending meetings at 
the Community Health Center once every four weeks; ANMs meet twice a month. 
Though according to the norms there should be one Community Health Center per 
120,000 population and one Primary Health Center per 30,000 population, the actual 
population numbers to cover are much higher. The rural areas of Muzaffarpur district 
in Bihar State in which we conducted our studies have a population of almost four 
million but altogether there are only 14 Community Health Centers and 4 Primary 
Health Centers (S.P.Singh, personal communication).  
 
In addition to the public system there is a substantial network of private practitioners, 
both qualified and unqualified. In the private sector as well as in the public sector, 
different traditions of medicine co-exist. Apart from classical allopathic medicine, 
there are also the ancient Indian systems such as Ayurveda, Siddha, Unani and 
homeopathy.  These systems of alternative medicine have officially been recognized, 
including training and certification of providers.50   
 
In endemic areas, diagnosis and treatment of visceral leishmaniasis are available at 
Community Health Center level. Case finding is passive; any patient with a history of 
fever of more than 2 weeks, not responding to anti-malarials, has to be subjected to 
an rK-39 dipstick test according to instructions of the VL elimination program.45  
Those testing positive receive free treatment, provided on an out-patient basis. 
Outreach workers are not systematically involved in case finding and treatment. 
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In this thesis we explored health care seeking behavior and treatment outcomes for 
visceral leishmaniasis under routine conditions in government primary healthcare 
facilities in Bihar State. We also examined factors associated with transmission of 
visceral leishmaniasis as such information can be used to mitigate risk either directly 
by addressing risk factors or indirectly though improved targeting of indoor residual 
insecticide spraying.  

Human African Trypanosomiasis in the Democratic Republic of the 
Congo 

West African HAT, caused by the parasite Trypanosoma brucei gambiense, is 
transmitted by tsetse flies in a man-fly-man cycle. Unlike East African HAT, caused 
by Trypanosoma brucei rhodesiense, which has cattle and some wild animals as a 
reservoir, West African HAT is essentially a disease of humans. In the absence of 
appropriate treatment, HAT infection inevitably leads to death.51 West African HAT 
has two stages, the hemolymphatic stage with no or few specific symptoms, followed 
by the meningoencephalitic stage when the causative parasite has crossed the 
blood/brain barrier. The second stage is characterized by neurological signs and 
personality changes. Damage to the hypothalamus may lead to disturbance of the 
normal sleep pattern which has led to the disease being called ‘sleeping sickness’.52 
 
About 60% of all cases of West African HAT reported worldwide are from the DRC, 
which has seen a surge in cases during the second half of the 1990s. The highest 
peak was observed in 1998, when 26,318 cases were reported; by 2008 the reported 
annual incidence was down to 7,326 cases. (Un-published data, Programme 
Nationale de Lutte contre la Trypanosomiase Humaine Africaine) 
 
In diagnosis of HAT there are three steps, screening, confirmation tests and 
staging.53 Screening is mostly done on the basis of a serological test called the card 
agglutination test for trypanosomiasis (CATT).54 The CATT test is a test on capillary 
blood that can easily be performed under field conditions but does require a cold 
chain. It has a specificity of around 95% and a sensitivity ranging from 87-98%.53 The 
CATT test can also be performed on blood samples collected on filter paper. A few 
alternative screening tests exist, some of which can also be performed on samples 
collected on filter paper. These include micro-CATT, LATEX/T.b.gambiense and 
ELISA/T.b.gambiense.55,56,57  
 
Individuals testing positive on screening tests are subjected to a number of 
parasitological confirmation tests. The routine confirmation tests used are 
microscopic examination of a lymph node aspirate and the thick blood film. A wet 
preparation from a lymph node aspirate is examined at a magnification of 400x to 
identify the presence of motile Trypanosomes. In thick film examination, 20 μl of 
stained blood is examined for the presence of Trypanosomes at 1000x magnification; 
the technique is basically the same as used for diagnosis of malaria. Both methods 
are highly specific but have poor sensitivity; Miézan et al estimate their combined 
sensitivity at 70% but Lutumba et al estimate it much lower  (44.8 %, 95% CI 36,8–
53,0).58,59 To overcome the problem of low sensitivity, a number of concentration 
techniques have been developed. These include the capillary tube centrifugation test 
(CTC)60, the quantitative buffy coat (QBC)61 and the mini-anion-exchange 
centrifugation technique (mAECT)62. The first two methods are based on 
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concentration of trypanosomes through centrifugation; mAECT is based on anion 
exchange chromatography to separate the trypanosomes, which are less negatively 
charged than blood cells, from venous blood. In all three techniques the final product 
is examined by microscopy; in QBC trypanosomes are stained with acridine orange 
and examined in a dark room under ultraviolet illumination, in CTC and mAECT, 
tubes are examined directly at low magnification. These techniques are more 
sensitive but still far from perfect, reported sensitivity estimates range from 95% for 
QBC to 56.5% (95% CI 48.3–64.5%) for CTC and 75.3% (95% CI 67.7–81.9%) for 
mAECT . 63 Though they are more sensitive than the traditional confirmation tests, the 
technical requirements have been an obstacle to their routine use under field 
conditions. Production of the QBC test kit has been interrupted.  
 
Once the causative micro organism has been demonstrated, staging of the disease is 
the next step. This requires a lumbar puncture because of the need to examine 
cerebrospinal fluid. Cerobrospinal fluid is examined for the presence of trypanosomes 
or a raised white blood cell count. If either of the two is present, the patient is 
assumed to be in the meningo-encephalitic stage. Staging is necessary because the 
treatment for the meningo-encephalitic stage is different from the treatment of the 
hemolymphatic stage and is highly toxic.  
 
In the hemolymphatic stage, West African HAT is treated with daily intramuscular 
injections of pentamidine for 1 week. In the meningo-encephalitic stage the traditional 
treatment is with melarsoprol, a trivalent arsenic compound. It is given by slow intra 
venous injection either over a period of 10 consecutive days, or in 3-4 series spread 
out of over one month. The most serious side effect associated with melarsoprol is 
encephalopathy, which usually manifests itself during treatment as a sudden violent 
neurological deterioration. Lethal forms of encephalopathy can be expected in 3-5% 
of cases treated.64 Apart from these obvious toxicity problems, treatment with 
melarsoprol has also been shown to have high failure and relapse rates.65 More 
recently some less toxic treatments have become available. Di-fluoro-methyl-
ornithine (DFMO) was first used for trypanosomiasis in 1985.66 The drug is 
administered by intravenous infusion four times a day for two weeks.  During a trial 
that started in 2003, a combination of DFMO and nifurtimox (NECT) has been shown 
to be very effective and far less toxic than melarsoprol. The NECT schedule consists 
of twice daily administration of DFMO by intravenous infusion for 7 days, combined 
with daily oral administration of nifurtimox for 10 days.67 Though NECT has now been 
adopted as the first line treatment by most HAT control programs, including that of 
the DRC, melarsoprol is still widely used. Due to limited availability of nifurtimox, the 
actual choice is between melarsoprol administered once daily and DFMO 
administered four times daily. Health workers often opt for melarsoprol because it is 
less labor intensive to administer. Moreover melarsoprol treatment kits are less bulky, 
which is an important advantage in a country where paved roads are almost non-
existent.   
 
The backbone of HAT control remains active screening of the population at risk 
combined with free treatment for all cases identified. The aim is to achieve a 
reduction of transmission by eliminating the parasite from the human reservoir. 
Historically a number of West African HAT foci have been brought under control this 
way.68,69,70 Active case finding for HAT in the DRC is based on mobile teams visiting 
endemic villages and screening the entire population using the CATT test. Those 
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testing positive are subjected to confirmation tests on the spot. Cases identified 
undergo a lumbar puncture for disease staging; they are then referred to fixed 
facilities for treatment. Difficulties in securing sufficient participation in the population 
screening sessions, and the deficient sensitivity of screening algorithms, especially 
when it comes to the confirmation tests used, appear to be the main bottle necks.63,71 
 
Vector control is another option, it can be based on area wide measures which 
include aerial spraying and sterile insect technique, or more localized measures such 
as the use of traps.72,73,74 Though vector control yielded good results in research 
settings, doubts remain about its feasibility and sustainability; it is expensive and 
requires active cooperation from the local population. 
 
In 2001 the Pan African Tsetse and Trypanosomosis Eradication Campaign 
(PATTEC) was launched by the Organization of African Unity. The campaign aims at 
eradicating the disease as well as the Tse Tse fly vector from the African continent.75 
The regional committee of WHO in 2005 formulated a strategy with the aim of 
reducing the morbidity and mortality attributed to sleeping sickness in the African 
Region.76 By 2015, prevalence rates in all endemic areas should be below 1 per 
10,000. Priority interventions include mapping disease distribution, case detection 
and treatment, setting up a surveillance system, and vector control. In the WHO 
strategy vector control is limited to areas of high transmission and based on trapping 
of Tse Tse flies.  
 
The history of HAT in the DRC has been a vicious cycle of increasing prevalence, 
control measures being implemented, decreasing prevalence, control measures 
being neglected and again increasing prevalence. At the end of the colonial era in 
1960 the disease was under control but gradually reemerged when control measures 
were abandoned. During the early 1990s control measures were completely and 
abruptly interrupted, resulting in a major resurgence going unnoticed for a long 
period; by the end of the 20th century the reported incidence levels were almost back 
to those of the late 1920s and early 1930s (figure 4).   
 

 
Figure 4 Evolution in reported incidence of HAT in the DRC from 1926-2009 

 
When after 1998 control measures were restarted and intensified, the disease was 
rapidly brought under control again in most provinces affected. However, active case 
finding undertaken annually for more than 10 years did not bring the HAT epidemic 
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under control so far in two provinces, Bandundu and Kasai; those provinces now 
account for more than half the cases reported annually worldwide.77 Moreover recent 
surveys conducted in areas where accessibility is problematic either due to 
remoteness or to conflict have revealed prevalence rates of 3% and above.78 
 
Once HAT prevalence is somewhat reduced, effectiveness and cost-effectiveness of 
active case finding becomes problematic. Participation rates in active screening drop 
because people no longer consider HAT a threat, at the same time the costs per 
case detected rise dramatically.63,71 Taking into account these constraints, the 
national HAT control programme, also known as Programme Nationale de Lutte 
contre la Trypanosomiase Humaine Africaine (PNLTHA) and its main donor, the 
Belgian Technical Cooperation, formulated a strategy in which integration of HAT 
control in the district health system is one of the key components.79 However it has 
been observed that patients presenting themselves to the health services at their 
own initiative are often misdiagnosed. This resulted in an average health systems 
delay of more than one year among 14 patients interviewed in Kinshasa in 2007 
(Ehomba 2007, unpublished data). 
 
The current health care system in the DRC was designed in 1984 and reformed in 
2001. Its design was based on the Alma Ata declaration; the system aims at 
providing global, integrated and continuous care, with participation of the community. 

80  In the DRC the health district is called ‘zone de santé’; altogether there are 515 
zones, with an average population of just above 120,000. In each zone there is a 
‘general referral hospital’, run by the zonal health coordinator, who is a medical 
doctor. Each zonal health coordinator supervises a network of 5 or more health 
centres, run by nurses. Utilization rates of health care services are typically low with 
an estimated 0.15 consultations per inhabitant per year. In addition to the public 
system, a myriad of qualified and mostly unqualified private practitioners exists.  
 
There are no less than 53 vertical disease control programs in the DRC, each having 
its own director. One of these programmes is the HAT control programme, the 
PNLTHA. The PNLTHA has its own staff and infrastructure; only recently the first 
steps towards integration of HAT case finding and treatment have been initiated. 
Case finding is traditionally active, involving mobile screening teams. Cases identified 
by mobile screening teams are referred for treatment to fixed facilities. Whereas 
previously these fixed facilities were also specialized HAT facilities, they have now 
been converted into general health centers. Increasingly HAT diagnostic and 
treatment services are also provided from other general health centers and hospitals.  
 
In this thesis we focused on options for integration of HAT control in the DRC into the 
district health system and on how to keep HAT under control once the prevalence 
has been reduced. We validated a HAT screening test designed for use in peripheral 
health facilities and we explored alternative surveillance mechanisms.  
 

Outline of this thesis 

The remainder of this thesis is subdivided into three sections, one on each disease, 
followed by a general discussion. In section 1, made up of chapters 2-5, we present 
studies on tuberculosis in Uzbekistan. Chapter 2 presents an investigation into the 
yield of active case finding in two provinces of the country. Chapter 3 describes 
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prescribing practices for tuberculosis in Uzbekistan. Chapters 4 and 5 describe the 
problem of defaulting from tuberculosis treatment in Tashkent, the capital of 
Uzbekistan, using a quantitative and a qualitative approach, respectively.  
 
Section 2 includes studies on visceral leishmaniasis in the endemic state of Bihar, 
India. Chapter 6 describes the management of visceral leishmaniasis in the primary 
health care system in a district of Bihar; chapter 7 explores risk factors associated 
with visceral leishmaniasis in a rural area of the same district.  
 
Section 3 includes studies on human African trypanosomiasis in the Democratic 
Republic of the Congo. Chapter 8 describes the validation of a new format of a 
serological screening test for HAT, designed for use in peripheral primary health 
facilities. Chapter 9 presents an alternative method of HAT surveillance, designed in 
particular to continue monitoring endemic foci once the disease has been brought 
under control.  
 
In Chapter 10 follows a general discussion of the studies included in this thesis. 
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Summary 
 

Setting 

In Uzbekistan mass X-ray screening for tuberculosis (TB) is routinely practiced. 
Groups targeted are broad and include an estimated 50% of the population; 
coverage is incomplete. In 2005, 73% of all pulmonary TB cases registered were 
reportedly detected through the screening program.  
 
Objective 
To determine the proportion of TB patients detected as a result of mass X-ray 
screening in two provinces of Uzbekistan; we also investigated patient delay among 
those detected by other methods.  
 
Design 
A random sample of 85 pulmonary TB patients was interviewed and had its records 
reviewed. Patients were asked how they had found out that they were suffering from 
TB; had they been seeking healthcare at their own initiative or were they detected as 
a result of the screening program. Information on delay was included in the 
interviews; information on risk factors for TB was collected from patient records.  
 
Results 

Of 85 patients interviewed, 11 (weighted frequency 16%, 95% CI 6.1-27%) indicated 
having been diagnosed through screening programs; the remaining 74 reported they 
were diagnosed with TB while seeking care for symptoms at their own initiative. Of 
TB patients belonging to risk groups eligible for screening, only a small proportion 
(11%) was identified through a screening program. Patients’ delay among passively 
detected cases was generally short. 
 
Conclusion 

The yield of TB screening is much lower than what was officially reported. Efficiency 
might be improved by restricting screening efforts to a small number of well defined 
target groups and ensuring full coverage of these groups.  
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Introduction 

Uzbekistan is a post Soviet country in the process of restructuring its health services. 
This includes restructuring of the tuberculosis (TB) services which are being 
transformed from a highly vertical program into a more integrated system based on 
the DOTS strategy. The DOTS strategy has been implemented in Uzbekistan since 
1998 and 100% DOTS coverage was achieved in 2005. Still elements of the old 
system dating back to the days of the Soviet Union are in place, such as active case 
finding through mass radiography. At present TB control policies are being revised 
with the aim of developing one unified approach, in accordance with the recently 
launched ‘Stop TB Strategy’1.  
 
According to current legislation in Uzbekistan, a part of the population needs to be 
screened for TB by X-ray or fluorography on an annual basis. Groups to be screened 
can be subdivided into ‘risk groups’ and the so called ‘mandatory contingents’. 
Among the risk groups are: persons with other diseases (diabetes, peptic ulcer, 
chronic obstructive pulmonary disease (COPD) and psychiatric conditions); HIV-
positives; contacts of TB patients; and drug and alcohol addicts. Among the 
‘mandatory contingents’ are: medical workers; farmers working with cows and sheep; 
food handlers and public services personnel, i.e. teachers, drivers and barbers. In 
addition to the ‘risk groups’ and the ‘mandatory contingents’, persons living alone, 
pensioners, disabled people and women of fertile age (15-49 years) need to be 
screened. Thus in total over 50% of the population needs to be screened by X-ray or 
fluorography on an annual basis.  
 
Since the available budget is insufficient to fully cover all these groups, plans are 
made at the beginning of each year about which percentage of each group should be 
examined. For 2005 the target in Uzbekistan was to examine 3,860,422 persons 
(15% of the total population of Uzbekistan); out of those 3,011,129 persons, i.e. 78%, 
were actually examined*.     
 
During 2005 a total of 17,744 new cases of pulmonary TB were notified in the civilian 
sector in Uzbekistan, i.e. 68 per 100,000 population. Out of those, 12,951 were 
reported to have been detected by active case finding, i.e. 73% of all pulmonary 
cases†. Such a high yield of active case finding would be in stark contrast to results 
of earlier studies in Canada2, Czechoslovakia3,4 and the Netherlands2, countries that 
were all implementing mass radiography at the time the studies were conducted. In 
these studies that focused on smear positive pulmonary tuberculosis, the proportion 
of cases detected through mass radiography ranged from 12 to 25%. All other smear 
positive TB patients were found either after they presented themselves with TB-
related symptoms, or because they came into contact with health services for other 
reasons.  
 
Our study investigated the apparent discrepancy between records from Uzbekistan 
and results of the earlier studies on yield of active case finding through mass 
radiography. We also looked at the magnitude of patients’ delay.  
 

                                            
†
  (Source: Annual statistics, 2005, National Research Institute for Pulmonology and Phthisiatry of 

Uzbekistan) 
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Study population and Methods 

New patients diagnosed with pulmonary TB in two provinces of Uzbekistan during the 
second half of 2005 were eligible for inclusion. For logistical reasons enrolment was 
limited to two provinces, Tashkent and Djizzak. Whereas the latter is a predominantly 
rural province, the former is more urbanized. In this study a new patient was a patient 
who had never been diagnosed with TB before. Patients below the age of 15 years, 
patients not speaking Uzbek or Russian, patients who were unconscious or seriously 
ill, intellectually impaired or suffering from a serious psychiatric disorder and patients 
not consenting to participate were excluded from the study. Random samples were 
drawn from the electronic TB patient registers of the two provinces, taking into 
account the prespecified inclusion and exclusion criteria.   
 
The sample size was calculated for each of the two provinces under the assumption 
that the proportion of TB patients first identified through mass radiography is similar 
to the average proportions found in the studies in Czechoslovakia, Canada and the 
Netherlands, i.e. 24%.To estimate a proportion of 24% with a precision of 12% 
requires a sample size of 49. To be on the safe side, taking into account the 
possibility of non-responders and non-availability of patient records or errors in 
patient classification, a sample size of 60 TB patients per province was chosen.  
 
Questionnaires were pre-tested to make sure that all questions were clear and 
understandable. Review of records was conducted by two staff members of Project 
HOPE, an international NGO providing technical support to the TB control programs 
of Central Asia. After verbal informed consent was obtained, patients were 
interviewed in their homes or in TB facilities. Interviews were conducted in January 
2006 by volunteers who had been trained for this purpose by Project HOPE staff. 
Project HOPE staff also supervised the process of conducting interviews.  
 
In the interview patients were asked how they had found out that they were suffering 
from TB. There were three options: patients were diagnosed with TB when attending 
a health facility at their own initiative to seek care for certain symptoms; patients were 
diagnosed as a result of routine TB screening at the initiative of the health services; 
or ‘other’ ways. The latter needed to be specified. Patients who had consulted the 
health services at their own initiative were asked about their symptoms at that time. 
They were asked how long after the onset of symptoms they had first attended a 
health service and which health service this was.  
 
From the medical records data was collected on: sex, age, sputum smear result, type 
of TB and risk factors for TB. Risk factors included in the study questionnaire were: 
concomitant other disease (to be specified), HIV infection, having been imprisoned 
within the last 2 years, contact of TB patient, homeless, jobless, migrant, alcohol 
abuse, intravenous drug use, medical worker and ‘other risk factors’, which were to 
be specified.  
 
Data was entered in Microsoft Access in duplicate by two different persons and the 
two files were compared to identify typing errors. Where appropriate we used 
weighted frequencies (wf) to account for the fact that the parent populations from 
which the study subjects were sampled were not equal in size (614 patients for 
Tashkent vs. 200 for Djizzak). For data analysis we used Stata/ IC V10.1 (Stata 
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Corp., College Station Tx, USA). The study was approved by the national TB 
program (DOTS Center).  
 

Results 

Out of 120 patients sampled from the electronic TB register, 11 had to be excluded 
because of discrepancies between the paper patient records and the electronic 
database. Two patients turned out not to be pulmonary TB cases, 4 were actually 
under the age of 15 and 5 were not new cases. In addition there was one case in 
which the diagnosis of TB had been revised after the patient had been started on 
treatment. Of the 108 sampled cases that did fulfil the inclusion criteria, 23 (21.3%) 
could not be interviewed. Ten cases had moved out of the province, 11 cases had 
defaulted and could not be retraced and two cases had died. The remaining 85 
patients were interviewed and had their records reviewed. Of those, 32 were 
pulmonary smear positive cases (38%) and 53 were pulmonary smear negative 
cases (62%) (table 1).  
 
Table 1: Main characteristics of the study population 

Variable n (%) 

Sex  

Male 59 (69) 

Female 26 (31) 

  
Age groups  

15-24 16 (19) 

25-34 17 (20) 

35-44 16 (19) 

45-54 15 (18) 

55-64 11 (13) 

  65+ 10 (12) 

  
Marital status  

Single 16 (20) 

Married 60 (71) 

Widowed or Divorced   8 (9) 

  
Education (highest level attained)  

None   2 (2) 

Primary school 23 (27) 

Secondary school 57 (67) 

Higher education   3 (4) 

 

Seventy four participants (wf 84%) reported that they had themselves been seeking 
health care because of symptoms. Nine participants (wf 13%), indicated having been 
diagnosed as a result of routine screening for tuberculosis. In addition, two 
participants (wf 3.3%) were diagnosed with TB upon consulting the health services 
for a mandatory prenuptial general health examination; these patients were both 
found to be sputum smear positive. This brings the total number of cases detected 
through screening programs at 11, equivalent to a weighted frequency of 16% (95% 
CI 6.1-27%). Results varied between the two provinces with 9 out of 45 patients in 
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Tashkent (20%, 95% CI 9.6-35%) versus 2 out of 40 patients in Djizzak (5%, 95% CI 
0.6-17%) having been detected through screening programs (Table 2). 
 

Table 2: Proportions of tuberculosis cases detected by case detection method in Tashkent and Djizzak 

provinces during the second half of 2005 

Case finding  

method 

Province 

TB Screening 

program  

(%, 95% CI) 

Other screening 

program  

(%, 95% CI) 

Any screening 

program  

(%, 95% CI) 

At own 

initiative  

(%, 95% CI) 

Total 

Djizzak  2 (5, 0.6-17) 0 (0-9) 2 (5, 0.6-17) 38 (95, 83-99) 40 

Tashkent 7 (16, 6.5-30) 2 (4.4, 0.5-15) 9 (20, 9.6-35) 36 (80, 65-90) 45 

All 9 (13, 5.7-20)* 2 (3.3, 0.33-6.4)* 11 (16, 6.1-27)* 74 (84, 73-94)* 85 

*weighted % 

 
 

Among risk factors for TB listed in the patient records, the presence of another 
concomitant disease (18 cases) and joblessness (16 cases) were most common; 8 
patients were contacts of a TB patient. Of all patients reviewed, 44 (56%) had at least 
one risk factor listed. (Table 3). 
 
Table3: Risk factors for TB among patients sampled as listed in patient records and 
numbers among those detected by screening according to data from interviews.  

Risk Factor* 
Number  

(weighted %) 

Identified by 

screening (%) 

Alcohol abuse                     3 (5) 1 (33) 

Contact of TB patient                     8 (11) 1 (13) 

History of imprisonment                     5 (7)               0 (0) 

HIV infection                     1 (2)               0 (0) 

Jobless                   16 (27) 3 (19) 

Migrant                     1 (1)   1 (100) 

Other concomitant disease                   18 (16)               1 (6) 

Any of the above                   44 (56) 5(11) 

*TB patients can have more than one risk factor 
  

Out of 44 patients with at least one risk factor listed, five (11%) were identified by the 
screening programs. Patients without risk factors had a slightly higher probability of 
being detected through the screening programs but the difference was not 
statistically significant (OR=1.7, p=0.45). Eight patients included in the sample were 
listed as contacts of TB cases, one was detected by active case finding, seven others 
were found passively. Of 18 patients suffering form a concomitant other disease, one 
was identified through the screening program; all 18 were suffering from diseases 
requiring annual TB screening according to the current criteria, ten were diagnosed 
with chronic bronchitis, five with diabetes mellitus and three with peptic ulcer.  
 
There was little difference in the proportion of smear positives among those detected 
by passive case finding and those detected by screening. Four out of 11 patients 
detected actively (36%) were smear positive, as opposed to 28 out of 74 cases 
detected passively (38%) (OR=0.90, p=0.88).  
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Among the 11 cases detected by screening, seven reported not having been aware 
of any symptoms at the time of diagnosis. Three had been suffering from cough at 
the time of screening, all three turned out to be smear positive cases. One of the 
three reported having been coughing since one month; the other two had been 
coughing for two months.  
 
Fifty (68%) of the passively detected cases first reported to a public first line facility, 
five (7%) reported to a private practitioner and 19 (26%) reported directly to the TB 
services. Reported patient’s delay ranged from one day to one year in both provinces 
with a median of 20 days in Tashkent en 15 days in Djizzak. Eighteen passively 
detected patients (24%) reported a patients’ delay of two months or more (Table 4). 
 
Table 4 Patients delay among passively detected patients  

Patients 
Delay 
(months) n (%) 

< 1  44 (60) 

1-1.99  12 (16) 

2-2.99       6 (8) 

3  12 (16) 

Total         74 
 
 

Discussion 

The results of our study show that during the 2nd half of 2005 in the provinces 
surveyed 16% of new pulmonary TB cases (95% C.I. 6.1-27%) were found by active 
case finding. This differs from the national figure of 73% reported in the annual 
statistics of the National Research Institute for Pulmonology and Phthisiatry, but is 
very similar to the results of the studies in Canada, Czechoslovakia and the 
Netherlands. There appears to be an over reporting of active case finding, which is 
probably related to the fact that doctors fear being blamed for not having detected a 
TB patient at their own initiative; in addition doctors are reluctant to report not having 
achieved their TB screening targets. Early case finding is important when trying to 
reduce morbidity and mortality from tuberculosis. The Stop TB strategy promotes 
passive case finding as the main case finding method; active case finding is 
recommended only for certain high risk groups. This is also one of the 
recommendations from a recent review on active case finding methods5. Apart form 
the apparent lack of effectiveness, active case finding has a high cost. A recent study 
from Ukraine6 shows costs per smear positive case detected by active case finding 
varying from US$5,713 in Mariupol to UD$10,229 in Kyiv.  
 
An argument often used in favour of active case finding through mass radiography is 
that it would identify TB cases at an earlier stage, before they become smear 
positive. Our study did not confirm this. We found almost equal proportions of smear 
positives among those detected through active case finding (36%) and those 
detected passively (38%). This fits in well with findings of Shimao et al7 who found 
similar proportions of disease of recent onset among smear positive and smear 
negative TB cases.  
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Median patient’s delay among those detected passively was short, 20 days, which is 
a strong argument in favour of passive case finding.  
 
Of the risk factors listed in the patient records, concomitant other disease was most 
common. Out of 18 patients officially requiring annual screening because of 
concomitant diseases, only one had been detected through screening. Also out of 
eight patients who were contacts of a TB patient, only one was detected through the 
screening program. When taking into consideration all risk factors listed, those with 
risk factors were not more likely to be detected by active case finding than those 
without risk factors. It appears that current screening efforts are not well targeted and 
therefore miss out on TB cases arising within some well defined and easily 
accessible risk groups. Another factor frequently shown to be associated with TB is 
unemployment8. Unemployed may be a good target group for screening. However 
further exploration is required as we do not know the level of unemployment in the 
general population. 
 

Limitations 

We were able to study only two provinces of Uzbekistan and we limited our intake to 
the two quarters prior to the start of the study. Proportions of patients identified 
through screening were different between the two provinces but in both cases they 
were far below the official national figure of 73%. Limiting intake to two quarters was 
necessary to avoid recall bias but may have introduced another source of bias if 
screening campaigns would be more intensive in the other two quarters of the year. 
In reality the screening campaigns continue throughout the year with some 
intensification in spring and autumn, the latter period was included in our sample. 
The risk for a directional bias is there; we have tried to minimize this risk by having 
the patient interviews administered by volunteers who are not medical professionals.  

Conclusion 

The yield of the TB screening program was low; yet with the criteria used at present, 
50% of the population of Uzbekistan are eligible for annual TB screening. TB cases 
arising within well defined risk groups were no more likely to be detected by the 
screening program than those not belonging to risk groups. To prevent wastage of 
resources, it seems preferable to focus the screening efforts on a small number of 
well defined high risk groups and ensure full coverage of these groups.  
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Summary 
 

Setting 

DOTS coverage is 100% in Uzbekistan since 2005. The treatment success rate has 
remained around 80% for the last 4 years. Surveys from the capital Tashkent and 
from western Uzbekistan showed high levels of primary multi drug resistance. 
 

Objective 
To assess treatment regimens prescribed to new cases of tuberculosis (TB), 
including prescription of additional non-TB drugs and cost implications for the patient.  
 

Design 
We randomly sampled 30 clusters of 7 new TB patients. Patients enrolled were 
interviewed and their medical records were reviewed.  
 
Results 

In general, treatment regimens prescribed were correct, dosages were high rather 
than low. Second line anti-TB drugs were rarely prescribed. In addition to anti-TB 
drugs, patients were prescribed on average 7-8 non-TB drugs. The rationale for 
prescribing these non-TB drugs was questionable. Patients incurred substantial costs 
when buying these drugs of which some are not without risk. 
  
Conclusion 

Anti TB drug prescription to new TB patients is adequate, the practice of prescribing 
additional non-TB drugs needs to be reconsidered. 
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Introduction 

Uzbekistan is one of the countries of the former Soviet Union (FSU) and as such 
inherited the Soviet system of tuberculosis (TB) control. In 1998 Uzbekistan 
embarked upon a phased implementation of the internationally recommended DOTS 
strategy; 100% DOTS coverage was achieved in 2005. The regimens chosen in 
Uzbekistan are fully in line with recommendations by the World Health Organization 
(WHO)1. In all districts of Uzbekistan, good quality anti-TB drugs have been available 
for several years now at no cost to patients.  
 
DOTS implementation has generally been successful; however despite adequate 
supplies of good quality anti TB drugs and implementation of appropriate treatment 
guidelines, treatment success rates for new smear positive cases remain stagnant at 
around 80%. Moreover there is evidence that multi drug resistant tuberculosis (MDR-
TB) is a problem. A recent drug resistance survey found 14.8% MDR-TB among new 
patients in Tashkent City2 while similar figures have been reported from 
Karakalpakstan3 (western Uzbekistan).  
Resistance to anti TB drugs may result from poor prescription, poor quality drugs or 
poor compliance4,5. We looked into prescription of TB drugs as well as prescription of 
additional non-TB drugs; over-prescription of the latter could have safety, cost and 
compliance6 implications. From a recent study on the causes of default, we know that 
TB patients face financial difficulties because of the many additional non-TB drugs 
that are being prescribed (unpublished data).  
 

The objective of this study is to assess treatment regimens prescribed to new cases 
of tuberculosis (TB), including prescription of additional non-TB drugs and its cost 
implications for the patient. 
 

Study population and Methods 

The study is a retrospective quantitative patient record and interview based 
assessment. The study population consists of newly diagnosed TB patients, aged 15 
years and above, registered for treatment during the 2nd half of 2006. All patients 
registered in this period from all districts of Uzbekistan were eligible for inclusion in 
our study. Assuming that the proportion of new TB patients not on correct DOTS 
treatment regimens is 10%, for a precision of 5%, a sample size of 138 is required. 
To account for the design effect, we increased the sample size to 210.  
 
Out of 197 districts of Uzbekistan, 30 were sampled through a systematic random 
sampling procedure in which the probability for the district to be sampled was 
proportional to the number of TB patients registered in the district during the study 
period. Seven patients were then randomly sampled from each selected district 
giving total of 210 TB patients. In the analysis ‘district’ was used as primary sampling 
unit (PSU) and a weight equivalent to the inverse of the probability of being sampled 
was used for each study subject to take into account deviations from the planned 
sampling strategy. In the results section we present weighted percentages where 
applicable. Selected patients were interviewed and had their records reviewed. The 
study was approved by the ethics committee of the Ministry of Health of Uzbekistan. 
 
From the patient records we assessed for each of the first line anti-TB drugs whether 
they were prescribed and whether the dosages prescribed during the intensive phase 
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were adequate. We used the dosages per kg pre treatment weight as recommended 
by WHO1, i.e. 4-6 mg/kg for Isoniazid (H), 8-12 mg/kg for Rifampicin (R), 15-20 
mg/kg for Ethambutol (E), 20-30 mg/kg for Pyrazinamide (Z) and 12-18 mg/kg for 
Streptomycin (S). Decimals of .5 and above were rounded upwards. Since the weight 
bands used in Uzbekistan (table 1) are slightly different from those used by WHO, we 
also checked whether or not dosages prescribed were in accordance with the 
national guidelines.  
 
Table 1 Dosage range of anti TB drugs per kg body weight within  
weight bands according to national guidelines, Uzbekistan. 

 
 
 
 
 
 
 
 

 
 

We also checked the patient records for second line anti TB drugs and non-TB drugs 
prescribed. To enable us to judge the rationale behind the prescription of non-TB 
drugs, we checked the records for presence of concomitant disease, including side 
effects of TB treatment. Information on standard dosages and duration of prescription 
of non-TB drugs was obtained from a commonly used formulary and by interviewing 
key informants.  
 
Patients who had completed treatment at the time of interview were asked about 
costs incurred during the process of TB diagnosis and treatment. We asked them 
specifically on costs incurred for diagnosis (X-ray, laboratory tests), transport, drugs 
and service fees. We also asked whether they had faced any financial problems as a 
result of being a TB patient.  
 

Results 
Characteristics of study population: 

Of 210 patients sampled 30 (14%) patients were not assessed; 6 patients were under 
15 years of age although in the register they were listed as adults; 10 patients were 
listed as new cases but turned out to be retreatment cases; one patient had his 
diagnosis revised; and one never started treatment. For 12 patients no records could 
be found, out of those 2 had died.  
 
Out of the 180 patients assessed, 52% were men. Ages ranged from 15 to 80 years; 
the median age was 37 years (Q1 24.5, Q3 52 years). One hundred forty six (81%) 
were interviewed; the remaining 34 were not interviewed because they had died (4), 
had moved (12), were absent (7) or were in prison at the time the interviews were 
conducted (4); 6 had incorrect addresses and 1 did not agree to participate. Men 
were more likely not to be interviewed (p=0.004), there was no difference in age 
structure between those interviewed and those not interviewed (p=0.91) (data not 
shown).  
 
 

         Drug 

Weight band(kg) 
H  

(mg) 
R 

(mg) 
Z 

(mg) 
E 

(mg) 
S 

(mg) 

25-29 9-8 12-10 24-21 16-14 14-12 

30-37 8-6 10-8 27-20 20-16 17-14 

38-45 7-8 12-10 32-27 21-18 20-17 

46-69 7-4 13-9 35-23 26-17 22-14 

70+ <=4 <=9 <=26 <=20 <=14 

Recommended dose 
(WHO) 

4-6 8-12 20-30 15-20 12-18 
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Type of TB and treatment regimens: 

Out of 180 patients assessed, 149 (83%) were classified as pulmonary TB and 29 
(17%) as extra pulmonary TB; for 2 patients information on classification was 
missing. Of the pulmonary TB patients, 76 (49%) were smear positives. Most patients 
(163, 94%) were prescribed standard WHO Category 1 treatment regimens, 10 
patients (3%, all smear negatives) were prescribed a WHO Category 3 regimen and 
6 patients (2%) were prescribed ‘non-DOTS’ regimens. ‘Non-DOTS’ mainly implies 
that patients are treated under different conditions, i.e. without direct supervision of 
treatment. Such patients usually buy their own drugs from local pharmacies; the 
actual regimens prescribed are not necessarily different from ‘DOTS’ regimens. For 1 
patient no information on treatment was available.   
 
Of 76 new smear positive cases, 74 (97%) were prescribed adequate intensive 
phase regimens consisting of R, H, Z and E or S; 17 (23%) had a fifth first line drug 
added. Out of 73 new smear negative pulmonary cases, 72 (99.7%) were on 
adequate treatment regimens. Four out of 29 extra pulmonary cases were not 
prescribed Z, the remaining 25 (91%) were all prescribed adequate regimens. Of all 
178 patients assessed, 3 (1.4%) were prescribed one or two anti-TB drugs only and 
10 (4.1%) were prescribed three drugs. Included in all these assessments are the 6 
patients on ‘non-DOTS’ regimens; they were all prescribed adequate 4-5 drug 
regimens. Details are presented in table 2 below. 
 
Table 2 Treatment regimens prescribed for intensive phase by classification of patient 
Type of patient Regimen No. of patients (weighted frequency %; 95% CI) 

HR 1 (2; 0-7.4) 
HRES 1 (1; 0-2.7) 
HRZE 38 (51; 34-67) 
HRZS 19 (23; 11-34) 

Pulmonary New 
Smear Positive 
(n= 76) 

HRZES 17 (23; 9-37) 
 
Type of patient 
 

Regimen No. of patients (weighted frequency %; 95% CI) 

HE 1 (0.3; 0-1.0) 
HRZ 6 (5; 0-10) 
HRZE 41 (66; 48-84) 
HRZS 21 (25; 11-39) 

Pulmonary New 
Smear 
Negative 
(n= 73) 

HRZES 4 (4; 0-9.6) 
 
Type of patient Regimen No. of patients (weighted frequency %; 95% CI) 

R 1 (2; 0-4.9) 
HRE 1 (2; 0-4.9) 
HRS 1 (5; 0-17) 
HRES 1 (1; 0-2.8) 
HRZ 2 (5; 0-13) 
HRZE 8 (30; 4.1-55 ) 
HRZS 10 (36; 18-53) 

Extra 
Pulmonary 
(n=29) 

HRZES 5 (21; 0-45) 

 
TB drug dosages were rarely too low; frequently, they were too high (table 3). 
Proportions of patients prescribed too high a dose were 17%, 11%, 19%, 54% and 
37% respectively for H,R,Z, E and S. Out of the 60 patients prescribed too high a 
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dose of E according to the WHO guidelines, only 3 were not within the limits of the 
national guidelines of Uzbekistan.  
 
Table 3  Prescribed dosages of 1st line anti-TB drugs 
Drug/ 
Dosage 

Low (weighted %) 
(95% CI) 

Adequate 
(weighted %) 
(95% CI) 

High (weighted %) 
(95% CI) 

n 

H 3 (2.7)  
(0-5.9) 

136 (80.0) 
(71-89) 

38 (17) 
(9.8-25) 

177 

R 11(7.3) 
(2.3-12) 

147 (81) 
(72-90) 

19 (11) 
(6-17) 

177 

Z 4 (1.8) 
(0-4.0) 

135 (80) 
(73-86) 

33 (19) 
(11-26) 

172 

E 1 (0.4) 
(0-1.2) 

56 (46) 
(38-53) 

60 (54) 
(46-61) 

117 

S 3 (6.6) 
(0-14) 

45 (57) 
(44-70) 

30 (37) 
(26-47) 

78 

 
Second line anti TB drugs were prescribed to 7 patients, always in addition to a full 
1st line regimen.  
 
Prescription of non-TB drugs: 

Among 155 patients with full information on all drugs prescribed, the average number 
of additional non-TB drugs prescribed was 7.8. There was no apparent relation 
between the numbers of additional non-TB drugs prescribed and concomitant 
disease or side effects. Those with concomitant disease and/or side effects were 
prescribed 7.9 additional drugs on average; those without were prescribed 7.8 
additional drugs on average. We also did not observe any relation between treatment 
outcome and prescription of additional non-TB drugs. In total for those 155 patients, 
161 different non-TB drugs were prescribed. Most frequently prescribed were various 
vitamins (144 patients, 75%), glucose infusions (67 patients, 32%), Calcium Chloride 
(57 patients, 26%) and non-TB antibiotics (53 patients, 31%). Among the vitamins, 
B6 was most often prescribed (119 patients, 59%). Among antibiotics, ampicillin (21 
patients) and penicillin (15 patients) were most commonly prescribed. Most of these 
drugs were administered parenterally; further details as well as information on usual 
dosages and duration of prescription are provided in table 4.  
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Table 4 Top 20 of most frequently prescribed non-TB drugs 

Typical prescription‡
 Ran

k 
Drug Generic name No. of 

patients 
(weighted 
frequency) 

Type of 
drug Mod

e 
Daily 
dosage 

Duration 

1 Vitamin B6 Pyridoxine 119 (59%) Vitamin  IM 1ml, 5% 1-3 months 

2 Vitamin C Ascorbic Acid 98 (51%) Vitamin  IM 2ml, 5% 10 days 

3 Glucose infusion Glucose 40%  67 (32%) IV fluid IV 400ml, 
10% 

10 days 

4 Vitamin B1 Thiamine bromide 62 (30%) Vitamin  IM 1ml, 5% 10 days 

5 Vitamin B12 Cyanocobalamine 59 (31%) Vitamin  IM 1ml, 0.05% 10 days 

6 Calcium Chloride CaCl2 57 (26%) Electrolyte IV 10ml, 10% 10 days 

7 Non TB antibiotics Various§ 53 (31%) Antibiotic   1-2  weeks 

8 Sodium Chloride NaCl 0.9% 36 (19%) IV fluid IV 200ml, 
0.9% 

10 days 

9 Riboxin inosine, 9-ß-D-
ribofuranosil-
hypoxanthine. 

24 (13%) Cardiac 
stimulant 

IM 10ml, 2% 10 days 

10 Dimedrol Diphenhydramine 23 (11%) Antihistamine IM 1ml, 1% 10 days 

11 Aloe Aloe extract + NaCl 20 (11%) Metabolic 
preparation 

SC 1ml 30-50 days 

12 Sulfocamfocaine Novocaine + Campher 23 (10%) Respiratory 
stimulant 

IM 2ml, 10% 15 days 

13 Infesol Mixture of 18 amino acids 
and 6 electrolytes  

19(10%) Parenteral 
feeding 

IV 500ml 3 days 

14 Reopolyglukin Dextran + NaCl  18 (10%) Plasma 
expander 

IV 200-400ml 5 days 

15 Immunomodulin Thymus extract 20 (9%) Immuno 
modulator 

IM 1ml, 0.01% 10 days 

16 Analgin Metamizol 19 (9%) NSAID IM 2ml, 50% p.r.n. 

17 Hemodese Povidone+ NaCl+ KCl+ 
CaCl2+ MgCl2+ 
NaHCO3 

16 (8%) Plasma 
expander 

IV 200-400ml 3 days 

18 Calcium gluconate Calcium gluconate 14 (8%) Electrolyte Oral 2-5gm  10 days 

19 Aminophylline Euphyllinum 14 (8%) Respiratory 
stimulant 

IV 10ml, 2.4% 10 days 

20 Aminocaproic acid Aminocaproic acid 12 (7%) Inhibitor of 
fibrinolysis 

IV 5gm/ 
100ml 

3days 

 
Household costs of TB treatment: 

Of 146 patients interviewed, 42 had completed treatment at the time of interview. We 
asked them about costs incurred during the process of diagnosis and treatment of 
TB. One of these patients indicated not having spent much and 2 did not know how 
much because their expenses had been covered by relatives. The remaining 39 had 
all incurred substantial costs; their median reported expenditure was 204.000 Uzbek 
Sum** (165US$). Half of this money was spent on drugs, the median reported 
expenditure being 100.000 Uzbek Sum (81US$).  
 

                                            
‡ In accordance with information from key informants and formulary ‘Medical products’ by M D 
Mashkovski 
§ Ampicilllin 21, Penicillin 15, Cephalosporins 9, Gentamycin 7, Ampicillin + Oxacillin 5, Lincomycin 1.  
 
**
 Exchange rate on 1/1/2007 1US$ = 1240 Uzbek Sum 
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When asked whether they had experienced any financial problems as a result of TB 
diagnosis and treatment, out of 146 patients interviewed, 119 (79%) answered ‘yes’. 
Sixty nine patients (46%) had experienced major financial problems, whereas 50 
(33%) reported only minor problems. Of the remaining 27 patients, 4 (3%) indicated 
not having spent anything at all, 12 (12%) indicated having spent just small amounts 
and 11 (6%) had their relatives pay for them. Though they were not asked 
specifically, 1 patient indicated having sold his house in his village to cope with the 
unexpected financial burden, 5 other patients indicated having sold livestock (cows) 
or crops.  
 

Discussion  

Based on records reviews and interviews with 180 randomly sampled patients, we 
were able to make a fairly accurate assessment of drug prescription during treatment 
for new TB patients in Uzbekistan. In general, regimens prescribed meet the 
requirements of the WHO treatment guidelines. An extra 1st line anti TB drug was 
regularly prescribed in addition to an adequate regimen. This will not directly 
contribute to the development of resistance, but it may cause side effects that can 
induce the patient to stop treatment or take drugs irregularly. Second line drugs were 
rarely prescribed and always in addition to an adequate 1st line regimen. Even 
patients reported to be on ‘non-DOTS’ treatment were prescribed adequate treatment 
regimens.  
 

Dosages prescribed were often above the WHO recommended dose limits, yet 
mostly within the limits outlined in the national guidelines. This was true in particular 
for Ethambutol. Weight bands used in Uzbekistan are different from those 
recommended by WHO, resulting in overdosing of drugs in the lower ranges of some 
weight bands. Similar findings were reported by Diop et al7 in Kenya, Nepal and 
Senegal, though in their study it was usually Isoniazide that was overdosed. High 
dosages of anti-TB drugs may lead to an increase in the risk of drug toxicity 8,9,10,11,12 
and could thus interfere with compliance.  
 

In addition to specific anti-TB drugs, patients were prescribed 7-8 non-TB drugs on 
average, irrespective of the presence of concomitant disease. These additional drugs 
constitute the so-called ‘pathogenetic’ treatment, which is a standard part of TB 
treatment in the FSU13,14. Pathogenetic treatment includes drugs such as immuno-
modulators, anti-oxidants, corticosteroids, vitamins and IV fluids. Whereas there may 
be a rationale for prescribing certain additional drugs to some patients, e.g. vitamin 
B615, in many cases such rationale appears to be lacking. Certain classes of drugs 
lack an evidence base, others are indicated only for a very specific group of patients. 
Calcium Chloride injections, known locally as ‘hot injection’ because of their 
exothermic effect, are administered intravenously and are a popular panacea for 
many different conditions. The only indications for this drug listed in the Merck 
Manual16 are ‘cardiac arrest’ and ‘moderate to severe hyperkalaemia’, yet it is being 
prescribed to 26% of TB patients in Uzbekistan. Reviewing the available literature on 
adjunctive immunotherapy in treatment of mycobacterial infections, Tomioka arrives 
at the conclusion that these drugs are still associated with serious problems such as 
high costs, occasionally strong side effects and only modest efficacy17. 
 

Of all patients interviewed, 79% experienced financial problems as a result of being a 
TB patient. Most of these patients even had severe financial problems. Among 39 
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patients who had already completed treatment at the time of interview, the median 
reported expenditure was equivalent to 165 US$. This is a significant amount in a 
country with an annual per capita GDP of  829US$18. A substantial part of these cost 
(49 %) are reportedly due to patients having to buy additional drugs.  
 

Limitations 

We assessed only new patients, whereas the majority of TB patients currently on 
treatment in Uzbekistan are patients that were treated before. Yet all these patients 
arise from the pool of new patients, hence the focus of this study. We also did not 
collect individual economic data to relate the financial burden of TB diagnosis and 
treatment to the resources available to each individual patient. Fourteen percent of 
patients sampled could not be included in the study because of misclassification or 
missing records.  
 

Conclusion 

Treatment regimens prescribed are in accordance with WHO guidelines, dosages are 
on the high side rather than on the low side.  
 
‘Pathogenetic’ treatment is widely applied and not without risk for adverse effects. 
Patients incur substantial costs and the evidence base is weak. Leading clinical 
authorities need to review the available evidence base and advise policy makers for 
each of the additional non-TB drugs commonly prescribed whether such prescription 
is rational. 
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Summary  
 

Background 

In Tashkent (Uzbekistan), TB treatment is provided in accordance with the DOTS 
strategy. Of 1087 pulmonary TB patients started on treatment in 2005, 228 (21%) 
defaulted. This study investigates who the defaulters in Tashkent are, when they 
default and why they default. 
 
Methods 

We reviewed the records of 126 defaulters (cases) and 132 controls and collected 
information on time of default, demographic factors, social factors, potential risk 
factors for default, characteristics of treatment and recorded reasons for default. 
 
Results 

Unemployment, being a pensioner, alcoholism and homelessness were associated 
with default. Patients defaulted mostly during the intensive phase, while they were 
hospitalized (61%), or just before they were to start the continuation phase (26%). 
Reasons for default listed in the records were various, ‘Refusal of further treatment’ 
(27%) and ‘Violation of hospital rules’ (18%) were most frequently recorded. One 
third of the recorded defaulters did not really default but continued treatment under 
‘non-DOTS’ conditions.  
 
Conclusions 

Whereas patient factors such as unemployment, being a pensioner, alcoholism and 
homelessness play a role, there are also system factors that need to be addressed to 
reduce default. Such system factors include the obligatory admission in TB hospitals 
and the inadequately organized transition from hospitalized to ambulatory treatment.  
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Background  

Uzbekistan is a country in Central Asia with a population of just over 26 million. With 
the collapse of the Soviet Union in 1991, Uzbekistan became an independent 
country. It inherited the Soviet system of tuberculosis (TB) control, which is a highly 
vertical system. The system relies on active case finding and on individualized case 
management by specialist doctors in in-patient facilities. Though reasonably 
effective, the system was very expensive. When resources became scarce in the mid 
1990s, it could no longer be maintained and tuberculosis spiralled out of control. 
Case notification rates more than doubled between 1995 and 2005.1 The problems 
were further compounded by the emergence of multi drug resistant TB (MDR-TB). A 
recent survey shows a 14.8% MDR-TB prevalence among new TB patients in the 
Uzbek capital Tashkent.2 The WHO estimate for HIV prevalence among new TB 
cases in Uzbekistan for 2006 was still less than 1%.1  
 
In search of a more cost effective system, Uzbekistan embarked upon a phased 
implementation of the DOTS strategy, 100% DOTS coverage was achieved in 2005.3 
Under the new strategy, case finding is mostly passive and there has been a shift 
towards ambulatory treatment. Patients are still hospitalized during the intensive 
phase but continuation phase treatment is provided on an out-patient basis, usually 
at a general primary health care (PHC) facility. Treatment regimens have been 
standardized; the regimen for new patients consists of a 2 months intensive phase 
with Isoniazid, Rifampicin, Pyrazinamide and Ethambutol, followed by a 4 month 
continuation phase with Rifampicin and Isoniazid.4 However treatment is under the 
control of specialist doctors and duration of both phases of treatment is often 
extended based on radiographic findings.  
 
Overall the new approach to TB control has been successful; like in other former 
Soviet Union settings there has been improvement in some of the main 
epidemiological indicators.5,6 For Uzbekistan treatment success rates prior to DOTS 
implementation are not available, but the TB mortality rate went down from 12.5 per 
100,000 population in 2002 to 8.5 per 100,000 in 2006. The overall treatment 
success rate for new smear positive cases registered during 2005 in Uzbekistan was 
81% (72% cured, 9% treatment completed).  
 
For the capital city Tashkent, which has a population of 2.3 million, the treatment 
success rate was considerably lower. Only 58% of 394 new smear positives 
registered during 2005 were treated successfully (52% cured, 6% treatment 
completed). The largest single cause for unsuccessful treatment was ‘defaulter’ 
which is defined as ‘A patient who interrupted treatment for two months or more’ [4]. 
Of all new smear positive TB patients registered in Tashkent during 2005, 18% 
defaulted. When considering all 1087 pulmonary TB cases (smear positives as well 
as smear negatives) registered in Tashkent during 2005, the defaulter rate was even 
higher with 21% (228 patients) defaulting. Other causes of poor treatment outcome 
among smear positives in Tashkent were ‘Failure’ (10%), ‘Died’ (9%) and 
‘Transferred out’ (5%). The overall defaulter rate among new smear positives for 
Uzbekistan was 7%, which is comparable to defaulter rates in the surrounding 
Central Asian countries.1  
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The defaulter rate in Tashkent is far above average. Various studies in Africa, Asia 
and Latin America have shown different reasons for default, the main reasons being 
lack of time to regularly visit a health facility, lack of money for transport, poverty, lack 
of material incentives and most of all lack of information or insufficient health 
education.7,8,9,10,11 In countries of the former Soviet Union, different circumstances 
apply. Recent studies from Russia identified substance abuse, unemployment and 
homelessness as important risk factors for default.12,13,14,15 In the perception of TB 
facility staff in Tashkent, much of the default is the result of patients moving abroad in 
search of employment opportunities. In this study, we investigated risk factors for 
default and time of default. We also collected information on the recorded reasons for 
default. 
 

Methods 

We used a case control approach. The study population consisted of new pulmonary 
TB patients registered in Tashkent City during 2005. A new patient was defined as a 
patient who at the time of registration had never taken treatment for tuberculosis, or 
had taken treatment for less than one month.4 Records of TB patients who defaulted 
in 2005 (cases) and records of patients who did complete treatment (controls) were 
reviewed. We enrolled adult pulmonary TB patients, aged 18 years and above.  
 
We calculated the sample size based on the assumption that unemployment is an 
important risk factor for default, as it leads to migration in search of labour. In an 
earlier study, we found that 26% of TB patients in Uzbekistan were unemployed.16 
Assuming an odds ratio of 2.5, a sample size of 120 cases and 120 controls is 
required to demonstrate with 95% certainty and with a power of 90% that 
unemployment is a statistically significant risk factor for default.  Since we found no 
apparent seasonal pattern in default we decided to study a cohort of defaulters 
started on treatment since the 1st of January, 2005. Taking into account the 
possibility of missing records, we included in our sample all 153 defaulters started on 
treatment during the first half of 2005 and an equal number of controls. Controls were 
randomly sampled, using the information in the Electronic Surveillance and Case 
Management (ESCM) database, among the new pulmonary TB patients that started 
treatment in Tashkent in the same period as the sample cases but did complete 
treatment.  
 
Standardized data collection forms were developed and pre-tested. Data collection 
was conducted by staff members of Project HOPE, an international non 
governmental organization providing technical assistance to the national TB program 
of Uzbekistan. Information was obtained primarily from reviewing TB-01 patient 
record cards (the standard WHO TB patient record card) and patient files kept at the 
TB dispensaries. When required, clarification was requested and obtained from TB 
specialists who had been the treating physicians. Thus data was collected on various 
factors that might be associated with default:  

• Demographic factors: sex and age 
• Social factors: marital status and employment status 
• Risk factors for default: concomitant disease, HIV infection, history of 

imprisonment, homelessness, unemployment, migration, alcohol abuse and 
injecting drug use 
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• TB treatment records: date of start of treatment, initial sputum smear result, 
and date of last drug intake.  

• Current TB treatment status 
 
In addition, we collected information for the defaulters about the duration of treatment 
and type of health facility providing treatment at the time of default and reasons for 
default.  
 
Data were entered in Microsoft Access in duplicate by two different persons and the 
two files were compared to identify typing errors. For data analysis we used Stata/ 
SE V9.0 (Stata Corp., College Station Tx, USA). Observed associations were 
assessed through Chi Square tests and bivariate and mulitivariate analysis. All 
variables with a p-value <0.25 in bivariate analysis were included in the multivariate 
logistic regression model. Variables for the final model were selected using backward 
elimination, based on the probability of the likelihood-ratio statistic based on the 
maximum partial likelihood estimates. The probability of removal was set at p = 0.10. 
 
The study was approved by the National Research Institute for Pulmonology and 
Phtisiatry in Tashkent.  
 

Results  

We were able to retrieve medical records of 144 defaulters (94%) and of all 153 
selected controls. When reviewing the paper records, it turned out that there were 
discrepancies between treatment outcomes recorded in the district TB register and 
those entered in the ESCM database. The district TB register is the main document 
used by TB control program staff, we therefore used it as our final reference. In the 
defaulters group we included only those listed in this register as ‘defaulters’, and in 
the control group we included only those listed in this register as ’cured’ or ‘treatment 
completed’. As a result 18 (12.5%) out of 144 cases and 21 (13.7%) out of 153 
controls had to be excluded from the analysis. Records of the remaining 258 
patients, 126 defaulters and 132 controls, were included in the analysis. 
 

The study population consisted of 174 men (67%) and 84 women (33%); ages 
ranged from 18 to 83 years, the median age was 37 years. Most study subjects were 
married (54%), and unemployment was common (40%). For further details we refer 
to table 1.  
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Table 1  - Characteristics of the study population and risk factors for default. 

Variable Cases Controls Bivariate analysis 

Multivariate 

analysis 

 n (%) n (%) OR (95% CI) OR (95% CI) 

Sex     

Male 89 (71) 85 (64) 1.33 (0.79-2.25)  

Female 37 (29) 47 (36) 1.0††  

 
Age groups     

18-24 19 (15) 30 (23) 1.0*  

25-34 33 (26) 31 (24) 1.63 (0.76-3.48)  

35-44 30 (24) 27 (20) 1.75 (0.81-3.81)  

45-54 23 (18) 27 (20) 1.35 (0.60-2.99)  

55-64 12 (10) 10 (8) 1.89 (0.69-5.24)  

  65+ 9 (7) 7 (5) 2.03 (0.65-6.36)  

 
Civil state     

Married 64 (51) 74 (56) 1,0*  

Single 35 (28) 37 (28) 1.09 (0.62 - 1.94)  

Widowed 8 (6) 5 (4) 1.85 (0.58 - 5.94)  

Divorced 13 (10) 7 (5) 2.15 (0.81 - 5.71)  

 
Occupation     

Employed by government  15 (12) 31 (24) 1.0* 1.0* 

Employed in private sector 7 (6) 6 (5) 2.41 (0.69 - 8.44) 2.63 (0.73 – 9.57) 

Self-employed 10 (8) 13 (10) 1.59 (0.57 - 4.45) 1.74 (0.60 – 5.09) 

Unemployed 56 (44) 46 (35) 2.52 (1,21 - 5.22) 2.73 (1.28 – 5.86) 

Pensioner 22 (18) 15 (11) 3.03 (1.23 – 7.46) 4.07 (1.57 - 10.52) 

Pupil or student 4 (3) 10 (8) 0.83 (0.22 – 3.07) 0.98 (0.25 – 3.73) 

House wife 11 (9) 11 (8) 2.07 (0.73 – 5.84) 2.15 (0.73 - 6.31) 

 
Risk factors for Default     

HIV infection 6 (5) 8 (6) 0.78 (0.26 - 2.30)  

Other concomitant disease 28 (22) 32 (24) 0.89 (0.50 - 1.59)  

History of imprisonment 12 (10) 5 (4) 2.67 (0.91 - 7.82)  

Homelessness 6 (5) 0 n.a.  

Alcohol abuse 17 (14) 4 (3) 4.99 (1.63 – 15.28) 6.01 (1.68 – 19.47) 

Migrant 1 (1) 0 n.a.  

Intravenous drug user 2 (2) 2 (2) 1.05 (0.15 - 7.56)  

Type of pulmonary TB     

Smear negative 94(75) 80 (61)   

Smear positive 32 (25) 52 (39) 0.57 (0.33 - 0.97) 0.42 (0.24 - 0.75) 

 
From the records it was possible to assess how long patients had been on treatment 
for 117 (93%) defaulters and 130 (98%) controls. The median duration of treatment 
was 69 days for defaulters (IQR 50-92 days) and 200 days for controls (IQR 187 -230 
days). Although treatment regimens have been standardized, duration of treatment is 
often extended at the discretion of the treating TB specialists. Seventy one defaulters 

                                            
*
 Used as reference 
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(61%) defaulted during the intensive phase after a median treatment duration of 51 
days; 15 (13%) defaulted during the continuation phase after a median treatment 
duration of 114 days. The remaining 31 (26%) completed the intensive phase but did 
not start the continuation phase, their median treatment duration was 89 days.  
 
Men were slightly more likely to default than women but the difference was not 
statistically significant (OR 1.33, 95% CI 0.79-2.25). To assess the effect of age, 
subjects were divided into 6 age groups: ‘under 25’, ‘25-34’, ‘35-44’, ‘45-54’, ’55-64’ 
and ‘65+’. The risk of defaulting was twice higher in the ‘65+’ age group when 
compared to the ‘under 25’ age group but the difference was not statistically 
significant (OR 2.03, 95% CI 0.65-6.36). HIV infection was present in 6 defaulters 
(5%) and in 8 controls (6%), there was no apparent association with default (OR 
0.78, 95% CI 0.26 - 2.30).  
 
Individuals who were pensioners or unemployed had a higher risk for default 
compared to individuals who were employed by the government, OR 4.07 (95% CI 
1.57-10.52) and OR 2.73, (95% CI 1.28 – 5.86) respectively. Also individuals who 
abused alcohol had a higher risk for default, OR 6.01 (95% CI 1.68 – 19.47). 
Homelessness is probably a strong risk factor (p=0.01), but could not be fully 
evaluated since in the study population there were only six homeless, all of whom 
defaulted (table 1). Eighty six out of 126 defaulters assessed (68%) had at least one 
of the 4 risk factors identified: ‘Unemployed’, ‘Pensioner’, ‘Alcohol abuse’ or 
‘Homeless’.  
  
Smear status at the start of treatment was assessed as a potential influential factor in 
multivariate analysis. ‘Smear positive’ turned out to be a protective factor (OR 0.42, 
95% CI 0.24- 0.75).  
 
The two single most commonly recorded reasons for default in the patient records 
were ‘patient refusing further treatment’ and ‘violation of hospital rules’. ‘Violation of 
hospital rules’ implies that the patient was expelled from the TB hospital because he 
or she did not follow the rules. Twenty three defaulters (18%) interrupted treatment 
for this reason. Such ‘violations’ may range from simply leaving the hospital for some 
days without prior permission, to displaying aggressive behaviour. We found a strong 
association between ‘violation of hospital rules’ as a reason for default and alcohol 
abuse (Chi Square 15.3, p=0.0001). Thirty three defaulters (27%) were said to have 
‘refused further treatment’, which implies that the patient chose not to continue 
treatment under the conditions offered. The other frequently recorded reasons were 
migration (20 cases, [16%] of which 9 went abroad and 11 migrated internally) and 
‘side effects’ (12 cases, 10%). Recorded reasons for default were comparable for the 
two sexes and for different age groups.  
 
A separate finding was that 42 (33%) out of 126 defaulters did continue to take some 
form of treatment. They had interrupted treatment according to ‘DOTS’ but had 
continued treatment under ‘Non-DOTS’ conditions. In the district TB register, they 
were recorded as ‘defaulters’, however in their patient files entries were found 
indicating that they had continued TB treatment. They either bought tablets 
themselves, or were given tablets by health services staff without direct observation. 
Risk factors identified remained statistically significant after excluding ‘Non-DOTS 
treatment’ cases from the multivariate analysis. Since it was impossible to determine 
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whether these patients were actually on a regular treatment regimen, we decided not 
exclude them from the defaulters group in our final analysis. There were no 
statistically significant associations between ‘Non-DOTS treatment’ and any of the 
other factors assessed.  
 

Discussion  

Default is a serious problem in the TB program of Tashkent city and occurs mostly 
during the intensive phase. Pensioners, unemployed and persons abusing alcohol 
are at an increased risk of default, so are homeless. The fact that certain social 
problems tend to be more common in urban areas could provide a possible 
explanation for the higher default rate in Tashkent in comparison to the rest of 
Uzbekistan.  
 
The patient records show various reasons for default, none of which universally apply 
to the bulk of defaulters. The most common reasons listed are refusal by the patient 
to continue treatment; and the patient being expelled from the hospital because of 
not adhering to the rules. Though unemployment was confirmed as a statistically 
significant risk factor for default, migration according to the records accounted for 
only 16% of all default. The initial assumption that patients default mostly because 
they move abroad in search of job opportunities could not be substantiated. Contrary 
to the findings of Jakubowiak et al in Russia, being smear positive at the start of 
treatment turned out to be a protective factor against default.14 Smear negative 
pulmonary TB may have been over diagnosed, only 394 out of 1087 pulmonary TB 
patients (36%) were smear positives. A TB patient wrongly diagnosed will not benefit 
from TB treatment and is therefore less likely to complete such treatment. 
 
Most default in Tashkent (61%) occurs during the intensive phase when TB patients 
are hospitalized. Data from studies in other developing countries analyzed in a recent 
systematic review are inconclusive but suggest that in those countries most default 
occurs during the continuation phase.17  
 
System factors as well as patient factors appear to play a role. With ‘refusal of further 
treatment’ and ‘violation of hospital rules’ being the most commonly recorded 
reasons for default, it appears that being on admission in a TB hospital is a major 
obstacle. On top of this, the (hospital based) intensive phase is usually continued 
longer than required; this becomes apparent from the median treatment duration of 
89 days for those who defaulted immediately upon its completion. A further indication 
of the importance of system factors in default is the fact that one third of ‘defaulters’ 
did not really default but continued treatment under ‘non-DOTS’ conditions.  
 

The so-called ‘non-DOTS’ group is at high risk of irregular treatment and associated 
development of drug resistance.18 Moreover these patients are not further evaluated. 
Even if treatment is no longer directly observed, it is essential that treatment 
regimens are appropriate and that outcomes are evaluated.  Already Tashkent is 
experiencing high levels of primary MDR-TB, of which the 10% failure rate among 
new smear positives is most probably a reflection.2 The 9% death rate might be 
related to late case finding, it might also be related to the MDR-TB problem. Patients 
being treated without being registered in the district TB register and therefore not 
being subject to further evaluation, is probably an indication of persistent reluctance 
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to the DOTS strategy amongst a number of TB specialists. It also prompts us to think 
about the reasons why so many patients prefer ‘non-DOTS’ treatment, outside the 
regular TB control system. Since hospitalization appears to be a problem, a further 
shift towards ambulatory treatment may reduce default. As an added benefit this 
would reduce the potential for nosocomial transmission; Gelmanova et al.12 showed 
prolonged admission in TB hospitals to be an important risk factor in acquiring MDR-
TB. If for legal reasons hospitalization during the intensive phase cannot be avoided, 
intensive phase treatment should be limited to a maximum of 60 days provided 
sputum smear conversion has occurred. 
 
Another weakness in the system that became apparent is the transition from 
intensive phase, usually as in-patient in a TB hospital, to continuation phase, usually 
as out-patient at a PHC facility. A substantial proportion of defaulters were lost in 
between these two phases. To address this problem, the referral system between TB 
hospital and PHC services needs to be improved. One possible solution would be to 
appoint for each TB patient a case manager who will be responsible for following up 
the patient from the moment of diagnosis until he is finally discharged from treatment.  
 
Certain groups may require special attention; these include jobless, pensioners, 
homeless and alcoholics. For pensioners and unemployed, specific measures such 
as a system of social support including the use of incentives and enablers could be 
designed. A study from Brazil showed that social support is highly valued by poor TB 
patients.9 For homeless and alcoholics, a flexible approach to ambulatory treatment 
has shown promising results in Tomsk, Russia.15   
 
While conducting this study we talked to health services staff and studied patient 
records but we did not talk to the patients themselves. An advantage of this approach 
was that we were able to obtain information on almost all defaulters, thus excluding a 
potential selection bias mentioned in several earlier studies .7,8,9 The study design 
enabled us to quickly obtain a general picture of defaulters in Tashkent; it allowed us 
to identify who the defaulters are and when they default, but it did not allow us to fully 
identify the reasons why patients default. With 45% of default being due to ‘refusal of 
further treatment’ and ‘violation of hospital rules’, there is a need to further investigate 
why so many patients are either not satisfied with or not able to comply with the 
conditions under which they are treated. A qualitative follow-up study in which both 
patients and health workers are interviewed might provide the answer to this 
question.19  
 

Conclusions  

Default in Tashkent City occurs mostly during the intensive phase while patients are 
hospitalized. A number of risk groups have been identified that require special 
attention; these include unemployed, pensioners, homeless and alcoholics.  
 
Obligatory in-patient treatment during the intensive phase and a weak system of 
transfer to general PHC facilities upon completion of the intensive phase, are 
important system factors leading to default. Default can be substantially reduced by 
shortening the duration of in-patient treatment and improving the referral system 
between TB in-patient facilities and PHC services. 
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Summary 

 
Background 
Tuberculosis control in Tashkent City (Uzbekistan) is organized in accordance with 
the DOTS strategy. Intensive phase treatment is provided on in-patient, continuation 
phase treatment on ambulatory basis. In 2005, the defaulter rate was 21%. An earlier 
quantitative study revealed when patients default and identified some of the risk 
factors associated with default but did not answer the question: ‘Why do patients 
default?’ To further investigate reasons for defaulting and identify possible solutions, 
we performed a qualitative follow-up study. 
 
Methods 

We conducted 32 in-depth interviews with defaulters, patients who completed 
treatment and health care providers. 
 
Results 

Communication between patients and health services staff is poor. Patients lack 
proper information on TB and its treatment. There is a widespread belief that TB is 
not curable. Hospitalization is problematic because of poor general conditions in TB 
hospitals, costs incurred by patients while on admission, and because TB patients 
need to earn a living or take care of their families.  
 
Conclusion 

Poor communication between health services staff and TB patients is a key issue 
underlying several of the causes of default identified and needs to be addressed. 
Reducing the period of hospitalization too may improve adherence to TB treatment.  
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Introduction 

When patients are required to undergo lengthy treatments, such as in the case of 
tuberculosis (TB), poor adherence to treatment is a common problem1. This has also 
been observed in Tashkent City, capital of the republic of Uzbekistan. Upon 
independence in 1991 the country inherited the Soviet Union TB control system. This 
system had a strong focus on disease control and was characterized by active case 
finding and individualized in-patient treatment. As many other former Soviet 
countries, Uzbekistan witnessed a steep increase in TB case notification rates from 
the early 1990s onwards2. To counter this trend, Uzbekistan embarked upon a 
phased implementation of the internationally recommended DOTS strategy and 
achieved full DOTS-coverage in 2005. Case finding is now mainly passive and 
decentralized to general health facilities. In-patient treatment has been limited to the 
intensive phase, i.e. the first 2-3 months, after which ambulatory treatment continues 
for another 4-5 months. Out-patient treatment is provided three times weekly, under 
direct supervision of a health worker in specially designated rooms (DOTS corners) in 
general policlinics. Treatment regimens have been standardized. New patients are 
treated for 6 months; patients with a history of previous treatment are treated for 8 
months. Many elements of the former system are still in place though, such as annual 
chest X-ray screening of the population and mandatory hospitalization during the first 
2-3 months of treatment. Also the practice of keeping patients on register after 
completion of treatment and prescribing additional anti TB treatment courses in 
spring and autumn3,4 has been maintained.  
 
The TB situation in Uzbekistan has improved since DOTS implementation. The 
annual TB mortality rate has decreased from 12.5 per 100,000 in 2002 to 8.5 in 2006. 
Case finding reached its peak in 2005 and there are indications of a moderate 
decline in incidence. For 2005 a treatment completion rate of 80.5% was reported 
nationwide with a defaulter rate of 6.8%5.  
 
In Tashkent City, treatment completion rates are substantially lower than in the rest of 
the country, mainly as a result of high defaulter rates. In this study we define ‘Default’ 
as interrupting treatment for 2 months or longer, in accordance with the WHO 
definition6. Of 1087 pulmonary TB patients started on treatment in 2005, 228 (21%) 
defaulted. An earlier quantitative study showed that most of these patients (61%) 
defaulted during the intensive phase, while hospitalized. Another substantial part 
(26%) completed the intensive phase but did not initiate the continuation phase 
treatment; they were lost during their referral from in-patient treatment in a TB 
hospital to out-patient treatment at a TB dispensary. Most common reasons for 
default listed were ‘refusal of further treatment’ (27%) and ‘violation of hospital rules’ 
(18%). Unemployment, being retired and ‘alcohol abuse’ were statistically significant 
risk factors 7.  
 
Quantitative research may not be the most appropriate method to investigate 
treatment behaviour; the latter is a complex matter that cannot be explained solely by 
demographic and socio-economic factors8. Disease perception, health beliefs and 
subjective experience of illness also play a role. Therefore we conducted a qualitative 
study to identify and understand the reasons for default from TB treatment and find 
ways of addressing the problem.  
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To structure our findings we used a framework described by Munro et al9 in a review 
of qualitative studies on adherence to tuberculosis treatment. Though the terms 
default and non-adherence cannot be used interchangeably, we considered default a 
form of non-adherence. The framework distinguishes structural, personal, and health 
service factors; the personal factors being influenced by the social context. The 
relation between personal factors and health service factors is assumed to be bi-
directional with health service interventions directed at patients likely to influence 
patient adherence behaviour through the filter of personal factors; and patients’ 
interactions with the health services likely to be influenced by their knowledge, 
attitudes, and beliefs about treatment as well as their interpretations of illness and 
wellness (figure 1).  
 
 
Figure 1 Model of factors affecting adherence‡‡ 
 

 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 

Methodology 

We conducted 32 in-depth interviews with TB patients who defaulted from treatment 
(15), patients who successfully completed treatment (8) and health workers (9). The 
interviews were conducted in January/February 2007, by researchers of the National 
TB program of Uzbekistan (Republican DOTS Center) and the international non 
governmental organization (NGO) Project HOPE. All interviewers involved had a 
good background understanding of the social context and of how TB control is 
organized in Uzbekistan. They had undergone a one-week training in qualitative 
research and were supported throughout the study by a Tashkent based research 
agency (Expert Fikri). Although some of the interviewers were staff members of the 
Republican DOTS Center, none of them was directly involved in patient 
management. The role of the republican DOTS Center is mainly policy development 
and program management. Interviews were conducted in Uzbek and Russian 
depending on the language preferred by the participant. 

                                            
‡‡

 Source: Munro SA, Lewin SA, Smith HJ, Engel ME, Fretheim A, Volmink J. Patient adherence to 
tuberculosis treatment: a systematic review of qualitative research. PLoS Med 2007; 4(7):e238 

Structural factors:  
Incorporating poverty, especially costs 
and financial burden, gender 
discrimination, law 

Personal factors:  
Incorporating knowledge, beliefs, 
and attitudes towards treatment, 
interpretations of illness and 

Health service factors:  
Incorporating organization of care 
and treatment, disease progress, 
and side effects 

Social context:  
Incorporating family, community 
and household support, including 
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We used a stratified purposeful sample taking into account the characteristics of 
particular subgroups of interest10. Patients were selected from the TB patient 
registers of the Tashkent City TB services for the year 2006, aiming at an equal 
representation in terms of gender, age groups (below and above thirty) and 
defaulters and non-defaulters. Health workers were selected among doctors and 
nurses in TB facilities and doctors and nurses in general healthcare facilitates in 
Tashkent city with the aim to represent the diversity of personnel involved in TB 
control.  
 
Open-ended question guides were developed and field tested. The question guides 
were structured according to the flow of TB patients through the healthcare system. 
For TB patients the following topics were covered: healthcare seeking behaviour from 
the start of illness; information provided about the disease; treatment sites and 
methods; reasons for interrupting and/or stopping treatment (only for defaulters); and 
elements perceived as facilitating adherence to treatment. For the health services 
staff, the guide focused on reactions to TB diagnosis; information provided to TB 
patients and perceived barriers and enablers to treatment completion. 

Interviews were recorded and transcribed verbatim. Analysis was done manually by 
two Russian speaking researchers (EH, MK), using a grounded theory approach, 
allowing relevant themes to emerge from the raw data during successive readings of 
the transcripts11. Preliminary results were further discussed, refined and triangulated 
through 3 meetings of the whole research team. In addition, results were presented 
to and discussed with a sociologist not directly involved in the conduct of the study 
(PL).   

The study was approved by the ethics committee of the Ministry of Health of 
Uzbekistan. All interviewees participated voluntarily. Informed consent was obtained 
and confidentiality was protected. 
 

Results 

Patients interviewed were equally distributed by gender and age group (above or 
below 30 years of age); there were 19 pulmonary TB cases and 4 extra pulmonary 
TB cases. Among the 15 defaulters, 3 defaulted during the intensive phase of TB 
treatment, while hospitalized; 9 completed the intensive phase but either did not start 
the (ambulatory) continuation phase (4/15) or defaulted 1-2 months later (5/15). Two 
patients never initiated treatment and one patient classified as defaulter had actually 
completed a full course of treatment. All patients interviewed had contacted the 
healthcare services at their own initiative. 
 
The 9 health workers interviewed included 2 TB specialists, 2 general practitioners, 2 
nurses from TB services and 3 nurses from general healthcare facilities.  
 
Detailed results are presented in accordance with the conceptual framework 
described earlier.  
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1. Personal Factors 
Personal factors encompass knowledge, beliefs and attitudes towards treatment and 
interpretations of illness and wellness; as such they are important determinants of 
health care seeking behaviour and perception of disease.  
 
Nearly all patients interviewed first presented at a general health care facility 
(policlinic), usually after having been seriously ill for quite some time.  
‘It all started in 2004, I lost weight till I weighed only 43 kg, I was very weak and I was 
coughing…’ (Woman, defaulter, 29 years old) 
 
Upon being diagnosed as a TB patient, the initial reaction of most of the patients was 
either fear or denial. Most thought that they were going to die.  
‘I was frightened… better I go on hunger strike and die right a way. A neighbour of 
mine seriously suffered from tuberculosis. I know what kind of disease it is (Man, 
defaulter, 76 years old)  
 
TB was often perceived as being incurable based on previous negative experiences 
with relatives or acquaintances that had died from TB.  
 
‘I think it’s not curable, it can only be suppressed’. (Man, defaulter, 24 years old) 
 
‘I think tuberculosis is not curable… But if it was possible, first of all I would have 
wanted to cure my father... My father took treatment at home, he took all medicines, 
correctly, he did not take plantain§§ like me, he did not believe in it… a friend was 
treated in hospital, but it had no effect either… I think TB is not curable, very unlikely.’  
(Man, defaulter, 19 years old) 
 
Findings from the health worker interviews confirmed to a large extent the findings 
from the patient interviews. Patients consider TB to be incurable and want to hide the 
fact that they have TB from their surroundings. General health services staff avoid 
talking to patients about TB.   
 
‘…because these patients often refuse to accept that they have TB. There are some 
who even start shouting at us, they say that doctors do not know anything, that they 
cannot have such a disease.’ (Doctor in policlinic) 
 
Whereas defaulters generally persisted in their initial belief that TB is not curable, 
most of those who completed treatment had become convinced that TB is curable. 
Usually this was the result of experiencing the effectiveness of treatment and of 
information provided by health workers.  
 
‘I thought it was like cancer, that patients will die anyhow. We did not know anything 
about this disease, only that others despise such patients. And when I was treated in 
the hospital, every day very ill patients died, mostly alcoholics. Later I was transferred 
to a normal ward, there nobody died, many were cured, then I started to believe that I 
would not die.’ (Woman, completed treatment, 22 years old) 
 

                                            
§§

 A type of banana, generally used for cooking. 
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Yet even among those treated successfully, some believed that without further 
treatment their disease would come back.  
 
‘Whether it is possible to be cured or not, I don’t know. When I was in the hospital I 
saw that some recovered but I’m not sure. I now have chest pains and I’m afraid to 
go to work. Last week I was in the TB dispensary and asked to be admitted to the TB 
hospital but they told me I first needed to make an X-ray before they would refer me’. 
(Man, completed treatment, 35 years old).  
 

2. Health service related factors 
Health service related factors include organization of care and treatment, disease 
progress, and side effects of drugs/treatment. Each of these themes emerged during 
the interviews. Side effects of anti-TB drugs were very often mentioned as the reason 
to interrupt treatment, though in many cases these appeared to be perceived rather 
than actual side effects. Problems with the liver were frequently mentioned; doctors 
prescribed specific treatment to protect the liver.  
 
 ‘Many patients complained that these tablets have a bad effect on the liver, some 
affect the eyes, some the ears and some cause impotence. And I’m still a young 
man, of course I refused…’ 
(Man, defaulter, 45 years old) 
 
‘But I did not take these tablets. I only took them for two months because they began 
to affect my liver’. (Man, completed treatment, 30 years old) 
 
‘For the liver, I was put on a drip’. (Woman, defaulter, 29 years old) 
 
‘They do not like DOTS treatment, they say they cannot tolerate these tablets, they 
show skin rashes or complain of stomach and liver problems.’ (Nurse in TB 
dispensary) 
 
Unwillingness to be hospitalized was another recurrent theme. Patients were 
reluctant to be admitted because of perceived bad hygienic and general conditions in 
TB hospitals. 
 
 ‘I did not like the hospital. I did not like it there at all. It’s full of criminals. All the walls 
are  
filthy, it’s despicable. You cannot even sit on the toilets.’ (Man, defaulter, 25 years 
old) 
 
‘But it is such a dirty hospital, all the time I was washing myself with soap. Fortunately 
I had a room of my own.’ (Woman, defaulter, 35 years old) 
 
‘But I did not agree to be admitted there because most of the patients are former 
convicts, it’s a filthy hospital and it’s far from our home.’ (Man, defaulter, 47 years 
old).  
 
The attitude of health workers was mentioned as an important issue both by patients 
and health workers themselves. For some patients the bad attitude of health workers 
was a reason to interrupt treatment; on the other hand there were also patients with 
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very positive experiences. Negative attitudes towards TB patients among health 
workers appear to be related to the fact that health workers often associate TB with 
an anti social lifestyle, i.e. alcoholism, drug abuse, delinquency. Staff of general 
health facilities express reservations with treating TB patients because of perceived 
infectiousness. 
 
‘In general doctors and nurses in the TB hospital were so kind and interested, we 
were really surprised’. (Man, completed treatment, 22 years old) 
 
‘I did not want to go to the policlinic because there the attitude of doctors towards 
patients is bad. I felt hostility towards myself, even though after the operation I was 
cured, still there was some sense of hostility.’ (Woman, defaulter, 24 years old) 
 
‘I think most cases of tuberculosis occur among former prisoners. But for continuation 
phase treatment we also get decent people, I was surprised, how did they get 
tuberculosis? Could it be because they smoke?’ (Nurse in policlinic) 
 
‘And the nurses in the policlinics themselves tell us that they don’t like to see this kind 
of patients. I understand them very well. You see in the corridors of such policlinics, 
there are also newborns. This mixing of patients is not right.’ (Doctor in TB 
dispensary) 
 
Most patients, including those who completed treatment, did not know the correct 
duration of treatment. Though the treatment duration for new TB patients has been 
standardized at 6 months, only 3 patients who completed treatment were aware of 
this. By and large, health workers knew the correct duration of treatment but their 
messages to the patients were often not very clear. Most did mention the two stages 
of treatment, in-patient and out-patient treatment. However some included the follow-
up period after treatment, whereas those working in hospitals tended to focus on the 
duration of treatment in their facility. Treatment durations mentioned thus ranged 
from 2-3 months to several years.  
 
‘They did not tell me how long I should take tablets, they just said: ‘Until we remove 
you from the register.’ (Woman, defaulter, 29 years old) 
 
‘To new patients I say that they will be treated by us for 2 months. After checking 
whether there are no more bacilli, we will discharge you and afterwards at the 
dispensary they will decide how long you should still be treated, how long you will 
remain on register.’ (Nurse in TB hospital) 
 
‘New patients are treated for about one year. They are checked quarterly. The TB 
specialists advise us and write referral letters. If it is a patient with an advanced form, 
then of course longer.’ (Doctor in policlinic) 
 
Even after patients have been cured, they are kept on register and are being 
prescribed additional treatment.  
 
‘Yesterday I also went to the dispensary and they did the investigations; they gave 
me white tablets and told me to come back in one week. Until February they will keep 
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me on register, and then they will remove me from register.’ (Woman, completed 
treatment, 20 years old) 
 
‘After this (treatment) they advised me to take Isoniazid tablets 3 times a week in 
spring and autumn’. (Man, completed treatment, 50 years old) 
 
Information provided by health workers on other aspects of TB treatment was also 
often incomplete or incorrect. A theme frequently mentioned was infectiousness of 
TB related to the need for hygiene; patients were told to maintain good personal 
hygiene and to use separate cutlery and crockery in order not to infect those around 
them.  
 
‘We explain to them the rules about hygiene, that they should have separate cutlery 
and crockery......  Also they should think not about themselves in the first place but 
about us, and about the children, about the relatives; that they should not spread the 
infection to their relatives.’ (Nurse in TB hospital) 
 
Defaulters did often continue treatment for a while on anti-TB drugs bought from 
private pharmacies. Such treatments were usually prescribed by a TB doctor but 
taken irregularly and without supervision.  
 
‘ After they discharged me from hospital I continued taking tablets but I bought them 
myself. I did not want to travel up and down; I live with my family in Yunusabad but 
was treated in Lysunova because that’s where I’m officially registered’. (Man, 
defaulter, 24 years old) 
 
3. Structural factors 
Among structural factors, both direct costs and opportunity costs emerged as 
important obstacles to completion of anti-TB treatment. Though TB drugs are 
provided free of charge, patients do have to buy additional drugs. As most patients 
are employed on an informal basis, being absent from work means not having any 
income and the risk of loosing one’s job.   
 
‘It’s lack of money. Well everywhere they write that TB treatment is free of charge. 
And where is it free of charge? Only tablets they give for free. Everything else we 
have to buy. – injections, drips…and then, who will feed my children? I don’t have a 
job, I do not receive a pension. I live from what I can earn on the side’. (Woman, 
defaulter, 42 years old) 
 
‘I have to feed my wife and two children; my work is very important to me, I work in 
building construction, I’m not employed by the government so I don’t have to hope for 
paid sick leave....’ (Man, defaulter, 24 years old) 
 
‘The problem is that many patients are the sole bread winner, they don’t manage to 
complete treatment, they’re in a hurry to get back to work…’ (Nurse in TB hospital) 
 

4. The social context 
The social context which includes family, community and household support, 
including stigma, also emerged as an important determinant. Most patients decided 
not to disclose the fact that they were suffering from TB except to their closest 
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relatives. Yet contrary to the expectations of the patients themselves, these relatives 
were usually very supportive. Nevertheless patients feared being ostracized and also 
there was the fear of infecting others.  
 

 I wasn’t just afraid for myself, I thought that if the neighbours knew they would start 
fearing and avoiding me.’ (Man, defaulter, 76 years old).  
 

Some patients were reluctant to go to the policlinic for TB treatment because they 
were afraid of being recognized by neighbours, this was also mentioned by health 
workers. 
 

My mother brought the tablets from the policlinic. I myself was hesitant to go to the 
policlinic in case someone would see me.’ (Woman, completed treatment, 22 years 
old) 
 

‘The same policlinics are visited by their neighbours and the probability of meeting 
someone you know is 80%. All patients are afraid to meet their neighbours.’ (Doctor 
in TB dispensary) 
 
A doctor in one of the TB hospitals observed that women with young children were often 
under pressure of their husbands to return home and take care of their children.  
 

‘Especially among women – married women default because of family 
circumstances. Their husbands come and start shouting, ‘How much longer does my 
wife have to be treated?’ You see, the children are on their own.’ (Doctor in TB 
hospital) 
 

Discussion  

In their comprehensive review of three decades of research into patient adherence, 
Vermeire et al12 state that although many studies have investigated causal 
relationships between patient factors, doctor factors and adherence, no consistent 
story has yet emerged. Their conclusion is that adherence is not determined by the 
nature of the disease, the referral process, the clinical setting and the treatment 
regimen, and that demographic and social factors too are poor indicators of 
adherence. The most salient influences on adherence in their view are the patients’ 
beliefs about medications and medicine in general, as well as those of family 
members and friends. They emphasize the importance of the doctor-patient 
relationship in which the patient’s autonomy and right to self determination must be 
respected. The role of the doctor should be that of an expert advisor but it is 
ultimately the patient who decides what is in his own best interest. Communication 
between doctor and patient is thus of key importance.  
 
Results from our study confirm the importance of the doctor-patient relationship but 
we did also identify a few other factors that appear to be important in the particular 
setting of a post Soviet country. Our findings fit very well in the general framework 
described by Munro et al. 9 which is an indication of its relevance. The most 
prominent personal factor to emerge is lack of knowledge about the disease and its 
treatment, which confirms the importance of individual patients’ beliefs described by 
Vermeire et al. Many do not really believe that TB is curable and therefore do not see 
the need for prolonged and regular treatment. In addition to this, most patients do not 
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know for how long they are supposed to be treated. Our results also clearly indicate 
that these personal factors are very often being reinforced by health services related 
factors. This strong association seems related to the particularities of the setting. The 
former Soviet Union is a very specific setting and several earlier studies also 
identified health service related and structural factors as important determinants of 
non-adherence13,14,15,16.  
 
Considering the long period patients spent in TB hospitals, their lack of knowledge 
could be considered a health service related factor because there had been ample 
time for health workers to educate them. Poor communication between health 
services staff and patients is not unique to the TB system in Tashkent but has also 
been observed in other former Soviet Union settings17,18. Moreover part of the 
information patients did receive was incorrect or inappropriate.  
 
Even among health workers there is no clarity about the duration of TB treatment. A 
possible explanation may be in the conflicting guidelines. Treatment regimens in 
Uzbekistan have been standardized in accordance with the DOTS strategy but as 
mentioned in the introduction, the old guidelines are also still in place19. These 
prescribe a follow up of at least 2 years after cure, including biannual courses of 
chemotherapy in spring and autumn.  
 
Intolerance to anti-TB drugs is another area where health service factors and 
personal factors interact. Many defaulters mentioned intolerance to anti-TB drugs as 
an important reason to stop taking them; there was a particular concern about 
damage to the liver. Although hepato-toxicity is a known side effect of some anti TB 
drugs, it is not as common as patients apparently assume20. There is thus an urgent 
need to properly inform patients on the potential side effects of anti-TB drugs 
because on most occasions they can be managed and do not need to lead to 
interruption of treatment6. 
 
The attitude of health services staff was mentioned by health workers and patients as 
an important factor contributing to default. Here again health services factors and 
personal factors interact as there were positive as well as negative experiences. 
Negative attitudes among health services personnel are often related to their 
perception of TB being a disease of the socially marginalized. General health 
services staff often do not welcome the idea of treating TB patients because of the 
perceived danger of infectiousness. Health workers pay a lot of attention to hygiene 
as a way to prevent transmission of TB and recommend irrational and stigmatizing 
measures such as using separate cutlery and crockery.   
 
Finally, mandatory hospitalization during the first phase of treatment is an important 
health services factor negatively affecting adherence. Some patients do not start 
treatment at all to avoid being hospitalized; others leave the hospital either because 
they are appalled by the prevailing general and hygienic conditions, or because they 
cannot afford to stay without earning money or taking care of their families. Moreover 
they incur substantial costs because of having to buy additional non-TB drugs. In the 
days of the Soviet Union income was guaranteed and hospitals were well maintained 
and well supplied; being on admission was therefore not a major problem21.  The 
structural context has changed with the collapse of the Soviet Union; TB patients can 
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no longer afford not to work and underfunding of health services has resulted in poor 
conditions in hospitals2,22.  
 
Hospitalization is often defended as a public health measure aimed at interrupting 
transmission of tuberculosis. The Madras study in 1959 clearly demonstrated that 
transmission to close contacts usually happens before the index case is diagnosed 
and that hospitalization itself does not reduce transmission23. More recent studies 
from countries of the former Soviet Union show that the majority of admissions for 
tuberculosis are unnecessary when clinical and public health criteria are applied24,25, 

26. Restricting hospitalization to those cases where there is a clinical need or to the 
first 3-4 weeks for those being smear positive would make the system much more 
client friendly.  
 
Among factors related to the social context, stigma was most often mentioned. 
Patients fear being ostracized both because of TB being an infectious disease and 
because of TB being perceived as a disease of criminals and other socially 
marginalized individuals. Often the stigma appears to be felt rather than enacted, i.e. 
the fear of being stigmatized rather than actually being stigmatized27. Nevertheless it 
is obvious that both the public and health workers have a low opinion of TB patients, 
reflected in their being surprised by the fact that even ‘decent’ people can suffer from 
TB.  
 

Limitations 

This is a qualitative study, aimed to explain, and not quantify, the phenomena 
observed. The study took place in an urban setting; for some aspects conditions 
prevailing in rural settings may be different.  
 

Conclusion 

We identified several factors that lead to default; many of them related to the health 
system, often in interaction with personal factors. The current TB control system in 
Uzbekistan is still very much provider and disease control oriented. Conflicting 
guidelines lead to a lack of clarity, even among providers. An important underlying 
cause is the fact that health care providers are often not inclined to communicate with 
TB patients. As a result TB patients lack a clear perspective on their disease and its 
treatment.  
 
In response to the results of this study, a training program on counselling skills for 
nurses of TB hospitals in Tashkent has been developed. These nurses were 
provided with standardized messages to be communicated to TB patients.  
 
The underlying problem of non-uniform treatment guidelines still needs to be 
addressed. This includes the practices of prescribing additional non-TB drugs and 
preventive anti-TB chemotherapy in spring and autumn.  
 
Hospitalization itself leads to default because of poor in-patient conditions and 
because patients need to earn a living or take care of their families. To structurally 
improve conditions in hospitals may prove to be very costly. A more feasible solution 
would thus be to promote ambulatory treatment at an earlier stage.  
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Various structural and health system factors need to be addressed but the key issue 
appears to be improving the communication between health services staff and TB 
patients, allowing patients to make an informed decision on what’s in their own best 
interest.  
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Summary 
 

Introduction 

In 2005 a visceral leishmaniasis (VL) elimination initiative was launched on the Indian 
subcontinent, with early diagnosis based on a rapid diagnostic test and treatment 
with the oral drug miltefosine as its main strategy. Several recent studies have 
signaled underreporting of VL cases in the region. Information on treatment 
outcomes is scanty. We conducted a study to document VL case management by the 
primary health care services in India.  
 
Methods 

We took a random sample of all VL patients registered in rural PHC facilities of 
Muzaffarpur district, Bihar, India during 2008. Patients were traced at home for an 
interview and their records were reviewed. We recorded patient and doctor delay, 
treatment regimens, treatment outcomes and costs incurred by patients.  
 
Results 
We could review records of all 150 patients sampled and interview 139 patients or 
their guardian. Most patients (81%) had first presented to unqualified practitioners; 
median delay before reaching the appropriate primary healthcare facility was 40 days 
(IQR 31-59 days). Existing networks of village health workers were under utilized. 
Forty eight percent of VL patients were treated with antimonials; 40% of those 
needed a second treatment course. Median direct expenditure by patients was 4000 
rupees per episode (IQR 2695 – 5563 rupees), equivalent to almost two months of 
household income.  
 
Conclusion 

In 2008 there were still critical flaws in VL case management in the primary health 
care services in Bihar:  obsolete use of antimonials with high failure rates and long 
patient delay. To meet the target of the VL elimination, more active case detection 
strategies are needed, and the existing village health worker networks could be more 
involved. Costs to patients remain an obstacle to early case finding.  
 

 



Chapter 6. Management of visceral leishmaniasis in rural primary health care 
services in Bihar, India.  

 - 71 - 

Introduction 

Visceral leishmaniasis (VL) is a vector-borne parasitic disease which is nearly always 
fatal if left untreated.1,2 The clinical syndrome is characterized by fever, weight loss, 
splenomegaly, hepatomegaly and anemia. Though the disease is endemic in over 60 
countries, 90% of all reported cases occur in just 5 countries: Bangladesh, Brazil, 
India, Nepal and Sudan. The estimated population at risk on the Indian subcontinent 
is around 200 million, the estimated annual incidence about 420,000. The disease 
affects mainly poor rural communities; of all cases reported in the region, almost 50% 
are from the state of Bihar in India.3  
 
In 2005 the VL endemic countries of the South-East Asia region, Bangladesh, India 
and Nepal, agreed upon a regional strategic framework for elimination of VL from the 
Indian subcontinent.4 The target set for India is to reduce the annual incidence of VL 
at block level (an administrative division covering 100 000 to 300 000 inhabitants, 
see below) to less than one new case per 10,000 population by 2015.  The main 
strategy to achieve this is entrusted to the public sector primary health care (PHC) 
services that should ensure early diagnosis and treatment.  Any patient residing in a VL 

endemic area and presenting with a history of fever of more than two weeks duration 
with no response to antibiotics and antimalarials is to be tested for VL with an rK-39 
dipstick test. Those testing positive are to be treated in first intention with oral 
miltefosine; amphotericin B is used in second intention for those not responding to 
miltefosine. VL drugs and diagnostics should be free to the patient in the public 
sector. 
 
Recently, there have been various accounts of underreporting of VL in the PHC 
sector in Bihar with an estimated 76-88% of cases not being reported.5,6 Moreover 
during visits to health centres in two districts of Bihar State in April 2009, we 
observed that rK39 dipstick tests were often not available and that in case of VL 
suspicion, patients were referred to private-for-profit facilities for diagnosis. Most 
patients were treated with sodium stibogluconate (SSG) notwithstanding the program 
recommendation to use miltefosine. SSG has to be administered by intra muscular 
injection but no specific arrangements were being made for this. Vials of SSG were 
provided one at a time by the health centre to the patient or a relative. For the 
average adult patient this meant 10 visits to the centre over a 30-day period. 
Experience with other chronic diseases such as tuberculosis has shown that unless 
special measures are taken, compliance with treatment is the exception rather than 
the rule.7 Yet in the facilities visited, out of over 900 patients treated during 2008, not 
one single patient was reported to have defaulted. Though Sundar et al. documented 
high levels of resistance against SSG in Bihar State as early as 2001, among over 
800 VL cases treated with SSG in 2008, according to the records there had been no 
more than 10 treatment failures.8 A patient was assumed to have been successfully 
treated if all vials prescribed had been collected. The reporting format used did not 
distinguish between ‘new cases’, ‘relapses’ and ‘treatment after failure’ and as 
treatment outcome only ‘death’ or ‘successful treatment’ were routinely reported.  
 
Our observations raised several questions. The fact that a substantial proportion of 
patients were referred to private-for-profit laboratories for diagnosis could be a 
reason for underreporting of VL. Since VL patients are known to be among the 
poorest of the poor, having to pay for diagnostic tests could be a major obstacle.9 
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Moreover treatment outcomes reported seemed at odds with earlier reports on SSG 
resistance by Sundar et al. albeit from a specialised treatment centre. We therefore 
initiated a study to investigate healthcare seeking behaviour of VL patients treated in 
PHC facilities and document their treatment outcomes as well as direct costs 
incurred. 
 

Methods 

Background 
Administratively, India is made up of 28 states; each state is divided into districts and 
districts are divided into blocks of approximately 100,000 to 300,000 inhabitants. 
Each district capital has a district hospital that functions as referral level for the block 
primary health care system. In rural areas, primary health care services at block level 
have been organized as a 3-tier system, made up of community health centers, 
primary health centers and health sub-centers. The highest level within the block is 
the community health center, which according to the norms should cater for a 
population of 120,000 and support 4 primary health centers and 24 sub-centers. The 
primary health center is the first level at which a physician is available. Sub-centers 
are the most peripheral unit and are staffed by midlevel health workers, one female 
and one male; these health workers are referred to as auxiliary nurse/midwife or 
ANM.  At village level there is a network of volunteers, also known as ‘accredited 
social health activists’ or ASHA’s, who constitute the link between the PHC system 
and the community.10,11 The community health center is the level at which VL 
diagnostics and drugs should be freely available and to which lower echelons in the 
PHC system should refer suspect cases. Our study was conducted in Muzaffarpur 
district of Bihar state, a district with an estimated 4,503,397 inhabitants.  The district 
which has 14 rural blocks with a total population of 3,994,175, each served by one 
community health center, was among the pilot districts to be supplied with miltefosine 
at the time of our study. The average population per community health center is thus 
285,000, more than twice the target of 120,000; in all 14 rural blocks of Muzaffapur 
district there are altogether only 4 functioning primary health centers.  
 

Study design 
We conducted a random cross-sectional survey of all VL patients registered in the 
public sector PHC services of all rural blocks of Muzaffarpur district during 2008; 
these blocks are known to be highly endemic for VL. We compiled a list of all cases 
reported by the community health centres in each of these blocks and took a random 
sample of 150. Study subjects had their medical records reviewed and were visited at 
home for an interview. In case a patient was a minor we interviewed a guardian; for 
patients who had died we tried to interview relatives.  
 
Two sets of questionnaires were developed and pretested, one questionnaire for the 
review of patient records, another questionnaire for patient interviews. Reviews of 
patient records were done by a physician with experience in treatment of VL; patient 
interviews were conducted by a team of trained field workers who had also been 
involved in earlier studies in the area.  
 

Case definitions 
As case definition for VL we adopted the standard definition used by the PHC 
system, i.e. a patient with a history of fever of more than two weeks duration with no 
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response to antibiotics and antimalarials, and a positive result of the rK-39 dipstick 
test and/or positive on parasitological examination.  
 

We categorized treatment outcomes using definitions adapted from those used in 
tuberculosis control.12 As treatment outcome categories we used ‘treatment success’, 
‘ treatment failure’, ‘relapse’, ‘defaulted’, ‘transferred out’, referred to higher level’, 
‘died’ and ‘other’. Patients who had taken all the prescribed treatment, had been 
discharged in good clinical condition and were not known to have relapsed at the 
time of the study were classified as ‘treatment success’. Treatment failure was 
defined as no clinical improvement noted during or at the end of the treatment; 
relapse was defined as the return of signs and symptoms of VL after initially having 
been considered successfully treated, with or without parasitological confirmation. 
‘Defaulted’ was defined as a  patient who did not come to pick up the remainder of 
his treatment before completion, resulting in a treatment “break” of more than one 
week. ‘Transferred out’ was defined as the patient being transferred to another facility 
for non-medical reasons, those referred to higher levels for medical reasons were 
classified as ‘referred to higher level’. Any patient reported to have died from 
whatever cause was classified as ‘died’; patients not fitting any of the above 
categories were classified as ‘other’. We made a distinction between patients never 
treated before and patients with a history of previous treatment. Treatment results 
from the records were triangulated with results from interviews; patients were asked 
whether (first) treatment had been effective, how they would describe their state of 
health at the end of treatment and whether they had needed a second treatment for 
VL.  
 

In the public sector, diagnosis and treatment for VL are only available at community 
health center level. Mindful of the fact that a wide array of formal and informal health 
care services exists in rural areas of India and that even after having consulted lower 
echelons of the PHC system patients may still delay presenting to a community 
health center, we defined patient’s delay as the time between onset of symptoms and 
first presentation to a community health center.13 Health system’s delay was defined 
as the time between first presentation at a community health center and start of 
treatment for VL. For those first presenting to an ANM or ASHA, we also calculated 
the time between presenting to ANM or ASHA and presenting at a community health 
center.  
 
Direct costs to patients were estimated by asking each patient how much had been 
spent in Indian rupees on consultation fees, diagnostic tests, drugs, other treatment 
services, admission fees, travel and other charges for each provider visited in the 
course of diagnosis and treatment.  
 
Sample size 
Sample size was calculated to estimate treatment defaulter rates with adequate 
precision, and based on the assumption that at least 10% of patients do not complete 
VL treatment. To estimate a factor present in 10% of cases with a precision of ±5% 
and an -error of 0.05 requires a sample size of 138. To account for the fact that 
some patients may be absent or may not agree to cooperate, we set the sample size 
at 150.  
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Ethical aspects 
Ethical clearance was obtained from the ethics committee of Banaras Hindu 
University in Varanasi, India, as well as from the ethics committee of the University of 
Antwerp, Belgium. Any person identified with (suspected) VL in the process of the 
study, whether due to treatment failure/relapse or a first episode, was eligible for free 
diagnosis and treatment at the Kala-azar Medical Research Centre (KAMRC) in 
Muzaffarpur.  
 
Data management 
Data was double entered in a Microsoft Access database independently by 2 data 
entry clerks. Upon completion of the 2nd entry, the two files were compared. In case 
of discrepancies corrections were made after reviewing the original questionnaire 
forms.  
 
Data analysis 
For data analysis we used Stata/ IC V10.1 (Stata Corp., College Station Tx, USA). 
We calculated proportions and confidence intervals and medians with interquartile 
ranges as required.  
 

Results 

During the year 2008 the 14 rural blocks of Muzaffarpur district reported a total of 
1878 VL cases, with a median by block of 106 cases (IQR 71-182) and a range from 
8 cases to 409 cases. Of 150 cases sampled, all had their medical records reviewed 
and 138 could be personally interviewed; for one patient who had died we were able 
to interview the relatives. There were 11 patients who could not be interviewed, out of 
those one was known to have died. In all 11 cases the addresses recorded at the 
community health centers were inaccurate, making it impossible to locate the homes 
of the patients.  
 
Seventy seven patients (51.3%) were male; the median age was 18 years (IQR 10- 
35 years). Fever, loss of appetite, weight loss and swelling of the abdomen were the 
initial symptoms reported by the vast majority of patients interviewed (100%, 97.8%, 
94.2% and 74.8% respectively). One hundred thirty two patients (88.0%, 95% CI 
82.7-93.3%) had been diagnosed on the basis of clinical symptoms plus a positive 
rK39 dipstick test, the remaining 18 patients (12.0% 95% CI 6.7-17.3%) had been 
parasitologically confirmed.  
 
-Choice of provider 
Out of 139 patients interviewed, 113 (81.3%, 95% CI 74.7- 87.9%) had first reported 
to an unqualified local practitioner; 12 (8.6%, 95% CI 3.9-13.4%) had reported to a 
qualified private practitioner and 14 (10.1%, 95% CI 5.0- 15.1%) had reported directly 
to the PHC system. Of those reporting directly to the PHC system, 12 (8.6%, 95% CI 
3.9-13.4% of all patients) had first reported to an ANM or ASHA, 2 (1.4%, 95% CI 0-
3.4% of all cases) had reported directly to a community health center.  
 
- Delay 
Median patient delay between onset of symptoms and reporting to the community 
health centre was 40 days (IQR 31-59 days). Once the patient had reported to the 
community health center, system’s delay was minimal with a median of 2 days till 
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start of treatment (IQR 1-4 days). Those first reporting to an ANM or ASHA (n=12) 
had a median delay of a further 36 days (IQR 28-56 days) before reporting to a 
community health center. Out of 139 patients interviewed, 79 (56.8%, 95% CI 48.5-
65.2%) had completed the full diagnostic process at the community health center, 58 
(41.7%, 95% CI 33.4 – 50.0%) had been referred by the doctor of the community 
health centre to a private-for-profit laboratory for a VL diagnostic test, the remaining 2 
patients (1.4%, 95% CI 0-3.4%)) had been diagnosed at an NGO facility.  
 
- Treatment regimens and treatment outcomes 
Out of 150 patients assessed, eight had a history of previous treatment for VL. 
Excluding those eight patients, 68 (47.9%, 95% CI 39.6-56.2%) were prescribed SSG 
as initial treatment regimen, 43 (30.3%, 95%CI 22.6 – 38.0%) were prescribed 
miltefosine and the remaining 31 (21.8%, 95% CI 15.0-28.7%) were prescribed 
amphotericin B. Excluding three blocks from which five or less patients were 
assessed, the percentage of patients on SSG by block ranged from 36 to 90%. We 
hypothesized that possibly in the course of the year SSG had gradually been 
replaced by miltefosine as a first line treatment but this was not the case as shown in 
figure 1. The cyclical patterns observed suggest that during some periods of the year 
Miltefosine was not available and that SSG was used instead.  
 

 
Figure 1: Proportions of patients prescribed SSG and miltefosine by month during the year 
2008 

 
Compliance was excellent according to the records. Excluding those who defaulted, 
died or were transferred, 94.0% of patients (95% CI 90.0-98.1%) had collected at 
least 90% of prescribed treatment dosages. This was confirmed by the patients; 
91.9% (95% CI 87.0-96.8%) of those that did not die or default and were not 
transferred said that they had taken all medicines as prescribed. 
 
First treatment outcomes varied by treatment regimen. Out of 68 patients without a 
history of previous treatment treated on SSG, 51 (75.0%, 95% CI 64.4-85.6%) were 
classified as treatment success according to the patient records. Thirty seven out of 
43 patients (86.0%, 95% CI 75.3-96.8%) were successfully treated with miltefosine; 
for amphotericin B the figures were 29 out of 31 (93.5%, 95% CI 84.4-100%). First 
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treatment results assessed from patient interviews were worse with very consistent 
replies to the 3 related questions asked. Twenty seven out of 67 patients treated with 
SSG interviewed (40.3%, 95% CI 28.2 – 52.4%) had needed a second treatment 
course for VL. Six out of 40 patients treated with miltefosine (15.0%, 95% CI 4.4 – 
26.6%) and three out of 24 patients treated with amphotericin B (12.5%, 95% CI 0 – 
26.8%) had needed a second VL treatment. Details on first treatment outcomes are 
presented in table 1 and 2.  
 
Table 1 Treatment outcomes by regimen for patients without a history of previous VL 
treatment 
(based on data retrieved from patient records at community health centers) 
Outcome/ Regimen SSG 

(95% CI) 
miltefosine 

(95% CI) 
amphotericin B 

(95% CI) 
All 

(95% CI) 

Treatment success 51 (75%) 
(64-86%) 

37 (86%) 
(75-97%) 

29 (94%) 
(84-100%) 

117 (82.4%) 
(76.1-88.7%) 

Failure 2 (3%) 
(0-7%) 

0 0 2 (1.4%) 
(0-3.4%) 

Defaulted 4 (6%) 
(0-12%) 

3 (7%) 
(0-15%) 

1 (3%) 
(0-10%) 

8 (5.6%) 
(1.8-9.5%) 

Died 1 (1%) 
(0-4%) 

1 (2%) 
(0-7%) 

0 2 (1.4%) 
(0-3.4%) 

Referred 8 (12%) 
(4-20%) 

2 (5%) 
(0-11%) 

1 (3%) 
(0-10%) 

11 (7.7%) 
(3.3 -12.2%) 

Transferred out 2 (3%) 
(0-7%) 

0 0 2 (1.4%) 
(0-3.4%) 

Total 68 
 

43 31 142 

 

 
Table 2 Treatment results by regimen for patients without a history of previous VL 
treatment (based on data from interviews with patients) 
Result/ Regimen SSG 

(95% CI) 
miltefosine 

(95% CI) 
amphotericin B 

(95% CI) 
All 

(95% CI) 

Was treatment effective?     
        - Yes 41 (61%) 

(49-73%) 
34 (85%) 
(73-97%) 

22 (92%) 
(80-100%) 

97 (74.0%) 
(66.4-81.7%) 

        - Moderately 8 (12%) 
(4-20%) 

2 (5%) 
(0-12%) 

1 (4%) 
(0-13%) 

11(8.4%) 
(3.6 -13.2%) 

        - No 18 (27%) 
(16-38%) 

4 (10%) 
(0-20%) 

1(4%) 
(0-13%) 

23 (17.6%) 
(11.0-24.2%) 

State of health at end of first 
treatment? 

    

       - Good 41 (61%) 
(49-73%) 

34 (85%) 
(73-97%) 

22 (92%) 
(80-100%) 

97 (74.0%) 
(66.4-81.7% 

       - Better, not good 8 (12%) 
(4-20%) 

1 (3%) 
(0-8%) 

1 (4%) 
(0-13%) 

10 (7.6%) 
(3.0 -12.2%) 

       - Unchanged or worse 18 (27%) 
(16-38%) 

5 (13%) 
(2-20%) 

1 (4%) 
(0-13%) 

24 (18.3%) 
(11.6 -25.0%) 

Needed 2
nd

 treatment?     
      - Yes 27 (40%) 

(28-52%) 
6 (15%) 
(3-27%) 

3 (13%) 
(0-27%) 

36 (27.5%) 
(19.7-35.2%) 

      - No  40 (60%) 
(48-72%) 

34 (85%) 
(73-97%) 

21 (88%) 
(73-100%) 

95 (72.5%) 
(64.8-80.3%) 

 
Of those who had required a second VL treatment, 7 had been retreated at PHC 
level, 11 at a district hospital, 5 by private practitioners and 13 at an NGO facility. 
When asked about their current state of health, all 36 indicated that they had fully 
recovered from their VL episode.  
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- Costs 
Out of 139 patients interviewed, 136 were able to provide information about 
expenditures made while visiting different healthcare providers. Median total 
expenditure was 4000 Rupees (IQR 2695-5563 Rupees) per patient, equivalent to 86 
US Dollar. Most money was spent on drugs (median 1500 Rupees, IQR 1000-2200 
Rupees). When breaking down expenditure by type of provider, equal amounts were 
spent on private practitioners and in the PHC system, with median expenditures of 
1455 Rupees (IQR 545-2715) and 1480 Rupees (IQR 1025-2045 Rupees) 
respectively. Village health workers were usually not paid, the median expenditure to 
unqualified practitioners was 500 Rupees (IQR 300-1000 Rupees). All 139 patients 
interviewed had experienced financial difficulties as a result of their illness, 47 (34%, 
95% CI 26-42%) had experienced minor financial problems whereas 92 (66%, 95% 
CI 58-74%) had experienced major financial problems. Details on costs incurred are 
provided in table 3.  
 
Table 3: Reported median direct expenditures in Indian Rupees, overall and by type of 
practitioner:  

 Overall 
median 
(IQR) 

Health 
workers 
median (IQR) 

Unqualified 
practitioner 
(IQR) 

PHC 
median 
(IQR) 

Private 
doctor 
(IQR) 

NGO 
(IQR) 

Consultation fees 120  
(50-200) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

150 
(100-
200) 

0 
(0-20) 

Diagnostic tests 425 
(259-650) 

0 
(0-0) 

0 
(0-0) 

0 
(0-50) 

500 
(300-
700) 

0 
(0-0) 

Drugs 1500 
(1000-
2200) 

0 
(0-0) 

600 
(400-
1000) 

0 
(0-200) 

1000 
(500-
1700) 

150 
(0-200) 

Other treatment services 200 
(0-450) 

0 
(0-0) 

0 
(0-0) 

180 
(0-400) 

0 
(0-0) 

0 
(0-0) 

Admission costs 
(fees and feeding) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

600 
(0-1000) 

Travel costs 600 
(335-900) 

0 
(0-0) 

0 
(0-0) 

300 
(200-500) 

300 
(150-
400) 

300 
(300-400) 

Other* 
 

800 
(500-
1500) 

0 
(0-0) 

0 
(0-0) 

700 
(400-
1000) 

0 
(0-0) 

300 
(0-500) 

Total  4000 
(2695-
5563) 

0 
(0-0) 

500 
(300-
1000) 

1480  
(1065-
2045) 

1455  
(545-
2715) 

0 
(0-0) 

*Mostly costs of additional feeding prescribed by treating physicians 

 

Discussion  

Our study subjects were all VL cases treated within the PHC system, yet 81% had 
first presented to an unqualified practitioner. VL case management in rural Bihar is 
entrusted to the community health centre, yet patients reported to this facility with a 
delay of one to two months after onset of symptoms. Those who first presented to a 
village health worker (ANM or ASHA) still had median delays of a further 36 days 
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before reporting to the community health center. Despite guidelines to use 
miltefosine as first line treatment and amphotericin B as second line, 70% of new 
patients were prescribed either SSG or amphotericin B in first intention. Though not 
apparent from the official reports, 27.5% of all patients treated in the PHC system 
(95% CI 19.7-35.2%) required a second VL treatment; 15% (95% CI 3-27%) of those 
treated on miltefosine and 40% (95% CI 28-52%) of those treated on SSG. VL 
diagnosis and treatment are in principle free but patients still spent a median of 4000 
rupees per disease episode on various fees for medical services and transport costs 
at all levels of the system. 
 
The long and winding road a VL patient has to travel before the disease is 
adequately taken care of could be due to village health workers not being sufficiently 
aware of the disease, the referral system within the PHC system being dysfunctional, 
and/or access to care not being sufficiently close to the patient. These problems can 
all be addressed by making better use of the existing network of village health 
workers. The dipstick test used for diagnosis (rK39) is easy to perform and can be 
stored at ambient temperatures; making this test available at the level of ANM and 
ASHA can reduce diagnostic delays.14 Since the first line treatment is an oral drug, 
treatment for uncomplicated cases could be initiated at ANM level. As is done for 
tuberculosis, ASHAs could be involved in monitoring treatment intake. At the same 
time they could actively search for cases in the hamlet of the patient, since VL is 
known to have a very focal distribution.15,16  
 
The high proportion treated on SSG (48%) confirms the findings from our site visit. 
The treatment results observed with SSG are very much in agreement with those 
reported by Sundar et al. but, contrastingly, our patients were recruited directly from 
the PHC system.8 With 40 percent of all those treated on SSG requiring a second 
treatment course for VL, patients are put at risk, transmission is prolonged and the 
reputation of the PHC system is being damaged. Erratic supply of miltefosine 
appears to be a key factor precluding its consistent use. Since the drug has a shelf 
life of more than 2 years under tropical conditions, the problem can be solved by 
maintaining a 1 year buffer stock at district level and a 6 months buffer stock at block 
level; the former being replenished twice yearly, the latter quarterly.17 
 
Although with the exception of 2 patients who died, all patients were eventually 
cured, drug resistance and/or lack of compliance do seem to be serious problems. In 
this, VL control could learn from the experience of the tuberculosis control system 
that has developed a strong tradition in monitoring treatment outcomes. The 
tuberculosis system, which is also in place in Bihar State, requires program 
managers to account for the treatment outcome of each and every patient started on 
treatment in their district. Contrary to tuberculosis, VL does require a follow up till 6 
months after initial cure but with the network of village health workers available this 
could easily be realized. An important first step would be the introduction of 
appropriate recording and reporting formats that do not just report just the caseload 
but also the treatment results.  
 

Our findings on costs were comparable to those of Meheus et al. in 2006, who 
estimated the median direct cost of an episode of VL in Muzaffarpur, Bihar, at 3920 
rupees.18 The same authors estimated the median monetary household income 
among VL patients in Muzaffarpur at 2200 rupees. Obviously the 4000 rupees 
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observed in our study is a large amount when compared to monthly household 
income and this may be an important contributor to the patient delay observed.  
 
Our study has several limitations. First and foremost, it is restricted to those patients 
registered by the public sector health services, and does not give the full picture of 
VL case management in Bihar, as many patients are taken care of by the private 
sector or remain undetected. Secondly, the patients interviewed were all started on 
treatment in 2008; improvement has been reported since then. Furthermore we did 
not follow-up patients in a prospective manner, which would have allowed for proper 
documentation of the reasons for not responding to treatment. The same is true for 
the estimated direct costs, as a certain recall bias cannot be ruled out. However, the 
retrospective design was more efficient and allowed us to arrive at conclusions more 
rapidly, in order to provide relevant and timely information to the health authorities 
and the elimination initiative.  
 

Conclusion 

To achieve the objective of ensuring early diagnosis and complete case 
management, the rural  PHC system in India should involve its networks of village 
health workers in case finding, monitoring of treatment and follow-up after completion 
of treatment. The erratic supply of miltefosine in the public sector needs to be 
addressed urgently as SSG can no longer be relied upon for VL treatment. Even 
among those treated on miltefosine, there were patients who required a second 
treatment; the recording and reporting system currently used is unable to generate 
such vital information on treatment results. The VL control program needs to adopt a 
system of cohort reporting, similar to that practiced by the tuberculosis control 
program. Every patient started on treatment for VL needs to be assessed six months 
after completion of treatment; the outcomes need to be reported in a systematic way.  
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Summary 
 

Introduction 
Studies investigating risk factors for Visceral Leishmaniasis (VL) on the Indian 
Subcontinent have shown contradictory results related to the role of domestic 
animals. In some studies having animals in or around the house was a risk factor, in 
others it was protective. We investigated the specific hypothesis that keeping 
domestic animals inside the house at night is a risk factor for VL.   
 
Methods 
The study was designed as an individually matched case control study. All VL cases 
diagnosed in the study area in Bihar, India between March 1st, 2007 and December 
1st, 2008 were eligible. For each case we selected 2 random controls, with no history 
of previous VL; matched on sex, age group and neighborhood. Cases and controls 
were subjected to a structured interview on the main exposure of interest and 
potential confounders; a conditional logistic regression model was used to analyze 
the data.  
 

Results 
We enrolled 141 cases and 282 controls. We found no significant associations 
between VL and keeping domestic animals inside the house (OR of 0.88 for bovines 
and 1.00 for ‘any animal’) or ownership of domestic animals (OR of 0.97 for bovines 
and 1.02 for ‘any animal’). VL was associated with housing conditions. Living in a 
thatched house (OR 2.60, 95% CI 1.50-4.48) or in a house with damp floors (OR 
2.60, 95% CI 1.25-5.41) were risk factors, independently from socio economic status.  
 
Conclusion 
Keeping animals inside the house is not a risk factor for VL in Bihar, India. Improving 
housing conditions for the poor has the potential to reduce VL incidence.  
 
 



Chapter 7. Risk factors for Visceral Leishmaniasis in India; Further evidence on the 
role of domestic animals 

 83 

Introduction 

Several studies have been conducted on the Indian subcontinent (Bangladesh, India, 
Nepal) trying to identify factors associated with Visceral Leishmaniasis (VL); some 
using Leishmania donovani infection as end point, others VL disease. Damp floors or 
‘dampness in the home’ were risk factors in a study by Bern et al.looking at clinical 
disease and in a study by Saha et al.looking at infection documented by a positive 
direct agglutination test (DAT).1,2 Sleeping under a bednet was protective in the 
above mentioned study by Saha et al. and in 2 studies by Bern et al.; both studies by 
Bern et al. used clinical disease as end point.1,2,3 Having a previous case of VL in the 
household was a risk factor for clinical VL disease in studies by Bern et al. and 
Ranjan et al.2,3,4 Living in a mud house was a risk factor for VL infection in a study by 
Schenkel et al., documented by a positive DAT; Ranjan et al. identified mud-
plastered walls as risk factor for VL disease.4,5 Other risk factors identified for VL 
infection are large family size ( 6 members) and proximity to bodies of water and 
Muslim religion.2,5 ‘Granary inside the house’, ‘presence of bamboo trees around the 
house’ and ‘house not sprayed with DDT in past 6 months’ were found to be risk 
factors for clinical disease by Ranjan et al.3 Boelaert et al. found a strong association 
between VL disease and poverty.6  
 
The role of domestic animals as a risk factor for VL is still controversial. In contrast to 
Latin America and Europe where the host reservoir of VL is the domestic dog, 
humans are assumed to be the only reservoir on the Indian subcontinent.7 Yet 
domestic animals can play a role in the transmission of VL on the Indian subcontinent 
because of their association with the sandfly vector. Animals may either attract 
sandflies, thereby increasing vector density and transmission to humans; or they may 
serve as an alternative bloodmeal source, thereby decreasing transmission.  
 
Livestock ownership was protective against VL in Nepal (OR 0.34, p=0.001, Bern et 
al. 2000) but was a risk factor for VL (OR 2.0, p=0.089, Barnett et al. 2005) and L. 
donovani infection (RR 2.1, 95% CI 1.5-3.8, Saha et al. 2008) in India.1,2,8 A second 
study by Bern et al. (2005) did not confirm the protective effect of owning livestock on 
VL in Bangladesh (OR 0.89, p=0.180).3 Having small animals around the house was 
protective against L. donovani infection in the study of Schenkel et al. (OR 0.4, 95% 
CI 0.2-1.1); the presence of cows around the house was protective against VL in 
Bangladesh.3,5 The latter study even showed a “dose response” effect in the 
association between VL and cows with an odds ratio 0.81 (p=0.005) for every 
additional cow per 1000m2.  
 
Proportions of households owning livestock were high but variable in all these 
studies. Cow ownership varied from 32% (Barnett et al, 2005) to 70% (Bern et al. 
2000); livestock ownership varied from 54% (Bern et al. 2005) to 78% (Saha et al. 
2008).1,2,3,8 VL incidence expressed per 100,000 person years at risk varied from 888 
in the Bangladeshi villages studied by Bern et al. (2005) to 600 in Uttar Pradesh 
(Barnett et al. 2005) and an estimated 20-80 in Nepal (Bern et al, 2000).1,3,8  
 

In the impoverished rural communities of Bihar (India), domestic animals are highly 
valued assets kept in close proximity to the houses. There is a commonly held 
believe that sleeping in the same room as domestic animals increases the risk for VL 
as it attracts more sandflies into the house.1 This led us to the research hypothesis 
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that having animals around the house may be protective because of animals acting 
as preferred bloodmeal source for sandflies, while keeping animals inside the house 
might be a risk factor because of animals attracting more sandflies indoor. In case 
the protective effect of domestic animals prevails, they could be used as 
‘zooprophylaxis’.9,10 Zooprophylaxis is defined as the use of animals to deviate 
vectors from humans, a concept already known in malaria control.11,12   
 
The primary objective of this study was to investigate the association between VL 
and keeping domestic inside the house at night. Other known risk factors for VL were 
included in our study primarily because of their potential as confounders, with special 
attention for the role of socio-economic status. 
 

Materials and methods 

Study area and population 
The study forms part of a larger ongoing community-based study, funded by the 
National Institutes of Health ‘Tropical Medicine Research Centre’ (NIH/TMRC) grant 
program. For this study a VL endemic area has been selected in Muzaffarpur district 
of Bihar State, India. The study area is an impoverished rural area comprising of 50 
villages with a total population of 73,024. Most inhabitants are subsistence farmers or 
daily wages earners. VL incidence during 2008 was 78 new cases, giving an 
estimated annual incidence of 107/100,000.  
 
Study design and case definitions 
The study was designed as an individually matched case-control study; we selected 
2 controls for each case. For ethical reasons we included only persons aged 2 years 
and above. Cases were identified during an initial household survey covering the 
entire study area as well as from records of government PHC and private medical 
facilities. Cases identified were ascertained by examining medical case records. The 
case definition includes all parasitologically confirmed VL cases as well as all 
probable VL cases residing in the study area; all diagnosed between March 1st, 2007 
and December 1st, 2008. A probable case of VL was defined as a person with the 
combination of a clinical history typical for VL (fever of more than 2 weeks’ duration, 
not responding to anti malaria treatment), a positive result of the rK39 test (Inbios 
International, Seattle, WA, USA) and a good response to specific VL treatment.  
 
Controls were individually matched on neighborhood, age group and sex. Only 
persons who had never suffered from or been treated for VL, and were not living in 
the same household as study cases, were eligible. Though there had been no VL 
cases in control households since the start of the larger study in March 2007, controls 
were asked whether there had ever been VL cases in their households previously. 
Each control was subjected to an rK39 dipstick test (Inbios International, Seattle, WA, 
USA). Since there is no clear relation between asymptomatic rK39 positivity when 
documented in a cross-sectional way and subsequent clinical VL disease (Gidwani 
2009), we did not reject rK39 positive individuals as controls provided they had no 
history of prior VL or no other current signs of VL. We used 5 age groups: 0-4 years, 
5-14 years, 16-29 years, 30-44 years, and 45 years and above.  
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Sample size 
The sample size was calculated based on animal ownership data from another 
ongoing trial in Bihar in which 26% of households owned animals. Assuming that 
10% of controls keep their animals inside the house at night and assuming a 
correlation r of 0.2, with a 95% confidence level and a power of 0.8, a sample of 139 
cases and 278 controls would be enough to detect an OR of 2.5.  
 
Study procedures 
Controls were selected and recruited in the villages from the study area by the field 
trial coordinator. Per household a maximum of 1 control was selected. Control 
households were selected starting from the 2 houses nearest to the house of the 
case. If no suitable control was available in the house selected, the next house was 
chosen. For some cases the house of the immediate neighbor was an attached 
thatched house with only a single thatched wall separating the living quarters of case 
and control. As sandflies can easily penetrate a thatched wall, such households were 
excluded. Instead a control was selected from the next house.  
 
The field study coordinator prepared a list of all eligible controls, which was provided 
to the field teams. After obtaining individual written informed consent, the field teams 
conducted structured interviews and performed rK39 tests. The questionnaire 
contains detailed questions on ownership of animals, keeping animals inside the 
house and sleeping outside in the vicinity of animals. It also contains questions on 
potential confounders such as socio-economic status, housing conditions, bednet 
use and presence of (other) cases of VL in the household.  
 
Dampness of floors was assessed by the field investigator who touched the floor with 
the back of the hand. Socio economic status was assessed for the household, based 
on a previously validated asset index.6 Included in the asset index are ownership of: 
land, motorcycle(s), bicycle(s), television set(s), radio(s), mobile phone(s), watch(es), 
fan(s), mattress(es) and bed(s). The assets index was converted into an assets score 
using principal component analysis. Based on the assets scores, households were 
divided into 4 socio economic layers.  
 
Data was double entered in a Microsoft Access database independently by 2 data 
entry clerks. Upon completion of the 2nd entry, the 2 files were compared. In case of 
discrepancies corrections were made after reviewing the original questionnaire forms.  
 
Ethical approval for the study was obtained from the ethics committee of the Institute 
of Medical Sciences, Banaras Hindu University, Varanasi, India.  
 
Statistical analysis 
For data analysis we used Stata/ IC V10.1 (Stata Corp., College Station Tx, USA). 
Observed associations were assessed through conditional logistic regression. All 
variables with a p-value <0.10 in uni-variate analysis were included in the multivariate 
logistic regression model. Variables for the final model were selected using the 
hierarchical backward elimination strategy. The probability of removal was set at p = 
0.10. 
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A sensitivity analysis was performed to assess the effect of (potentially) including 
rK39 positive controls, of including controls with past history of VL in the household, 
and of excluding as controls persons living in attached thatched houses.  
 

Results 

One hundred and forty one cases and 282 controls were enrolled in the study, 219 
males (52%) and 204 females (48%). Ages ranged from 2-75 years, median age was 
15 years, interquartile range (IQR) 10 - 31 years.  
 
Of 141 VL cases enrolled, 93 (66%) were parasitologically confirmed; the remaining 
48 cases all had a positive rK39 result and had been successfully treated. Of 282 
controls enrolled, 33 did not agree to give blood for rK39 testing. Of the remaining 
249, only 1 had a positive rK39 dipstick result without showing any signs of disease. 
Eighty four out of 282 controls (30%) reported ever having had a VL case in the 
household, prior to March 2007.  
 
Eighty eight out of 141 case households (62.4%) and 176 out of 282 (62.4%) control 
households owned domestic animals. Bovines (cows and buffaloes) were owned by 
61 out of 141 case households (43.3%) and 124 out of 282 control households 
(44.0%). With the exception of poultry, the majority of animal owners owned only 1 
animal; the maximum number of animals owned was 5 for bovines, 6 for goats and 
10 for poultry. Animals were sometimes kept inside the house, especially at night, by 
29 out of 142 cases (20.6%) and 58 out of 282 controls (20.6%); for bovines the 
figures are 9 out of 142 for cases (6.4%) and 20 out of 282 (7.1%) for controls. Those 
who keep animals inside the house, do so for a minimum of 45 days and at maximum 
throughout the year. Details on animal ownership and keeping animals inside the 
house are provided in table 1.  
 
Table 1 Animal ownership and keeping animals inside the house 
ANIMAL NO. OF OWNERS NO. OWNING MORE THAN 

1 ANIMAL 
NO. KEEPING 
INSIDE HOUSE 

MEDIAN 

DAYS/NIGHTS 

INSIDE 

 CASE (%) CONTROL 

(%) 
CASE (%) CONTROL 

(%) 
CASE  
(%) 

CONTROL  
(%) 

CASE  CON-
TROL  

Any animal 88(62.4) 176(62.4) 41(29.1) 80(28.4) 29(20.6) 58(20.6) 175 173 
- Bovines 61(43.3) 124(44.0) 16(11.4) 35(12.4) 9(6.4) 20(7.1) 160 150 
    Cow/Oxen 35(24.8) 84(29.8) 13(9.2) 28(9.9) 5(3.6) 16(5.7) 160 150 

    Buffaloes 27(19.1) 48(17.0) 3(2.1) 6(2.1) 4(2.8) 4(1.4) 170 98 

- Goats 38(27.0) 66(23.4) 11(7.8) 22(7.8) 19(13.5) 28(9.9) 160 185 

- Pigs 0 1(0.4) 0 1(0.4) 0 1(0.4) 0 85 
- Dogs 1(0.7) 4(1.4) 1 (0.7) 2(0.7) 0 1(0.4) 0 145 
- Poultry 12(8.5) 21(7.5) 10(7.1) 13(4.6) 5(3.6) 13(4.6) 240 360 

 
We calculated odds ratios for ‘ownership of animals’, ‘keeping animals inside the 
house’ and ‘sleeping in the same room as animals’ between cases and controls. All 
odds ratios observed were close to 1; 1.02 (95% CI 0.65-1.60) for ownership of ‘any 
animal’, 0.97 (95% CI 0.62-1.51) for ownership of bovines and 1.00 (95% CI 0.59-
1.70) for keeping ‘any animal’ inside the house. For sleeping in the same room as 
animals the odds ratios were 1.33 (95% CI 0.75-2.33) for ‘any animal’ and 1.13 
(95%CI 0.49-2.61) for bovines (table 2).  
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Table 2 Unadjusted odds ratios for factors related to animals (part 1) 
ANIMAL OWNERSHIP KEEPING 

INSIDE HOUSE 
SLEEPING IN THE SAME 

ROOM 

 OR 95% CI OR 95% CI OR 95% CI 

Any animal 1.02 0.65-1.60 1.00 0.59-1.70 1.33 0.75-2.33 

- Bovines 0.97 0.62-1.51 0.88 0.37-2.08 1.13 0.49-2.61 

     Cow/Oxen 0.75 0.45-1.23 0.55 0.18–1.68 0.71 0.22-2.31 

     Buffaloes 1.17 0.68- 2.01 2.00 0.50-8.00 1.80 0.57-5.69 

- Goats 1.28 0.75- 2.17 1.44 0.76-2.73 1.46 0.70-3.02 

- Poultry 1.20 0.52-2.76 0.70 0.21-2.35 1.20 0.29-5.02 

 
We checked whether the number of animals owned or the time an animal is kept 
inside the house modify the risk. For this purpose we split the data according number 
of animals owned (0/1 or more than 1) and according to the median duration an 
animal is kept inside among controls (except for poultry because the vast majority of 
those keeping poultry inside do so throughout the year). There were no substantial 
changes in odds ratios (table 3).  
 
Table 3 Unadjusted odds ratios for factors related to animals (part 2) 
ANIMAL OWNERSHIP OF MORE 

THAN 1 ANIMAL  
KEEPING INSIDE HOUSE 

LONGER THAN MEDIAN 

AMONG CONTROLS 

SLEEPING IN THE SAME 

ROOM MORE OFTEN THAN 

MEDIAN AMONG CONTROLS 
 OR 95% CI OR 95% CI OR 95% CI 

Any animal 1.04 0.65-1.66 1.05 0.51-2.15 1.22 0.58-2.55 

- Bovines 0.90 0.48-1.70 1.27 0.40- 4.10 1.12 0.36-3.49 

- Goats 1.00 0.47-2.14 0.91 0.33-2.54 1.31 0.48-3.62 

- Poultry 1.65 0.67-4.07 NA NA NA NA 

 
Two hundred forty six out of 282 controls (87%) and 128 out of 142 cases (91%) 
slept outside the house in summer. Of those sleeping outside, 36 cases (28%) and 
68 controls (28%) slept within 5 meters of domestic animals. The odds ratio for VL 
when sleeping within a 5 meters distance of domestic animals was 0.96 (95%CI 0.57-
1.63).  
 
Among the other factors we examined, type of housing, damp floors and socio-
economic status were associated with VL (table 4). Type of housing was divided into 
3 categories, brick houses with windows, brick houses without windows and thatched 
houses. With brick houses with windows as referent, we found odds ratios of 2.44 
and 2.92 for brick houses without windows and thatched houses respectively in uni-
variate analysis. For ‘damp floors’ we found an odds ratio of 3.10. In all there were 
405 non-cemented and 18 cemented floors. Of the 405 non-cemented floors, 350 
(86%) were damp; of 18 cemented floors only 1(5.6%) was damp.  
 
In uni-variate analysis socio economic status was associated with VL, the odds 
increasing by a factor of 1.26 (95% CI 1.02-1.54) per level down the scale. Sleeping 
on a bed rather than on the floor and using a bednet were protective but not 
statistically significant at the 5% level.  
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Table 4 Unadjusted Odds Ratios for other factors associated with VL  
RISK FACTOR NO. EXPOSED OR 95% CI 

 CASE (%) CONTROL (%)   

Type of housing     

- Thatched walls 82 (58) 120(43) 2.92 1.71-4.97 
- Brick walls, no windows 22(16) 34(12) 2.44 1.24-4.79 
- Brick walls with windows 37(26) 128(45) referent  
Damp floor 128(91) 223(79) 3.10 1.51-6.34 
Socio economic status   1.26 1.02-1.54 

- Level 1(highest) 26(18) 77(27) referent  
- Level 2 27(19) 53(19) 1.48 0.80-2.77 
- Level 3 42(30) 75(27) 1.75 0.95-3.19 
- Level 4 46(33) 77(27) 2.00 1.05-3.83 
Ownership of bednet 49(35) 120(43) 0.62 0.37-1.03 

Use of bed net 41(29) 101 36) 0.79 0.60-1.02 
Sleeping on a bed (vs. on the floor) 102(72) 214(76) 0.72 0.39-1.33 
History of VL case in household 50(35) 84(30) 1.32 0.85-2.07 
Insecticide spraying in 06/07 33(23) 52(18) 1.70 0.88-3.30 

 
In the final model we tested all variables found to have a p-value of 0.10 or less in 
uni-variate analysis. The effect of assets decreased after controlling for housing 
conditions (OR 1.15, 95% CI 0.93-1.42). The only variables retained were ‘type of 
housing’ and ‘damp floor’. Both variables remained statistically significant at the 5% 
level, there were no major changes in odds ratios (table 5). Including socio economic 
status in the model changed the odds ratios associated with housing conditions by 
less than 5% and did not significantly increase precision of the model as a whole.  
 
Table 5 Adjusted Odds Ratios for other factors associated with VL 
RISK FACTOR OR 95% CI 

Type of housing   
- Thatched walls 2.60 1.50-4.48 
- Brick walls, no windows 2.38 1.20-4.72 
- Brick walls with windows referent  
Damp floor 2.60 1.25-5.41 
 

Excluding from the analysis the 34 controls that had no rK39 result or were rK39-
positive did not significantly change any of the odds ratio’s observed, neither did 
excluding the 84 controls from households that reported VL cases prior to March, 
2007. 
 
On 6 occasions, a control in a brick house was chosen instead of a control in a 
thatched house because the intended control household was separated from the 
case household only by a thatched wall. Excluding these controls from the analysis 
did not substantially change any of the housing type related results (OR 2.35, 95% CI 
1.18-4.68 for brick walls, no windows; OR 2.41, 95% CI 1.38-4.18 for thatched walls). 
  

Discussion 

This study was designed in the first place to investigate the association between 
domestic animals and VL at individual and household level. By individually matching 
on age group, sex and neighborhood, we eliminated much of the variance related to 
other factors, notably back ground level of transmission intensity of VL in the village. 
VL incidence was high but well within the range observed in the other studies; the 
same applies to the observed proportion of households owning animals. Whereas 
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most of the earlier studies investigated only one aspect of the role of animals, along 
with a wide array of other risk factors; in this study we considered animals in much 
more detail. We differentiated between the different kinds of domestic animals; we 
considered ownership; we documented the numbers of animals owned, whether or 
not animals were kept inside the house and for how long; we also examined ‘sleeping 
outdoors in the vicinity of cattle’ as a risk factor. The number of cases enrolled in our 
study is comparable to the number enrolled by Bern in Bangladesh (155) and Saha in 
India (150 infected persons) but higher than the number enrolled by Bern in Nepal 

(84), Barnett(49) or Schenkel (28 infected persons).1,2,3,5,8 We used a rigorous case 
definition for VL, accepting only rK39 positive and/or parasitologically confirmed 
cases. We used VL disease rather than infection as our endpoint because disease is 
the main outcome of interest; moreover a recent study by Gidwani et al. showed that 
cross-sectionally measured seropositivity among asymptomatic persons is not a 
predictor for development of clinical VL.13  
 
Yet our study failed to show any relation at individual level between the presence of 
domestic animals in compounds and occurrence of VL in humans. Odds ratios for 
‘ownership’, ‘keeping animals inside the house’ and ‘sleeping in the same room as 
animals’ were at times unstable for individual animal species because of low 
numbers but were stable when considering bovines or ‘any animal’; none showed 
any significant risk or protection effect. The 95% confidence interval of the Odds ratio 
for ownership of ‘any animal’ was between 0.65 and 1.60, making it highly unlikely 
that keeping animals inside the house makes a difference for VL risk at the individual 
level.  
 
Our study was not designed to measure the protective effect of the animal density 
around houses as described by Bern; since our controls were neighborhood matched 
there was no difference in exposure between cases and controls to cows in the 
neighborhood. We can therefore not rule out that some association exists at a higher 
level, that of the community or neighborhood.3  
 
In contrast, housing conditions clearly emerged as risk factors for VL at the individual 
level. We divided brick houses into 2 categories, ‘with windows’ and ‘without 
windows’, to distinguish those built properly from those built on a low budget. 
Typically, the latter used mud as mortar instead of cement and had no windows. 
Living in a properly constructed brick house reduces the risk of VL, irrespective of 
other socio economic factors. This finding is not surprising, as breeding conditions of 
sand flies are optimal in humid environments and moist soils.14,15 Our findings 
suggest that housing schemes which target those living below the poverty line could 
help in reducing incidence of vector borne diseases.16  
 
Dampness of floors, assessed by palpation, was a strong risk factor in the study of 
Bern et al in Nepal but not confirmed in another study by Bern et al in Bangladesh.1,3 
In our study we equally found a strong association between palpably damp floors and 
VL (OR 2.60, 95% CI 1.25-5.41); moreover we also found a strong association 
between dampness and type of floor. These findings should be confirmed by a more 
objective measurement of dampness. If confirmed it would be recommended for 
subsidized housing schemes to ensure that houses do not only have brick walls but 
cemented floors as well.  
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Since we were primarily interested in the association between domestic animals and 
VL, we did not accept as a control a person living in a house separated from the 
house of the case by only a thatched wall. If animals affect sandfly density, this might 
very well be the case on either side of a thatched wall. Accepting controls from such 
households would have caused us to underestimate the association between 
keeping animals inside the house and VL; not accepting controls from these 
households might have caused us to overestimate the effect of housing conditions 
because the next control household may have been a brick house. We tested this 
hypothesis by identifying all instances in which a thatched house had been skipped 
and a control had instead been selected from a brick house. There were only 6 such 
cases; excluding them from our sample did not significantly change any of the 
associations related to housing conditions.  
 

Conclusion 

At individual and household level, we did not find any association between domestic 
animals and risk for VL. Based on the results of this study and considering the 
findings from previous studies, there is no rationale for any recommendations of 
changing animal husbandry practices at the household level to reduce VL risk. In 
contrast, housing conditions are important factors related to the risk of VL, 
independently from poverty. Living in a proper brick house and having dry floors 
reduces the risk of VL though the importance of the latter factor needs to be 
confirmed using objective measurements.  
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Summary 
 

Objectives 
We evaluated a new format of the CATT test for Human African Trypanosomiasis 
(HAT), designed for use at PHC facility level in endemic countries. We tested 
reproducibility and thermo stability.  
 

Methods 
A population of 4,217 from highly endemic villages was screened using the existing 
format of the CATT test (CATT-R250) on whole blood. All those testing positive (220) 
and a random sample of negatives (555) were re-tested in the field with the new 
format (CATT-D10). Inter format reproducibility was assessed by calculating kappa. 
All samples testing positive on whole blood with either method were further evaluated 
in Belgium by CATT titration of serum by 2 different observers, using both old and 
new format. CATT-D10 test kits were incubated under 4 different temperature 
regimens (4ºC, 37ºC, 45 ºC and fluctuating) with regular assessments of reactivity 
over an 18 month period.  
 

Results 
Inter format reproducibility of CATT-D10 vs. CATT-R250 on whole blood performed 
by lab technicians in the field was excellent with kappa values of 0.83-0.89. Both inter 
and intra format reproducibility assessed by CATT titration were excellent, with 96.5-
100% of all differences observed falling within the limits of plus or minus 1 titration 
step. After 18 months, reactivity of test kits incubated under all 4 different 
temperature regimens was still well above the minimum threshold considered 
acceptable.  
 

Conclusion 
The CATT-D10 is thermo stable and can be used interchangeably with the old format 
of the CATT test. It is highly suitable for use in peripheral health facilities in HAT 
endemic countries.  
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Background 

The Card Agglutination Test for Trypanosomiasis (CATT) was developed in the late 
1970’s and has been hailed as a breakthrough in the diagnosis of T. b. gambiense 
sleeping sickness.1 The CATT is a fast and simple direct agglutination assay for 
detection of T. b. gambiense-specific antibodies in the blood, plasma, or serum of 
human African trypanosomiasis (HAT) patients. In mass screening programs for the 
disease, the CATT is used as a screening test, followed by parasitological 
confirmation tests.2,3  
 
Over the past decade HAT prevalence has decreased in most endemic countries. 
This is also the case in the Democratic Republic of Congo (DRC), which still 
accounts for about 60% of all cases reported worldwide.4 This reduced prevalence 
has led to calls for integration of HAT control into the general primary health care 
(PHC) system. Designed for use in mass screening programs, the current CATT-test 
is produced in vials of 50 tests units which cannot be kept once the vial has been 
reconstituted. This would lead to wastage of CATT antigen in most PHC facilities in 
endemic areas, as they see much less patients on a daily basis. Moreover the CATT 
test cannot be kept at ambient temperatures for longer periods, precluding its use in 
peripheral health facilities that lack a functional cold chain.  
To overcome these limitations, a new format of the CATT test has been developed 
by the Institute of Tropical Medicine in Antwerp, Belgium (ITMA). The new format is 
based on a thermo stable lyophilisation medium and is produced in 10-unit vials 
(CATT-D10). Initial testing in the laboratory was successful (data not shown). This 
paper reports the field evaluation of the new CATT-D10 in the DRC, along with 
thermo stability tests at the laboratory in Antwerp. 
 

Materials and Methods 

PATIENTS AND SAMPLES 
During December 2008, 4217 persons living in 6 highly endemic villages in the 
province of East Kasaï in the DRC were enrolled for HAT screening by a mobile unit 
using the CATT test on whole blood. Two hundred twenty subjects tested positive, all 
of whom were enrolled as ‘cases’. Out of the remaining 3997 who tested negative, 
555 randomly selected persons were enrolled as controls. For each case and each 
control, 4 additional capillary tubes of whole blood were collected. These samples of 
cases and controls were tested on the spot by 4 different laboratory technicians who 
did not know the previous results; 2 technicians were using the old format and 2 were 
using the new format of the CATT test. All 4 laboratory technicians were experienced 
staff of the national HAT control program (PNLTHA) with ample training and 
experience in performing the CATT test. Venous blood was collected from all 
subjects testing positive and serum samples were prepared. These serum samples 
were sent to the ITMA, Belgium, on dry-ice for CATT titration using both the old 
(CATT-R250) and the new format (CATT-D10).  
 
REAGENTS 
Antigen 

The antigen was prepared in the Applied Technology and Production Unit of ITMA. 
The CATT-antigen consists of a di-ethylaminoethylcellulose-column purified, 
formaldehyde-fixed and Coomassie-blue-stained bloodstream-form of T.b. 
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gambiense variable antigen type LiTat 1.3. The antigen suspension was divided into 
2 equal volumes. One volume was processed with the standard CATT lyophilisation 
medium, divided over separate vials each containing 1.05 ml, and freeze dried 
(R250). For the other volume a different lyophilisation medium was used, it was 
divided over separate vials each containing 0.375 ml, and freeze dried (D10). The 
protocol used for freeze drying the R250 and D10 antigens was identical. Prior to 
use, the antigens were re-suspended with CATT-buffer, 2.5 ml for R250 and 0.75 ml 
for D10 which results in respectively 50 doses and 10 doses per vial. After 
lyophilisation, samples of both antigens were tested against a panel of well-
characterized reference sera. 
 
Buffer and Diluents 

The CATT-buffer is composed of Phosphate Buffered Saline (PBS pH 7.2) 
supplemented with 0.1% sodium azide. 
 
Control sera 

A diluted, freeze dried positive goat serum with a CATT titre of 1/8 is used as positive 
control.  As negative control a freeze dried Bovine Serum Albumin suspension is 
used. In the D10 kits the control sera have been freeze dried with the same modified 
lyophilisation medium as used with the antigen. 
 
Shipping conditions 

Reagents and accessories for use in DRC were sent to the University of Kinshasa in 
the DRC. The R250 was sent under cold chain conditions whereas the D10 was sent 
at ambient temperature. 
 

TEST EXCECUTION 
CATT test 

Results were read after orbital shaking for 5 minutes at 60 rpm.  In the field 
agglutination patterns for CATT on whole blood were scored as ‘-’, ‘±’, ‘+’, ‘++’ or 
‘+++’, depending on the intensity of agglutination observed. Results of ‘±’ or above 
were considered positive. At the ITMA laboratory agglutination patterns for CATT 
dilution were scored from 0 (absence of agglutination) to 3 (very strong 
agglutination), a score of 0.5 or above being considered positive. In the DRC the 
CATT-test on whole blood samples of 775 persons (220 labelled positive and 555 
labelled negative by the mobile unit) was repeated in the field by 4 laboratory 
technicians, 2 using the old format CATT-R250 and 2 using the new format, CATT-
D10. All tests were carried out blindly without prior knowledge of the results of the 
mobile unit. All sera from persons labelled CATT positive on whole blood, either by 
the mobile unit using CATT-R250 or by any of the 4 readers during the second 
reading, using CATT-R250 or CATT-D10, were re-examined by CATT titration at 
ITMA in Antwerp.  
 
At ITMA 2 readers performed CATT titration using the old as well as the new format. 
This was done on 5 serial dilutions of serum, starting from a 1:4 dilution until a 
maximum dilution of 1:64. For each dilution step, the reader assigns a score from 0-3 
as described above. The highest dilution with a score of 0.5 or above is considered 
the end titre. One of the readers at ITMA tested the same samples once again with 
both formats to assess intra-reader variability. The tests were done on different days 
in a blinded manner; the readers had no prior knowledge of earlier results for the 
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same sample with either test format or by either reader.  
 
THERMO STABILITY 
Thermo stability was tested by incubating the CATT-D10 reagent under 4 different 
temperature regimens. One batch was incubated at temperatures alternating initially 
on a weekly basis, later on a monthly basis, between 4ºC, 20ºC and 37ºC. Three 
other batches were incubated at constant temperatures of 4ºC, 37ºC and 45ºC. 
Reactivity was assessed against standard reference sera used for quality control of 
the old format of the CATT test, once a month during the first 6 months and in 6-
monthly intervals thereafter.  
 
For quantifying reactivity of the CATT we used the criteria that have been in use for 
the routine quality assurance of the CATT test at ITMA since 1988; the main criterion 
being the average end titre against a well characterized panel of 10 reference sera. 
Values obtained for a 1988 batch of CATT are considered the minimum acceptable 
level; reactivity for any new batch needs to be at least as good. For a batch to pass 
the quality assurance check, the average end titre needs to be 1.7 or above. 
 

Data Analysis 

For CATT on whole blood, agreement was assessed on a binary scale using Cohen’s 
kappa coefficient.5 Kappa coefficients were interpreted following Landis and Koch: 
1.00–0.81 excellent, 0.80–0.61 good, 0.60–0.41 moderate, 0.40–0.21 weak and 
0.20–0.00 negligible agreement.6 
 
For CATT titration we assessed the agreement by calculating proportions of 
differences in end titres. For this purpose end titres obtained as described above in 
the ‘test execution’ section, were recoded to a linear scale. Systematic error was 
estimated by the mean difference of all paired titre differences xi - yi and tested by 
Wilcoxon signed-rank tests.  
 
All data were entered in a Microsoft Excel format and analysed with Stata10 (Stata 
Corp., College Station Tx, USA). 
 

Ethical Aspects 

The protocol for this study was approved by the Institutional Review Board of the 
ITMA in Belgium as well as the ethics committee of the Public Health School of 
Kinshasa University in DRC. Informed consent was asked from each person before 
inclusion in the study. HAT patients identified during the study were treated in 
accordance with the standard protocols of the national HAT control program 
(PNLTHA) of the DRC.  
 

Results 

COMPARISON OF RESULTS ON WHOLE BLOOD 
While repeating the CATT test on whole blood in the field, 7 additional CATT-
positives were identified among the controls between the 4 laboratory technicians. 
When comparing the results of the mobile unit (reader 1) with those of the laboratory 
technicians (reader 2-3), all using the old R-250 format, kappa values of 0.78 and 
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0.79 were obtained. Agreement between the 2 laboratory technicians (reader 2-3) 
using the same format was better, with a kappa value of 0.84. There were no major 
changes in kappa values when the results of the mobile unit (reader 1) using the old 
R250 format were compared with the results obtained by 2 other laboratory 
technicians (reader 4-5) using the new D10 format; kappa values obtained were 0.74 
and 0.77. The kappa value for agreement between 2 laboratory technicians both 
using the D10 format (reader 4-5) was 0.83, comparable to the agreement between 
the 2 laboratory technicians using the R250 format (reader 2-3). There were 4 
possible combinations between the 2 formats used by laboratory technicians, kappa 
values obtained ranged from 0.81 to 0.89 (table 1). 
 
Table 1: Agreement between readers and between formats for CATT on whole blood in the 
field: 

COMPARISON CATT READING KAPPA 

R250 : reader 1 vs.reader 2 0.78 

R250: reader 1 vs. reader 3 0.79 

R250: reader 2 vs. reader 3 0.84 

D10:  reader 4 vs. reader 5  0.83 

R250 reader 1 vs. D10 reader 4   0.74 

R250 reader1 vs. D10 reader 5 0.77 

R250 reader 2 vs. D10 reader 4   0.83 

R250 reader 2 vs. D10 reader 5   0.81 

R250 reader 3 vs. D10 reader 4   0.89 

R250 reader 3 vs. D10 reader 5 0.83 

Reader 1: mobile team technician using CATT-R250, Reader 2-3: research team lab 
technicians using CATT-R250, Reader 4-5 research team lab technicians using D10. 
 
COMPARISON OF CATT TITRATION RESULTS 
Out of 227 serum samples prepared, 1 sample was lost during transport. The 
remaining 226 serum samples were tested by CATT titration at ITMA as described 
above. Of all observed differences between the 2 ITMA readers for R250, 99.6% 
(95% CI 97.2-100%) fall within the limits of plus or minus one titration step; for the 
D10 this is even 100% (95% CI 97.9-100%). Comparing the same observer with 2 
different formats, the proportion of differences that fall within the boundaries of plus 
or minus 1 titration step are 96.5% (95% CI 92.9-98.3%)  and 98.2% (95% CI 95.2-
99.4%) for readers 1 and 2 respectively. Titres obtained with the R250 format were 
on average higher than those obtained with D10, 0.478 and 0.221 titres respectively 
for ITMA reader 1 and ITMA reader 2, p<0.00005 in both cases) (table 2).  
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Table 2: Observed differences in CATT titration results between readers and between 
formats for 226 samples tested at ITMA  

PROPORTION OF DIFFERENCE IN TITRATION STEPS COMPARISON 

-2 -1 0 1 2 Mean 
difference 
(p-value*) 

±1 (95% CI) 

 

R250, Inter reader 
readers 1 & 2, ITMA 

0% 11.5% 65.9% 22.1% 0.4% 0.115 

(0.0042) 

99.6% (97.2-100%) 

D10, Inter reader 
readers 1 & 2, ITMA 

0% 23.0% 68.1% 8.8% 0% -0.142 

(0.0002) 

100% (97.9-100%) 

R250, Intra reader 

reader 1 ITMA 

0% 18.1% 71.7% 10.2% 0% -0.08 

(0.0244) 

100%(97.9-100%) 

D10, Intra reader 

reader 1 ITMA 

0% 8.0% 76.1% 15.5% 0.4% 0.084 

(0.0138) 

99.6% (97.2-100%)  

R250 vs. D10, inter 
format reader 1 ITMA 

3.5% 42.5% 52.2% 1.8% 0 0.478 

(<0.00005) 

96.5% (92.9-98.3%)   

R250 vs. D10, inter 
format reader 2 ITMA 

1.3% 25.2% 68.1% 4.9% 0.4% 0.221 

(<0.00005) 

98.2% (95.2-99.4%) 

* based on Wilcoxon signed-rank test 
 
THERMO STABILITY TESTS  
The CATT-D10 test kits as well as the positive control sera retained their reactivity 
under all 4 temperature regimens tested. After an initial drop in the first month, 
reactivity remained acceptable and fairly stable with minor fluctuations over an 18 
months period. Data for the 45ºC and fluctuating temperatures regimen are 
presented in figure 1 below. 
  

 
Figure1: Average end titres after incubation at fluctuating temperatures (FT) or 45ºC   
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Discussion 

The CATT-D10 is specifically designed for use at peripheral health centre level. This 
study shows that under field conditions, the CATT-D10 on whole blood performs as 
well as the CATT-R250. Inter-reader agreement for the CATT-D10 between lab 
technicians in the field is excellent. Even combined inter-reader and inter-format 
agreement for lab technicians in the field is excellent.  
 
Further testing at the laboratory in Antwerp showed that results for CATT titration 
using the CATT-D10 are also highly reproducible. Both inter- and intra- reader 
reproducibility for the CATT-D10 are very high with over 99% of all differences 
observed falling within the range of plus or minus 1 titration step. When comparing 2 
formats we did notice that titres obtained with CATT-R250 are slightly but 
significantly higher than those obtained with the new format. These differences are 
however so small that they do not have practical implications. In over 96% of cases 
the differences observed between the 2 formats are within the acceptable limits of 
plus or minus 1 titration step, a criterion that is generally accepted for this type of 
direct agglutination test readings when read on a quantitative scale.  
 
Results of thermo stability testing are excellent. Whereas earlier tests (unpublished) 
showed that the CATT-R250 looses reactivity within 1 month of exposure to high 
temperatures, for the CATT-D10 there is no loss in reactivity that would have any 
practical significance even after exposure to very high or alternating temperatures 
over a period of 18 months. This is of major importance when using the CATT test at 
PHC facilities that do not have a functional cold chain. 
 
The CATT-D10 is produced in vials of 10 dosages, whereas CATT-R250 vials 
contain 50 dosages. The downside of the smaller unit size is an increase in shipping 
volume and production costs per test unit. For mass screening programs which use 
the CATT test in large quantities and face fewer constraints in terms of cold chain 
availability, CATT-R250 will remain the format of choice. However when used in 
peripheral health centres, the smaller unit size of CATT-D10 is a major advantage as 
it will reduce wastage of CATT antigen; PHC facilities in the DRC are typically 
attended by less than 20 persons a day.7 
 

Conclusion 

The CATT-D10 performs as well as the CATT-R250 and both tests can be used 
interchangeably. Because of its thermo stability and because of its smaller unit size, 
the CATT-D10 represents a break through which makes it possible to implement the 
CATT test at PHC facility level. 
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Summary 

 
Control of Human African trypanosomiasis (HAT) in the Democratic Republic of 
Congo is based on mass population screening by mobile teams; a costly and labor-
intensive approach. We hypothesized that blood samples collected on filter paper by 
village health workers and processed in a central laboratory might be a cost-effective 
alternative.  
 
We estimated sensitivity and specificity of micro-CATT and ELISA/T.b.gambiense on 
filter paper samples compared to parasitology-based case classification and used the 
results in a Monte Carlo simulation of a Lot Quality Assurance Sampling (LQAS) 
approach.  
 
Micro-CATT and ELISA/T.b.gambiense showed acceptable sensitivity (92.7% [95% 
CI 87.4-98.0%] and 82.2% [95% CI 75.3-90.4%]) and very high specificity (99.4% 
[95% CI 99.0-99.9%] and 99.8% [95% CI 99.5-100%] respectively). Conditional on 
high sample size per lot ( 60%), both tests could reliably distinguish a 2% from a 
zero prevalence at village level. Alternatively these tests could be used to identify 
individual HAT suspects for subsequent confirmation. 
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Introduction 

West African Human African Trypanosomiasis (HAT) is a slowly progressing chronic 
disease which is usually fatal if left untreated. In the initial stages of the disease 
symptoms are usually absent or non-specific.1 By the time patients consult a health 
professional the disease is often advanced and has spread to the central nervous 
system. As a result, the patient may require more toxic and expensive treatment. 
Moreover the community has been at risk because the patient has been a potential 
source of infection for the tsetse fly vector for a prolonged period.2 Therefore the 
current HAT control strategy in the Democratic Republic of the Congo (DRC) is 
based on active screening of the population at risk, with the aim to find and treat 
cases as early as possible. Such screening is carried out by mobile teams which 
spend several days in each village. On the spot, they screen the population by a 
CATT test, followed by parasitological confirmation tests for those who are CATT 
positive.3,4 The total population at risk for HAT in the DRC is estimated at 12.6 million; 
the reported annual incidence peaked at over 25,000 cases in 1997 and was reduced 
to just over 8,000 cases by 2006. 5 Thirty five mobile teams are currently active, each 
able to screen a maximum of 60,000 persons per year. Lutumba et al. estimated that 
in each screening round about 40% of existing cases are missed, mainly because of 
suboptimal participation by the target population and inadequate sensitivity of 
confirmatory tests.4,6 Ninety eight percent of HAT control activities in the DRC is 
funded by international development aid7.  
 
If HAT control measures are successful, prevalence levels may be reduced to below 
0.1%. At such low prevalence rates, continuation of active case finding becomes a 
problem.4  The population no longer perceives HAT as a threat and participation 
rates drop; governments and donors start questioning the rationale behind 
maintaining costly programs that detect so few cases. Integration of HAT control 
activities into the general health care system is a logical next step.5 However, such 
integration faces many challenges, mainly due to the lack of a sensitive and specific 
diagnostic test and the lack of a treatment that is easy to administer and safe. On top 
of this there is the problem of the unspecific clinical picture in early stages, and the 
diagnosis is therefore often missed by health facilities; as was described for East 
African HAT by Odiit et al. in Uganda.8 If screening activities are abandoned, the 
disease usually reemerges within a time span that can vary from 3 to 50 years.9,10,11 
Therefore, some form of continuous surveillance is needed in low endemic areas.  
 
A perfect surveillance system of low prevalence areas should be sensitive to detect 
all outbreaks at an early stage, but at the same time specific, to avoid raising the 
alarm without necessity. Laveissière et al. explored the idea of using samples 
collected on filter paper as a surveillance tool in Côte d'Ivoire.12 Higher population 
coverage was achieved by general health workers collecting samples on filter paper 
over a 2-months period than by a mobile team spending 10 days in the same region; 
the latter approach being 5 times more costly.  
 
Whereas Laveissière et al. used results of serological tests on filter paper samples to 
identify individual suspect cases, such approach could, in theory, also be used to 
identify ‘suspect villages’ in analogy with the system of lot quality assurance sampling 
(LQAS) used to monitor vaccination coverage and other healthcare programs. 13,14 In 
LQAS, the population is regrouped into lots and a random sample is then taken from 
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each lot. The lot is rejected if the number of defects observed in the sample exceeds 
a maximum specified limit (or ‘threshold’). In our case, a village would be a lot and 
the number of defects in the sample would equate the number of positive results on 
HAT serological tests. Any LQAS scheme has to identify the sample size to be tested 
per lot and the ‘threshold’ value within that sample that leads to rejection of the whole 
lot. For HAT surveillance, the scheme should moreover take into account the 
probability of false positive serological results, which are more frequent at low 
prevalence of disease.  
 
Different tests can be performed on blood samples collected on filter paper, such as 
micro-CATT, LATEX/T.b.gambiense and ELISA/T.b.gambiense. Micro-CATT is a 
serological test that uses the same reagent as the CATT test.15 Several studies, 
although using different test protocols, report on validation of micro-CATT under field 
conditions.11,14,16,17,18 Specificity estimates range from 93.7% to 100%; sensitivity was 
estimated to be 94% by Chappuis et al.and 94.2% by Noireau et al. 18,19 

LATEX/T.b.gambiense is a rapid LATEX agglutination test for detection of antibodies 
in patients infected with Trypanosoma brucei gambiense. The reagent consists of 
beads coated with a mixture of 3 variable surface antigens of bloodstream form 
trypanosomes.19 Penchenier et al. evaluated LATEX/T.b.gambiense as a tool for 
mass screening in Cameroon and the Central African Republic.20 Sensitivity was 
100%, while specificity ranged from 96.1% in the Central African Republic to 97.6% 
in Cameroon. ELISA/T.b.gambiense is an antibody-detection test based on reaction 
of specific antibodies with purified variable surface glycoproteins from T.b.gambiense 
fixed in an ELISA plate.21  During a field evaluation in Sudan, Elrayah et al. found 
specificities of 98.5% for ELISA/T.b.gambiense on plasma as well as on eluates from 
filter paper.22  
 
The objectives of this study were i.) to compare the diagnostic accuracy of micro-
CATT, LATEX/T.b.gambiense and ELISA/T.b.gambiense on capillary blood samples 
collected on filter paper under field conditions (by mobile teams); and ii.) to assess 
the potential of a LQAS-based surveillance system  for outbreak detection of West 
African HAT in low prevalence areas.  
 

Materials and methods 
 

Study population 

The study population lives in two HAT endemic regions in the DRC, East Kasai and 
Bas-Congo, which were selected on the basis of different HAT prevalence levels. 
HAT prevalence in East Kasai is estimated to be above 1%, in Bas Congo it is 
estimated at < 0.03% (Dr. V. Kande, personal communication). For practical and 
ethical reasons study subjects were recruited amongst the beneficiaries of the 
screening program of the national HAT control program. All those participating in the 
routine active case finding sessions by the mobile team were eligible, conditional on 
written informed consent from the study subject or his/her guardian. There were no 
age restrictions.  
 

 

Sample size for estimation of diagnostic accuracy 
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Assuming a specificity of 98%, a sample size of 1600 true negatives is required to 
estimate specificity at a precision of 0.5%. Based on an expected sensitivity of micro-
CATT, ELISA/T.b.gambiense and LATEX/T.b.gambiense of 90% and a desired 
precision of 10%, we needed to recruit minimum 35 true cases of HAT (i.e. confirmed 
with positive parasitology).  
 
Data collection 

Mobile teams performed active case finding using the routine diagnostic protocols as 
prescribed by the national program. CATT on whole blood was used as screening 
test; those testing positive were subjected to a series of confirmation tests which 
includes lymph node puncture, thick film examination, Capillary Tube Centrifugation 
test (CTC) and miniature Anion Exchange Column test (mAECT).23,24 Tests were 
performed sequentially and once parasitological confirmation was obtained no further 
confirmation tests were done. Any parasitologically confirmed patient was subjected 
to a lumbar puncture to determine the stage of the disease. In addition to those 
routine procedures, blood samples were taken on Whatman n° 4  filter paper, left to 
dry and stored in a sealed plastic bag with silica gel at ambient temperature. Each 
sample was given a serial number and stored anonymously. CATT whole blood and 
parasitology results were recorded under the same code number in a register. Plastic 
bags with filter paper samples were sent to the Institut National de Recherche 
Biomédicale (INRB) laboratory in Kinshasa by road or air transport. The time 
between blood collection and testing varied from a minimum of 1 week to a maximum 
of 2 months.  
 
Laboratory procedures 

The filter papers were cut in pieces at INRB and were further processed at the INRB 
and at the Institute of Tropical Medicine (ITMA) in Antwerp; both laboratories 
performed micro-CATT, LATEX/T.b.gambiense and ELISA/Tb gambiense.  
 

Micro-CATT was performed as described in Chappuis et al.19 LATEX/T.b.gambiense 
was performed by punching out one disc of six mm diameter of the dried blood spot, 
and eluting it in a microplate with 60 l of buffer for one hour with gentle shaking.  A 
vial of LATEX/T.b.gambiense was reconstituted with 1 ml of buffer.  Twenty l of the 
filter paper eluate and 20 l of the LATEX/T.b.gambiense reagent were spread out on 
the reaction zone of the agglutination card and rocked on a rotator (ITMAS type B2) 
for five minutes at 70 rpm. Agglutination patterns were scored as negative or positive.   
 
ELISA/T.b.gambiense was performed as described earlier by Lejon et al.25 with small 
modifications.  Two discs of five mm diameter were punched out of the dried blood 
spot and left overnight in 1 ml of PBS-Blotto (0.01M phosphate, pH 7.15, 0.2 M NaCl, 
0.05% w/v NaN3, 1% w/v skimmed milk powder Fluka), containing 0.05% v/v Tween 
20.  Microplates (Maxisorp, Nunc) were coated overnight with 150 l/well of a mixture 
of purified variable surface glycoproteins of T.b.gambiense LiTat 1.3, LiTat 1.5 and 
LiTat 1.6 each at a concentration of 0.66 g/ml.  Antigen free control wells were left 
empty.  Plates were blocked for 1 h at ambient temperature with 350 l/well of PBS-
Blotto (0.01M phosphate, pH 7.15, 0.2 M NaCl, 0.05% w/v NaN3, 1% w/v skimmed 
milk powder Fluka).  For testing, antigen containing and antigen free wells were filled 
with 150 l of eluate (in duplicate).  A strongly positive control serum, diluted 1:150 in 
PBS-Blotto, was tested in quadruple in each plate.  The plate was incubated for 1 
hour and washed 3 times with 350 l/well of PBS-Tween (0.01M phosphate, 0.14 M 
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NaCl, 0.05% v/v Tween 20, pH 7.4).  Goat anti-human IgG (H+L) peroxidase 
(Jackson) was diluted in PBS-Tween to a final concentration of 1:40000, and 
incubated for 30 min (150 l/well).  After 5 washes, wells were incubated for 1 hour 
with 150 l ABTS substrate-chromogen solution.  The latter was prepared from 50 
mg ABTS (2,2’-azinobis(3-ethylbenzothiazoline)-6-sulfonic acid, Boehringer) 
dissolved in 100 ml of ABTS-buffer (phosphate-citrate-sodium perborate solution, pH 
4.6, Boehringer).  The optical density (OD) was read at 415 nm (Multiskan RC 
Version 6.0, Labsystems).  The OD of the antigen-free control well was subtracted 
from the OD of the corresponding antigen containing well, the average was taken, 
and the result expressed as the percent positivity of the positive control serum 
included in the plate. 
 
Statistical analysis 
For data analysis and simulations we used Stata/ IC V10.1 (Stata Corp., College 
Station Tx, USA) and R 2.10.0 (The R Project for Statistical Computing, Vienna, 
Austria). We determined sensitivity and specificity of individual diagnostic tests using 
2x2 contingency tables and inter-rater agreement using the Kappa-index26. Persons 
with a history of previous treatment were excluded; parasitological confirmation 
according to the national algorithm was used as reference standard.4 Specificity of 
each test was calculated based on the results of the low prevalence area (Bas 
Congo); sensitivity was calculated based on results from the high prevalence area 
(East Kasai). For calculating the Kappa-index we combined results from both areas. 
Receiver-Operator-Characteristics curves were constructed to determine the optimal 
cut off points for ELISA/T.b.gambiense (i.e. the cut-off resulting in the highest 
Youden-index.) 27  
 
In a second step we used Monte Carlo simulation to assess the performance of a 
(hypothetical) early warning system at village level based on an LQAS approach. We 
assumed villages (lots) would have a similar size of n=1000 and identified the sample 
size per lot and the number of positive samples required (=threshold) to declare a 
village as affected by an outbreak (= HAT prevalence equal or above 2%). 
Thresholds were calculated for different sample sizes varying between 400 and 900 
(i.e. 40-90% of the hypothetical village population). For each threshold obtained, we 
simulated how often the alarm would be raised at various HAT prevalence levels. 
The probability of not reaching the alarm threshold and thus not raising the alarm in 
case the actual prevalence is equal to or above 2% was fixed at 5% or less. 
 

Ethical clearance  

The study was approved by the ethics committees of the University of Antwerp 
(Belgium) and of the National Human African Trypanosomiasis Control Program 
(PNLTHA) in Kinshasa (DRC).  
 

 

Results 
Study population characteristics: 

Excluding persons with a history of previous treatment, a population of 3,212 persons 
was screened in two provinces, 1,507 in Bas Congo and 1,705 in East Kasai. Out of 
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those, 262 (8.2%) tested positive by CATT on whole blood; 4 (0.3%) in Bas Congo 
and 258 (15.1%) in East Kasai. Among those 262 CATT positives, 100 
parasitologically confirmed cases were identified, all residents of East Kasai (5.9% of 
the population screened in East Kasai). 
Sixty seven cases had a positive lymph node aspirate, 2 had a positive thick film, 44 
had a positive CTC and 3 had a positive mAECT. In 21 cases, parasites were found 
in the cerebrospinal fluid. 
 
Results of screening tests:  

Unexpectedly LATEX/T.b.gambiense showed very poor sensitivity both at INRB 
(16.0%, 95% CI 8.7-23.3%) and at ITMA (42.3%, 95% CI 32.2-52.3%). We 
subsequently tested the batch used against standard reference sera and observed a 
4-fold reduction in end-titer when compared to initial results obtained immediately 
after production in the quality assurance scheme. Apparently the batch had lost much 
of its reactivity; results with this test were therefore discarded from further analysis 
and will not be further reported upon. 
 
For the other tests, sensitivity and specificity (based on the results from the low 
prevalence area only) varied between the different tests and between the different 
laboratories; for ELISA/T.b.gambiense the results also vary according to the cut off 
points chosen (table 1).  
 

At INRB 89 out of  96 samples from confirmed cases tested positive in MicroCATT; 
corresponding to a sensitivity of 92.7% (95% CI 87.4-98.0%). No samples from cases 
were tested at ITMA because in most cases the quantity of blood collected was 
insufficient.  
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Table 1. Sensitivity, specificity and inter-rater agreement (kappa) for 3 test formats 
for HAT on capillary blood (filter paper).   

Sensitivity 
(95% Confidence Interval) 

Specificity 
(95% Confidence Interval) 

Inter-rater 
agreement 
(Kappa) 

Test 
 

 
Laboratory ITMA INRB ITMA INRB  

MicroCATT NA 92.7% 
(87.4-
98.0%) 

100%  
(99.5-
100%) 

99.4% 
(99.0-
99.9%) 

NA 

ELISA/T.b.gambiense      

    Low cut off * 
    (52% at ITMA, 18% at 
INRB) 

96.9%  
(93.4-
100%) 

95.0%  
(90.6-
99.3%) 

99.6% 
(99.2-
99.9%) 

96.5%  
(95.3-
97.8%) 

0.84 

    High cut off* 
    (65% at ITMA, 32% at 
INRB) 

91.8%  
(86.2-
97.3%) 

82.8%  
(75.3-
90.4%) 

99.8%  
(99.5-
100%) 

99.8% 
(99.4-
100%) 

0.88 

* Expressed as percentage of the optical density of a positive control 

 
Out of 1,037 non-case samples tested at INRB, six turned out positive; equivalent to 
a specificity of 99.4% (95% CI 99.0-99.9%). At ITMA all 953 samples of non-cases 
tested turned out negative; equivalent to a specificity of 100% (95% CI 99.5-100%). 
Inter-rater agreement could not be assessed as there were no positive samples at 
ITMA.   
 
For ELISA/T.b.gambiense we first determined the optimal cut-off point based on 
ROC curves for the high prevalence area, East Kasai. Areas under the curve of 
0.965 (95% CI 0.939 – 0.990) and 0.972 (95% CI 0.953 – 0.991) were obtained at 
INRB and ITMA respectively (Figure 1). Sensitivity and specificity vary according to 
the cut-off point chosen. At INRB, a cut-off point of 18% for the optical density of the 
positive control resulted in the highest Youden-index with 95.0% sensitivity (95% CI 
90.6-99.3%) and 95.2% specificity (95% CI 94.1-96.2%). Increasing the cut off point 
to 32% resulted in a sensitivity of 82.8% (95% CI 75.3-90.4%) and a specificity of 
97.1% (95% CI 96.3-98.0%). At ITMA the optimal cut off point was 52%, resulting in 
a sensitivity of 96.9% (95% CI 93.4-100%) and a specificity of 96.1% (95% CI 95.1-
97.1%); specificity could be increased to 97.0% (95% CI 96.1-97.8%) at the cost of 
decreasing sensitivity to 91.8% (95% CI 86.2-97.3%) if 65% was chosen as a cut off 
point.  
 
Applying these cut off points to the low prevalence area resulted in a specificities of  
96.5% (95% CI 95.3-97.8%) for the lower cut off point (18%) and 99.8% (95% CI 
99.4-100%) for the higher cut off point (32%) at INRB. At ITMA specificity was 99.6% 
(95% CI 99.2-99.9%) with the 52% cut off point and 99.8% (95% CI 99.5-100%) 
when using 65% as a cut off.  
 
Combining the results for the 2 areas and comparing results of ITMA at a cut off point 
of 52% with those of INRB at a cut of point of 18%, a kappa of 0.84 was obtained. 
For the higher cut off points (65% at ITMA vs. 32% at INRB), kappa was 0.88.  
 
 
 



Chapter 9. Diagnostic accuracy and feasibility of serological tests on filter paper 
samples for outbreak detection of T.b.gambiense Human African Trypanosomiasis. 

 111 

       
Figure 1. ROC curves for ELISA/T.b.gambiense based on results of INRB, Kinshasa (left side) 
and ITMA, Antwerp (right side) for the high prevalence area 
 
Simulation of LQAS approach to detect HAT outbreaks: 
Assuming an average village population size of 1,000 and accepting a maximum 
HAT prevalence of 2% for rejecting a lot (i.e.raising the alarm that the village should 
be screened by a mobile team), we calculated the alarm thresholds for different 
sample sizes per lot (see table 2). We found that conditional on high sample sizes 
( 60% of the lot) the system can reliably distinguish a zero prevalence from a 2% 
prevalence. For both micro-CATT and ELISA, chances of surpassing these 
thresholds under conditions of zero prevalence were less than 0.5% provided the 
sample size was at least 60% (table 2).  
 
 

Table 2 Probability of the alarm threshold being surpassed for various true HAT 
prevalence rates and depending on sample size in LQAS for micro-CATT and 
ELISA/T.b.gambiense for an average lot size of n=1000.  

Probability of alarm threshold being 
surpassed at HAT prevalence levels of: 

Test Speci-
ficity 

Sensi- 
tivity 

Number 
sampled 
(%) 

Threshold 
(proportio
n of 
positive 
tests) 

0% 0.5% 1% 1.5% 2% 

400 (40%) 6 (1.5%) 3.5% 24.6% 58.1% 84.5% 95.3% 
500 (50%) 8(1.6%) 1.2% 14.7% 50.5% 82.2% 95.6% 
600 (60%) 10(1.7%) 0.4% 8.1% 42.5% 81.4% 96.9% 
700 (70%) 12(1.7%) 0.1% 4.7% 35.9% 81.1% 97.3% 
800 (80%) 15(1.9%) <0.1% 1.1% 18.8% 68.6% 96.0% 

M
ic

ro
-C

A
T

T
 

99.4% 92.7% 

900 (90%) 17(1.9%) <0.1% 0.2% 7.5% 53.9% 95.2% 
400 (40%) 4(1.0%) 0.8% 21.1% 61.6% 87.0% 96.5% 
500 (50%) 5(1.0%) 0.3% 16.4% 62.2% 90.3% 98.1% 
600 (60%) 7(1.2%) <0.1% 4.0% 41.7% 83.5% 97.2% 
700 (70%) 9(1.3%) <0.1% 0.9% 23.9% 75.5% 96.8% 

800 (80%) 11(1.4%) <0.1% 0.1% 12.3% 68.0% 96.4% 

E
L

IS
A

 T
.b

 

g
a

m
b

ie
n

s
e

 

99.8% 82.8% 

900 (90%) 13(1.4%) <0.1% <0.1% 4.2% 58.1% 96.0% 

 

Discussion 

We validated two different serologic test formats that can be used on samples 
collected on filter paper, based on a sample of 100 true HAT cases and 1507 non-
cases. Micro-CATT and ELISA/T.b.gambiense both came out as promising 
candidates for a surveillance system in low- prevalence settings because of a 
combination of a fairly high sensitivity and a very high specificity.  
For MicroCATT sensitivity and specificity at INRB were 92.7% and 99.4% 
respectively; at ITMA specificity was 100% but sensitivity could not be assessed 
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because no samples from the high prevalence area were tested. Disadvantages of 
the technique are mainly related to the number of confettis required, nine per sample. 
A sufficiently large surface of blood impregnated filter paper is needed to perform the 
test correctly.  Also, because of the need of cutting out these confettis, the test is 
relatively labor intensive. MicroCATT has the advantage of not requiring any 
equipment other than the standard kit for the CATT test plus some micro-titre plates. 
When used in a low income setting, the disadvantage of having to cut nine confettis 
per sample is easily overcome since this does not require a skilled worker.  
 
ELISA/T.b.gambiense performed very well both at the INRB laboratory in the DRC 
and at ITMA in Belgium. This is reflected in areas under the ROC curve of 96.5 and 
97.2% respectively, which is considered excellent.28 At the higher cut-off point 
specificity in the DRC was 99.8%, with a still acceptable sensitivity of 82.8%. 
Interrater agreement was good with kappa values of 0.84-0.88 depending on the cut-
off point chosen. In its current format the test is based on three different variable 
surface glycoproteins; omitting one antigen is still an option with the aim of being able 
to use a lower cut-off point and thus improving sensitivity. ELISA is more demanding 
in terms of equipment, supplies and staff skills and may therefore not be suitable for 
use at the level of a regional laboratory. Transporting filter paper samples to a central 
laboratory is however a feasible option. 
 
A simulation done based on these results and using an LQAS approach showed that 
theoretically a filter paper based early warning system can reliably distinguish a 2% 
prevalence at village level from a zero prevalence conditional on testing a sample 
size of 60% or above. These findings now need to be verified in a real-life setting. 
 
The use of filter paper samples as a HAT screening tool has been tested before but 
most earlier studies were based on smaller numbers.14,15,16,21 Laveissière reports on 
over 24,000 persons tested with micro-CATT but focuses of participation and costs. 
In Cote d’Ivoire he observed higher participation rates and a 5-fold reduction in costs 
when compared to the standard screening by a mobile team.13  Whether this also 
applies in the DRC still needs to be confirmed. Laveissière used general health 
workers to collect samples within their regular catchment area. Because in our study 
the samples were collected by mobile teams, we could not perform any meaningful 
calculations of the actual costs.   
 
Involving general health workers in collecting samples would have added benefits. 
Apart from the alarm threshold approach, designed to trigger action by a mobile team 
that should screen the whole village again, the filter paper sample can also be used 
to identify individual HAT suspects who should then be contacted for diagnostic work-
up- at least if the most sensitive test (microCATT) is chosen. This approach has 
already been piloted in the DRC but was considered impractical because of the long 
turn around time of test results. This long turn around time will be far less of a 
problem if the process is managed not by mobile teams but by general health 
workers who are resident in the area. Moreover involving general health workers can 
be a meaningful first step towards integration of HAT control into the general 
healthcare services.  
 
Our study has some limitations. Not all filter paper samples collected contained 
sufficient quantities of blood to do all tests.  This is reflected in the different 
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denominators for each test and each laboratory, and was particularly problematic for 
the micro-CATT, which requires nine confettis per sample tested. Results for 
LATEX/T.b.gambiense were discarded because of problems related to the batch 
used. 
 
In low prevalence areas sensitivity cannot be reliably estimated because of the low 
numbers of HAT cases; in our study we did not identify one single case in the low 
prevalence area. We therefore calculated sensitivity based on the results of the high 
prevalence area only. Sensitivity may have been overestimated because all cases 
were pre-selected based on a positive CATT on whole blood. Our specificity 
estimates are based on results from the low prevalence area only because the lack 
of sensitivity of current confirmation algorithms makes it impossible to definitely rule 
out the presence of false negatives.  
 
The thresholds calculated for raising the alarm are based on the assumption of a 
random sample. We realize that when using this system to screen village populations 
the sample will not be truly random but we don’t expect major undersampling of 
infected persons. Oversampling of infected persons would lead to the threshold being 
surpassed more often at low prevalence levels. This would not be a major problem 
since the main distinction to make is between low prevalence and zero prevalence.  
 
In contrast to classical LQAS as applied in vaccination programs, the sample size per 
lot required in HAT is high because of the low proportions to be distinguished and the 
lack of a 100% sensitive and specific diagnostic test. The required sample size per 
village ( 60%) is high but not unrealistic given the fact that participation rates in 
mobile team screening for HAT are in the range of 70-80%4 and vaccination 
coverages in 2007 in DRC were of 94% for BCG and 95% for DPT-1.29 
 
In conclusion, micro-CATT and ELISA/T.b.gambiense are promising candidates as 
filter paper based screening tests. Micro-CATT has the added advantage of not 
requiring sophisticated equipment, making it possible to fully implement the 
surveillance system at regional level. Beyond the proof-of-principle provided in this 
study, much more work needs to be done before a village-based system can be 
adopted as an alternative to the mobile team surveillance in low prevalence areas. In 
the next phase of research the most cost-effective surveillance approach needs to be 
assessed, be it via village-based alarm thresholds followed by exhaustive screening 
by mobile teams or individual-based diagnostic work-up of those found seropositive. 
Also its relative cost and cost-effectiveness compared to the current approach using 
mobile teams should be properly documented in a real-life setting.  
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Chapter 10. General discussion 
 
In this thesis we examined how management of the three diseases could be further 
improved in three different settings. We have seen that for all three diseases and in 
all three settings a well functioning health system is of crucial importance, and we 
have identified ways to improve the synergies between disease control programs and 
general healthcare systems.   
 

Tuberculosis in Uzbekistan 

Though the DOTS strategy has been implemented in all districts of Uzbekistan since 
2005, elements of the old Soviet system continue to exist in parallel. The Soviet 
approach to tuberculosis control was very much disease control oriented, which is 
understandable from a historic point of view. ‘Either the louse defeats socialism or the 
socialism defeats the louse’, Lenin stated in 1919.1 In those days the Soviet Union 
was emerging from the ruins of World War I and still engaged in a civil war; at the 
same time it was plagued by major epidemics. The epidemics were controlled and 
until the late 1960s great progress was made. The Soviet Union has to be credited 
for providing universal free access to primary healthcare services to all its citizens all 
over its vast territory.2 Much of these achievements is still in evidence today. 
Whereas for 2006 neighboring Afghanistan had an estimated under-5 mortality rate 
of 235/1000 live births, for Uzbekistan the figure was 44/1000.3 Yet, starting in the 
1970s, stagnation occurred and basic health indicators began to deteriorate.4 Already 
during the final years of the Soviet Union, hospitals were in a dilapidated state and 
there was lack of pharmaceuticals and medical equipment.5 Not only infrastructure 
became outdated, the knowledge and skills of providers also suffered.4 The gap 
between Soviet medicine and medicine in the western world became more 
pronounced with the advent of evidence based medicine; a new development to 
which the Soviet Union was neither willing nor, because of linguistic barriers, able to 
respond.2,4,6 
 
We conducted four studies on the management of tuberculosis in the healthcare 
system of Uzbekistan; one study on case finding, one study on prescribing practices 
and two studies on adherence to treatment. The current tuberculosis control system 
in Uzbekistan is based on the Stop TB strategy but still contains many elements of 
the old Soviet system.7 One of the elements of the old Soviet system still in place is 
active case finding based on mass X-ray screening. Annually in Uzbekistan over 3 
million people are actively screened for tuberculosis but we found that such 
screening is poorly targeted. Although the official figures suggest otherwise, our 
study showed that the yield of active screening for tuberculosis in Uzbekistan is no 
higher than that reported in studies from Canada, Czechoslovakia and the 
Netherlands which led these countries to abandon mass radiography as a case 
finding tool.8 
 
Treatment for tuberculosis in Uzbekistan has traditionally been the domain of 
specialist physicians, who were prescribing individualized treatment regimens. The 
Stop TB strategy advocates standardized regimens, depending primarily on whether 
or not there is a history of previous treatment.7 Determining whether or not a patient 
has been treated before and prescribing a standard regimen to those without a 
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history of previous treatment does not require specialist knowledge. Our study on 
prescribing practices showed that anti tuberculosis drug regimens prescribed to new 
tuberculosis patients in Uzbekistan are by and large adequate and meet the 
standards of the Stop TB strategy. However, apart from specific anti tuberculosis 
drugs, patients are also being prescribed a median of eight non-anti tuberculosis 
drugs. This is another remnant of the Soviet tradition where so-called ‘pathogenetic 
treatment’ was considered an essential component of tuberculosis treatment.9 We 
found that the rationale for prescribing these non-specific drugs is questionable. 
There is no apparent relation to concomitant diseases, some of the drugs prescribed 
are potentially dangerous and patients incur substantial costs when purchasing these 
drugs.  
 
Our studies on adherence to treatment in the Uzbek capital Tashkent revealed 
various obstacles, most related to the healthcare system, at times in interaction with 
personal factors. In a quantitative study we found that most patients who default do 
so during or immediately upon completion of the intensive phase of treatment; we 
also identified a number of personal factors that were associated with default. 
Pensioners, unemployed, people abusing alcohol and homeless were more at risk 
than others. Another notable finding was the fact that one third of defaulters did not 
really abandon treatment but rather abandoned the system under which treatment is 
provided. They did continue some form of treatment but preferred to pay for their 
drugs and organize treatment at their own convenience, rather than to receive drugs 
for free under program conditions.  
 
In a subsequent qualitative study we found that lack of information on tuberculosis 
and its treatment, fear of being stigmatized and the opportunity cost of being 
hospitalized are important underlying reasons for default. Though 75% of defaulters 
had been on treatment for at least 50 days, mainly as in-patients, they were poorly 
informed. Many did not know that tuberculosis is curable and for how long they were 
supposed to be treated. Also there were lots of irrational beliefs about side effects of 
tuberculosis treatment. Communication between patients and doctors is still very 
much underdeveloped in Uzbekistan; moreover there are conflicting patient 
management guidelines because of the Stop TB strategy being implemented in 
parallel with remnants of the old Soviet system. Fear of being stigmatized was further 
enhanced by the conditions under which treatment is provided, i.e. being admitted in 
special tuberculosis hospitals and receiving ambulatory treatment from specifically 
designated ‘DOTS’ rooms. Mandatory hospitalization during the intensive phase of 
treatment is a problem because of poor hygienic and general conditions in 
tuberculosis hospitals and because of the opportunity costs related to it. Under the 
present economic circumstances in Uzbekistan, pensioners and unemployed need to 
engage in informal daily labor to make ends meet. Only those employed by the 
government will not loose their income while on admission. As we also saw in our 
study on prescribing practices, being on admission in a tuberculosis hospital has 
substantial direct costs as well.  
 
Based on our findings, some concrete recommendations can be made to improve the 
tuberculosis control system in Uzbekistan. Screening over three million persons a 
year by mass radiography is not a cost-effective strategy. The findings in studies from 
Canada, Czechoslovakia and the Netherlands led to the recommendation in the ninth 
report of the WHO expert committee on tuberculosis that the policy of indiscriminate 
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tuberculosis case-finding by mobile mass radiography should now be abandoned.8 

This does not mean that radiography no longer has a role to play in screening or 
individual case management; it just means that blanket population screening is 
ineffective and has a too high opportunity cost. Under the current policy more than 
half of the population of Uzbekistan is eligible for X-ray screening. The program 
policy of assigning targets on the actual numbers of people to be screened, results in 
arbitrary screening of those that are easiest to reach. Restricting screening efforts to 
known high risk groups such as contacts of tuberculosis patients, people living with 
HIV, and inmates of prisons and pre-trial detention centers could be much more 
effective and far less costly.10  
 
Irrational prescribing practices that became apparent in our second study have been 
reported also from the general health services in Uzbekistan11. Such practices will be 
difficult to correct since linguistic barriers and the absence of a tradition of evidence-
based medicine prevent doctors from accessing the mainly English language peer-
reviewed medical literature. A recent Russian-language textbook on tuberculosis, 
published in 2004 and written by the leading specialist of the Russian Federation, still 
advocates pathogenetic treatment but does not provide any references to evidence in 
favor of this approach.12 The quickest way to achieve a change in prescribing 
practices for tuberculosis would be for the management of the national tuberculosis 
control program (DOTS Center) to provide clear guidelines on rational prescription of 
additional non- tuberculosis drugs. Unfortunately such efforts are bound to meet with 
much resistance from the National Research Institute for Pulmonology and 
Phthisiatry (NRIPP), the management of which still adheres to the Russian tradition.  
 
The adherence studies highlighted the need for a much more client-oriented 
approach to tuberculosis control. The system is still too much focused on disease 
control; a tuberculosis patient is seen as a potential source of infection and therefore 
needs to be isolated in a tuberculosis hospital. Under the current conditions of 
economic hardship in Uzbekistan, with a large proportion of the population living 
below the poverty line, tuberculosis patients cannot afford to be hospitalized and the 
system cannot afford to properly maintain tuberculosis hospitals.13 Moreover it has 
been shown that infection of contacts usually occurs before patients are diagnosed 
and started on treatment.14 A further shift towards ambulatory treatment seems a 
logical step.  
 
There has been some degree of integration of tuberculosis control into general 
primary healthcare services but more is required. In their study on effectiveness of 
integration into health systems of targeted interventions, Atun et al. describe 5 critical 
health system functions: ‘Stewardship and governance’, ‘Financing’, ‘Service 
delivery’, ‘Monitoring and evaluation’ and ‘Demand generation’; demand generation 
includes advocacy and social mobilization.15 Although in Uzbekistan service delivery 
for tuberculosis has been integrated to some extent, patients are still confronted with 
two different sets of service providers. Part of their treatment is provided by the 
tuberculosis system; part of it is provided by the general primary healthcare system. 
Within the general primary healthcare system, tuberculosis patients are set apart 
from other patients and meet with reluctance of health care providers. The problem of 
fragmentation of service delivery could be overcome if the tuberculosis program 
would progressively restrict its role to the other core functions i.e. ‘stewardship and 
governance’, ‘financing’, ‘monitoring and evaluation’ and ‘demand generation’, and 



Chapter 10. General discussion 

 120 

leave routine service delivery in the hands of the general primary healthcare system. 
Experience from all over the world has shown that routine tuberculosis treatment 
according to standardized guidelines does not require specialist doctors. Organizing 
treatment services within the primary health care system is therefore part of the key 
operations for DOTS implementation advocated by WHO.16 There will still be a role 
though for specialists in diagnosing and treating complicated cases, such as cases of 
multi drug resistant tuberculosis. 
 
Another important obstacle to adherence that became apparent from the studies is 
the inadequate communication between providers and patients. In the Soviet era the 
medical profession generally assumed a rather parental role towards its patients and 
did not see the need to inform patients on their condition, its prognosis and 
treatment.17 Patient centeredness is a relatively recent invention and came at a time 
when the Soviet medical system was already in decline.18 Current provider attitudes 
will not change overnight but designing standard sets of messages to be 
communicated to patients and assigning the task of communicating these messages 
to certain categories of health workers may help to bridge the gap. Obviously this is 
still far removed from the shift from a paternalistic biomedical model to a model of 
shared decision-making advocated by Vermeire et al.19 
 
Resistance from the established order is a well documented obstacle to reforms in 
tuberculosis control in former Soviet countries and is further compounded by the 
absence of a tradition of evidence based medicine.20 Much more progress could be 
achieved if the Uzbek health authorities would further reform the governance 
structures for tuberculosis control, i.e. further reinforcing DOTS Center in its role of 
National Tuberculosis Program. When DOTS was first introduced, creating a parallel 
management structure involving both DOTS Center and NRIPP was a necessary 
compromise. In the meantime DOTS Center has a proven track record by developing 
policies that are fully in line with the Stop TB strategy and successfully managing the 
implementation of two grants from the Global Fund to combat AIDS, Tuberculosis 
and Malaria, which provide a substantial part of the running costs for tuberculosis 
control in Uzbekistan. Time has come to abandon the dual management structure 
and limit the role of NRIPP to that of a research institute. Problems such as the high 
recurrence rates among successfully treated TB patients documented by Cox et al. in 
the Karakalpakstan region definitely warrant further scientific investigation.21  
 

Visceral leishmaniasis in India 

Within the framework of this thesis we conducted two studies on visceral 
leishmaniasis in Bihar State, India. We conducted a study into the association 
between visceral leishmaniasis and keeping domestic animals inside the house 
because earlier studies had provided conflicting results and given the important place 
of cattle in the local sociocultural context. 22,23,24,25,26,27 Our study revealed no 
additional risk (nor benefit) from ownership of animals or keeping animals inside the 
house. We were able to exclude potential sources of bias that may have been 
present in earlier studies by carefully documenting potential confounders such as 
socio-economic status and type of housing. Housing conditions rather than the 
keeping of animals were found to be significant risk factors for visceral leishmaniasis. 
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Of all the risk factors identified in previous studies, many are related to socio-
economic conditions and few are amenable to change.22-27 We investigated the role 
of animals not just because of conflicting results from earlier studies but also because 
if keeping animals indoor would be a significant risk factor, this would be one that can 
be addressed. Bovines in particular were of interest because the vector for visceral 
leishmaniasis in the area, Phlebotomus argentipes, is known to have a preference for 
feeding on bovines and because soil conditions in bovine cattle sheds are known to 
provide good breeding sites for this particular sandfly species.28,29,30,31 With only about 
6% of visceral leishmaniasis cases interviewed reporting to keep bovines indoor, the 
impact at population level (population attributable risk) could be marginal at most. 
Moreover we found that the proportion of non-cases keeping animals indoor was 
almost identical, resulting in an odds ratio of 0.88 (95% CI 0.37-2.08). Based on this 
study, there is no rationale for recommendations on changing animal husbandry 
practices. However our study used a matched design in which cases and controls 
were matched by neighborhood; thus we could only assess associations at the 
individual or household level. There may still be an effect at a higher level as was 
shown by Bern et al. in Bangladesh.23   
 
The fact that housing conditions came out as strong determinants, even after 
controlling for socio-economic status warrants further investigation. Damp floors 
measured by palpation were a significant risk factor in our study as well as in an 
earlier study by Bern et al. in Nepal.22 In both studies damp floors were a very 
common exposure with 83% of the population in our study and 52% of the population 
in the study of Bern et al. exposed. We also found a strong association between non-
cemented floors and dampness. Though much is still unknown about the breeding 
sites of phlebotomine sandflies, it is known that they require moist soil rich in organic 
and nitrogenous matter, it seems therefore biologically plausible that a cemented 
floor can have a protective effect.30  Cementing floors could be a useful intervention 
but further evidence using more objective measurements of humidity is required.  
 
An aspect that is not captured by any cross sectional risk factor study is temporal 
variation. As Bucheton et al. demonstrated in a study in Sudan over a 4-year period, 
factors that were significantly associated with visceral leishmaniasis in the early years 
were no longer found to be associated in later years.32 Visceral leishmaniasis 
typically affects a village until saturation has been achieved; only a minority of those 
infected actually develop clinical disease.33 Host factors related to zinc, retinol, and 
other micronutrients known to modulate immunological status may be important in 
whether or not an infected person falls ill.26 Once the pool of susceptible persons in a 
village has been exhausted the incidence will drop again.22 The outcomes of any 
cross sectional study will therefore very much be determined by the phase of the 
epidemic at the time of the study. Bern et al. appeal for adequately powered 
integrated demonstration projects to provide proof of principle for visceral 
leishmaniasis elimination. Such projects in carefully chosen sites should ensure that 
strategies chosen are appropriate to the ecological and epidemiological 
characteristics of each location.27 Given the highly clustered distribution of visceral 
leishmaniasis both in space and in time and the relatively low overall incidence of 
clinical disease, achieving an adequate power might prove problematic though.  
 
Insecticide spraying during the malaria eradication campaigns of the 1950s did for 
some years suppress the incidence of visceral leishmaniasis below detectable levels, 
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which provides strong evidence that vector control can be an effective strategy.34,35,36 
Further elucidating the breeding sites of Phlebotomus argentipes could be another 
important step in controlling the disease by improving the effectiveness of current 
insecticide spraying campaigns. Among all possible research topics related to 
visceral leishmaniasis, this is probably one of the most relevant. 
 
In our second study we explored health care seeking behavior and management of 
visceral leishmaniasis in the government primary healthcare system in Muzaffarpur 
district of Bihar State. Patients presented to the community health centers with a 
delay of one to two months, the vast majority first presented to unqualified local 
practitioners. Delay was not much different for those who first presented to the 
outreach workers of the primary healthcare system, the auxiliary midwives/nurses 
(ANM) and ‘accredited social health activists’ (ASHA). Though diagnosis and 
treatment of visceral leishmaniasis are supposed to be free, we found that patients 
interviewed had incurred substantial direct costs. The median expenditure was 
equivalent to nearly 2 months of household income. When assessing treatment 
outcomes we found differences between the official reports and the outcomes 
documented at the community health centers; differences between official reports 
and information obtained through patient interviews were even more outspoken. We 
found out that 48% of patients were still treated on antimonials and that 40% of those 
had required a second course of treatment; overall 27.5% of patients treated had 
required a second treatment course. The recording and reporting system in use did 
not register these problems.    
 
Although India has a well designed primary healthcare system with outreach workers 
at village level (ASHAs), supervised by auxiliary nurses/midwives (ANMs), these 
outreach workers are so far not involved in diagnosis and treatment of visceral 
leishmaniasis.37 Diagnostic and treatment facilities are available only at community 
health center level, to which patients present with considerable delay. Since visceral 
leishmaniasis on the Indian subcontinent is assumed to be an anthroponosis, early 
case detection and treatment are of key importance in controlling the disease.38 The 
rK39 dipstick test has shown high sensitivity on the Indian subcontinent, combined 
with good specificity when used on clinical visceral leishmaniasis suspects.39 
Moreover the test is easy to perform, a village health worker can be trained in just a 
few hours; the kit requires no additional equipment, it is smaller in size than a mobile 
phone and can be stored at ambient temperature.40 A diagnostic test of this type is 
highly suited for use by outreach workers, such as the ANMs in India. The ANM may 
take the history, check some basic signs such as temperature and spleen 
enlargement, and perform a rapid test to exclude malaria. In case the malaria test 
turns out negative, an rK39 dipstick test is done to confirm the diagnosis of visceral 
leishmaniasis. If the diagnosis is not in doubt and the clinical condition of the patient 
is not too serious, the current standard treatment regimen using oral miltefosine could 
be provided at this level.36,41  In case of difficulties in diagnosis or clinical 
complications, the patient could be referred to the community health center. Thus 
diagnosis and treatment of VL can be brought closer to the patient without much 
additional investment. This would also reduce the direct and indirect costs to patients 
who no longer need to travel to the community health center. 
 
With involvement of ANMs and ASHAs, it is also possible to explore the feasibility 
and cost-effectiveness of active case finding among high risk populations. Since 
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visceral leishmaniasis is known to have a very focal distribution, all those living in the 
same hamlet as a known case could be considered at high risk.42,43 An ASHA could 
visit the households and enquire about cases of chronic fever not responding to anti-
malaria treatment. Any suspect case identified could be tested on the spot with an rK-
39 dipstick test and referred to the ANM in case of a positive result. Households not 
having any suspect cases at the time of visit can be informed and explained where to 
report if anyone develops a chronic fever later on. This approach would need to be 
field tested to assess its feasibility and effectiveness.  
 
An aspect that became apparent from our second study is the lack of appropriate 
recording and reporting system to monitor clinical outcomes of visceral leishmaniasis 
treatment. As Styblo pointed out more than 30 years ago, there is a need to monitor 
not only the disease but also the effect of the control measures implemented.44 Since 
then he has stood at the cradle of the recording and reporting system now in use for 
tuberculosis all over the world. The system generates two main types of reports, a 
report on case registration and, with a delay of 12-15 months, a quarterly report on 
treatment outcomes of these same cases.45,46 Whenever a patient is started on a 
treatment course, (s)he will be registered either as a ‘new’ case or as a case with a 
history of previous treatment; the latter is broken down into categories which include 
‘Relapse’, ‘Treatment after default’ and ‘Treatment after failure’.  In the standard case 
registration report a breakdown is provided between new cases and the different 
categories of patients with a history of previous treatment; thus one can get at first 
glance an indication of whether the program is successful. A high proportion of 
relapses in the case registration report would be a clear indication of poor treatment 
outcomes in the recent past. The report on treatment outcomes shows which 
proportion of cases started on treatment have actually been cured, thus providing 
information on current effectiveness of the program. High proportions of treatment 
failures would prompt further investigation into the possible causes, such as drug 
resistance.  
 
Visceral leishmaniasis is different from tuberculosis because it requires a 6 months 
follow-up after treatment and because there is no easy way to document cure. When 
considering the combined duration of treatment and follow-up for visceral 
leishmaniasis and tuberculosis they are not that much different though, seven 
months and six months respectively. Whereas in tuberculosis a negative sputum 
smear at the end of treatment is considered evidence of cure, in visceral 
leishmaniasis this would theoretically require a negative splenic puncture. Obtaining 
a splenic puncture is not possible in many cured patients because the spleen has 
regressed, and poses clear practical and ethical problems in the others. A clinical 
assessment of the general condition of the patient six months after the end of 
treatment is therefore advocated by most programs but in reality not many patients 
show up spontaneously for this follow-up visit. Here again the network of ANMs and 
ASHAs is a resource that should be used. They can visit the patient, take his history, 
check his temperature and possibly also record spleen size, and report back to the 
community health center. 
 
In our study, among 131 patients without a history of previous treatment interviewed 
36 (27.5%) had required a second treatment. Part of this information could be 
derived from the routine records kept at the community health center but none of it 
was reported to the district level. Even the fact that 48% of patients were still treated 
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on antimonials was not known at district level, neither was it known that 40% of these 
patients had required a second course of treatment. When tuberculosis control 
programs were upscaled in resource limited settings, Styblo was very much aware of 
the risks involved. He realized that a poor quality disease control program might 
actually do more harm than good.47 The drug resistance problem that has been so 
prominent in tuberculosis control could also compromise control of visceral 
leishmaniasis.48 Miltefosine has a long half-life and resistance can develop from a 
single point mutation.49 It is therefore of utmost importance to closely monitor 
treatment outcomes and switch to combination regimens as soon as clinical evidence 
on their effectiveness and safety becomes available. Partly in response to the 
outcomes of our study, a recording and reporting system based on the formats of the 
tuberculosis system has been developed and is currently being piloted in community 
health centers in Muzaffarpur district.50  
 
As our study on healthcare seeking behaviour showed, most visceral leishmaniasis 
patients first report to private practitioners, either qualified or unqualified. The private 
sector cannot be ignored and efforts should be made to involve the qualified private 
practitioners in the disease control efforts. This has also been done in the 
tuberculosis control programs and has become one of the pillars of the Stop TB 
Strategy. 7,51 Private practitioners involved in the system will have to adhere to 
standards of diagnosis and treatment of visceral leishmaniasis that are in accordance 
with the national guidelines. This should include reporting on a regular basis to the 
block health coordination all cases registered for treatment and their treatment 
outcomes.  
 
For visceral leishmaniasis control to properly function requires supervising the 
activities of ANMs and ASHAs and maintaining a good recording and reporting 
system. Also a regular supply of diagnostics and drugs needs to be ensured. In 
endemic districts this requires a visceral leishmaniasis coordinator at block level. 
Such a coordinator should conduct regular meetings with ANMs and ASHAs and visit 
on a regular basis not only the government health care facilities but also the qualified 
general practitioners in the block. Appointing a full time visceral leishmaniasis 
coordinator at block level would not be very efficient; the task could however be 
assigned to the tuberculosis coordinator who needs to visit the same health facilities 
and interact with the same village health workers while performing his tuberculosis 
related tasks. Such an approach needs to be field tested before more specific 
recommendations can be made.  
 

Human African Trypanosomiasis in the DRC 

Integration of HAT control into primary healthcare is a necessity when considering 
the declining incidence trends. This has been recognized by the management of the 
national HAT control program (PNLTHA) which has made integration one of the main 
objectives in the implementation plan of the fourth phase of support from its principal 
donor, the Belgian Technical Cooperation.52 Sub objectives are to have responsibility 
for planning of HAT control handed over to the ‘zone de santé’, the health district; to 
increase effectiveness of the activities of mobile screening teams; to have case 
finding, treatment and follow-up of HAT included in the package of services provided 
through the district health system; and to have epidemiological data used for follow-
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up of patients and monitoring of disease control. Obviously our two studies on HAT fit 
in well with these objectives.  
 
Both studies were related to screening tests with the aim of evaluating diagnostics 
that can be used for diagnosis and/or surveillance by the primary health care system. 
We validated the CATT-D10, a new format of the CATT-test, and tested its thermo-
stability. We found that the CATT-D10 performed equally well as the classical format; 
moreover there was no significant loss in reactivity even after exposure to high or 
alternating temperatures over an 18-months period. The new format is therefore 
highly suited for use in peripheral health facilities in the DRC which generally do not 
have functional cold chains. The fact that it is packaged in 10-dose vials rather than 
the 50-dose vials in which the classical CATT is packaged is another major 
advantage when used at the level of a peripheral health center since utilization rates 
of such facilities are generally low.53  
 
If made available to health facilities in endemic areas, the test can be used to rapidly 
identify patients with a high likelihood of suffering from HAT. In centers that have a 
microscope and microscopist trained for malaria, lymph node puncture and thick film 
can be examined on the spot. If these tests turn out negative or if microscopy is not 
available, the patient can be referred to the zonal hospital where also the more 
sensitive tests such as CTC and mAECT can be performed. Low positive predictive 
value of the CATT test is a problem when the test is used with asymptomatic persons 
but will be far less of a problem when symptomatic persons are tested. Thus 
peripheral health facilities will be able to offer a good service to persons presenting 
with symptoms that could be related to HAT.  
 
In the meantime another test is being developed which might on the long run replace 
the CATT-D10. The test is being developed under the auspices of the ‘Foundation for 
Innovative Diagnostics’ (FIND). It will come in the format of a lateral flow test and will 
be easier to perform than the CATT which still requires a rotator.54 At the moment of 
writing this thesis it is not clear though exactly when this test will become available 
and whether it will be easily affordable.  
 
Surveillance for sleeping sickness has hardly changed since colonial times. Still it is 
based on mobile teams going from village to village and screening entire populations. 
The only innovation has been the introduction of the CATT test as screening tool in 
the 1980s. It is beyond doubt that the current efforts cannot be maintained once the 
external funding ends, moreover even with the resources currently available the 
surveillance can never be exhaustive.55 There is an urgent need for an alternative 
strategy that is less costly and less labor intensive.  
 
In our second study on HAT we validated two screening tests which can be 
performed on filter paper samples, MicroCATT and ELISA/T.b.gambiense ; we also 
assessed their potential for use in a surveillance system. The samples were collected 
and stored under otherwise routine program conditions and processed in research 
laboratories in Kinshasa and Antwerp. Both test formats had an acceptable sensitivity 
and a very high specificity, which makes them suitable for use in an early warning 
system based on lot quality assurance sampling (LQAS). If on a village population of 
1000, a sample size of at least 600 can be achieved, both tests can reliably 
distinguish a 2% prevalence from a zero prevalence. The 2% cut off at village level 
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was chosen because HAT tends to have a very focalized distribution; the prevalence 
may be very low at regional level but much higher in the individual affected villages. 
Lutumba et al. describe an outbreak in a village affecting 47 out of 224 households 
over a 3-year period; Chappuis et al. found prevalences of above 3% in areas that 
had not been under regular surveillance for a while.56,57 We do make the assumption 
of a random sample, which remains to be verified. There doesn’t seem to be much 
reason though to assume a directional bias leading to undersampling of cases. The 
fact that, in comparison to the mobile team approach, the samples can be collected 
over a longer period makes it less likely that those who are exposed because of 
activities outside the village are missed.  
 
A sampling fraction of 60% is possible to achieve, considering the fact that mobile 
teams are able to sample 70-80% when screening village populations.55 However 
requiring a sample size of 60% is somewhat contradictory to the principle of LQAS 
which is to arrive at a conclusion based on a very small sample. The absence of a 
100% sensitive and specific test means that a certain amount of misclassification of 
cases and non-cases occurs, which reduces the efficiency of the procedure.  
 
As an alternative to a LQAS approach that aims to detect signals at village-level, a 
filter paper based surveillance system could also be worked out to identify individual 
HAT suspects. This requires that every individual with a positive serological test 
would be individually invited for a confirmation procedure. For this purpose 
MicroCATT would be the test of choice because this requires a higher sensitivity; 
ELISA/T.b.gambiense could also be used but at a lower cut off point.  
 
In a next phase of the study we now need to find out more about the feasibility and 
costs of filterpaper based screening, using either LQAS or the individual approach. A 
typical health zone in the DRC has a population of 120,000; screening all villages 
every 2 years while enrolling 75% would result in a workload at the district laboratory 
of 45,000 samples per year or 200 per working day. This will require an additional 
staff member but it is feasible, certainly when taking into account the fact that mobile 
teams are currently screening up to 60,000 persons per year.55 Apart from the costs 
of performing the laboratory tests, a small incentive will probably be necessary for the 
health workers to actually collect the samples. Also the costs of providing a further 
diagnostic workup for those testing positive on the screening tests need to be taken 
into account. However the annual costs of operations of a mobile team were 
estimated at 54,342 USD in 2007 by Lutumba et al., making it very probable that a 
filter paper based system will turn out to be cost-effective.58  
 
Even if the costs would not be reduced, filter paper based surveillance can still be 
beneficial if it is implemented by general health services staff. Currently cases 
diagnosed by the mobile screening teams are referred to fixed general health 
facilities for treatment. Robays et al. estimate that 90% of cases detected this way 
are actually started on treatment.55 Though this is definitely not a bad result, things 
could be further improved if screening, diagnosis and treatment were all performed at 
the same fixed location. This would definitely go a long way towards realizing the 
objective of integration of HAT service delivery into primary healthcare.  
 
Finally a filter paper based screening system needs to be linked to a geographical 
information system. Cattand describes a system whereby based on surveillance 
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results villages are classified into four groups: endemic, suspect, free of sleeping 
sickness, and of unknown epidemiological status. Suspect villages are villages in 
which a known HAT case used to reside or in which a serological survey disclosed 
seropositive individuals but without parasitological confirmation.59 This information is 
plotted on a map which can be used to guide surveillance efforts.  
 

 
 
Figure 2: Status of villages in the Mbam area of Cameroon 
 (source: Cattand P, Jannin J, Lucas P. Sleeping sickness surveillance: an essential step 

towards elimination.) 
59 

 

Such a system can easily be created; it just requires villages to be geo-referenced 
and survey data to be entered into a table. Plotting on a map all villages according to 
their epidemiological status can be done using free software such as EpiMap. The 
map thus created can be used to guide the screening activities of mobile teams and 
to identify villages in need of filter paper based screening. Such a map would be 
useful not just for HAT but for other healthcare programs as well, thus further 
contributing to the objective of integration.  
 

Overall conclusion 

We have studied three chronic infectious diseases in three different health systems 
contexts and found some common ground and scope for cross-fertilisation with 
regard to organisation of disease control measures.  
 
We learned that in all three settings and for all three diseases – but for different 
reasons – there is a need for more involvement of first line health services in disease 



Chapter 10. General discussion 

 128 

control activities. Service delivery for tuberculosis control worldwide has to a large 
extent been integrated into general healthcare but as a former Soviet country 
Uzbekistan is lagging behind. Abandoning the current dual governance structure and 
fully embracing the Stop TB strategy would almost certainly save money and 
increase effectiveness.60 Visceral leishmaniasis control in India has progressed far in 
integration of service delivery but could still make further gains by making better use 
of the available networks of village health workers. Control of HAT in the DRC is still 
very much a vertical program. The program is very much donor dependent; in view of 
declining incidence trends and therefore diminishing efficiency of blanket population 
screening, there is a high likelihood that sooner or later this international aid will stop. 
There is therefore an urgent need to explore alternative strategies for HAT 
surveillance and control that prove to be more cost-effective and appropriate for 
implementation by regular health services.  
The tuberculosis control programs have over the past 30 years developed a very 
elaborate program management system including elements such as regular 
supervision of health services staff, well organized supply systems and a 
standardized output based recording and reporting system.46 The recording and 
reporting system seems to be much weaker, definitely when it comes to monitoring 
clinical outcomes, both for visceral leishmaniasis and HAT. The visceral 
leishmaniasis control program in India would greatly benefit from adopting a 
recording and reporting system based on the tuberculosis formats. Though this was 
not within the scope of this thesis, the same applies to HAT control in the DRC where 
a major drug resistance problem went unnoticed for years.61 Rather than to reinvent 
the wheel, visceral leishmaniasis and HAT control programs should learn from the 
success stories of the tuberculosis control programs. 
 
For the three diseases in the three settings, a number of research questions remain 
to be addressed. The main research questions for tuberculosis control are enshrined 
in the Stop TB strategy and are related to development of new diagnostics, drugs 
and vaccines.7 In the specific context of Uzbekistan further studies on the long term 
effectiveness of standardized treatment regimens in an environment of high initial 
drug resistance would be another research priority. Studies by Cox et al. have 
indicated that there may be amplification of drug resistance and increased recurrence 
rates when standardized regimens are used without taking into account the initial 
drug resistance patterns.21,62 In visceral leishmaniasis control in India there is an 
urgent need to evaluate safety and effectiveness of combined treatment regimens to 
prevent development of resistance against the new drugs; also there is a need to 
gather more information on the breeding sites of phlebotomine sandflies to improve 
vector control efforts.30,31,49 For HAT control in the DRC pilot projects on integration 
and further studies into the feasibility of alternative surveillance systems are urgently 
needed. 
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Summary 

In this thesis we report on studies on tuberculosis, visceral leishmaniasis and human 
African trypanosomiasis (HAT) conducted in three different settings, Uzbekistan, 
India and the Democratic Republic of the Congo (DRC). All three diseases are 
chronic infectious diseases associated with significant morbidity and mortality that 
disproportionally affect impoverished segments of the population of low income 
countries. Because the three diseases each have a mainly or exclusively human 
reservoir, early case finding and treatment are crucial in their control. Consequently 
efforts to control these diseases are very much dependent on the health system 
context.  
 
Tuberculosis is caused by mycobacteria belonging to the Mycobacterium 
tuberculosis complex and occurs all over the world. Visceral leishmaniasis and HAT 
are caused by parasites and have a more limited geographical distribution. In both 
diseases there are different clinical presentations that reflect different strains of the 
causative parasites. The most common parasite strain causing visceral leishmaniasis 
is Leishmania donovani; more than 50% of all cases due to this parasite strain are 
reported from the Bihar focus in India. Though there are two parasite species that 
cause HAT, over 90% of cases belong to the West African variety caused by 
Trypanosoma brucei gambiense. The country worst affected by West African HAT is 
the DRC from which currently over 60% of all cases reported worldwide originate. 
 
We studied tuberculosis control in Uzbekistan, a lower middle income country that 
used to be part of the Soviet Union and as such has a fairly specific epidemiological 
and health systems context. We conducted four studies on the management of 
tuberculosis by the healthcare system. We studied case finding, prescribing policies 
and adherence to treatment; on the latter we conducted both a quantitative and a 
qualitative study.  
 
Although Uzbekistan has adopted the Stop TB strategy, elements of the old Soviet 
system are still in place, such as active case finding based on mass X-ray screening. 
According to the criteria used, 50% of the population is eligible for screening. 
Because it is not possible to actually screen that many, quota are assigned to the 
numbers to be screened within each of the groups targeted. Thus annually about 
three million people are being actively screened; just over 10% of the population. 
Reportedly 73% of al pulmonary tuberculosis patients are detected through these 
active screening campaigns. We conducted a study in two provinces and found that 
16% of all pulmonary tuberculosis patients had been diagnosed through some form 
of active case screening. The yield was much lower than the official figure of 73% 
and comparable to the yield reported in earlier studies from Canada, Czechoslovakia 
and the Netherlands. Those earlier studies led these countries to abandon mass 
radiography as a case finding tool. We also found that the screening efforts in 
Uzbekistan are poorly targeted, missing out on key risk groups.   
 
Treatment for tuberculosis in Uzbekistan has traditionally been individualized and 
managed by specialists. The Stop TB strategy advocates standardized regimens, 
depending primarily on whether or not there is a history of previous treatment. Our 
study on prescribing practices showed that anti tuberculosis drug regimens 
prescribed to new tuberculosis patients in Uzbekistan are by and large adequate and 
meet the standards of the Stop TB strategy. However there was significant over-
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prescription of non-tuberculosis drugs, with a median prescription of eight such drugs 
per patient. This so-called ‘pathogenetic treatment’ is another remnant of the Soviet 
tradition. We found that the rationale for prescribing these drugs is questionable and 
that there is no apparent relation to concomitant diseases. Some of the drugs 
prescribed are potentially dangerous and patients incur substantial costs when 
purchasing them.  
 
Our studies on adherence to treatment were conducted in Tashkent, the capital of 
Uzbekistan. The studies revealed various obstacles, most related to the healthcare 
system, at times in interaction with personal factors. We found that most patients who 
default do so during or immediately upon completion of the intensive phase of 
treatment; we also identified a number of personal factors that were associated with 
default. Pensioners, unemployed, people abusing alcohol and homeless are more at 
risk than others. Another notable finding was the fact that one third of defaulters did 
in fact continue treatment but outside the official system.  
 
Lack of information on tuberculosis and its treatment, fear of being stigmatized and 
the opportunity cost of being hospitalized are important underlying reasons for 
default. Many patients did not know that tuberculosis is curable and they did not 
know for how long they were supposed to be treated. Also there were many irrational 
beliefs about side effects of tuberculosis treatment. Communication between patients 
and doctors is poorly developed; moreover there are conflicting guidelines because 
of elements of the old Soviet system still being in place. Fear of being stigmatized is 
further enhanced by the conditions under which treatment is provided, i.e. being 
admitted in special tuberculosis hospitals and receiving ambulatory treatment from 
specifically designated ‘DOTS’ rooms. Mandatory hospitalization during the intensive 
phase of treatment is a problem because of poor hygienic and general conditions in 
tuberculosis hospitals and because of the related opportunity costs. Pensioners and 
unemployed need to engage in informal daily labor to make ends meet and therefore 
cannot afford to be hospitalized. Being on admission in a tuberculosis hospital also 
has substantial direct costs because of patients having to buy additional non-
tuberculosis medicines.  
 
Our studies on visceral leishmaniasis were conducted in a highly endemic district of 
Bihar State, India. In a neighborhood, age and sex matched case control study 
investigating whether keeping domestic animals inside the house is a risk factor for 
visceral leishmaniasis, we found no evidence to support this hypothesis. We did find 
evidence for an association between housing conditions and visceral leishmaniasis; 
the association remained statistically significant after controlling for potential 
confounding by socio-economic status.  
 
In our second study on visceral leishmaniasis we explored health care seeking 
behavior and case management in the government primary healthcare system. We 
enrolled a random sample of 150 patients, registered for treatment at government 
PHC facilities during 2008. We observed delays of one to two months before patients 
presented to the appropriate level of the primary healthcare system. Most patients 
first presented to unqualified local practitioners. Delay was not much shorter for those 
who first presented to the outreach workers of the primary healthcare system, the 
auxiliary nurses/midwives (ANM) and accredited social health activists (ASHA). We 
found that patients interviewed had incurred substantial direct costs related to their 
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disease episode; the median expenditure being equivalent to nearly 2 months of 
household income. We assessed treatment outcomes and observed differences 
between the official reports and the outcomes documented at the community health 
centers. Such differences were even more pronounced when comparing data from 
patient interviews to the official reports. Of all patients assessed, 48% were still 
treated with antimonials despite the official guideline that all patients should be 
treated with miltefosine. Altogether 27.5% of patients assessed had required a 
second treatment course, for those treated with antimonials this was the case for 
40%. These problems were not picked up by the recording and reporting system in 
use. 
 
Our two studies on HAT were conducted in the DRC and were both related to 
screening tests. We evaluated a new format of the CATT-test, the CATT-D10, 
designed to be thermo-stabile. The CATT-D10 performed equally well as the 
classical format and there was no significant loss in reactivity even after exposure to 
high or alternating temperatures over an 18-months period. The new format is 
therefore highly suited for use in peripheral health facilities in the DRC which 
generally do not have functional cold chains. The CATT-D10 is packaged in 10-dose 
vials, rather than the 50-dose vials in which the classical CATT is packaged; this is 
another major advantage when used at the level of peripheral health centers since 
utilization rates of such facilities in the DRC are generally low.  
 
In our second study on HAT we investigated the theoretical feasibility of a 
surveillance system using samples collected on filter paper. The current approach for 
HAT surveillance is based on mobile teams going from village to village and 
screening the entire populations. If samples can be collected on filter paper, this 
could be done by a resident health worker and over a longer time period. In our study 
the samples were collected and stored under routine field conditions and processed 
in research laboratories in Kinshasa and Antwerp. We validated two test formats, 
MicroCATT and ELISA/T.b.gambiense; both tests were found to have acceptable 
sensitivity (92.7% and 82.8% respectively) and very high specificity (99.4% and 
99.8% respectively), which makes them suitable for use in an early warning system in 
low prevalence areas. We simulated their use in a lot quality assurance sampling 
(LQAS) approach and found that theoretically a filter paper based system using 
MicroCATT or ELISA/T.b.gambiense can reliably distinguish a 2% prevalence from a 
zero prevalence at village level. However this requires a high sampling proportion; on 
a village population of 1000, at least 600 would need to be enrolled. Alternatively, 
test results can be used to identify individual HAT suspects.  
 
An important advantage of this type of surveillance system would be the fact that it 
can be implemented through the general healthcare system. Further investigations 
are needed to see whether such a system can eventually replace the current strategy 
using mobile teams and whether it should be based on LQAS or on an individual 
approach. A key aspect will be the cost effectiveness of a filter paper based system 
when compared to the current approach.  
 
For all three diseases in all three settings we found some common ground and scope 
for cross-fertilisation with regard to organisation of disease control measures. Though 
the reasons are different for the three diseases and in the three settings, in all our 
studies we found a need for more involvement of first line health services in disease 
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control activities. In Uzbekistan, being a former Soviet country, service delivery for 
tuberculosis control is only very partially integrated into general healthcare. Further 
progress towards greater integration is hampered by the existence of a dual 
governance structure made up of the national research institute of phthysiatry and 
pulmonology (NRIPP) which adheres to the Soviet tradition and the national 
tuberculosis control program (DOTS Center) which embraces the Stop TB strategy. 
Based on our findings we recommend reinforcing DOTS Center in its the role as 
national tuberculosis control program and restricting the role of NRIPP to that of a 
research institute.  
 
Integration of service delivery for visceral leishmaniasis control in India has 
progressed far but further gains could be made by making better use of the available 
networks of village health workers. We recommend greater involvement of ANMs and 
ASHAs in case finding and monitoring of treatment. Since a dipstick test is available 
that is inexpensive, easy to use and does not require a cold chain, diagnosis of 
uncomplicated cases could be decentralized to the level of ANMs. The treatment 
regimen currently recommended is a fully oral regimen; therefore for uncomplicated 
cases even diagnosis and initiation of treatment could be decentralized to ANM level. 
ASHAs could be involved in identifying suspect cases, monitoring treatment intake 
and reporting on treatment outcomes. We also recommend changing the recording 
and reporting system to a system based on that used in tuberculosis control. A key 
element in this system is the systematic monitoring of treatment outcomes.  
 
Control of HAT in the DRC is still very much a vertical program and is fully donor 
dependent. With the decreasing incidence observed, there is also a diminishing 
efficiency of blanket population screening. There is therefore an urgent need to 
explore alternative strategies for HAT surveillance and control. The alternative 
approach needs to be more cost effective and should be appropriate for 
implementation by regular health services. The CATT-D10 can be used to identify 
HAT suspects even in peripheral general health facilities. The options for a 
surveillance system using samples collected on filter paper need to be further 
explored.  
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Samenvatting 

Dit proefschrift omvat onderzoek dat we in de afgelopen vijf jaar hebben uitgevoerd 
naar de bestrijding van chronische infectieziekten: tuberculose in Oezbekistan, 
viscerale leishmaniase (VL) in  India en humane Afrikaanse trypanosomiase (HAT) in 
de Democratische Republiek Congo (DRC).  Deze drie ziekten gaan gepaard met 
een belangrijke morbiditeit en mortaliteit en ze hebben een grote impact op verarmde 
rurale populaties in lage-inkomenslanden. Omdat ze van mens tot mens worden 
overgedragen - tuberculose rechtstreeks, en VL en HAT via een insect- zijn 
vroegtijdige opsporing en behandeling cruciaal in de bestrijding. Het succes van de 
bestrijding hangt dan ook in sterke mate af van het functioneren van het 
gezondheidszorgsysteem.  
 
Tuberculose wordt veroorzaakt door mycobacteriën van het Mycobacterium 
tuberculosis complex en komt overal op de wereld voor. VL en HAT worden 
veroorzaakt door parasieten en hun geografische verspreiding hangt samen met die 
van de insecten die ze overdragen: tse tse vliegen bij HAT en zandvliegjes bij VL. VL 
wordt in Azië veroorzaakt door Leishmania donovani; en meer dan de helft van alle 
jaarlijkse VL gevallen wordt gerapporteerd in Bihar, India. Er bestaan twee 
verschillende soorten Trypanosoma parasieten die HAT veroorzaken, maar ruim 90% 
van de gevallen behoort tot de West-Afrikaanse variant, veroorzaakt door 
Trypanosoma brucei gambiense. Het land dat het zwaarst getroffen is door HAT is de 
DRC, momenteel komt 60% van alle gerapporteerde gevallen uit dat land.  
 
We bestudeerden de tuberculosebestrijding in Oezbekistan, een laag/midden-
inkomensland dat vroeger tot de Sovjet-Unie behoorde en daarom een vrij specifieke 
epidemiologische- en gezondheidszorgsysteemcontext kent. We deden vier studies 
naar hoe het gezondheidszorgsysteem met tuberculose omgaat. We onderzochten 
de vroegtijdige opsporing van tuberculose, voorschrijfgedrag van artsen en de 
therapietrouw van patiënten; het laatste aspect onderzochten we zowel in een 
kwantitatief als in een kwalitatief onderzoek.  
 
Hoewel Oezbekistan de Stop TB-strategie heeft ingevoerd zijn er nog steeds 
elementen van het oude Sovjetsysteem in gebruik, met name de actieve vroegtijdige 
opsporing op basis van röntgenfoto’s. Volgens de huidige richtlijnen zou jaarlijks 50% 
van de bevolking op die manier onderzocht moeten worden. Omdat dat in de praktijk 
niet haalbaar is worden er quota’s ingesteld per doelgroep. Jaarlijks worden zo’n drie 
miljoen mensen onderzocht, dat is iets meer dan 10% van de bevolking. Volgens de 
officiële verslagen wordt in Oezbekistan 73% van alle tuberculosepatiënten in 
dergelijke campagnes gediagnosticeerd. Uit ons onderzoek in twee provincies bleek 
echter dat slechts dat 16% van de tuberculosepatiënten als gevolg van dergelijk 
bevolkingsonderzoek gevonden waren. De bijdrage van het bevolkingsonderzoek 
was dus veel geringer dan de officieel gerapporteerde 73% en was vergelijkbaar met 
die in eerdere studies in Canada, Tsjecho-Slowakije en Nederland. In deze landen 
werd het bevolkingsonderzoek overigens om deze reden stopgezet. We 
constateerden daarenboven dat het bevolkingsonderzoek in Oezbekistan niet gericht 
wordt uitgevoerd en dat belangrijke risicogroepen gemist lijken te worden. 
 
In Oezbekistan gebeurt de behandeling van tuberculose van oudsher door 
specialisten op basis van individuele behandelingsschema’s. De Stop TB-strategie 
beveelt gestandaardiseerde behandelingsschema’s aan, afhankelijk van of de patiënt 
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al dan niet eerder behandeld is voor tuberculose. Uit onze studie naar 
voorschrijfgedrag van artsen bleek dat tuberculosepatiënten in Oezbekistan over het 
algemeen correcte behandelingsschema’s voorgeschreven krijgen, in 
overeenstemming met de richtlijnen van de Stop TB-strategie. Maar er werden ook 
veel niet-specifieke medicijnen voorgeschreven, met een mediaan van acht 
medicijnen per patiënt. Deze zogenaamde ‘pathogenetische medicijnen’ zijn een 
overblijfsel van de Sovjettraditie. De rationale voor het voorschrijven van deze 
medicijnen was twijfelachtig. Sommige van deze geneesmiddelen hielden risico’s in 
en patiënten gaven veel geld uit bij de aanschaf ervan.  
 
Onze studies over therapietrouw werden uitgevoerd in Tasjkent, de hoofdstad van 
Oezbekistan. Deze onderzoeken brachten diverse obstakels aan het licht, vooral 
gerelateerd aan het gezondheidszorgsysteem, soms in interactie met 
persoonsgebonden factoren.  We zagen dat de meeste patiënten die hun 
behandeling onderbreken dat doen gedurende of onmiddellijk na de intensieve fase 
van de behandeling. Gepensioneerden, werklozen, alcoholisten en daklozen liepen 
meer risico dan andere patiënten om hun behandeling te onderbreken. Een derde 
van de patiënten die de behandeling had onderbroken bleek in werkelijkheid nog 
altijd medicijnen te nemen maar dan buiten het officiële systeem.  
 
Een gebrek aan informatie over tuberculose en de behandeling ervan, angst voor 
stigma en de opportuniteitskosten ten gevolge van de hospitalisatie 
(inkomensderving) waren de belangrijkste redenen voor de patiënten om hun 
behandeling te onderbreken. Vele patiënten wisten niet dat tuberculose te genezen is 
en wisten niet hoe lang de behandeling hoort te duren. Ook waren er veel irrationele 
ideeën over bijwerkingen van de medicatie. De communicatie tussen patiënten en 
dokters is gebrekkig, bovendien zitten de tuberculose-richtlijnen vol contradicties 
omdat ze nog steeds elementen van het oude Sovjetsysteem bevatten. De 
gespecialiseerde tuberculoseziekenhuizen en gereserveerde ‘DOTS-kamers’ voor 
ambulante therapie werken stigmatisatie in de hand. Verplichte hospitalisatie 
gedurende de intensieve fase van de behandeling is problematisch vanwege de 
slechte algemene en hygiënische toestand van de ziekenhuizen en de ermee 
samenhangende opportuniteitskosten. Gepensioneerden en werklozen moeten in 
Oezbekistan als dagloners in het informele circuit werken om het hoofd boven water 
te houden en kunnen zich daarom geen opname in een ziekenhuis veroorloven. Dan 
zijn er nog de directe kosten, o.a. als gevolg van de niet-specifieke medicijnen die de 
patiënten moeten kopen.  
 
Onze studies naar VL werden uitgevoerd in een zwaar getroffen district in Bihar, 
India. In een patiënt-controle-onderzoek waarin voor iedere patiënt een 
controlepersoon geselecteerd werd uit dezelfde buurt en leeftijdsgroep en van 
hetzelfde geslacht, onderzochten we of het binnenshuis houden van vee een 
risicofactor is voor VL. We vonden geen aanwijzingen die deze hypothese 
ondersteunen. Wel vonden we een associatie tussen de kwaliteit van de huisvesting 
en VL, deze associatie bleef statistisch significant nadat we gecontroleerd hadden 
voor factoren zoals socio-economische status.  
 
In ons tweede onderzoek in Bihar onderzochten we het gedragspatroon van VL-
patiënten in hun zoektocht naar gezondheidszorg en hoe die patiënten behandeld 
werden in het publieke gezondheidszorgsysteem. We namen een steekproef van 150 
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patiënten die in 2008 voor VL behandeld waren in overheidsklinieken. Gemiddeld zat 
er één a twee maanden tussen het moment van de eerste symptomen en het 
moment van de eerste consultatie op het juiste niveau van het 
gezondheidszorgsysteem. De meeste patiënten consulteerden eerst een niet 
gekwalificeerde zorgverstrekker. Het tijdsverlies was echter niet veel kleiner bij 
degenen die eerst een officiële hulpverlener consulteerden: de 
hulpverpleegkundigen/ vroedvrouwen (‘auxiliary nurses/midwives’, ANM) en de 
geaccrediteerde sociale gezondheidswerkers (‘accredited social health activists’, 
ASHA). We zagen dat geïnterviewde patiënten vaak veel kosten maakten tengevolge 
van hun ziekte-episode; de mediaan van de uitgaven kwam overeen met de 
gezinsinkomsten van twee maanden. We onderzochten ook de 
behandelingsresultaten en stelden discrepanties vast tussen wat officieel 
gerapporteerd werd en hetgeen bleek uit de in de klinieken aanwezige documentatie. 
Die verschillen waren nog meer uitgesproken wanneer we de vergelijking maakten 
met hetgeen patiënten zelf in interviews zeiden.  Van alle onderzochte patiënten 
bleek 48% nog altijd met antimoonderivaten behandeld te zijn, terwijl ze volgens de 
officiële richtlijnen met miltefosine zouden moeten behandeld zijn. In het totaal had 
27.5% van de onderzochte patiënten nog een tweede behandeling nodig gehad, voor 
degenen die met antimoonderivaten behandeld waren was dit zelfs 40%. Deze 
problemen werden niet gesignaleerd door het in gebruik zijnde rapportagesysteem.  
 
Onze twee studies met betrekking tot HAT werden beide uitgevoerd in de DRC en 
waren gerelateerd aan de diagnostische testen die gebruikt worden in 
bevolkingsonderzoek. We evalueerden een nieuwe variant van de CATT-test, de 
CATT-D10, ontworpen om thermostabiel te zijn. De CATT-D10 bleek evengoed te 
werken als de klassieke CATT test en verloor niet significant aan reactiviteit na 18 
maanden blootgesteld te zijn geweest aan hoge en aan wisselende temperaturen. 
De nieuwe variant is daarom zeer geschikt voor gebruik in perifere klinieken in de 
DRC, die meestal niet over een goed werkende koudeketen beschikken. Terwijl de 
klassieke CATT verpakt is in ampullen van 50 testeenheden, is de CATT-D10 
verpakt in ampullen van 10 testeenheden; dit is nog een belangrijk voordeel bij 
gebruik in perifere gezondheidscentra waar het aantal patiënten per dag vaak niet 
erg hoog ligt. 
 
In onze tweede HAT studie onderzochten we of het mogelijk is om een 
epidemiologisch surveillancesysteem op te zetten op basis van bloedmonsters 
verzameld op filtreerpapier. De huidige benadering van HAT surveillance is 
gebaseerd op mobiele teams die van dorp to dorp gaan en de hele bevolking 
onderzoeken. Als het mogelijk zou zijn om bloedmonsters op filtreerpapier in te 
zamelen, zou dit door een lokale gezondheidswerker kunnen worden gedaan. In 
onze studie werden de bloedmonsters verzameld en bewaard onder veldcondities, 
ze werden verwerkt in onderzoekslaboratoria in Kinshasa en Antwerpen. We hebben 
twee testen gevalideerd, MicroCATT en ELISA/T.b.gambiense;  beide testen hadden 
een acceptabele gevoeligheid (respectievelijk 92.7% and 82.8%) en een zeer hoge 
specificiteit (respectievelijk 99.4% en 99.8%), hetgeen ze geschikt maakt voor 
gebruik in een systeem voor vroegtijdige opsporing in gebieden met een lage 
prevalentie. Een simulatie van een ‘lot quality assurance sampling’ (LQAS) 
procedure toonde aan dat in theorie het systeem op basis van filtreerpapierstalen op 
betrouwbare wijze het onderscheid kan maken tussen een prevalentie van 0% en 
een prevalentie van 2% op dorpsniveau. Maar dit vereist wel een hoge 
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steekproefgrootte, op een dorpspopulatie van 1000 zouden minimaal 600 personen 
aan het onderzoek deel moeten nemen. Als alternatief kunnen de testresultaten 
gebruikt worden voor het opsporen van individuele HAT gevallen. Een belangrijk 
voordeel van dit type van surveillance is dat het uitgevoerd kan worden via het 
algemene gezondheidszorgsysteem. Verder onderzoek is nodig om na te gaan of 
zo’n systeem uiteindelijk de huidige benadering met mobiele teams kan vervangen 
en of het gebaseerd moet zijn op LQAS dan wel op het opsporen van individuele 
HAT gevallen. De kosteneffectiviteit in vergelijking met de huidige benadering zal de 
doorslag moeten geven.  
 
In dit promotieonderzoek over de bestrijding van drie infectieziekten in drie 
verschillende settings vonden we sterke overeenkomsten die leiden tot enkele 
algemene conclusies. In al onze studies constateerden we de noodzaak om de 
eerstelijnsgezondheidszorg nauwer bij de ziektebestrijding te betrekken. In 
Oezbekistan, als voormalig Sovjetland, is de zorgverstrekking voor tuberculose 
slechts voor een klein gedeelte geïntegreerd in de algemene gezondheidszorg. 
Verdere vooruitgang in de integratie wordt belemmerd door het bestaan van 
parallelle beheersstructuren, het Instituut voor Tuberculose en Longziekten (NRIPP) 
dat de Sovjettraditie in ere houdt en het nationale tuberculosebestrijdingsprogramma 
(DOTS Center) dat de Stop TB strategie aanhangt. Op basis van onze 
onderzoeksresultaten adviseren we om DOTS Center te bevestigen in de rol van 
nationaal tuberculosebestrijdingsprogramma en de rol van NRIPP te beperken tot die 
van een onderzoeksinstituut.  
 
De integratie van de zorgverstrekking voor VL in India is al ver gevorderd, maar zou 
baat hebben bij een beter gebruik van de bestaande netwerken van veldwerkers in 
het gezondheidszorgsysteem, de ANM’s en ASHA’s. We adviseren om ANM’s en 
ASHA’s meer te betrekken bij het opsporen van patiënten en bij het begeleiden van 
de behandeling. Aangezien er een diagnostische test beschikbaar is die niet duur is, 
eenvoudig te gebruiken en waarvoor geen koudeketen nodig is, zou de diagnose van 
ongecompliceerde gevallen gedecentraliseerd kunnen worden tot op het niveau van 
de ANM’s. Aangezien de huidige standaardbehandeling een volledig oraal schema 
is, zou zelfs de behandeling van ongecompliceerde gevallen gedecentraliseerd 
kunnen worden naar het niveau van de ANM. De ASHA’s zouden betrokken kunnen 
worden bij het opsporen van mogelijke patiënten, het begeleiden van de behandeling 
en het rapporteren van behandelingsresultaten. Verder adviseren we het 
rapportagesysteem aan te passen naar het voorbeeld van het systeem van de 
tuberculosebestrijding; een cruciaal element hiervan is het systematisch rapporteren 
van behandelingsresultaten. 
 
Slaapziektebestrijding in de DRC is nog altijd een zeer vertikaal programma en 
volledig donorafhankelijk. Nu de incidentie dalende is, daalt ook de efficiëntie van het 
bevolkingsonderzoek. Er is een dringende noodzaak voor onderzoek naar 
alternatieve strategieën voor HAT surveillance en bestrijding. Deze alternatieve 
strategieën moeten kosteneffectief zijn en geschikt voor uitvoering door algemene 
gezondheidsdiensten. De CATT-D10 kan gebruikt worden voor het opsporen van 
mogelijke HAT gevallen, ook in perifere klinieken. De mogelijkheden van een 
surveillance systeem op basis van stalen op filtreerpapier die door lokale 
gezondheidswerkers zouden worden verzameld, als alternatief voor de mobiele 
teams, moeten nader onderzocht worden
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Epco Hasker was born on December 26, 1962 in Tiel, The Netherlands. He studied medicine 
at the Erasmus University in Rotterdam, from which he graduated in 1989. During his 
medical studies he spent three months in Karachi, Pakistan, as an intern in a leprosy 
hospital. This experience had a profound influence on his later career choice.  
 
Immediately upon his graduation as a medical doctor he enrolled in the tropical medicine 
course at the Institute of Tropical Medicine (ITM) in Antwerp, Belgium. He successfully 
completed the course in March 1990. In the meantime he had been requested to join on a 
short term contract the LEPCO program, a leprosy control program established in 1984 in 
Hazarajat, Central Afghanistan, by the management of the leprosy hospital in Karachi. After 
eight months in a remote area of the central highlands of Afghanistan where he worked as a 
medical officer in one of the LEPCO clinics, he returned to the Netherlands in December 
1990. From January 1991 till April 1993 he worked as medical officer in an asylum seeker 
center in Rijsbergen, the Netherlands.  
 
In May 1993 he left for Nigeria, together with his wife, Els Duysburgh. In Nigeria he worked 
for three years and a half as tuberculosis and leprosy control coordinator in Bauchi State on 
behalf of the Netherlands Leprosy Relief Association. In 1996 he was requested to return to 
Afghanistan and assume the role of program director of LEPCO, based in the city of Mazar-i-
Sharif. He settled in Mazar-i-Sharif in January 1997, together with his wife and one-year old 
daughter. When in May 1997 Mazar-i-Sharif became a major battleground in the Afghan civil 
war, they evacuated to Peshawar, Pakistan, from where he continued to manage the LEPCO 
program until June 2001. During this period he reorganized the tuberculosis control 
component of the LEPCO program in accordance with the principles of the DOTS strategy.  
 
In September 2001 he enrolled in the Masters of Science (MSc) in Disease Control course at 
ITM in Antwerp, from which he graduated in August 2002. Upon completion of his MSc he 
moved to Kiev, Ukraine, where he worked as team leader in an EU funded pilot project on 
DOTS implementation on behalf of KNCV Tuberculosis Foundation from the Netherlands. 
Having become familiar with the Soviet system of TB control and having acquired a 
conversational level of the Russian language, he moved to Tashkent, Uzbekistan, in May 
2005. In Tashkent he worked for another three years as project manager and regional 
technical advisor in a tuberculosis control project of an American NGO, Project HOPE. In this 
period he frequently visited the different regions of Uzbekistan but also the four other 
countries of former Soviet Central Asia. In response to requests from counterparts he 
developed short training courses on epidemiology and operational research and set up a 
number of studies investigating problems related to tuberculosis control in the region.  
 
In July 2008 he and his family moved back to Belgium where he was employed at the 
disease control unit of the department of public health of ITM as scientific collaborator on 
neglected tropical diseases. His current responsibilities include teaching in the Masters of 
Public Health Disease Control course and technical support to counterparts conducting 
research on visceral leishmaniasis in India and human African trypanosomiasis in the 
Democratic Republic of the Congo.  
 
He has very much enjoyed living abroad with his family and being in touch with other 
cultures. He still enjoys travelling for work and travelling with his family to discover new 
destinations and experience different cultures.  


