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The World Health Organization (WHO) estimates that as of end 2004, more than 39 

million people were infected with the human immunodeficiency virus (HIV) 

worldwide, and more than 3 million succumbed to the disease in that same year (1). 

Infection with HIV has had a particularly severe impact on sub-Sahara Africa. Of the 

more than 39 million people living with HIV at the end of 2004, more than 64% were 

in sub-Sahara Africa (1). This means that the health budget in these countries must be 

drastically increased to cope with this huge burden upon a usually ill-funded and 

poorly functioning health system.   

 

The HIV epidemic has further compounded the public health crisis through the 

potential interaction of HIV/AIDS with other endemic infectious diseases. HIV 

infection causes loss of antigen-specific CD4 lymphocyte number and function (2), 

which in turn increases susceptibility to opportunistic infections caused by bacterial, 

fungal, parasitic, and viral agents (3-14). Over the last decades HIV-associated 

infections have become important causes of morbidity and mortality in sub-Saharan 

Africa countries. Much of this morbidity and mortality is a result of co-infection with 

Mycobacterium tuberculosis, Salmonella species, other enteric pathogens, bacterial 

pneumonia, and malaria (15,16).  

 

The interaction between HIV and other infectious agents has impacted on the way 

public health programs approach the control of HIV infection and the associated 

diseases (15). In areas with high HIV prevalence, the incidence of HIV-associated 

infections are invariably high. Likewise there is an increase in mortality because of 

much higher case fatality rates among individuals with HIV-associated infections than 

among HIV-negative individuals (17-20). 

 

A clear understanding of how HIV infection affects the incidence, clinical 

presentation and management of HIV-associated infections may guide the choices 

made in selecting interventions likely to reduce HIV infection-associated morbidity 

and mortality. Of particular interest is the understanding of the effect of HIV infection 

on endemic mycobacterial diseases of major public health concern in areas of high 

HIV infection. From the earliest reports of the HIV epidemic in developed countries, 

a close association between HIV infection and nontuberculous mycobacteria diseases, 

such as Mycobacterium avium complex (MAC) was evident (21-23). It has been 
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estimated that up to one-quarter of patients with AIDS in developed countries will 

develop MAC during their lifetime (24). Studies from Zambia, Kenya, Malawi, 

Tanzania and Uganda seem to suggest a low prevalence of MAC in African HIV-

infected patients (25-29). In sub-Sahara Africa, however, the strong association 

between HIV and tuberculosis is well-recognized, and this interaction has worsened 

tuberculosis control on the continent (30). A pertinent question to pose is whether 

HIV infection alters the epidemiological and clinical pattern of leprosy, which is still 

endemic in some areas of sub-Saharan Africa with a high HIV prevalence.  

 

 

HIV and tuberculosis: the sub-Sahara Africa epidemic 

 

Tuberculosis ranks among the top ten causes of global mortality (31,32). Up to one-

third of the world’s population is estimated to be infected with tuberculosis, with 

about 8 million of the infected developing active disease on annual basis with 1.8 

million deaths (33).  

 

In the pre-HIV era the annual rate of progression to active tuberculosis among people 

infected with Mycobacterium tuberculosis was estimated at 0.2 per 100 (34), but 

among HIV-infected individuals this risk is 40 times greater (3). This high risk of 

breakdown ranks HIV as the most powerful known risk factor for reactivation of 

latent tuberculosis infection to active tuberculosis disease. Not only does HIV 

infection increase the risk of progression from latent TB infection to active disease, 

but also the risk of rapidly progressive disease following recent infection or 

reinfection with tuberculosis (35,36).   

 

HIV is driving the global tuberculosis burden, especially in sub-Sahara Africa where 

the two epidemics overlap. Of the 36 million HIV-infected people worldwide at the 

end of 2000, 12 million were co-infected with Mycobacterium tuberculosis, and 8.4 

million (70%) of the dually infected individuals were living in sub-Sahara Africa (30). 

This makes tuberculosis the most common HIV related disease in this region, with 

HIV prevalence among tuberculosis patients as high as 60% (30).   
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Studies in sub-Sahara Africa have consistently shown a high frequency of active 

tuberculosis in HIV-infected patients. In Kenya, tuberculosis was diagnosed in 27% 

of HIV infected patients admitted to hospital (37). In rural Tanzania, tuberculosis was 

observed in 39% of HIV infected patients presenting to hospital with respiratory 

symptoms (38). Sixty-one percent of hospitalized Burundian patients with AIDS were 

diagnosed with tuberculosis (39). The incidence of tuberculosis among different 

cohorts of HIV-infected patients shows wide variations across sub-Saharan Africa 

(table). Although these incidence rates might not be comparable given that the studies 

recruited different populations in whom risk of tuberculosis and degree of 

immunosuppression might be different, they nonetheless demonstrate a high incidence 

rate of active tuberculosis in the HIV infected population compared to the HIV 

negative population.  

 

Table. Incidence of active tuberculosis disease among HIV-infected individuals in 

sub-Saharan African countries 

 

Reference Year Country Incidence 

rate/100 PYO 

20 2002 South Africa 8.5 

40 2002 Uganda 2.1 

41 2001 Cote d’Ivoire 10 

19 2001 Zambia 4.5 

42 1997 Kenya 3.5 

43 1995 Rwanda 2.9 

44 1995 DR Congo 3.1 

 

 

 

The impact of HIV on tuberculosis epidemiology and control has not been limited to 

increasing numbers of tuberculosis. It also includes difficulties in the diagnosis and 

management of tuberculosis in HIV infected individuals. The immunosuppression 

induced by HIV modifies the clinical presentation of TB. Tuberculosis commonly 

presents as pulmonary disease, with extrapulmonary disease accounting for 
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approximately 20% of disease in individuals not infected with HIV. The clinical 

picture of TB in HIV-infected individuals with well-preserved immunity is 

indistinguishable from that of the non-HIV infected individual with TB. However, 

with increasing immunosuppression in HIV-infected individuals there is increased 

frequency of extrapulmonary and miliary disease (45). Also chest X-ray appearances 

in HIV-infected individuals vary with the degree of immunosuppression (46-48), 

which might explain why this group of patients is more likely to have sputum smear 

negative tuberculosis than HIV-negative individuals (49-52).  Physicians treating 

tuberculosis in sub-Saharan Africa countries rely mostly on sputum smear microscopy 

and chest X-ray to establish a diagnosis of tuberculosis. Unfortunately, these are the 

two diagnostic tools whose usefulness might be compromised in face of increasing 

degree of immunosuppression in HIV-infected individuals. Thus, tuberculosis in HIV-

infected individuals may be more difficult to diagnose. This is unfortunate since early 

diagnosis of tuberculosis followed by prompt and adequate treatment is essential to 

prevent morbidity and mortality.  

 

Studies in sub-Sahara Africa show that initial response to standard anti-tuberculosis 

treatment is similar in HIV-infected and HIV-negative tuberculosis patients (52-55). 

However, increased frequency of cutaneous adverse reactions among HIV-infected 

patients with tuberculosis on thiacetazone, a cheap and affordable drug widely used in 

the pre-HIV era, was observed (56,57). Because of this increased risk of adverse 

cutaneous reactions to thiacetazone the World Health Organization (WHO) 

discourages the use of this drug in the treatment of TB, especially in HIV-infected 

individuals (58).  

 

In the absence of highly active antiretroviral therapy, antituberculosis treatment is 

estimated to increase life expectancy of HIV-infected individuals with tuberculosis by 

up to 2 years (59,60). HIV-associated TB carries a high mortality (20,59-64) and TB 

is the leading cause of death in HIV-infected individuals in Sub-Sahara Africa where 

about 30% of HIV-infected individuals die within 1 year of antituberculosis treatment 

(64).      

 

In the industrialized countries the widespread use of antiretroviral therapy (ART) in 

treatment of HIV-infected individuals has resulted in a dramatic decline in morbidity 
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and improvement in survival (65-67). Although ART does not eradicate infection it 

causes suppression of HIV replication, which in turn leads to reconstitution of the 

immune system and containment of opportunistic infections. Studies have shown 

benefit for ART in reducing new AIDS events and mortality in tuberculosis patients 

infected with HIV (68-70). ART is presently not widely available in sub-Sahara 

Africa and its benefits are yet to reach the majority of Africans with HIV infection. 

However, there is increasing commitment from international organizations to increase 

access of ART to those in need. The World Health Organization committed itself to 

treating 3 million HIV-infected persons in developing countries with ART by end of 

2005 (71). The wide availability of ART therapy in sub-Sahara Africa will 

undoubtedly open a window of opportunity to study the possible contribution of ART 

in reducing tuberculosis morbidity and mortality.    

 

 

Leprosy and HIV infection: evidence for possible interaction? 

 

Leprosy is a chronic infectious disease caused by M. leprae. Among all infectious 

diseases, leprosy ranks among the leading causes of permanent physical 

disabilities worldwide, and is the commonest cause of severe neuropathy in 

developing countries (72). The leprosy bacilli have the unique property of entering 

and multiplying in Schwann cells of the peripheral nerves, causing intra-neural 

inflammation which contributes to nerve damage. Nerve damage in leprosy also 

occurs during acute episodes of inflammation (type 1 and type 2 reactions).  The 

disease and the physical deformities that might complicate it result in intense 

social stigma and in the discrimination of patients and their families.  

 

The global prevalence of leprosy at the beginning of 2003 was estimated at less 

than 530,000 patients, with south-east Asia and Africa accounting for about 74% 

and 10% respectively (73). Since 1985, the global prevalence of leprosy has 

dramatically decreased by about 90% with more than 13 million patients treated 

and reportedly cured with WHO-recommended multidrug therapy (MDT) (73). 

Through the Global Alliance for Elimination of leprosy, efforts are ongoing to 

reach the target of eliminating leprosy as a public health problem, defined as 

reducing the point prevalence to below 1 case per 10,000 population at national 
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level. According to the World Health Organization, the elimination goal has been 

reached in most countries with the exception of 10 out of 122 countries where 

leprosy was considered as a public health problem. The 10 exceptions are Angola, 

Brazil, Central African Republic, Congo, India, Liberia, Madagascar, 

Mozambique, Nepal and Tanzania (73). Although the number of registered 

patients has fallen over the years, the declining numbers of leprosy patients as 

assessed on basis of prevalence data ought to be looked at with caution. Leprosy 

prevalence data mainly reflect changes in the intensity of programme activities, 

rather than variations in the transmission of the disease (74). In fact the incidence 

of leprosy has remained stable or increased in certain countries (75-78).  This 

means that leprosy is still far from ceasing to be a public health problem as the 

unchanging incidence suggests that leprosy transmission continues to occur in 

spite of MDT. It is therefore imperative to recognize that in spite of countries 

achieving the World Health Organization’s elimination goal, continued 

commitment of national governments, the World Health Organization, non-

governmental organizations, and international donor bodies to improve leprosy 

activities must be sustained.  

 

The clinical signs and symptoms of leprosy present a wide spectrum depending on 

the state of the cell-mediated immunity. Leprosy is classified using three main 

classification systems: the Ridley and Jopling classification of 1966 (79), the 1982 

WHO simplified system for use by field workers (80), and the 1998 WHO Expert 

Committee’s clinical system of classification (81). The Ridley and Jopling 

classification divides the spectrum of leprosy disease into five groups (tuberculoid, 

borderline-tuberculoid, mid-borderline, borderline lepromatous, and lepromatous 

leprosy) based on immunologic, pathologic and clinical features. There is a group 

referred to as indeterminate leprosy, which presents as a single macule or a few 

asymmetrical macules with change in colour but with no change in the surface, 

consistency or texture of the skin.  

 

The 1982 WHO classification system is a systematic method that groups patients 

according to their chemotherapy needs based on skin smear results. This system 

groups patients into paucibacillary leprosy (PB) and multibacillary leprosy (MB). 

PB patients are without demonstrable M. leprae bacilli in their skin smears 
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(negative skin smears), and includes all skin smear negative indeterminate (I), 

tuberculoid (TT), and borderline tuberculoid (BT) patients on the Ridley and 

Jopling classification. MB patients have positive skin smears, and the 

classification includes mid-borderline (BB), borderline lepromatous (BL) and 

lepromatous leprosy (LL) on the Ridley Jopling classification. The 1998 WHO 

clinical system of classification is useful in the event of unavailability or 

unreliability of skin smear facilities. This system classifies patients with six or 

more skin lesions as MB and less than six skin lesions as PB.  

 

Episodes of acute or subacute inflammation known as reactions may occur in any 

leprosy type, with the exception of indeterminate leprosy. These inflammatory 

episodes may occur during or after therapy or may be the reason that brings a 

leprosy patient to a health centre for the first time. Reactions fall into two classic 

immunological forms: reversal reactions (type 1 reactions) and erythema nodosum 

leprosum (ENL) also referred to as type 2 reaction. Type 1 reactions occur 

throughout the borderline spectrum (BT, BB, BL) while type 2 reactions occur 

among lepromatous (LL) and borderline lepromatous (BL) patients. The danger of 

reactions lies in the fact that if untreated, permanent and irreversible nerve damage 

will occur with the consequent sequel of deformities and disabilities. 

 

Reversal reactions are reported to occur in up to 30% of borderline leprosy 

patients (78, 82, 83), and the immunological basis of this phenomenon is thought 

to be a delayed type hypersensitivity reaction to M. leprae antigens. Reversal 

reactions can further be distinguished into an upgrading reaction, which represents 

a shift towards the tuberculoid pole of the spectrum, and a downgrading reaction 

which is a shift towards the lepromatous end. During a reversal reaction the skin 

lesions become erythematous, swollen and patients may have oedematous hands 

and feet, and the nerve lesions might give rise to acute painful peripheral nerve 

palsies within 24-36 hours, making reversal reactions one of the few emergencies 

in leprosy. Reversal reactions are managed by administering corticosteroids, 

usually beginning with a dose of 40-60 mg/day and after observing signs of 

clinical improvement, gradually tapering-off the dose over several months (84, 

85). However, some patients with reversal reaction cannot tolerate or do not 

respond to corticosteroids, and cyclosporin has been used successful in this group 
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of patients (86, 87). Furthermore, cyclosporin could be used in reversal reactions 

to diminish or prevent steroid side effects (WR Faber, personal communication). 

 

ENL is a more generalised systemic complication with fever and leucocytosis, and 

may involve a number of organs such as the skin, eyes, testes, nerves, kidneys. 

Classically there is a rapid onset of painful, tender erythematous nodules on the skin. 

Extensive ulceration of the skin occasionally does occur. ENL is possibly due to 

formation of immune complexes in lesions with locally released M. leprae antigens. 

These complexes are thought to enhance the population of helper T lymphocytes 

altering the usual balance of T lymphocytes in BL and LL types of leprosy (88). Also 

there is marked TNF-α  release in patients with ENL and there are suggestions that 

this cytokine might play a central role in the clinical manifestations, such as fever and 

tissue damage (89, 90).  

 

ENL reactional episodes are managed with thalidomide or clofazimine in 

combination with corticosteroids. The use of thalidomide is however 

contraindicated in women of childbearing age, and there is concern over its 

association with sensory polyneuropathy and development of tolerance to its effects 

(91). Cyclosporin has also been used in treating ENL, and with satisfactory results 

(91). More recently another TNF-α blocker, infliximab (92), has been used 

successfully to treat a patient with ENL, which suggests that TNF-α  might play a 

dominant role in ENL.     

 

The close association of HIV infection and TB is well recognized, and frequent 

infection of HIV-infected patients with certain opportunistic nontuberculous 

mycobacteria, such as Mycobacterium avium intracellulare, is well documented 

(21-23). Since the clinical manifestations of leprosy are determined by the host’s 

cellular immune response, the effects of HIV-induced alterations in cellular immune 

response might be expected to significantly alter the epidemiology and clinical 

course of leprosy. HIV infection could potentially lead to (93):  

• increased probability of infection with M. leprae; 

• increased probability of clinical leprosy developing in a dually infected 

person; 
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• alter the clinical pattern of leprosy; 

• alter the response to antileprosy chemotherapy. 

 

On the other hand infection with clinical or sub-clinical M. leprae might: 

• increase the probability of acquiring HIV infection; 

• alter the temporal cadence of HIV infection and progression to AIDS; 

• alter the clinical patterns of HIV-associated opportunistic diseases. 

 

Also HIV-infected individuals with M. leprae might be expected to manifest with 

multibacillary forms of leprosy, the major sources of infection (94, 95). 

Alternatively, HIV-infected paucibacillary leprosy patients might progress rapidly 

to multibacillary leprosy (95). An increase in the multibacillary leprosy case load 

is of public health concern because it has the potential of reversing the 

epidemiological trend of the declining leprosy notifications in endemic countries 

with a significant HIV problem. Since the first case report of leprosy in a patient 

with HIV-infection (96), several case reports and case series of HIV-infection and 

leprosy have been reported (97-108). Reports have suggested that patients with 

concomitant HIV-infection and leprosy might have an increased risk of 

developing reversal reactions (109). Interestingly, cases of increased inflammatory 

reactions have also been noted in HIV-infected leprosy patients on ART (97-99), a 

phenomenon that has been attributed to immune reconstitution, a well-recognized 

complication of ART that has also been described in tuberculosis patients with 

HIV infection (110-112). Most epidemiological studies have not found an 

increased risk of HIV-infected individuals developing active leprosy and thus 

concluded that HIV is not a risk factor for development of leprosy (113-116). Two 

studies in Tanzania concluded that HIV infection significantly increases the risk of 

leprosy (117, 118). The reasons for these differences are not immediately evident.  

 

In this thesis the impact of HIV-infection on both tuberculosis and leprosy is 

presented. And given the international communities commitment to avail cheap 

and affordable antiretroviral drugs to the HIV-infected population in developing 

countries, this thesis also explores the impact of utilizing the tuberculosis health 
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structure in the World Health Organization’s plan to increase the number of HIV-

infected people on antiretroviral drugs in the coming years.  

 

Outline of this thesis 

 

The results of a case-control study investigating the risk of HIV-1 infection for 

developing leprosy is presented in chapter 2. In chapter 3, the results of a 

retrospective study on leprosy reactions in a leprosy endemic area of Uganda are 

presented. The findings of this retrospective study are important as baseline 

information if meaningful conclusions are to be drawn from prospective studies on 

reactions. Such a prospective study investigating the incidence of leprosy reactions 

and neuritis among HIV positive and HIV seronegative leprosy patients is 

discussed in chapter 4. In chapter 5, unusual or interesting developments during 

the course of leprosy treatment in dual infected individuals are presented in the 

form of case reports. These case reports have been chosen for mention because 

they show striking observations that might shape future strategies of leprosy 

management in HIV-infected leprosy patients. Chapter 6 explores the impact of 

HIV infection on tuberculosis in the same Ugandan community where the leprosy 

studies were conducted. The availability of ART has improved morbidity and 

increased survival in HIV-infected patients. Chapter 7 quantifies the contribution 

of tuberculosis services in identifying ART eligible tuberculosis patients. In 

chapter 8 the implications of HIV-infection on both tuberculosis and leprosy as 

presented in this thesis are discussed.  
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SUMMARY 

 

Both leprosy and infection with the human immunodeficiency virus (HIV) are 

endemic in Uganda. Various speculations about a possible interaction between the 

two infections have been put forward but not confirmed. A case-control study 

involving 189 new leprosy patients and 481 matched controls, resident in eight 

Ugandan districts, was carried out to investigate if any relationship exists between 

leprosy and infection with HIV-1 in Uganda. Serum samples from 23 (12.2%) of 

the 189 leprosy patients tested positive for HIV-1 antibodies as compared to 88 

(18.3%) of the 481 control sera. The two proportions of HIV seropositivity are not 

different statistically. A stratified analysis of the data by districts was done and 

showed a negative relationship between leprosy and HIV infection in the case of 

Rakai District (0.04 < odds ratio < 0.61, p = 0.002). It is recommended that studies 

seeking to observe the clinical progress of dually infected patients might help to 

reveal new knowledge about a possible relationship between HIV and leprosy and 

about the immunology of leprosy in general. 
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INTRODUCTION 

 

The acquired immunodeficiency syndrome (AIDS) and leprosy are both endemic in 

Uganda. As of 1 November 1992, the cumulative number of AIDS cases in Uganda 

was reported as 34, 611 (17). Uganda was also included among 25 African countries 

with a significant problem (10). At the end of 1992, the prevalence of registered 

leprosy patients in the country was reported as 1.3 per 10,000 population with a new 

case detection rate of about 1.1 per 10,000 population (Uganda National 

Tuberculosis/Leprosy Programme. Annual Leprosy Statistics, 1992). 

Various speculations about the possible interaction between infection with the human 

immunodeficiency virus (HIV) and leprosy have been recorded (6,9,11,16). It has 

been suggested that the effect of HIV on cell mediated immunity can lead to 

conversion of subclinical cases to tuberculoid cases, downgrading of paucibacillary 

(PB) cases to multibacillary (MB) cases, and an increased incidence of type 2 

reactions (16). 

This case-control study was carried out to investigate if there is any relationship 

between HV seropositivity and leprosy in Uganda. 

 

MATERIALS AND METHODS 

 

The study was carried out in part of the leprosy control project area of the St. Francis 

Leprosy Centre, Buluba. The area covering eight Ugandan districts, has a population 

of about 4,910,700 persons (Republic of Uganda Provisional Results of the 1991 

Population-Housing Census). 

Leprosy case detection in the area occurs mainly through voluntary reporting. The 

patients, once diagnosed, are looked after through a network of clinics which are 

professionally supervised from St. Francis Leprosy Centre, Buluba. 

All newly detected cases of leprosy from among the resident population of the study 

area during January 1991 to June 1992 were requested to participate in the study but 

were only included in the study if they consented. All cases registered in this study 

reported voluntarily for diagnosis. The cases were given a clinical examination 

following a standard Ugandan Ministry of Health format. Skin smears were taken in 

and reported on at the laboratory of St. Francis Leprosy Centre, Buluba. 
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Using the clinical data and results of the skin-smear examinations, the patients were 

classified as tuberculoid (TT), borderline tuberculoid (BT), borderline lepromatous 

(BL), and lepromatous (LL) as per the Ridley-Jopling scale (13). The diagnoses and 

classifications initially made by paramedical supervisors were confirmed by medical 

officers. Histopathological examinations were only carried out in doubtful cases. 

Up to three controls were chosen for each patient. The controls were matched with 

patients for sub-county of residence and age within 5-year age groups up to the age 

40, and within 10-year age-groups thereafter. Matching by sub-country of residence 

was achieved by selecting suitable controls from the nearest households. Only one 

adult female from each household was recruited into each matched set. In the case of 

those few leprosy patients below the age of 15 years, an attempt was made to select 

controls within a 2-year age difference. There is a high chance that young patients 

would be HIV negative and that controls up to 5 years older may have a higher HIV 

seroprevalence. 

Cases and controls were visited at their homes by paramedical supervisors. 

Information obtained from the visits was recorded on the questionnaires designed 

for that prupose. Five ml blood samples were collected from each subject and 

transported on wet ice to one of two laboratories: the Tuberculosis Reference 

Laboratory in Kampala and the laboratory of St Francis Leprosy Centre, Buluba. 

Serum was obtained from the samples by centrifugation. The laboratories were 

provided with forms bearing details of study number, age, and sex of the donor 

subjects but not indicating their names or whether they were leprosy patients or 

controls. 

The sera were then stored in refrigerators at 4°C-8°C and as soon as possible 

aliquots were screened for HIV antibodies with HIV-Check Dupont Kits. The sera 

were subsequently tested again by competitive ELISA (Wellcozyme® and Behring 

Enzygnost® anti-HIV); the latter tests were carried out by the Uganda Virus 

Research Institute (UVRI), Entebbe. Sera found positive by a consensus of ELISA 

results were considered positive; any results found discrepant were confirmed by 

Western blotting. 

The data were entered into a computer and analyzed using EPI INFO (version 5) 

software (June 1990 edition). Frequencies of demographic factors, i.e., sex, age and 

district of origin, were computed as well as the proportions of HIV seropositives for 

both cases and control groups. The overall association by district was calculated 



 31

using the χ2 test and Fisher’s exact test. A Mantel-Haenszel analysis for the effects 

of sex and leprosy type also was done. 

 

 

RESULTS 

 

Altogether 189 leprosy patients and 481 matched controls were recruited into the 

study. Of the 189 patients 99 (52.4%) were male and 90 (47.6%) were female; while 

244 (50.7%) of the 481 controls were male and 237 (49.3%) were female. The mean 

age of the patients was 40.5 years; that of the controls was 39.5 years (the difference 

between the two is not statistically significant). The distribution of the cases and 

controls by sex, district of residence, and age is summarised in Tables 1 through 3. 

 

Table 1. Distribution of patients and controls in HIV/leprosy study by sex and 

district of residence. 

 

District  Patients   Controls  

 Male  Female Totals Male Female Total 

Iganga 22 23 45 64 74 138 

Jinja 5 5 10 13 13 26 

Mukono 15 9 24 28 19 47 

Luwero 7 5 12 16 11 27 

Rakai 15 2 17 38 6 44 

Mpigi 7 8 15 19 20 39 

Kamuli 11 17 28 27 43 70 

Mubende 17 21 38 39 51 90 

   Total 99 90 189 244 237 481 
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Table 2. Age distribution of leprosy patients by district of residence in HIV/leprosy study    

 

 

District Age group 

 15 16-19 20-24 25-29 30-34 35-39 40-49 50-59 60+ 

Iganga 0 3 4 1 7 2 11 10 7 

Jinja 0 0 1 1 1 0 2 4 1 

Mukono 1 1 0 1 6 2 4 8 1 

Luwero 2 1 2 1 2 2 0 1 1 

Rakai 0 0 1 3 3 2 2 4 2 

Mpigi 0 2 0 4 2 0 2 2 3 

Kamuli 3 2 2 2 2 4 7 3 3 

Mubende 1 2 2 2 2 6 14 2 7 

    Total 7 11 12 15 25 18 42 34 25 
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Table 3 Age distribution of controls by district of residence in HIV/leprosy study          

 

District Age group 

 15 16-19 20-24 25-29 30-34 35-39 40-49 50-59 60+ 

Iganga 0 8 16 12 13 11 28 29 21 

Jinja 0 0 2 3 2 2 9 8 0 

Mukono 1 3 1 6 5 5 12 13 1 

Luwero 4 4 2 3 6 3 1 3 1 

Rakai 0 0 2 5 8 11 3 10 5 

Mpigi 0 5 7 5 4 5 3 5 5 

Kamuli 3 5 9 5 9 7 20 7 5 

Mubende 2 6 6 3 9 13 25 12 14 

    Total 10 31 45 42 56 57 101 87 52 
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Twenty-three (12.2%) of the serum samples from the 189 leprosy patients tested 

positive for HIV antibodies. Out of 481 serum samples collected from controls, 88 

(18.3%) were positive for HIV antibodies. The distribution of HIV-seropositive 

patients and controls by district of residence is shown in table 4. 

 

Table 4. Distribution of HIV seropositive patients and controls by district of 

residence. 

 

District  Patients   Controls  

 No. % Mean age 

(years) 

No. % Mean age 

(years) 

Iganga 2 4.4 20.5 21 15.2 38.5 

Jinja 1 10 28 2 7.7 45.5 

Mukono 4 19 44.3 1 2 58 

Luwero 3 25 34.7 7 25.9 40.1 

Rakai 3 17.6 26.3 21 47.7 38.5 

Mpigi 1 6.7 42 1 2.6 23 

Kamuli 3 10.7 37.3 11 15.7 40.2 

Mubende 6 15.8 50.8 24 26.7 41.1 

     Total 23 12.2 36.6 88 18.3 40 

 

 

Tests of association for the whole sample population had a p value of p = 0.176. 

Going by this result, we conclude that there is not enough evidence to show that 

HIV seropositivity and leprosy are related. When a Cochran-Mantel-Haenszel 

analysis was used to test the hypothesis of no association using the districts as a 

controlling factor, the results were very similar, p = 0.198. 

 

When the test was repeated for each of the individual districts and the results of 

Fisher’s exact test for association analysed, in all the districts except Rakai, no 

association was found. A reversed association was found in the case of Rakai 

district (0.04 < odds ratio (OR) < 0.61, p = 0.00175). 
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The proportion of HIV-seropositive leprosy patients was almost equal in males 

and females. In the control group there were more HIV-seropositive males than 

females (table 5) 

 

Table 5. Sex distribution of HIV seropositive patients and controls. 

 

 Patients Controls 

 Male Female Total Male Female Total 

Total 

 

99 

 

90 

 

188 

 

237 

 

244 

 

481 

 

HIV +ve 

 

12 

 

11 

 

23 

 

49 

 

39 

 

88 

 

% Positive 12.2 12.2 12.2 20.7 16 18.3 

 

 

Of the 189 leprosy patients studied, 138 (73%) had paucibacillary (PB) leprosy 

and the remaining 51 (27%) had multibacillary (MB) leprosy. Out of the 23 HIV-

seropositive patients, 12 (52.2%) were paucibacillary and 11 (47.8%) were with 

multibacillary leprosy. In this population of leprosy patients HIV seropositivity 

was significantly more frequent among multibacillary than paucibacillary patients 

(table 6) 
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Table 6. Distribution of HIV-seropositive cases by leprosy type. 

 

 Paucibacillary Multibacillary 

 Male Female Total Male Female Total Overall Total 

All patients 

 

45 

 

93 

 

138 

 

33 

 

18 

 

51 

 

189 

HIV +ve 

 

4 

 

8 

 

12 

 

8 

 

3 

 

11 

 

23 

 

% Positive 8.7 8.6 8.7 24.2 16.7 21.6 12.2 
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DISCUSSION 

 

It has been recorded that the selective tropism of HIV-1 for T-4 lymphocytes leads to 

T-cell depletion and the lowering of T-cell defenses, giving way to a variety of 

opportunistic infections (4). 

 

Several studies have already shown that there exists a number of leprosy patients 

who are dually infected with HIV-1 and Mycobacterium leprae (7, 8). We report 

here 23 patients (perhaps the largest number reported from a single study) arising 

from a population where both AIDS and leprosy are significant public health 

problems. The outcome of this case-control study, although not necessarily 

representing the situation in the whole of Uganda, concurs with the conclusions 

drawn by others (11, 16) that there is so far, not enough evidence to show that 

leprosy and HIV seropositivity are related.  

 

The results of this study show that infection with HIV-1 may be expected to occur 

in about 12% of newly recognised leprosy patients in Uganda. As long as both HIV-

1 infection and leprosy continue to be endemic in Uganda, it remains important to 

study the implications of the dual infection on the clinical presentation of leprosy, 

the response to chemotherapy, the frequency and pattern of leprosy reactions, the 

outcome of their management, and the influence on the relapse rates. Some of the 

observations made on the dually infected patients in the course of this study have 

been published (2) elsewhere.  

 

A pattern similar to the one in Rakai District where HIV-1 infection was 

significantly more frequent in the control population than among the new leprosy 

patients, has been recorded in at least one other study (14). Although this could be 

simply the results of a sampling error or other methodological biases, we find it hard 

to ignore the observation, since Rakai District has one of the most severe HIV-

1/AIDS problems in Uganda (Uganda Ministry of Health AIDS Surveillance 

Report, December 1991).  

 

It has been suggested that the immunological changes in lenti-virus infections may 

resemble those of lepromatous leprosy (1). In the population studied, HIV-1 
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seropositivity was significantly more frequent among MB than PB patients. The 

mean age of the HIV-1 seropositive patients did not differ significantly (39.2 years 

in PB and 37.9 years in MB). 

 

Earlier observations on ELISA and Western blot (WB) assays used for confirmation 

of HIV-1 infection had indicated that false-positivity and crossreactivity by WB 

assays could occur (3, 12). A particularly high rate of crossreactivity, 64% was 

reported from India by Shiraj and others (15). These authors recommended that in 

countries where leprosy and tuberculosis are highly prevalent, the results of the WB 

assays should be interpreted with great caution. They suspected that there could be a 

common antigenic pattern between HIV-1 and mycobacteria, especially M. leprae. 

In our study, WB was only employed in cases where results from ELISAs were 

found discrepant. Some further insight into this situation may be gained through 

continuing to follow up the seropositive patients in this study with the view of 

observing the transformation from HIV infection to AIDS.  

 

The inter-relationship between HIV-1 infection and leprosy still deserves further 

study because so far the immunology of leprosy has not been exhaustively studied 

and the absence of a relationship between the two remains hard to explain. 
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SUMMARY 

 

A retrospective study of 256 reactional episodes, both reversal reaction and 

erythema nodosum leprosum (ENL), seen in Buluba Hospital over a 5-year period 

(1985-89) was made. Over 90% of these episodes were due to reversal reaction, 

with ENL being encountered infrequently. About 80% of reversal reactions 

occurred during chemotherapy but all the episodes of ENL occurred during this 

period. Over 70% of both reversal and ENL episodes presented with clinically 

apparent nerve and skin involvement. The need to assess the effect of multidrug 

therapy on the incidence of reactions and to develop more sensitive diagnostic tools 

to detect early neuritis is emphasized. It is also necessary to study those patients 

who develop recurrent reactional episodes. 
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INTRODUCTION 

 

Reactions are a common phenomenon among leprosy patients and the early 

detection and proper management of reactional episodes is an important part of the 

success of any leprosy control programme (1). Unfortunately there is little 

information on the occurrence and distribution of these episodes in Uganda. 

Buluba hospital offers specialized services for the treatment of complications of 

leprosy including reactions. This study was carried out to establish some 

epidemiological characteristics of reactions and to provide a data base for future 

prospective studies on reactions. 

 

MATERIALS AND METHODS 

 

The case notes of all patients admitted for reactions (both reversal and erythema 

nodosum leprosum) over a 5-year period (1985-89) were retrieved from the hospital 

records office and analysed for: the type of leprosy, the type of reaction, age, sex, 

the timing of the reactions, the type of chemotherapy, the pattern of reactions, and 

the frequency of reactional episodes. The hospital’s annual reports for the same 5-

year period were also consulted to obtain information about leprosy patients 

registered for chemotherapy in its catchment area.  

 

RESULTS 

 

There were 2317 leprosy admissions during the 5-year study period and 206 of these 

were admitted for reaction. Some of the patients were admitted more than once, 

giving a total number of 256 admissions for the treatment of acute episodes - 231 

were for reversal reaction (RR) and 25 for erythema nodosum leprosum (ENL) 

reaction. Of 188 patients admitted for reversal reactions, 130 (69.1%) were 

classified as borderline tuberculoid. Only 18 patients presented with ENL (Table 1). 

The combined total of registered patients for the 5-year period was 11,688 - 2743 

(23.5%) belonged to the multibacillary type (BB,BL,LL), 4643 (39.7%) were the 

borderline tuberculoid type (BT) and 4302 (36.8%) were the TT type. 
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Table 1. Distribution of admissions by leprosy type 

 

Number of patients for  

Leprosy type Reversal reaction ENL 

 

Total 

BT 130 0 130 

BB 26 0 26 

BL 32 9 41 

LL 0 9 9 

Total 188 18 206 

 

 

Reactions and age 

 

Age was known for 117 (56.8%) of the patients. The remaining 89 (43.2%) were 

simply recorded as “adults”. 

 

Reactions and gender 

 

Of the 206 patients studied, 116 were males and 90 were females, a male to female 

ratio of 1.3:1. Among those with reversal reactions, 103 were males and 85 were 

females, a male to female ratio of 1.2:1. Of the 18 patients with ENL, 13 were males 

and 5 were females, a male to female ratio of 2.6:1. 

 

Timing of reactions 

 

This was taken as the period in which reactions occurred relative to chemotherapy- 

that is , before, during or after chemotherapy - 206 (80.5%) episodes occurred 

during chemotherapy, 38 (14.8%) before and 12 (4.7%) after chemotherapy. Of the 

231 RR episodes, 181 (78.3%) occurred during chemotherapy, and all the 25 ENL 

episodes occurred during this period in 9 borderline lepromatous (BL) and 9 

lepromatous leprosy (LL) patients. The RR episodes during chemotherapy occurred 

in 104 borderline tuberculoid (BT), 23 mid-borderline (BB) and 13 BL patients. The 
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RR episodes before chemotherapy occurred in 38 patients, 23 of whom were 

classified as BT, 3 as BB and 12 as BL. The RR episodes after chemotherapy 

occurred in 10 patients; 3 BT and 7 BL. In this group all the patients, with the 

exception of 2 BT patients, had received multiple drug therapy. In 2 BT patients 

(including the patient with MDT), RR commenced within 6 months of stopping 

chemotherapy. In 6 BL patients and the single BT patient, reactions developed 

between 6 and 12 months after stopping chemotherapy. In the remaining BL patient, 

the reaction occurred 2 years after stopping chemotherapy. 

 

Chemotherapy 

 

Of the 206 patients, 134 (65%) were on multiple drug therapy (MDT), according to 

World Health Organisation recommendations (2). For multibacillary patients who 

had  positive skin smears after 2 years’ treatment, MDT was continued up to smear 

negativity. In all, 117 (62.2%) patients with RR and 17 of 18 patients with ENL 

were on MDT. The remaining 72 patients were on alternative regimens, including 

dapsone monotherapy. 

 

Pattern of reactions 

 

Of the 231 reversal episodes, 168 (72.7%) had involvement of both skin and nerves. 

Of the 25 ENL episodes, 18 (72%) had both skin and nerves involved and 7 (28%) 

had skin involvement alone. 

 

Frequency of episodes 

 

In total, 151 (80.3%) patients with RR suffered only 1 episode of reaction; 31 

(16.5%) 2 episodes and 6 (3.2%) 3 episodes; 11 of the 18 patients with ENL had 1 

episode and 7 had 2 episodes. 
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DISCUSSION 

 

It is estimated that by 1987 there were 10.613 registered leprosy patients in Uganda 

(3). In this same year 2094 patients were in the Buluba Leprosy Control area. Some 

of these leprosy patients risk developing reactions, and without prompt and proper 

treatment, disability and deformity can easily follow from nerve damage.  

 

Little or no progress has been made in research on leprosy reactions and nerve 

damage, 2 important areas of prevention and treatment (4). Only a few studies based 

on population and community surveys on reactions and their epidemiology have 

been conducted, and, certainly not in Uganda. 

 

Reactions are the third commonest cause for admissions of leprosy patients to St 

Francis Leprosy hospital, Buluba (5). Over the study period they accounted for 11% 

of leprosy admissions. The fact that the 256 admissions were taken out of a 

cumulative total of 11,688 patients suggests that reactions requiring hospital 

management arise in about 2.2% of all registered patients. This figure is further 

confirmed because Buluba Leprosy Centre is the only facility in the area where 

patients with severe reactions are likely to be referred to or present themselves 

voluntarily. The patients in the catchment area are routinely visited by field workers. 

Boerrigter (6) observed that 2.2% of patients developed marked reactions during 

MDT.  

 

The commonest type seen was RR, which accounted for 90.2% of reaction 

admissions. In this study ENL represented 9.8% of the total reactions, a similar 

result to that reported by Becx-Bleumink (7) in a study carried out in Ethiopia. 

 

Because the ages of only 43.2% of the patients were known, no realistic conclusions 

on age applicable to the whole group could be made.  

 

There was a slight preponderance of males among those who developed reactions. 

Studies elsewhere have shown males to be more frequently affected up to a ratio of 

6:1 (8). There is a slight male preponderance, with respect to RR alone, while in the 

group who developed ENL, the male to female ratio was 2.6:1. The latter 
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observation may be related to the fact that there are generally fewer females with 

BL and LL leprosy (9). 

 

Most of the reactions (80.5%) occurred during chemotherapy, with all the ENL 

episodes occurring during this period. A total of 65% were on MDT. The MDT 

coverage in this area during this period rose from about 6% in 1986 to about 69% in 

1989 (10). A more specific study is needed to establish if MDT is related to the 

frequency of reactional episodes. The observation that 4.6% of reactions presented 

after completion of chemotherapy could be used to determine whether post-

treatment surveillance is cost-effective or not, but it would have to be calculated 

against the size of the population at risk and preferably for each leprosy type, as was 

the case in the study of Becx-Bleumink (7).  

 

The Ugandan reaction pattern has already been described by Blenska (11), but 

without quantitative data. In our study, 72.7% of reversal episodes presented with 

symptoms and signs involving skin and nerves while 13 out of 18 ENL reactions 

involved both skin and nerves. That none of the patients had neuritis alone without 

skin manifestations could be due to lack of specific diagnostic tools in Buluba’s 

Leprosy Control Programme. 

 

It is noteworthy that 19.7% of all RR patients and 7 out of 18 ENL patients 

experienced more than one episode. Recurrent reactional episodes are associated 

with a great risk of developing permanent nerve damage. This group of patients 

should be studied to determine why they are prone to such recurrent reactional 

episodes. 
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ABSTRACT 

 

The incidence of type 1 reactions and neuritis among HIV seronegative and HIV 

seropositive leprosy patients was investigated. HIV seropositivity was associated with 

an increased incidence of type 1 reactions among multibacillary (MB) patients, which 

were observed in 9 of 12 seropositive MB patients and in 8 of 40 HIV seronegative 

MB patients (P < 0.0005). Similarly, the incidence of neuritis was significantly 

increased among the HIV seropositive MB patients, of whom 8 developed acute 

neuritis compared to 3 of the HIV seronegative patients (P < 0.0005). There was no 

significant difference between the numbers of paucibacillary HIV seropositive and 

HIV seronegative patients who developed these complications. Both the HIV 

seronegative and HIV seropositive patients showed a similar response to steroid 

therapy for the management of acute neuritis. 
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INTRODUCTION 

 

Damage to the peripheral nerves is a well recognised consequence of infection with 

Mycobacterium leprae. WHO (1980) regards leprosy as the commonest cause of 

severe neuropathy in the developing world. The leprosy bacilli have the unique 

property of entering and multiplying in Schwann cells of the peripheral nerves, 

causing intra-neural inflammation which contributes to nerve damage. However, 

progressive and permanent nerve damage may occur during the acute episodes of 

inflammation (type 1 and type 2). In the case of type 1 reactions, the immunological 

mechanisms underlying this phenomenon are thought to be an alteration in cell-

mediated immunity and delayed type hypersensitivity (Gell and Coomb’s type 4 

reaction).  

 

Leprosy patients with concomitant human immunodeficiency virus (HIV) infection 

may present with immunological instability due to the effects of HIV on the 

immune system, making them more likely to develop reactions and placing them at 

an increased risk of nerve damage. In addition, HIV is neurotropic and may cause 

necrotizing vasculitis of the nerves (PATKI, 1991). The interaction between leprosy 

and HIV in the peripheral nerves might result in a neuropathy that is unresponsive to 

steroid therapy. With the possibility of an increasing number of doubly infected 

persons, especially in the developing countries, if unresponsiveness to steroid 

therapy were to be observed the care of these patients would present additional 

complications in leprosy control programmes. 

 

In order to gain some insight into these possibilities, we examined the incidence of 

type 1 reactions and neuritis, and the response to steroid therapy, in leprosy patients 

with and without HIV infection. 

 

 

PATIENTS AND METHODS 

 

Beginning in June 1991 newly diagnosed leprosy patients in the Buluba leprosy 

control programme were requested to participate in a study in which they were 

screened for antibodies to HIV. During the study period, the Buluba leprosy control 
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programme was responsible for leprosy control in an area covering the centre and 

parts of eastern and southern Uganda.  

 

The patients received counselling before HIV testing. Some patients who had been 

diagnosed as having leprosy before June 1991 and were still receiving treatment as 

new cases were also asked to participate in the study. Serum specimens from 

patients were tested for HIV-1 antibodies using 2 serological tests: HIV Check® 

(Dupont) and the Wellcozyme HIV Recombinant test® (Wellcome). All the patients 

were started on multiple drug therapy (MDT) as recommended by WHO (1982). At 

enrolment each patient underwent a detailed assessment which included nerve 

function tests. Voluntary muscle tests were performed on the eyes, hands and feet, 

while sensory testing was done on the palms and soles of the feet. These nerve 

function assessments followed the standard guidelines (ALERT, 1989). With 

patients diagnosed before January 1991, the status of their nerve function at the time 

of diagnosis was extracted from their clinical notes; with most of these patients, 

nerve function assessments had been done by one of us, which considerably reduced 

the likelihood of bias. Each patient was then seen at his/her clinic, at least once a 

month, when nerve function tests were performed in addition to inspection and 

palpation of the skin and peripheral nerves. Those patients found to have active 

neuritis or severe reactions were admitted to hospital at St Francis Leprosy Centre, 

Buluba, Uganda – the only one offering skin smear services. Patients presenting 

type 1 reactions had a skin smear done and their bacteriological index assessed. 

 

Active neuritis was defined as the presence of symptoms and signs of active neural 

inflammation and/or impairment of neural function. Patients with active neuritis or 

severe reactions were given standard steroid treatment as routinely employed at the 

leprosy centre by one of us (H.J.S.K.), consisting of 2 weeks of daily prednisolone 

at 40 mg, thereafter reduced gradually to zero by 5 mg per fortnight. Steroids were 

given only in hospital, where regular nerve assessment tests were performed. The 

response to steroid therapy among patients with neuritis was recorded as complete, 

partial or no response. 

 

For purposes of analysis the patients were divided into HIV seropositive and HIV 

seronegative groups and compared in respect to the following variables: age; sex; 
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leprosy type; incidence of reactions and neuritis; response to steroid therapy. 

Associations were tested using a computer software package for statistical analysis 

(Epi Info, version 5).  

 

 

RESULTS 

 

One hundred and ninety-one leprosy patients were recruited into this study; 165 

(125 paucibacillary (PB) and 40 multibacillary (MB)) were seronegative for HIV-1 

antibodies and 23 were seropositive. Three patients from outside the study district 

were seropositive and were included in the study. These 3 patients had been referred 

to us for management of a type 1 reaction, plantar ulcers, and for confirmation of 

the diagnosis of leprosy, respectively. 14 PB and 12 MB leprosy patients had HIV 

infection. 

 

From June 1991 to January 1993 a total of 40 of the 191 leprosy patients recruited 

were admitted to hospital for the management of neuritis or reactions. Among the 

151 patients who did not develop these complications, 116 were PB and 35 MB; 

their ages ranged from 12 to 76 years (mean 40.6 and median 41) and 82 were males 

and 69 females. The characteristics of the 40 patients who developed complications 

of neuritis or reactions are shown in Table 1. 
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Table 1. Characteristics of leprosy patients admitted for type 1 reactions and/or 

neuritis. 

 HIV seropositive HIV seronegative 

No. of patients 

Gender 

    Male 

    Female 

Age (years) 

    Mean 

    Median 

    Range 

Leprosy type 

    Paucibacillary 

    Multibacillary 

12 

 

6 

6 

 

36.2 

30 

20-72 

 

3 

9 

28 

 

13 

15 

 

40.8 

41.5 

9-65 

 

20 

8 

 

Table 2 shows the number of HIV positive and HIV negative patients with neuritis, 

type 1 reactions, or both. HIV seropositivity was associated with an increased 

incidence of neuritis and type 1 reactions in multibacillary leprosy patients 

(P<0.0005). 

 

Table 2. Number of cases of neuritis and type 1 reactions among HIV positive and 

HIV negative leprosy patients 

 

                                                       HIV seropositive                   HIV seronegative 

 Paucibacillary Multibacillary Paucibacillary Multibacillary 

No. of patients 

Neuritis 

Type 1 reactions 

Neuritis and type 

1 reaction 

No complications 

14   

-  

2 (14%) 

 

1 (7%) 

11 (79%) 

 

12 

- 

1 (8%) 

 

8 (67%) 

3 (25%) 

125 

2 (2%) 

5 (4%) 

 

13 (10%) 

105 (84%) 

40 

- 

5 (13%) 

 

3 (8%) 

32 (80%) 
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There was no significant difference between the incidence of reactions and neuritis 

in HIV seronegative and seropositive PB patients. None of the HIV seropositive 

patients presented with neuritis alone. 

 

Two of the 12 HIV seropositive leprosy patients developed more than one episode 

of reaction, compared with 5 of the 28 HIV seronegative patients. 

 

 

Response to steroid therapy 

 

Of the 9 HIV seropositive patients who developed neuritis, 6 recovered completely 

compared to 11 of 18 seronegative patients who manifested neuritis; this difference 

was not significant (odds ratio 1.20, exact limits 0.17-7.97, P>0.5). Similarly, 5 and 

2 of the HIV seronegative patients showed partial and no response to steroids, 

respectively; this response was also not significantly different from that of the HIV 

infected persons, of whom 2 showed partial recovery and one no response. 

 

 

DISCUSSION 

 

During the study period, 21% of newly diagnosed leprosy patients whose HIV 

serostatus was known were admitted to hospital for the management of active 

neuritis or type 1 reactions. The most important observation was that HIV infection 

was associated with a significant increase in the incidence of neuritis and type 1 

reactions among MB leprosy patients. The response to steroid therapy for the 

management of active neuritis did not differ significantly between the HIV 

seropositive and seronegative leprosy patients. 

 

Type 1 reactions in leprosy patients co-infected with HIV have been described 

before (JANSSEN et al., 1988; BWIRE & KAWUMA, 1993). This study provided 

an opportunity to observe a large number of patients with concomitant HIV 

infection and compare them with the non-HIV infected leprosy patients. PATKI 

(1991) suggested that leprosy patients with HIV infection might be prone to 

developing down-grading type 1 reactions despite adequate therapy. The 
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explanation for the increased incidence of type 1 reactions in our HIV infected 

group may lie in the fact that HIV causes an immunological instability through a 

progressive lowering of T cell mediated immunity and, at a certain critical level as 

the leprosy shifts towards the lepromatous end of the spectrum, the patients manifest 

type 1 reactions. The increased incidence of neuritis observed in the HIV infected 

leprosy patients may well be explained by the increased incidence of type 1 

reactions. Of interest is the observation that none of the doubly infected patients 

presented with acute neuritis alone. Possible interactions between M. leprae and 

HIV in the peripheral nerves of doubly infected patients include additional damage 

of the nerves as the result of necrotizing vasculitis due to HIV infection, in addition 

to the damage caused by type 1 reactions (PATKI, 1991). VREEBURG (1992) 

observed that HIV infection and leprosy enhanced each other to give a more 

fulminate neuritis in a relatively short time. In this study we observed such a 

phenomenon in only one patient, whom we have described elsewhere (BWIRE & 

KAWUMA, 1993). This study was not able to differentiate between nerve 

dysfunction due to the direct neurotropic effect of HIV and that attributable to M. 

leprae infection. However, among the HIV seropositive patients neuritis always 

occurred in association with skin reactions, which seems to suggest that nerve 

dysfunction was more a result of type 1 reactions than of HIV infection. An 

additional factor in favour of this assumption is the observation that both HIV and 

non-HIV groups of patients responded to steroids similarly. This observation is 

different from that reported in Zambia by VREEBURG (1992), where leprosy 

patients with HIV had a poorer outcome in the treatment of neuritis with steroids. 

 

In conclusion, we recommend that steroids be prescribed to leprosy patients with 

HIV if these patients present with acute neuritis. The outcome is rewarding in terms 

of preventing permanent and progressive nerve damage due to leprosy, which 

appears to be the common cause of neuritis in the dual infection, and the benefits 

outweigh any possible risk of increased immunosuppression as a result of steroid 

therapy. 
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CHAPTER 5   
 

 
Leprosy and HIV infection: case reports 
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SUMMARY 

 

In this study a 28-year-old female with both BL leprosy and HIV infection is 

discussed. Her clinical progress was followed until she completed MDT. During this 

period she developed recurrent reactional episodes, nerve damage and intercurrent 

illnesses - some of which might have been due to steroids. 
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INTRODUCTION 

 

There is very little information on the interaction between the human 

immunodeficiency virus (HIV) and leprosy, especially concerning the clinical 

progress of leprosy. A report from Zambia has described some clinical observations 

on 10 leprosy patients suffering from HIV (1). This paper describes the clinical 

progress of a BL patient who received and completed the WHO recommended MDT 

regimen. 

 

CASE REPORT 

 

M.J., a 28-year-old Ugandan female market vendor, presented at a leprosy clinic we 

were holding with a 3-month history of multiple skin lesions. 

 

Examination revealed her to be in good general condition, with skin lesions 

clinically compatible with borderline lepromatous (BL) leprosy. The posterior tibial 

and radial cutaneous nerves showed thickening bilaterally and were non-tender. 

There was no evidence of peripheral neuropathy. On slit skin smear, the highest 

bacteriological index (BI) was 2 (left ear lobe). 

 

She agreed to take part in an ongoing study that required screening for HIV 

antibodies. After we had counselled the patient, an HIV test was done, and she 

tested positive on both the HIV-Check (Dupont) and Wellcozyme HIV 

Recombinant test.  

 

The patient was put on Dapsone 100 mg once daily, Clofazimine 50 mg once daily 

and Rifampicin 600 mg with Clofazimine 300 mg once monthly (supervised). 

 

She presented with a type 1 reaction 4 months after onset of MDT with swelling of 

the skin lesions on the trunk and upper limbs, with no nerve tenderness or peripheral 

neuropathy. She was hospitalised and put on prednisolone 40 mg once daily which 

cured the skin irregularities. This treatment was maintained for 2 weeks and for the 

following 6 weeks she was weaned off steroids. The highest BI during this episode 
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was 1 (left ear lobe). The patient was subsequently discharged in good general 

condition. 

 

She was re-admitted 2 months after discharge suffering from a type 1 reaction 

having had swelling of the facial lesions for 1 week. On examination, she had 

weakness of the left orbicularis oculi muscle and a bilateral weakness in abducting 

the little finger. There was no nerve tenderness, but she had developed diarrhoea a 

few days after her discharge which had persisted up to the time of her re-

admission. Further examination revealed oral candidiasis, with genital and axillary 

sores. Her general condition had deteriorated. Prednisolone 40 mg once daily was 

recommenced, and the facial swellings then subsided. After 4 weeks of this 

treatment there was no improvement in the weakness of her little fingers or the left 

orbicularis oculi. Then she developed a bilateral weakness in opposition of the 

thumb. Steroids were slowly tapered off. The BI during this episode was 0. The 

patient received the proper treatment for her other disorders, and clinically 

improved. She was discharged and continued with MDT from her local clinic. She 

has since been in and out of hospital with a recurrence of genital sores, oral 

candidiasis and fevers. The patient completed 24 doses of MDT and the BI has 

remained negative. She is currently under surveillance.  

 

DISCUSSION  

 

After earlier reports by Lamfers, suggesting a possible association between HIV 

and leprosy (2), it has not been uncommon to treat patients suffering from both 

conditions. In one major study, Ponnighaus et al. (3) have demonstrated that HIV 

infection is probably not a risk factor for clinical leprosy per se. However, the 

information on clinical progress in patients who are also HIV infected is still 

minimal. A multibacillary patient whose lesions subsided quickly under anti-

leprosy therapy has been described by Kennedy et al. (4).  

 

In this case, response to chemotherapy (MDT) per se appears satisfactory, with a 

decline of the bacteriological index (BI) from 2 to 0 after 71/2 months.  
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Perhaps the relapse of the type 1 reaction in this patient was caused by the 

inadequate course of steroids which only lasted 6 weeks. However, the possibility 

of recurrent reactional episodes of type 1 among these patients with an increased 

incidence of nerve damage compared to non HIV patients has still to be borne in 

mind.  

 

It is possible that the steroid therapy given during the first episodes of reversal 

reaction speeded the onset of oral and genital candidiasis with which the patient 

presented on re-admission. However, steroids should probably be given in 

symptomless HIV positive patients if this is indicated by the clinical 

manifestations.  

 

The fact that the steroid treatment only had a disappointing response in the 

patient’s functional nerve recovery might also be due to the inadequate 

prednisolone course. On the other hand, this could just as likely be due to a 

necrotizing vasculitis in the peripheral nerves by the neurotrophic HIV (5). 

 

This is the first multibacillary leprosy patient in Uganda who completed the WHO 

recommended MDT regimen and is HIV positive, albeit with an on/off 

intermittent illness.  
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INTRODUCTION 

 

Leprosy and the human immunodeficiency virus (HIV) infection co-exist in many 

African countries. In a study to show whether HIV infection was a risk factor for 

clinical leprosy, PONNINGHAUS et al. (1991) found no direct relationship between 

the two diseases. On the other hand, an association between Kaposi’s sarcoma and 

HIV infection is well established.  

 

We describe two Ugandan male patients who presented with leprosy, Kaposi’s 

sarcoma and the acquired immune deficiency syndrome (AIDS). 

 

Case 1 

 

A 36 year old peasant farmer presented to our hospital with a 6 months history of 

skin lesions on the back of his right hand and a burning sensation in both hands. He 

had never received anti-leprosy treatment and there was no known history of 

exposure to leprosy. He was married to 2 spouses. On examination, he had 

hypopigmented plaque lesions over the hypothenar eminence and the back of his 

right hand. There was loss of sensation in the lesion to light touch. The ulnar and 

radial cutaneous nerves were bilaterally enlarged but not tender. Anaesthesia in the 

ulnar distribution of both hands was detected using a stiff nylon bristle. Muscle 

strength evaluations were entirely normal. 

 

A diagnosis of borderline tuberculoid (BT) leprosy was made. The patient consented 

to participating in a study aimed at establishing if a relationship exists between HIV 

infection and leprosy. After counselling, an HIV test was done. 

 

The bacteriological index was zero. HIV-1 antibodies were demonstrated on HIV-

Check® (Dupont) and by the Wellcozyme® HIV recombinant test.  

 

The patient was started on the World Health Organisation recommended multiple 

drug therapy (MDT) for paucibacillary leprosy patients. At the time of receiving his 

5th monthly MDT dose, the patient had painful nodular lesions on his feet and legs, 

which had developed over the last 3 weeks. The nodules were tender and present on 
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the dorsum of both feet, with a few on both legs. They were erythematous and firm. 

A biopsy from a nodule on the left foot was sent to Makerere University pathology 

department; it showed mixed cellularity Kaposi’s sarcoma. 

 

Case 2 

 

A peasant farmer, aged 27 years, presented to our hospital with a one year history of 

skin lesions all over the body and numbness of the hands and feet. Two months 

before presentation, he had noticed dark patches on both feet. The patient had no 

known history of exposure to leprosy and he denied having taken anti-leprosy 

treatment. He was single and admitted to having had sexual intercourse with many 

different women. On examination, he had grossly enlarged cervical lymph nodes 

with many hypopigmented macular lesions of variable size symmetrically 

distributed on the body. No sensory loss was demonstrable in these lesions. Both ear 

lobes were infiltrated. The ulnar, radial cutaneous, and common peroneal nerves 

were enlarged bilaterally, with only the left ulnar being tender. There were dark 

plaques on both feet, chiefly on the medial aspect of the right foot. There was no 

loss of sensation or tenderness in these lesions. 

 

Voluntary muscle testing showed weakness in abduction of the left little finger, with 

sensory examination otherwise normal. A diagnosis of borderline-lepromatous (BL) 

leprosy with left ulnar neuritis was made. A biopsy from a plaque on his right foot 

was sent to Makerere University pathology department for examination. This patient 

also consented to participation in the same study as case 1. He was counselled and 

an HIV test was done. 

 

The bacteriological index was 4+, 4+, 4+, 4+, 2+, 3+ at the right ear, right and left 

eyebrows, left ear, right elbow, and a macule on the left thigh respectively. The 

biopsy showed mixed cellularity Kaposi’s sarcoma, and HIV-1 antibodies were 

demonstrable by HIV-Check® (Dupont) and by the Wellcozyme® HIV 

recombinant test. The patient was started on MDT for multibacillary patients (131), 

with steroids for the neuritis. 

 

 



 69

DISCUSSION 

 

We have discussed these cases because we believe that they are the first in 

equatorial Africa presenting with leprosy, Kaposi’s sarcoma and AIDS. A case of 

leprosy co-existing with HIV and Kaposi’s sarcoma localized in a haemorrhoid has 

been described by LAMFERS et al. (1987). Since this first report of HIV infection 

in a leprosy patient, more cases of leprosy with HIV infection have been reported 

from sub-Saharan Africa, where HIV is a serious public health problem. 

VREEBURG (1992) reported clinical observations on 10 leprosy patients infected 

with HIV-1 in Zambia. Kaposi’s sarcoma was not described in any of them. In 

Africa, Kaposi’s sarcoma is reported in 10-20% of AIDS cases (MARQUART, 

1986). The patients described here had different types of leprosy (BT and BL), 

which suggests that Kaposi’s sarcoma in leprosy patients with concomitant HIV 

infection can occur irrespective of the leprosy spectrum. The Kaposi’s sarcoma may 

present with painless plaque lesions, as in the BL case, or may present as painful 

skin nodules (as in the BT patient). The possibility of HIV infection in leprosy 

patients presenting with Kaposi’s sarcoma should be borne in mind by all clinicians 

engaged in the care of leprosy patients. 
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ABSTRACT 

 

Objective: To investigate if there is a difference in response to tuberculosis treatment 

between HIV seronegative and HIV seropositive patients following two months of 

intensive phase tuberculosis treatment.  

Design: Prospective cohort study.  

Setting: St. Francis Leprosy Centre, south-east Uganda.  

Subjects: Four hundred fifty seven patients with never previously treated sputum 

smear-positive tuberculosis admitted during a two-year period in 1991/1993.  

Intervention: Intensive phase treatment with streptomycin, isoniazid, rifampicin and 

pyrazinamide.  

Main outcome measures: Sputum conversion from a positive to a negative smear at 

eight weeks of treatment.  

Results: HIV seropositivity prevalence was 28%. Among HIV seronegative patients, 

conversion to a negative smear status occurred in 76% persons compared to 78% in 

HIV seropositive patients. This difference was not statistically significant (OR = 0.9; 

95% CI, 0.6-1.5). HIV seropositive patients, however, were more likely to die (p = 

0.017). A high prevalence of resistance to isoniazid and streptomycin was found. 

Isoniazid resistance was more likely in HIV seronegative patients with M. 

tuberculosis strains compared to HIV seropositive persons (p < 0.005). Initial 

resistance to antituberculosis drugs did not have a significant effect on smear 

conversion.  

Conclusion: This study demonstrates that HIV-seropositive status is not a principal 

factor in delaying sputum conversion among patients receiving intensive phase 

tuberculosis treatment.
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INTRODUCTION 

 

The current epidemic with the human immunodeficiency virus (HIV) and the acquired 

immunodeficiency syndrome (AIDS) in Africa has profoundly influenced the 

epidemiological and clinical picture of tuberculosis. Clearly as a result, control 

programmes will need to change some of their basic strategies of tuberculosis control 

in light of the HIV epidemic. For example, the increased incidence of cutaneous 

hypersensitivity reactions among HIV positive tuberculosis patients to thiacetazone 

has led to serious questioning of the merits of this drug in this group of patients (1). It 

is important for tuberculosis control programmes to establish if the currently used 

chemotherapeutic-regimens and policies are effective in treating HIV-associated 

tuberculosis. 

 

In Uganda the National Tuberculosis and Leprosy control programme recommends 

the use of rifampicin containing regimens for sputum smear positive tuberculosis 

patients in whom direct observation of drug intake is feasible. It is recommended that 

such supervision should be in hospital for at least 2 months. Patients are discharged 

from hospital when their sputum smear has converted to negative. In 1990, St. Francis 

Leprosy Centre, opened a tuberculosis ward. At the time it was known that 85-95% of 

sputum smear positive immunocompetent patients who were placed on rifampicin 

containing regimens could achieve negative sputum smear status after two months of 

treatment (2). When the decision to take in tuberculosis patients at St. Francis Leprosy 

Centre was made, there was still a paucity of information on response to 

antituberculosis treatment among HIV-positive patients - a group that was 

significantly contributing to the number of tuberculosis patients seen in Uganda. To 

respond to this concern, a prospective cohort study was undertaken to study if HIV-

infected differed from non-HIV infected newly diagnosed sputum smear positive 

tuberculosis patients in the frequency of sputum conversion at two months.  
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MATERIALS AND METHODS 

 

Setting: This study was conducted at St. Francis Leprosy Center, Buluba, a 

tuberculosis and leprosy referral hospital in the south-east zone of the Uganda NTLP. 

The south-east zone is one of the nine regions of the NTLP. A combined TB/Leprosy 

programme was started in the zone during 1990, albeit in a small area around St. 

Francis Leprosy Centre. Since then the programme has expanded to cover the entire 

zone which consists of 4 districts. With a total population of two and a half million 

persons, these districts accounts for 15 percent of the entire Ugandan populace. The 

tuberculosis control activities are based mainly on passive case-finding and treatment. 

Tuberculosis patients admitted at St. Francis Leprosy Center are either self-referred or 

referred to the hospital by a network of peripheral health units that offer sputum 

microscopy. Once at the centre, patients suspected of tuberculosis are requested to 

submit three sputum specimens for Ziehl-Neelsen staining. The first sputum sample is 

collected during the first interview with the patient (first spot-sputum). Patients are 

then given a sputum container and requested to bring in an early morning sputum 

sample during the second interview. It is at this stage that the second spot-sputum 

sample is obtained. The diagnosis and treatment of tuberculosis patients at St. Francis 

Leprosy Centre is free. This is important as it improves compliance and allows for 

higher cure rates. 

 

Patients: Subjects were recruited into the study beginning May 1991 to July 1993. 

Histories of prior tuberculosis treatment were ascertained through direct questioning 

by one of the staff involved in this study. A total of 466 patients without a history of 

prior TB therapy were seen during the study period. All patients were routinely 

offered HIV counselling and testing. Persons included in the study had to fulfil the 

following criteria: (i) new sputum-smear positive (ii) availability of HIV serology 

results (iii) being 15 years of age and (iv) no history of previous tuberculosis 

treatment. All patients were hospitalised and during this period and intensive-phase 

treatment was given daily under direct observation. 
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Intensive phase therapy: All patients in this study received the NTLP recommended 

short-course rifampicin containing regimen for newly diagnosed, previously untreated 

sputum smear-positive patients. While hospitalised for the intensive-phase of therapy, 

treatment consisted of the following: streptomycin 20 mg/kg, isoniazid 5 mg/kg, 

pyrazinamide 35 mg/kg, and rifampicin 10 mg/kg. If at the end of 8 weeks of 

treatment sputum conversion to negative had not occurred, streptomycin was 

discontinued while the other medicaments were continued. Once sputum became 

negative for AFBs at eight weeks or thereafter, patients were discharged and placed 

on the continuation phase of TB treatment. This consisted of self-administered 

thiacetazone and isoniazid. 

 

Sputum microscopy and culture: In all the cases, a diagnosis of tuberculosis was made 

by direct sputum smear microscopy using Ziehl-Neelsen staining technique at St. 

Francis Leprosy Centre. The numbers of bacilli were quantified as follows: (i) 1+  if 

the number of AFB were less than 100 per 100 immersion fields; (ii) 2+ if 1-10 AFB 

were found per field, and; (iii) 3+ if more than 10 AFB were demonstrated per field. 

 

Since this centre is unable to perform mycobacteriological cultures, beginning in 

August 1992, sputum samples were sent to the Armauer Hansen Institute (AHI), 

Würzburg, Germany. Samples that were sent to AHI were collected either before 

initiation of TB therapy or during the first week of treatment. On arrival at AHI, all 

sputum samples were treated with a decontaminant according to a method described 

by Nelles (3). From each specimen, direct sputum microscopy was again performed 

by the ZN staining method. The sputum was then cultured on Lowenstein-Jensen 

media. Isolates that did not give a positive niacin or positive nitrate reaction and grew 

poorly on Lowenstein-Jensen media were sent to the Institute of Experimental 

Biology and Medicine, Borstel, Germany. Further identification of the organisms was 

then conducted with differentiation between M. tuberculosis and M. africanum 

following techniques that have been described by Kubica and Pool (4). In addition, 

drug susceptibility tests to isoniazid, streptomycin, rifampicin and pyrazinamide were 

performed. 
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HIV serology: A serum sample was obtained from each consenting patient for 

determination of HIV status using a commercially available test kit (Hivcheck TM 1+2, 

Ortho Diagnostic System). With a sensitivity of the test of 98%, a specificity of 99%, 

and an expected seroprevalence of 30% among the patients in the study, the predictive 

value for a positive test is 97% and for a negative test 99%. 

 

Chest radiography: The study was initially planned to provide for a postero-anterior 

chest x-ray for all study subjects. However, due to lack of film it was not possible to 

realise this. Eighty nine persons had a chest x-ray, representing only 19.5% of the 

study population. Therefore, chest x-ray findings have been excluded from this 

analysis.  

 

Follow-up and outcome: Patients were initiated on TB therapy and at eight weeks of 

treatment, sputum was obtained for microscopic examination for acid-fast bacilli. All 

patients with positive sputum-smears at eight weeks of TB therapy submitted a 

sputum sample weekly. This was discontinued as soon as the smear became negative. 

The main outcome in this study was sputum conversion to negative at eight weeks of 

TB therapy. Mortality during hospitalization was also compared for HIV-negative and 

HIV-positive patients. Censoring was considered if patients were lost to follow-up or 

died before sputum conversion occurred. 
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Data processing: The following information was collected and analysed: (i) 

demographic variables such as age and sex: (ii) HIV serostatus: (iii) date of initiation 

of TB therapy: and (iv) dates and results of mycobacterial smears and cultures. This 

data were entered into a computer software package (SPSS). 

 

 

Data analysis: In univariate analyses to describe patient characteristics, differences in 

categorical variables were compared with use of the χ2 test and Fishers exact test 

where applicable. Continuous variables were analysed by Students t-test. Logistic 

regression was used to assess the association of demographic factors, sputum 

bacteriology results (microscopy and culture) as independent variables, and HIV 

status as a dependent variable. The difference in sputum conversion among HIV 

seronegative and seropositive patients was analysed by logistic regression taking 

sputum status at eight weeks as a dependent variable. Independent variables 

considered in this analysis were: HIV serostatus; age group; gender; sputum smear at 

admission. In a separate analysis confined to 218 persons, initial drug resistance and 

mycobacterial species were considered as independent variables. Survival (in weeks) 

during hospitalisation according to HIV serostatus was estimated using the Kaplan-

Meier method; differences between HIV-negative and HIV-positive patients were 

assessed using the log-rank test. 

 

RESULTS 

 

Of the 466 patients seen at the hospital during the study period, 457 fulfilled the 

inclusion criteria. Nine patients declined to undergo HIV testing, and were therefore 

excluded from the analysis. Data on HIV serology status, sputum microscopy and 

demographic characteristics were available for all 457 patients at intake. Patients 

enrolled in this study had a mean age of 32.4 years (range 15 - 70 years). One hundred 

and twenty eight (28%) tuberculosis patients were HIV-seropositive. The 

characteristics of patients in this study by HIV serostatus are summarised in table 1.  

There were no significant differences between HIV seronegative and seropositive 

patients with regard to gender and results of smear microscopy (using the Ziehl-
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Neelsen staining method) at intake into the study. There were relatively more HIV 

seropositive patients in the age group 25-34 years. 

 

Table 1.Characteristics of 457 sputum smear-positive tuberculosis patients at 

enrolment according to HIV serostatus. 

 

Odds Ratio (95% CI) Characteristic  Proportion (%) 

HIV positive Crude Adjusted* 

Total 128/457   

Age group (yrs)    

15-24 30/125 (24.0) 1 1 

25-34 64/162 (39.5) 2.1 (1.2-3.5) 2.0 (1.2-3.4) 

35-44 21/86 (24.4) 1.0 (0.5-1.9) 1.0 (0.6-2.0) 

45+ 13/84 (15.5) 0.6 (0.3-1.2) 0.6 (0.3-1.2) 

Gender    

Male 71/273 (26.0) 1 1 

Female 57/184 (30.9) 1.3 (0.8-1.9) 1.2 (0.8-1.9) 

ZN smear    

1+ 48/133 (36.1) 1 1 

2+ 41/189 (21.7) 0.5 (0.3-0.8) 0.5 (0.3-0.9) 

3+ 39/135 (28.9) 0.7 (0.4-1.2) 0.8 (0.5-1.3) 

 

CI: confidence interval 

*Adjusted for all variables in the table 

 

Species identification and drug susceptibility: A total of 225 persons had sputum 

culture and sensitivity tests performed. These persons did not differ by age, gender 

and HIV seroprevalence from the 232 patients in whom culture was not done (table 

2). Persons in whom culture was not performed had been recruited before August 

1992 when it was not logistically possible to perform this procedure.  
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Table 2. Characteristics of patients in whom culture was performed compared to those 

who did not undergo the procedure. 

 

 

Characteristic 

 

Proportion (%) in whom 

culture was done 

 

 

Odds ratio (95%CI) 

Total 

 

225/457 

 

 

Gender   

Male 139/273 (50.9) 1 

Female 86/184 (46.7) 0.8 (0.6-1.2) 

HIV serostatus   

Negative 157/329 (47.7) 1 

Positive 68/128 (53.1) 1.2 (0.8-1.9) 

Age (yr)   

15-24 64/125 (51.2) 1 

25-34 84/162 (51.9) 1 (0.6-1.6) 

35-44 42/86 (48.8) 0.9 (0.5-1.6) 

45+ 35/84 (41.7) 0.7 (0.4-1.2) 

ZN smear   

1+ 51/133 (38.3) 1 

2+ 96/189 (50.8) 1.7 (1.1-2.6) 

3+ 78/135 (57.8) 2.2 (1.3-3.6) 

 

CI: Confidence interval 

 

Of the 225 persons whose sputum was cultured, Mycobacterium tuberculosis was 

isolated from 182 (81%) patients of whom, 129 (71%) persons were HIV 

seronegative. In the remaining 43 (19%) patients, M. africanum was isolated. In this 

latter group, 28 (65%) persons were HIV seronegative. There was no significant 

difference between species isolated and HIV serostatus (p=0.46). No case due to 
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environmental mycobacteria was detected. The susceptibility patterns among HIV 

seronegative and seropositive patients are shown in table 3. The overall prevalence of 

resistance to isoniazid and streptomycin was 18% and 15% respectively. There was 

no significant difference in resistance profiles to pyrazinamide, rifampicin and 

streptomycin according to HIV serostatus. However, among persons with isoniazid 

resistant strains, HIV seronegative patients in whom M. tuberculosis was isolated 

were significantly more likely to have a resistant strain compared to HIV seropositive 

patients. This difference was not observed among those with M. africanum strains. 

 

Two patients (0.8%) out of a total of 225 persons were found to have multiple drug 

resistant strains, defined as resistance to at least isoniazid and rifampicin. Both were 

male and one of them was HIV seropositive with M. tuberculosis infection. The other 

had M. africanum isolated.  
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Table 3. Prevalence of drug resistance by species type, stratified by HIV 

 

 

 

 

M. tuberculosis 

 

 

 

M. africanum 

 

 

 

Antibiotic 

 

Proportion (%) 

resistant strains 

 

p-value 

 

Proportion (%) 

resistant strains 

 

p-value 

Isoniazid     

HIV (+) 3/53 (5.7)  1/15 (6.7)   

HIV (-) 29/129 (22.5) <0.005 8/28 (28.6) NS 

Pyrazinamide     

HIV (+) 0/53  (0.0)  0/15  (0.0)  

HIV (-) 0/129 (0.0)  1/27  (3.7) NS 

Rifampicin     

HIV (+) 1/53  (1.9)  0/15  (0.0)  

HIV (-) 0/129 (0.0) NS 1/28  (3.6) NS 

Streptomycin     

HIV (+) 5/49  (10.2)  0/2  (0.0)  

HIV (-) 23/121 (19.0) NS 2/3  (66.0) NS 

 

NS =  non-significant difference;  

HIV (+) = HIV seropositive;  

HIV (-) = HIV seronegative 

 

 

Outcomes of initial phase treatment: Patients were in the study for a period ranging 

from two to 20 weeks. During the course of this study, five patients defaulted and 12 

died before completing intensive phase treatment. In the latter group the cause of 

death was recorded as tuberculosis, although no autopsies were performed. Survival 

in these patients ranged from two to seven weeks. HIV seropositive patients 

accounted for seven of the deaths. The cumulative survival proportion at eight weeks 
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was 0.98 for HIV seronegative patients and 0.94 for HIV seropositive persons. There 

were significantly more deaths among HIV seropositive patients than seronegative 

patients during hospitalization (Figure 1).  

 

 



 
 83

Figure 1. Kaplan-Meier estimate of survival during intensive phase treatment in HIV 

seronegative and seropositive patients. 

HIV seropositive patients were more likely to die compared to HIV seronegative 

patients (p= 0.017; log-rank test). 

 
 

Four hundred and forty patients completed eight weeks of intensive phase treatment. 

Of these 322 (73%) were HIV seronegative and the remaining 27% seropositive. 

Among the HIV seronegatives, 246 (76%) had achieved sputum smear negative status 

compared to 92 (78%) HIV seropositive patients. These differences are not 

statistically significant (OR= 0.9; 95% CI, 0.6-1.5). The OR adjusted for age, gender 

and baseline ZN smear remained unchanged (OR= 0.9; 95% CI, 0.5-1.6). 

 

Baseline characteristics among sputum negative and sputum positive patients at 8 

weeks of treatment were compared in a univariate and multivariate analysis (table 4). 

Failure to achieve sputum smear conversion was associated significantly with the 

quantity of AFBs in the sputum smear at intake. The higher the quantity of AFBs in 

the sputum, the less likely were the patients able to achieve a sputum smear 

conversion. Failure to convert was also marginally associated with male sex and age 
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group 25-34 years. HIV status was not significantly associated with sputum 

conversion (Table 4). 

 

Table 4. Comparison of baseline characteristics between converters and non-

converters among 440 tuberculosis patients at 8 weeks of treatment in Uganda. 

 

Odds Ratio (95% CI) Characteristic Proportion (%) of sputum non-

converters 

 Crude Adjusted* 

Age group    

15-24 17/117 (14.5) 1 1 

25-34 42/157 (26.8) 2.1 (1.2,4.0) 2.2 (1.2,4.2) 

35-44 20/86 (23.3) 1.8 (0.8,3.7) 1.6 (0.8,3.4) 

45+ 23/80 (28.8) 2.4 (1.2,4.8) 2.0 (1.0,4.3) 

Gender    

Male 72/261 (27.6) 1 1 

Female 30/179 (16.8) 0.5 (0.3,0.9) 0.5 (0.3,0.8) 

ZN smear    

1+ 14/130 (10.8) 1 1 

2+ 42/184 (22.8) 2.5 (1.2,4.7) 2.5 (1.3,4.8) 

3+ 46/126 (36.5) 4.8 (2.4,9.2) 4.8 (2.4,9.4) 

HIV serostatus    

Negative 76/322 (23.6) 1 1 

Positive 26/118 (22.0) 0.9 (0.6,1.5) 0.9 (0.5,1.6) 

 

CI: Confidence interval 

*Adjusted for all variables in table. 

 

 

To examine the effect of initial drug resistance and mycobacterial species on sputum 

conversion, an analysis confined to patients who had culture at intake and were still in 

hospital at eight weeks was undertaken. Of the total of these 218 persons, 176 had M. 
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tuberculosis and 42 had M. africanum. Among the latter, 23% failed to convert to 

sputum negative compared to 43% of the former. This is a significant difference 

(Crude OR 2.5; 95% CI = 1.2-5.0). Initial INH resistance did not have a significant 

effect on smear conversion, with 75% of the 179 persons with susceptible strains 

converting to negative sputum status against 64% of the 39 persons with strains 

resistant to INH (OR = 1.7; 95% CI 0.8-3.5). Among persons completing eight weeks 

of treatment, streptomycin susceptibility results at baseline were available for 169 

subjects. Of these, 75% of the 107 persons with susceptible strains showed conversion 

at eight weeks compared to 70% of the 19 subjects with strains resistant to 

streptomycin. Again, these percentages are not significantly different (OR= 1.3; 95% 

CI 0.5-3.2).  



 
 86

 

DISCUSSION 

 

This study found that 77 % of patients claiming no previous tuberculosis treatment 

had converted to a negative smear status at the end of eight weeks of intensive phase 

tuberculosis treatment. There was no significant difference in sputum conversion rates 

between HIV seropositive and HIV seronegative patients. In the latter group, 73% 

converted to smear negative compared to 76% in the former. These findings 

complement those from other studies showing that sputum conversion among persons 

with HIV-associated tuberculosis is often as early as in HIV seronegative patients (5-

7). In fact, Brindle et al (8) found that HIV seropositive patients were more likely to 

become culture negative at the end of the first month of receiving anti-tuberculosis 

treatment.  

 

Although, in the present study, response in the two groups was comparable, it was 

well below that observed in certain tuberculosis control settings. Using the same 

standard four-drug regimen, the China Tuberculosis Control Collaboration group (9) 

reported that 84% of smear positive tuberculosis patients had converted from positive 

to negative. In Kenya, the Tuberculosis and Leprosy Control programme reported a 

sputum conversion rate from positive to negative of 80% (Kenya NTLP, unpublished 

data), which is within the confidence interval of the current study.  

 

Response to antituberculosis treatment depends on a number of factors which include, 

among others, the frequency of acquired resistance to anti-tuberculosis drugs (2). In 

this study, results of culture and sensitivity were available for half of the study group. 

There was a high proportion of isoniazid and streptomycin resistance. Multiple drug 

resistance, defined as showing resistance to at least isoniazid and rifampicin was 

demonstrated in two patients. The levels of resistance in this study are much higher 

than in other areas of Africa. In Burkina Faso, Ledru et al (10) found a primary 

resistance of 7.6% to isoniazid; 1.0% ethambutol and 12.4% streptomycin. Githui et 

al. (11) found a resistance of 5.5% to isoniazid and 1.3% to streptomycin in Kenya. 

The cause of this high prevalence of drug resistance in the current study is not 

immediately evident. The high isoniazid and streptomycin resistance observed in this 

study might be related to misclassification of previous tuberculosis treatment. It is 



 
 87

important to underscore that although recruitment into the study was based on the 

promise that all persons had never received treatment before, it is difficult to be 

certain of this. Prior to the re-activation of the NTLP, tuberculosis treatment was 

available from privately run health units and was based on isoniazid and 

streptomycin, the so-called standard therapy. Records in such units are almost non-

existent. It is therefore possible that a large number of persons in this study had 

received inadequate anti-tuberculosis treatment prior to being hospitalised and for 

various reasons declined to volunteer the information. This would undoubtedly inflate 

the prevalences of primary drug resistance to isoniazid and streptomycin.  

 

Drug resistance to streptomycin, pyrazinamide and rifampicin in the current study did 

not differ significantly according to HIV serostatus. Interestingly, the likelihood for a 

resistant isolate to isoniazid was much decreased in HIV seropositive patients. A 

similar finding has been reported by Asch et al (12) in the USA. This observation is 

unexpected because if resistance to isoniazid is widespread, one might expect that 

HIV infection magnifies the problem within a short period of time. Other workers 

found that documented HIV infection was associated with a higher proportion of drug 

resistance in newly diagnosed tuberculosis patients (13-14). Frieden et al (14) 

speculated that the increased risk of drug resistant strains in HIV positive patients 

could be related to the behaviour of these patients. They postulated that HIV-

seropositive injection-drug users may get infected by other injection-drug users 

already suffering from drug-resistant tuberculosis which arose as a result of non-

compliance with therapy. However, in this Ugandan study, such selective behavioural 

patterns among HIV seropositive patients hardly play a role as there are no places 

where HIV seropositives congregate in a manner that might pose a significant public-

health problem. 

 

It is also remarkable that patients with drug-resistant organisms to isoniazid or 

streptomycin did not show any significant slower conversion rates than those with 

susceptible strains. This seems to suggest that the use of two drugs during strictly 

observed treatment apparently overcomes initial isoniazid resistance in most patients 

irrespective of their HIV serostatus. 
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Noteworthy is the finding of a high frequency of M. africanum isolates in the present 

study. However, there was no difference in the frequency of isolation of this variant 

between HIV seropositive and HIV seronegative. It is particularly illuminating that 

sputum conversion to negative was significantly lower among persons with M. 

tuberculosis africanum than those with M. tuberculosis isolates.  

 

Almost a third of the patients in this study were HIV seropositive. This is not unusual 

in most sub-Saharan African countries that are worst hit by HIV epidemic. In fact 

much higher prevalences have been reported in other settings (5, 15-16). HIV 

seroprevalence rates among tuberculosis patients of even higher than 70% have also 

been reported (17). This interaction between tuberculosis and HIV has resulted in a 

high proportion of excess morbidity attributable to HIV (16). The increased mortality 

among HIV seropositive patients has been shown to occur despite adequate therapy 

(18-19). The current study confirms these observations. Significantly more HIV 

infected patients died during the initial phase compared to HIV seronegative patients. 

Unfortunately, it is not possible to establish if tuberculosis was the cause of death as 

no routine autopsies were performed during the course of this study.  

 

In conclusion, this study shows that HIV-seropositive status is not a principal factor in 

delaying sputum conversion among patients receiving Uganda NTLP recommended 

intensive phase regimen. Therefore, the Uganda NTLP policy of hospitalising smear-

positive patients for at least two months of directly-observed therapy is applicable to 

both HIV-negative and HIV-positive. The presence of a strongly-positive smear at 

admission and infection with M. tuberculosis africanum were the most important 

factors in delaying sputum conversion.   
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Abstract: 

 

Objective: 

To estimate the proportion of antiretroviral therapy (ART) eligible adults (15-49 

years) with tuberculosis potentially identifiable through tuberculosis services using 

a CD4 count below 350 cells/ mm3 as cut-off value for ART initiation.   

 

Methods: 

Using TB notification rate data, HIV seroprevalence data, and estimates of the size 

of the adult population (15-49 years) in 18 sub-Saharan African countries with an 

HIV seroprevalence of more than 5%, calculations of the number of ART eligible 

adults with tuberculosis presenting to tuberculosis services were made. Assumptions 

were made on the tuberculosis notification rates in the age-group 15-49 years, the 

HIV-infected population with a CD4 count below 350 cells/mm3 and the relative 

risk of developing tuberculosis, and average duration from HIV infection to death. 

The probability of having a CD4+ count of below 350 cells/ mm3 given a diagnosis 

of tuberculosis was estimated using Bayes’ theorem, and estimates of the number of 

patients with a CD4 count below 350 cells/mm3 identifiable through tuberculosis 

were made. The number needed to screen (NNS) to identify one ART eligible 

patient through tuberculosis services was estimated for each country.  

 

Results: 

ART eligible adults with tuberculosis potentially identifiable through tuberculosis 

services in the 18 countries ranged from 2 – 18% of the total HIV-infected adult 

population with a CD4+ count of below 350 cells/ mm3. Overall, tuberculosis 

patients with CD4+ count of below 350 cells/ mm3 identified by tuberculosis 

services would constitute 10% of the HIV-infected adult population with a CD4+ 

count below 350 cells/ mm3.  The NNS to identify ART eligible patients through 

tuberculosis services ranged from 1.4 – 4.2, whereas NNS ranged from 8.6 to 65.4 if 

adults aged 15-49 are randomly screened for low CD4 counts. 

 

Conclusion: 

Tuberculosis services are an important entry point for identifying ART eligible 

patients. Given that dually-infected patients identified through tuberculosis services 
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contributed to 10 % of the HIV-infected adult population with a CD4 cell count 

below 350 cells/mm3 in the 18 sub-Saharan African countries, major efforts are 

required beyond the tuberculosis services in detecting patients that should benefit 

from ART.  However, the low NNS gives opportunity to use tuberculosis services in 

AIDS control and ART scaling up programs.
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Introduction: 

 

The widespread use of antiretroviral therapy (ART) in high-income countries for 

treatment of people infected with the human immunodeficiency virus (HIV) has 

resulted in a dramatic decline in morbidity and improvement in survival. Although 

ART does not eradicate infection, it suppresses HIV replication which leads to 

partial reconstitution of the immune system and containment of opportunistic 

infections. ART is not widely available in sub-Sahara Africa, and of the estimated 

4.7 million people who currently need ART in this region, only 11% are receiving it 

(World Health Organization 2005a). However, there is increasing consensus and 

commitment to redress this inequality and scale up access of antiretroviral drugs to 

HIV-infected people in resource-constrained environments. Major efforts such as 

the Global Fund to Fight AIDS, TB, and malaria (GFATM) and the United States 

President’s Emergency Plan for AIDS Relief (PEPFAR) have already committed 

financial and other resources to amplify global efforts to combat the HIV/AIDS 

scourge (The President’s Emergency Plan for AIDS Relief 2004). In 2003 the 

World Health Organization (WHO) and its partners launched the 3 by 5 initiative, 

with a global target of treating 3 million people in developing countries with 

antiretroviral therapy by the end of 2005 (World Health Organization 2003a).  

 

In many developing countries HIV infection is driving the tuberculosis epidemic 

and in some settings over 60% of new tuberculosis cases are HIV-infected 

(Raviglione et al. 1997; Corbett et al. 2003). Progressive immunodeficiency 

predisposes patients to opportunistic infections, including tuberculosis. Therefore, in 

settings of a high burden of interacting HIV and TB infection epidemics, existing 

tuberculosis services could be utilized as entry points for delivering ART (Harries et 

al. 2001; Williams & Dye 2003; Abdool-Karim et al. 2004). Also the experience 

and infrastructure of tuberculosis services in providing directly observed therapy 

(DOT) to tuberculosis patients could be used for delivery of DOT-ART in resource 

constrained settings, a strategy that has been used with success in Haiti (Farmer et 

al. 2001).  ART is recommended for all patients with tuberculosis who have CD4 

counts below 200 cells/ mm3, and should be considered for patients with CD4 

counts below 350 cells/ mm3  (World Health Organization 2003b). In this study we 

estimate the proportion of ART eligible adults aged 15-49 years with forms of 
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tuberculosis that might be identified through tuberculosis services, mostly, but not 

exclusively, pulmonary smear positive tuberculosis. We assume that a CD4 count 

below 350 cells/mm3 is used either as the cut-off point for ART initiation, or as a 

cut-off point for regular follow-up until patients become ART eligible (e.g. when 

CD4 counts drop below 200 cells/mm3). TB services might be specialized TB 

clinics of a vertical programme or clinics integrated into general health facilities. 

We have also estimated the number of TB patients that need to be screened to 

identify one case with a CD4 count below 350 cells/mm3, and thus eligible for ART 

in this model.
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Methods  

 

We have used Bayes’ theorem to estimate the number of tuberculosis patients aged 

15-49 years with CD4 counts of below 350 cells/ mm3 that might be identified by 

tuberculosis services in 18 sub-Saharan Africa countries, and hence eligible for 

ART. Countries included in this analysis have an estimated adult HIV 

seroprevalence greater than 5% as of the end of 2003. HIV seroprevalence data were 

retrieved from the Joint United Nations Programme on HIV/AIDS (UNAIDS) report 

(UNAIDS 2004). Data on the size of the adult population (15-49 years) were 

obtained from the UNAIDS/WHO Global HIV/AIDS online database (World 

Health Organization 2004). Data on age-stratified notification rates of all diagnosed 

tuberculosis cases are not readily available for all countries. The official WHO 

tuberculosis figures only present age-stratified data on notifications for smear 

positive tuberculosis. In a South African study, all age tuberculosis prevalence was 

estimated at 1358 per 100,000 population with a rate of 2120 and 2202 per 100,000 

in the age-group 15-44 and 45-59 respectively, which is just over 1.5X the all age 

rate (Vella 2003). We have therefore assumed that notification rates of all 

tuberculosis cases in the age-group 15-49 for all countries in this analysis, whose 

demographic structures are roughly similar to that of South Africa, are 1.5X higher 

than the overall tuberculosis notification rate, which were taken from the most 

current World Health Organization global tuberculosis data (World Health 

Organization 2005b).  

Two measures are of interest in assessing the potential of TB services in identifying 

ART eligible patients, viz. a) the probability that an individual with TB is ART 

eligible, the “yield” per TB patients, and b) the total number of ART eligible 

patients that can be identified through TB services. 

The former measure is estimated as follows using Bayes’ theorem.  

The probability that a patient’s CD4 count is below 350 cells/mm3 (denoted by 

cd<350) given a new diagnosis of tuberculosis (tb) is:  

 

)350()350|()350()350|(
)350()350|()|350(

≥≥+<<
<<=<

cdPcdtbcdPcdtb
cdPcdtbtbcdP

λλ
λ

 (1) 
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Where λ(tb|cd<350) denotes the notification rate (which in good programmes 

should approximate to the incidence rate) of tuberculosis among individuals  with 

low CD4 counts, and p(cd≥ 350) is the probability (the prevalence) that an 

individual in the general population does not have a CD4 count below 350 cells/ 

mm3. Dividing both numerator and denominator of the above equation by 

)350|( ≥cdtbλ , which is the TB notification rate among individuals with a CD4 

count of at least 350 cells/ mm3 gives: 
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Where RR is the relative risk (incidence rate ratio) of developing diagnosed 

tuberculosis among HIV-infected patients with a CD4+ cell count of below 350 

cells/mm3, relative to all individuals with a CD4 count above 350, i.e. either HIV 

negative, or HIV positive. Note that in equation (3) the assumption is made that 

P(cd≥ 350), which is the probability (the prevalence) that an individual in the 

general population does not have a CD4 count below 350 cells/ mm3 is 

approximately 1.    

)350( <cdP , the probability that an individual has a CD4 count below 350 cells/ 

mm3, can be estimated from adult HIV seroprevalence statistics and from 

assumptions on the proportion of the HIV infected population with a CD4 cell count 

below 350 cells/ mm3.    

 

The second measure (the total number of ART eligible patients that can be 

identified through TB services) was calculated as follows: 
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λ(tb|cd<350) is the annual notification rate of tuberculosis among individuals with a 

CD4 count below 350 cells/mm3 and is by definition = RR*λ(tb|cd≥350) (4) 

 

Notification rates are not reported separately for CD4 counts below 350 cells/mm3 

or >= 350 cells/mm3. However, we can derive these from λ(tb), the notification rate 

in adults as follows: 

 

λ(tb) = λ(tb|cd≥350)*P(cd≥350) + λ(tb|cd<350)*P(cd<350)   (5) 

 

Equation 4 can be rearranged thus, 

 λ(tb) = λ(tb|cd≥350)*P(cd≥350) + RR*λ(tb|cd≥350)*P(cd<350)  (6) 

 

Since p(cd<350) = 1-p(cd≥350), equation 6 can be rearranged algebraically to give 

λ(tb|cd≥350), which is given by 

 

)350()1(1
)()350|(

<−+
=≥

cdPRR
tbcdtb λλ      (7) 

 

RR, λ(tb), and P(cd<350) are parameters that are known. Hence notification rates 

for both CD4 counts below 350 cells/mm3 or >= 350 cells/mm3 can be calculated.  

 

If patients with a CD4 count below 350 cells/ mm3 have a survival of t years, and 

the annual notification rate is )350|( <cdtbλ , then the probability that a patient 

with a CD4 count below 350 cells/ mm3 is diagnosed with tuberculosis at any given 

time during their lifetime is given by: 

 

( ))350|(*exp1 <−− cdtbt λ  (8) 

 

Multiplying equation (8) with the estimated total number of HIV-infected adults 

with CD4 count below 350 cells/mm3 gives the number of dually infected patients 

with CD4+ cell count below 350 cells/mm3 and therefore potentially detectable 

through TB services.  
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A key parameter in our calculations is the proportion of the HIV infected population 

with a CD4 count below 350 cells/ mm3.  Using linear interpolation between an 

assumed average of 110 cells/ mm3 at the time of death and a value of 910 cells/ 

mm3 at the time of infection yields an equilibrium (i.e. when the prevalence is 

stable) value of 30%. As the decline in CD4 counts may not decline on a linear scale 

but rather on a square root scale (Brettle et al. 1996), this estimate may be 

conservative. If we assume that 30% =100*P(cd<350)/P(HIV+) of the HIV-infected 

population have a CD4 count below 350 cells/ mm3, and if we assume that the 

average duration from HIV infection to death is 8 years then t=2.4 years. Although 

the HIV specific mortality in Africa is similar to that in Western countries, other 

causes of death are probably higher so that the overall life expectancy of 8 years 

would seem realistic (Morgan et al. 2002). We further assumed that RR is 20 for 

CD4 counts below 350 cells/mm3, corresponding to an average of approximately 7 

for all HIV infected individuals.    

 

Number needed to screen (NNS): 

Assuming that TB services are to subject all notified TB cases among the adult 

population aged 15-49 years for HIV screening, then the number of TB patients 

needed to screen to identify 1 patient with CD4 below 350 cells/mm3, and thus 

eligible for ART in this model, is given by the reciprocal of )|350( tbcdP < . By 

contrast using simple random screening of the population programmes would have 

to screen the reciprocal of Pr(cd<350), which is the product of the HIV prevalence 

times the fraction of HIV infected who have CD4 counts < 350. 

 

An excel sheet implementing all the formulas described in this model is available 

upon request from the corresponding author.
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Results 

 

Estimates of the adult population aged 15-49 years with HIV infection and 

tuberculosis disease eligible for ART and potentially identifiable through 

tuberculosis services in 18 sub-Saharan countries with an HIV prevalence of more 

than 5% are shown in table 1. The probability that a tuberculosis patient’s CD4 

count is below 350 cells/mm3 was estimated to range from 0.24 to 0.72, with the 

probability increasing with rising HIV seroprevalence (Table 1).  

Using the methodology as described in this model we estimated that out of a total of 

5,398,811 adults aged 15-49 years with a CD4 cell count below 350 cells/mm3 in 

the 18 countries, 540,195 tuberculosis patients with HIV infection and CD4 count 

below 350 cells/ mm3 are potentially identifiable by tuberculosis services.  Thus TB 

services would contribute to identifying 10 % of all HIV-infected patients with a 

CD4+ count below 350 cells/ mm3, and if this CD4 level is used as the threshold for 

initiation of ART then these patients would qualify for antiretroviral treatment.  

Performance of TB services in identifying ART eligible patients would vary 

considerably between countries (Table 1), with the highest yield, 18%, estimated for 

Namibia.  Six countries (Botswana, Gabon, Lesotho, Namibia, South Africa and 

Zambia) have a tuberculosis case detection rate of at least 70%. The effect of 

improving tuberculosis case detection rate to 70% on the yield of ART eligible 

patients was examined for all countries with a case detection rate below 70%. 

Increasing case detection rate would result in a greater yield of ART eligible 

patients identified through tuberculosis services, especially for countries with a low 

case detection rate (Table 2). In Nigeria, increasing the case detection rate would 

result in an increase of more than 5 fold in ART eligible patients potentially found 

through tuberculosis services.  

 

The number needed to screen for the 18 countries is shown in table 3. NNS TB 

patients in order to identify 1 ART eligible patient varies from 1.4 in Swaziland and 

Botswana to 4.2 in Rwanda. If the HIV seroprevalence is low, then TB services 

would have to screen more patients to identify one ART eligible patient in this 

model (Figure 1). Similarly, the number needed to screen if adults aged 15-49 years 

are randomly screened for counts below 350/mm3 is higher in HIV low prevalence 
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countries compared to high prevalence countries, ranging from 65.4 in Rwanda to 

8.6 in Swaziland (Figure 1).   
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Table 1: Estimate of HIV-infected adult population (15-49 years) with CD4 count below 350 cells/mm3 and tuberculosis in 18 sub-

Saharan African countries with an HIV prevalence in the general population of more than 5%  

 
Countries ranked in 
order of increasing 
HIV seroprevalence 

HIV 
prevalence 
[11]** 

Adult population 
(15-49 yrs) X 
100,000 [12]** 

Est. TB notification 
rate all cases (15-49 
yrs)/100,000 
population)  

Est. number of 
HIV-infected 
adults  with CD4 
cell count below 
350 

Number of HIV-
infected adults with 
TB and CD4 cell 
count below 350 
detected annually 

Probability that an adult 
TB patient with HIV 
infection has a CD4 cell 
count below 350  

ART eligible identified 
through TB services as 
%age of total patients 
with CD4 cell count 
below 350 

Rwanda 5.1 39.25 105 60053 2300 0.24 4 
Nigeria* 5.4 585.59 54 948656 18617 0.25 2 
Burundi 6 32.52 150 58536 3058 0.27 5 
Kenya* 6.7 163.56 429 328756 45513 0.29 14 
Cameroon 6.9 77.08 150 159556 8036 0.30 5 
Cote d'Ivoire 7 81.87 160.5 171927 9212 0.30 5 
Gabon 8.1 6.51 246 15819 1228 0.33 8 
UR Tanzania* 8.8 176.29 250.5 465406 35814 0.35 8 
Mozambique* 12.2 88.44 228 323690 20234 0.43 6 
Central African 
Republic 13.5 17.84 153 72252 2937 0.46 4 
Malawi 14.2 53.56 319.5 228166 18542 0.47 8 
Zambia 16.5 48.29 748.5 239036 40402 0.51 17 
Namibia 21.3 9.31 889.5 59491 10434 0.58 18 
South Africa* 21.5 244.03 757.5 1573994 237249 0.58 15 
Zimbabwe* 24.6 62.12 619.5 458446 53378 0.61 12 
Lesotho 28.9 8.61 999 74649 12368 0.66 17 
Botswana 37.3 9.1 828 101829 12157 0.72 12 
Swaziland 38.8 5.03 1078.5 58549 8716 0.72 15 
 
* Tuberculosis high burden country 
 
** Figures based on published data; all other variables in the columns are derived from model output
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Table 2. Estimate of ART eligible patients identified through tuberculosis services in 

12 sub-Saharan African country at 70% tuberculosis case detection rate 
Countries ranked in 
order of increasing HIV 
seroprevalence 

Current case 
detection rate % (all 
tuberculosis cases) 
[14] 

Estimate number of HIV-
infected adults with TB and 
CD4 cell count below 350 
detected annually  

ART eligible identified 
through TB services  as %age 
of total patients with CD4 cell 
count below 350 

Rwanda 19 8047 13 
Nigeria 12 103575 11 
Burundi 29 7110 12 
Kenya 47 65433 20 
Cameroon 55 10156 6 
Cote d'Ivoire 27 22874 13 
UR Tanzania 45 54506 12 
Mozambique 33 41421 13 
Central African 
Republic 31 6464 9 
Malawi 48 26529 12 
Zimbabwe 63 58911 13 
Swaziland 66 9201 16 
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Table 3. Number needed to screen (NNS) to identify one HIV-infected patient with a 

CD4 cell count below 350 cells/mm3 in 18 sub-Saharan African countries  
Countries ranked in order of 
increasing HIV seroprevalence 

HIV prevalence [11] NNS, TB patients  NNS, adults 
screened randomly   

Rwanda 5.1 4.2 65.4 
Nigeria 5.4 4.0 61.7 
Burundi 6 3.7 55.6 
Kenya 6.7 3.4 49.8 
Cameroon 6.9 3.4 48.3 
Cote d'Ivoire 7 3.3 47.6 
Gabon 8.1 3.0 41.2 
UR Tanzania 8.8 2.8 37.9 
Mozambique 12.2 2.3 27.3 
Central African Republic 13.5 2.2 24.7 
Malawi 14.2 2.1 23.5 
Zambia 16.5 2.0 20.2 
Namibia 21.3 1.7 15.6 
South Africa 21.5 1.7 15.5 
Zimbabwe 24.6 1.6 13.6 
Lesotho 28.9 1.5 11.5 
Botswana 37.3 1.4 8.9 
Swaziland 38.8 1.4 8.6 
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Figure 1: Number needed to screen (NNS) to identify one HIV-infected patient with a 

CD4 cell count below 350 cells/mm3 through tuberculosis services or random 

screening of adult population 
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Discussion: 

 

The tuberculosis service model as an entry point for ART is an attractive option for 

developing countries. In this study the number of ART eligible adult patients 

potentially detectable through tuberculosis services in18 sub-Saharan Africa 

countries with an estimated HIV seroprevalence of more than 5% is quantified. 

Overall, tuberculosis services operating at current detection rates have the potential 

to identify 10% of the HIV-infected tuberculosis patients with a CD4+ count below 

350 cells/mm3. Furthermore, improving tuberculosis case detection in countries with 

a performance below WHO’s global target of 70% (World Health Organization 

2003c) results in an increase in the number of ART eligible patients identified. For 

example, increasing tuberculosis case detection in Nigeria from the current 12% to 

70% would result in a more than 5-fold increase in the number of ART eligible 

patients detected through tuberculosis services.   

 

Of the 18 countries in this study, 6 are considered as tuberculosis high burden 

countries. The prevalence of dually infected patients with HIV and tuberculosis 

might be expected to be higher in these countries and that the tuberculosis services 

would potentially reach out to more ART eligible patients. However, in half of the 

six countries, tuberculosis services would potentially reach less than 10% of the 

ART eligible patients. Clearly, if tuberculosis services are to optimize their potential 

as entry points for identification of ART eligible patients most of the high burden 

countries will have to improve on tuberculosis case detection, which for the 

majority of countries is below WHO’s global target of achieving case detection of 

70%.   

 

In spite of the modest yield in terms of identifying ART eligible patients, 

tuberculosis services are an important entry point for ART as the number needed to 

screen (NNS) to identify one ART eligible patient is low compared to the NNS if 

adults between 15-49 years are randomly screened for low CD4+ counts. Therefore, 

the low NNS gives opportunity to use tuberculosis services in AIDS control and 

ART scaling up programs.  
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Given this modest contribution of tuberculosis services in the identification of ART 

eligible patients, it might be better if tuberculosis services with a limited ability to 

identify ART eligible patients would give more priority to strengthening 

tuberculosis control activities to identify and treat more tuberculosis patients before 

expanding their activities to include delivering antiretroviral therapy and HIV care 

themselves, which is a logistically more demanding task (Harries et al. 2002). 

Concurrent treatment of tuberculosis and HIV is often challenging as the potential 

of interactions between antiretroviral and antituberculosis drugs in patients 

undergoing simultaneous HIV and TB treatment may result in ineffectiveness of 

ARV drugs, infective tuberculosis treatment or an increased risk of drug toxicity 

(Harries et al. 2004). Nonetheless, both tuberculosis and HIV control services (and 

other entry points for HIV/AIDS patients to the health care system) should develop 

mechanisms to ensure that patients identified as eligible for ART do eventually 

access antiretroviral treatment.   

 

Our model has some limitations, especially regarding the estimates used. Official 

World Health Organization figures do not give all case age-stratified tuberculosis 

notification rates, and these are not easily available for many countries. Our 

approach of multiplying the official World Health Organization all case notification 

rates with 1.5 to estimate the rate in the 15-49 year age-group based on the 

observations in one country might not be representative of the epidemiology in other 

parts of Africa. Another source of uncertainty is the relative risk estimate of 

tuberculosis among patients with CD4 counts below 350 cells/ mm3 used in this 

model. The relative risk of the association between HIV and tuberculosis has varied 

widely among African studies, but most studies suggest a relative risk of about 

seven (Glynn et al. 1997). Some studies have reported a far higher relative risk of > 

20 (Braun et al. 1991; Allen et al. 1992). As the risk of tuberculosis is closely 

correlated with the number of CD4 lymphocytes (Antonucci et al. 1995; Markowitz 

et al. 1997) we have elected to use a RR of 20, which represents the higher relative 

risk reported in African studies. If a lower RR of 10 is assumed, the overall yield for 

all eighteen countries in identifying adult tuberculosis patients eligible for ART is 

7%, and 12% if a higher RR of 30 is assumed (results not presented). A further 

source of uncertainty is the assumption that 30% of the HIV-infected patient 

population has CD4 counts below 350 cells/ mm3. Larger studies have reported 
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higher estimates of > 50% (Gupta et al. 2000; Dybul et al. 2002), but these are based 

on the CD4 cell counts at time of detection, which might be subject to bias.      

 

Our findings have practical implications as countries facing a challenging HIV and 

tuberculosis epidemic move towards scaling up ART access. Quantifying the 

magnitude of ART eligible patients that might be seen by tuberculosis services will 

allow for proper planning and mobilization of resources in order to avoid 

overwhelming the tuberculosis services.  Whilst tuberculosis services are an 

important entry point for identifying ART eligible patients, the World Health 

Organization’s 3 by 5 initiative, and indeed any programme that aims at delivering 

ART to those in need, would require major efforts beyond TB services.   
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CHAPTER 8 
 

 
General discussion 
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HIV-associated infections are an important cause of morbidity and mortality in sub-

Saharan Africa. A significant proportion of this morbidity and mortality is a result of 

co-infection with Mycobacterium tuberculosis. In leprosy endemic areas, a large 

number of people may harbour latent infection with Mycobacterium leprae although 

only a small proportion goes on to develop clinical leprosy. Increasing HIV infection 

rates in countries endemic for leprosy led to speculations that HIV, through 

compromising cell mediated immunity, might constitute an important risk factor for 

development of clinical leprosy. The studies presented in this thesis provide insight 

into the impact of HIV-infection on response to tuberculosis treatment, and also 

describe HIV-leprosy interactions in sub-Saharan Africa. Against a backdrop of 

increasing commitment from the international community to provide highly active 

antiretroviral therapy to HIV-infected patients in resource-limited settings, this thesis 

also explores the possible contribution of tuberculosis services in identifying ART 

eligible patients.  

 

Leprosy and HIV infection: epidemiological interaction, clinical course and 

impact of antiretroviral therapy (ART): 

 

There is much evidence on HIV infection as a risk factor for tuberculosis, but there 

are few reports on a direct association between HIV infection and leprosy. Both HIV 

infection and leprosy are endemic in several sub-Saharan Africa settings, and there 

have been case reports describing co-existence of HIV and leprosy. The HIV and 

leprosy observations described in this thesis were made more than one decade ago but 

nevertheless remain unique in the sense that they have made important contributions 

in studying HIV infection as a possible risk factor for leprosy and also provided a rare 

opportunity to describe the clinical course of leprosy patients with HIV infection.  

 

Using a primate model, one study demonstrated that the simian immunodeficiency 

virus (SIV) increased the susceptibility of rhesus monkeys to development of 

experimental leprosy, and there was an increased incidence of multibacillary leprosy 

in the dually infected monkeys (1). This finding was within theoretical expectation, 

that is, through immunosuppression, HIV infection would increase susceptibility to 

development of clinical leprosy and also increase the ratio of multibacillary to 

paucibacillary cases of leprosy (2,3). An increase in multibacillary leprosy due to the 
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HIV epidemic would enhance transmission of leprosy, ultimately increasing leprosy 

cases worldwide. Also it was suggested that the HIV epidemic might result in an 

increase in the incidence of ENL (4).     

 

There have been conflicting reports on the risk of HIV infection for development of 

clinical leprosy, and a number of studies have examined if leprosy is more common in 

HIV/AIDS patients and vice versa. One of the early sub-Saharan African studies of 

HIV infection in leprosy patients was a hospital-based study in Zambia, which found 

HIV-seroprevalence to be more common among leprosy patients than in blood donor 

controls (5). However, a drawback of this Zambian study lies in the low numbers and 

methodological issues, principally poor selection of cases and appropriate controls 

(2). Leprosy patients examined in hospital are often self-reporting and 

unrepresentative of patients diagnosed in the field (the majority of leprosy cases), and 

they usually have more severe leprosy disease.  

 

In chapter 2 the results of a case-control study aimed at studying the relationship 

between HIV seropositivity and leprosy are presented. HIV seroprevalence among 

leprosy patients was 12.2% compared to 18.3% among age-matched controls, a 

difference that is not statistically different. Therefore, the findings of this study did 

not support the speculation that HIV positive persons are at an increased risk of 

developing leprosy. This supported an earlier African study which did not find that 

HIV infection was a risk factor for leprosy (6). The absence of an association between 

HIV infection and leprosy has been demonstrated in later studies. In a large Brazilian 

study which involved 1016 leprosy patients and 78,482 blood donors, HIV 

seropositivity in the two groups was 0.3% and 0.4% respectively, a difference that is 

not statistically significant (7). Another Brazilian study also failed to find an 

association between leprosy and HIV infection (8). Similarly studies in India, Kenya, 

Mali, and Ethiopia have shown that the prevalence of HIV infection in the general 

population does not differ from that in patients with clinical leprosy (9-12). Although 

two epidemiological studies in Tanzania, which were conducted at different time 

periods, concluded that HIV infection is a risk factor for development of leprosy (13, 

14), most studies have shown no association between the two diseases. The reason for 

absence of an association between leprosy and HIV infection is not entirely clear. 

However, possible contributory factors may be related to the fact that M. leprae has a 
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longer incubation period and that HIV infected patients with sub-clinical leprosy 

infection might be more likely to succumb to more virulent opportunistic infections, 

such as tuberculosis, before developing clinical leprosy (2, 15-19). It might therefore 

be that HIV infected patients with sub-clinical leprosy do not live long enough to 

develop clinical leprosy. Some studies have explained the absence of an association 

between HIV and clinical leprosy to be a result of the low risk of HIV infection in 

both leprosy patients and their controls (8). It has also been suggested that with the 

exception of lepromatous leprosy, a more or less functioning cell mediated immunity 

is required for development of clinical leprosy, and that HIV infected patients would 

develop clinical leprosy only in the early stages of infection, when the immune system 

is still functional (19). Hence it might be speculated that patients with profound HIV 

immunosuppression with leprosy infection are at lesser risk of developing overt 

clinical leprosy because of inability to mount an effective inflammatory response. 

This hypothesis seems to be supported by recent observations in which profoundly 

HIV immunosuppressed patients presumably with subclinical leprosy developed overt 

leprosy following reconstitution of the immune system resulting from treatment with 

highly active antiretroviral treatment (20,21).  Another explanation for failure to 

demonstrate an association between leprosy and HIV infection might be related to the 

social isolation of leprosy patients in so-called “leprosy colonies”. It could be 

hypothesized that due to this isolation, leprosy patients who are the source of M. 

leprae transmission are separated from the population at risk for HIV infection.   

 

Erythema nodosum leprosum (ENL) and reversal reactions (RR) are common and 

important complications of leprosy for the patient. Both phenomena, if inadequately 

managed, lead to permanent impairments and disabilities. Information on the 

epidemiology, especially occurrence and distribution, of leprosy reactions in Uganda 

was not well-documented. In chapter 3 of this thesis, it is shown that 2.2% of all 

registered leprosy patients under treatment developed reactions that necessitated 

hospital admission. This figure might be an underestimate since it does not take into 

account patients in the field who develop reactions and fail to seek medical attention, 

but it is interesting to note that it is in line with observations made in other African 

settings (22). The commonest type of leprosy reaction seen was RR, which accounted 

for 90% of reaction admissions. ENL represented about 10% of the total reactions.  
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It has been speculated that HIV infection might lead to an increased incidence of ENL 

(4). In addition, it might be argued, that leprosy patients with concomitant HIV 

infection may present with immunological instability, making them more likely to 

develop reactions and placing them at an increased risk of nerve damage (23). Nerve 

damage occurs more frequently in the setting of HIV infection, and is probably due to 

a combination of a “direct effect” of viral proteins on dorsal root ganglion neurons 

and “indirect” neurotoxicity of products secreted within the nerve by activated 

macrophages (24). Interaction between leprosy and HIV in the peripheral nerves 

might result in a neuropathy that is unresponsive to steroid therapy.  

 

In chapter 4 the incidence of leprosy reactions, neuritis and response to steroids in 

leprosy patients with HIV infection was studied in what is one of the most extensive 

studies of its nature to date. The most important observation was that HIV infection 

was associated with a significant increase in the incidence of neuritis and type 1 

reactions among multibacillary leprosy patients. The response to steroid therapy for 

the management of active neuritis did not differ significantly between leprosy patients 

with and without HIV infection. This supports a recommendation that steroids be 

prescribed to leprosy patients with HIV if these patients present with leprosy reactions 

and neuritis as the outcome is rewarding in terms of preventing permanent and 

progressive nerve damage. The follow-up of patients in this study was not long 

enough to examine if leprosy patients with HIV infection are more prone to recurrent 

reactions. One study has observed that HIV positivity might be a risk factor for 

developing recurrent reversal reactions (25).  

 

Chapter 5 provides some salient observations on the clinical course of leprosy in HIV 

infected patients presented as a series of case reports. A case report is presented of a 

patient followed until completion of multidrug leprosy treatment. During the course of 

treatment the patient developed recurrent reactional episodes, nerve damage and 

intercurrent illnesses. More importantly the patient responded well to conventional 

leprosy treatment, showing that treatment of leprosy in HIV infected patients is not 

different from the non-HIV infected population, a finding that has been observed by 

others (26, 27). However, HIV-infected leprosy patients might not complete leprosy 

treatment due to higher mortality (28). Further, the first two African cases of Kaposi’s 

sarcoma in HIV-infected leprosy patients are presented in chapter 5. The possibility of 
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HIV infection in leprosy patients presenting with Kaposi’s sarcoma should be borne 

in mind. Kaposi’s sarcoma is the most common malignant tumour seen among 

African HIV infected patients.  

 

It should be underscored that the leprosy studies presented in this thesis were 

conducted in a pre-ART era. There is no reason to suppose that ART will not equally 

benefit leprosy patients once issues of access are dealt with. However, more still 

needs to be learned on the course of leprosy during ART, and establishing if ART 

might alter the epidemiology of leprosy. There have been reports suggesting that 

patients with subclinical leprosy on ART might manifest with active leprosy 

presenting as the so-called “immune reconstitution” phenomena (20). This in itself 

might increase the number of leprosy cases among HIV-infected patients, and 

ultimately increase the “pool” of infected people in the community especially if more 

multibacillary leprosy cases are represented among patients on ART. As discussed 

above, consensus seems to be that epidemiological studies have failed to demonstrate 

an association between leprosy and HIV-infection because of the long incubation 

period of M. leprae, and the fact that HIV-infected patients are more likely to die 

from other more virulent opportunistic infections before developing clinical leprosy. 

Since ART improves survival, HIV-infected patients with sub-clinical leprosy will 

live longer and they may develop clinical leprosy with time. Also as restoration of 

cellular immunity progresses during ART, leprosy patients might be more prone to 

developing reversal reactions (21, 29).  

 

With the introduction of highly active antiretroviral therapy peripheral neuropathies 

have become the most common neurological complications in HIV infection (30). It 

might therefore be difficult, especially in a setting of limited resources, to accurately 

establish the aetiology of observed neuropathy in leprosy patients on ART. If nerve 

damage is due to ART, then it is important to discontinue the responsible drug. On the 

other hand, nerve damage as a result of leprosy reactions would require appropriate 

treatment with steroids. Understanding the aetiology of peripheral neuropathy will be 

important in devising appropriate response if progressive and permanent nerve 

damage is to be avoided in leprosy patients on ART. Therefore it will be important to 

train health workers managing HIV-infected leprosy patients so that they are in a 

position to distinguish between the different peripheral neuropathies in order to 
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institute adequate treatment. There is a need therefore that future studies on 

interaction of HIV and leprosy closely monitor the possible impact of ART on leprosy 

epidemiology and clinical course, with particular emphasis on risk of peripheral 

neuropathy.  

 

HIV and tuberculosis interaction: treatment considerations and utility of 

tuberculosis services as entry point for antiretroviral therapy (ART): 

 

Current recommendations for the treatment of tuberculosis emphasize the use of 

short-course multidrug chemotherapy under proper supervision. Since the mid-1990s 

the World Health Organization (WHO) has promoted directly observed treatment 

short-course (DOTS) as the global strategy of treating tuberculosis (31). The DOTS 

strategy has been shown to increase cure rates, reduce the risk of emergence of drug 

resistance and prevent relapse (32,33). Antituberculosis regimens have a 2-month 

initial (or intensive) phase of treatment consisting of rifampicin, isoniazid, 

pyrazinamide and ethambutol or streptomycin. After the 2-month period of treatment 

with a 4-drug regimen, most patients are switched to a continuation phase of treatment 

with isoniazid and rifampicin for 4 months or isoniazid and ethambutol for a period of 

6 months (34). In some countries, national tuberculosis programmes have a policy of 

hospitalizing sputum positive tuberculosis patients for the duration of the intensive 

phase treatment during which they are expected to convert to smear negative sputum 

and thus become less infectious.  

 

At the time that the study presented in chapter 6 was conducted, it was known that 85-

95% of non-HIV-infected smear positive patients on rifampicin containing 

antituberculosis regimens achieved conversion to negative sputum smears after two 

months of treatment (35), and there was a paucity of information on response to 

antituberculosis treatment among HIV-infected patients with smear positive 

tuberculosis. What was evident at the time was the increase in the incidence of life-

threatening cutaneous hypersensitivity reactions among HIV-infected patients on 

thiacetazone, a cheap tuberculosis drug that had been widely used in the pre-HIV era 

(36).  
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The study described in chapter 6 was designed as a prospective cohort aimed at 

exploring if HIV-infected patients differed from non-HIV infected newly diagnosed 

sputum smear positive tuberculosis patients in the frequency of sputum conversion at 

the end of two months of intensive phase treatment. The study found that 77% of 

patients included in this cohort converted to a negative smear status at the end of eight 

weeks of intensive phase tuberculosis treatment with rifampicin, isoniazid, 

pyrazinamide and streptomycin.  HIV-seroprevalence in the study stood at 28%, and 

73% of HIV-infected patients converted to negative sputum compared to 76% of the 

non-HIV infected patients, a difference that is not statistically significant. That the 

response to treatment in terms of prompt sterilisation of sputum is not different 

between HIV-seropositive and HIV-seronegative tuberculosis patients has been 

confirmed in other studies that have followed cohorts of tuberculosis patients (37-39). 

Of particular note in this study was the high proportion of isoniazid and streptomycin 

resistance, which was 15% and 18% respectively. This level of resistance is much 

higher than what has been observed in other African settings (40-41). The reasons for 

this difference might well be due to misclassification of previous tuberculosis 

treatment, and that a large number of patients in this study had received inadequate 

treatment prior to enrolling. The major finding of this study is the demonstration that 

HIV-seropositivity is not a principal factor in delaying sputum conversion, and that 

the most important factor in delaying sputum conversion are strongly-positive sputum 

at initiation of antituberculosis therapy and infection with M. tuberculosis africanum, 

which was isolated in 19% of patients.    

  

Antituberculosis treatment of HIV-infected tuberculosis patients with smear positive 

tuberculosis is of major public health importance. Response to treatment and survival 

are much improved when HIV-infected patients with active tuberculosis are treated 

with short-course treatment including rifampicin (42). It is equally important that 

HIV-infected patients eligible for highly active antiretroviral therapy have access to 

this treatment, which has been shown to improve survival even in settings of a 

developing country (43-44). The most significant improvement in quality of life and 

the largest reduction in mortality among HIV-infected patients irrespective of whether 

or not they have active tuberculosis is likely to be achieved by antiretroviral therapy 

(ART) (45). However, ART is not readily available in developing countries. 
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Fortunately there is increasing consensus to promote the availability of ART to people 

in developing countries.  

 

In 2003 the World Health Organization and its partners launched the 3 by 5 initiative, 

which aimed to treat 3 million HIV-infected people in developing countries with 

antiretroviral therapy by the end of 2005 (46).  In order to reach out to a large number 

of HIV-infected patients eligible for ART, health systems will have to explore 

utilizing different points of entry for ART provision. One such point of entry for ART 

is through utilizing existing tuberculosis services. This option is particularly attractive 

in developing country settings with large tuberculosis and HIV epidemics since many 

patients with tuberculosis might also be HIV-infected. However, there are no studies 

that have quantified the number of ART eligible patients that might be identified by 

utilizing the tuberculosis service model as an entry point for antiretroviral treatment. 

Antiretroviral therapy is recommended for all patients with tuberculosis with CD4 

counts below 200 cells/mm3, and should be considered for patients with CD4 counts 

below 350 cells/mm3 (47). The study presented in chapter 7 aimed at estimating the 

proportion of ART eligible adult patients with all forms of tuberculosis that might be 

identified through tuberculosis services when using a CD4 count below 350 cells/ 

mm3 as the cut-off point for initiation of antiretroviral therapy in tuberculosis patients. 

The study looked at the potential performance of tuberculosis services in 18 sub-

Saharan African countries at identifying ART eligible patients. Countries included in 

this analysis had an estimated HIV seroprevalence greater than 5% as at end of 2003. 

The study showed that the performance of tuberculosis services in identifying ART 

eligible patients varied considerably. In Namibia, the tuberculosis service has a 

potential of identifying 18% of all ART eligible patients compared to 2% for Nigeria. 

As might have been expected the number of ART therapy eligible tuberculosis 

patients detected through tuberculosis services was dependent on the services’ ability 

to detect tuberculosis cases. Clearly, if the tuberculosis case detection rate is improved 

tuberculosis services in high burden countries might potentially be able to achieve 

higher yields. Based on the results of the model presented in chapter 7 it might be 

better if tuberculosis services with a limited ability to identify ART eligible patients 

would refer TB patients to HIV Voluntary Counselling and Testing (VCT) facilities 

during their TB treatment, and give more priority to strengthening tuberculosis control 

activities to identify and treat more tuberculosis patients before expanding their 
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activities to include delivering antiretroviral therapy and HIV care themselves, which 

is a logistically more demanding task (45).  

 

The study in chapter 7 also estimated the number needed to screen (NNS) to identify a 

tuberculosis patient eligible for ART. NNS varied from 1.4 in Swaziland and 

Botswana to 4.2 in Rwanda. The NNS if adults aged 15-49 years are randomly 

screened for counts below 350/mm3 was estimated to range from 8.6 in Swaziland to 

65.4 in Rwanda. In spite of the modest yield in terms of identifying ART eligible 

patients, tuberculosis services are an important entry point for ART as the number 

needed to screen to identify one ART eligible patient is low compared to the NNS if 

adults between 15-49 years are randomly screened for low CD4+ counts. Therefore, 

the low NNS gives opportunity to use tuberculosis services in AIDS control and ART 

scaling up programs. 

 

The findings of this study have practical implications as countries facing a 

challenging HIV and tuberculosis epidemic move towards scaling up ART therapy 

access. Quantifying the magnitude of ART therapy eligible patients that might be seen 

by tuberculosis services will allow for proper planning and mobilization of resources 

in order to avoid overwhelming the tuberculosis services.  Whilst tuberculosis 

services are an important entry point for identifying ART therapy eligible patients 

major efforts beyond TB services are required if antiretroviral therapy is to be 

accessed by most patients that would benefit from it.    
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Infection with HIV has had a particularly severe impact on sub-Saharan Africa. 

Over the last decades HIV-associated infections have become important causes of 

morbidity and mortality in sub-Saharan Africa countries. In this thesis the impact of 

HIV-infection on tuberculosis and leprosy is presented. Given the international 

community’s commitment to avail cheap and affordable antiretroviral drugs to the 

HIV-infected population in developing countries, this thesis also explores the 

impact of utilizing tuberculosis health services in the World Health Organization’s 

plan to increase the number of HIV-infected people on antiretroviral drugs in the 

coming years.  

 

In chapter 2 the results of a case-control study are presented on the relationship 

between leprosy and infection with HIV-1 in Uganda.  The study recruited 189 new 

leprosy patients and 481 matched controls, resident in eight Ugandan districts. 

Serum samples from 23 (12.2%) of the 189 leprosy patients tested positive for HIV-

1 antibodies as compared to 88 (18.3%) of the 481 control sera. The two proportions 

of HIV seropositivity are not different statistically. A stratified analysis of the data 

by districts was done and showed a negative relationship between leprosy and HIV 

infection in the case of Rakai District (0.04 < odds ratio < 0.61, p = 0.002). It is 

recommended that studies seeking to observe the clinical progress of dually infected 

patients might help to reveal new knowledge about a possible relationship between 

HIV and leprosy and about the immunology of leprosy in general. 

 

Chapter 3 presents a retrospective study on epidemiological characteristics of leprosy 

reactions and provides a base for future prospective studies on reactions. In this study, 

256 reactional episodes, both reversal reaction and erythema nodosum leprosum 

(ENL), seen in Buluba Hospital over a 5-year period (1985-89) were registered. Over 

90% of these episodes were due to reversal reaction, with ENL being encountered 

infrequently. About 80% of reversal reactions occurred during chemotherapy but all 

the episodes of ENL occurred during this period. Over 70% of both reversal and ENL 

episodes presented with clinically apparent nerve and skin involvement. The need to 

assess the effect of multidrug therapy on the incidence of reactions and to develop 

more sensitive diagnostic tools to detect early neuritis is emphasized. It is also 

necessary to study those patients who develop recurrent reactional episodes. 
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Chapter 4 describes the findings of a prospective cohort study that investigated the 

incidence of type 1 reactions and neuritis among HIV seronegative and HIV 

seropositive leprosy patients. HIV seropositivity was associated with an increased 

incidence of type 1 reactions among multibacillary (MB) patients, which were 

observed in 9 of 12 seropositive MB patients and in 8 of 40 HIV seronegative MB 

patients (P < 0.0005). Similarly, the incidence of neuritis was significantly increased 

among the HIV seropositive MB patients, of whom 8 developed acute neuritis 

compared to 3 of the HIV seronegative patients (P < 0.0005). There was no 

significant difference between the numbers of paucibacillary HIV seropositive and 

HIV seronegative patients who developed these complications. Both the HIV 

seronegative and HIV seropositive patients showed a similar response to steroid 

therapy for the management of acute neuritis. 

 

In chapter 5, unusual or interesting developments during the course of leprosy 

treatment in dual infected individuals are presented in the form of case reports. A 

case report is described of a 28-year-old female with both BL leprosy and HIV 

infections. Her clinical progress was followed until she completed MDT. During 

this period she developed recurrent reactional episodes, nerve damage and 

intercurrent illnesses - some of which might have been due to steroids. Also, two 

case reports, the first in equatorial Africa, describing two Ugandan male patients 

who presented with leprosy, Kaposi’s sarcoma and the acquired immune deficiency 

syndrome (AIDS) are described in this chapter. The possibility of HIV infection in 

leprosy patients presenting with Kaposi’s sarcoma should be borne in mind by all 

clinicians engaged in the care of leprosy patients. 

 

In Chapter 6 results are presented of a prospective cohort study on response to 

tuberculosis treatment among HIV seronegative and HIV seropositive patients 

following two months of intensive phase tuberculosis treatment. Four hundred fifty 

seven patients were enrolled with sputum smear-positive tuberculosis without 

previous treatment, and admitted to St. Francis Leprosy Centre, south-east Uganda, 

between 1991 and 1993. The patients received an eight-week intensive phase therapy 

of rifampicin, streptomycin, isoniazid, and pyrazinamide. HIV seropositivity 

prevalence in this cohort was 28%. Among HIV seronegative patients, conversion to a 

negative smear status after eight-week of treatment occurred in 76% persons 
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compared to 78% in HIV seropositive patients, a difference that was not statistically 

significant (OR = 0.9; 95% CI, 0.6-1.5). HIV seropositive patients, however, were 

more likely to die (p = 0.017). A high prevalence of resistance to isoniazid and 

streptomycin was found. Isoniazid resistance was more likely in HIV seronegative 

patients with M. tuberculosis strains compared to HIV seropositive persons (p < 

0.005). Initial resistance to antituberculosis drugs did not have a significant effect on 

smear conversion. In conclusion, this study demonstrates that HIV-seropositive status 

is not a principal factor in delaying sputum conversion among patients receiving 

intensive phase tuberculosis treatment. 

 

Chapter 7 quantifies the contribution of tuberculosis services in identifying 

antiretroviral therapy (ART) eligible individuals. Using TB notification data, HIV 

seroprevalence data, and estimates of the adult population (15-49 years) in 18 sub-

Saharan African countries with an HIV seroprevalence of more than 5%, calculations 

of the number of ART eligible adults with tuberculosis presenting to tuberculosis 

services were made. The probability of having a CD4+ count of below 350 cells/ mm3 

given a diagnosis of tuberculosis was estimated using Bayes’ theorem. The results 

showed that ART eligible adults with tuberculosis potentially identifiable through 

tuberculosis services in the 18 countries ranged from 2 – 18% of the total HIV-

infected adult population with a CD4+ count of below 350 cells/ mm3. Overall, 

tuberculosis patients with CD4+ count of below 350 cells/ mm3 identified by 

tuberculosis services would constitute 10% of the HIV-infected adult population with 

a CD4+ count below 350 cells/ mm3.  It is concluded that tuberculosis services are an 

important entry point for identifying ART eligible patients. However, given that 

dually-infected patients identified through tuberculosis services contributed to 10 % 

of the HIV-infected adult population with a CD4 cell count below 350 cells/mm3 in 

the 18 sub-Saharan African countries with an HIV seroprevalence of >5%, major 

efforts are required beyond the tuberculosis services in detecting patients that should 

benefit from antiretroviral therapy. 

  

In chapter 8 a general discussion is presented on the research results. 
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Besmetting met HIV heeft een bijzonder grote impact gehad in het Afrika ten 

zuiden van de Sahara. 

In de loop van de laatste decennia zijn HIV-gerelateerde infecties verworden tot de 

belangrijkste oorzaak van morbiditeit en mortaliteit in het Afrika ten zuiden van de 

Sahara. In deze dissertatie wordt de invloed van HIV infectie op lepra en 

tuberculose belicht. Gezien de inspanning van de internationale gemeenschap om 

goedkope en betaalbare virusremmers (ART) beschikbaar te maken voor de met 

HIV besmette bevolking van de ontwikkelingslanden, wordt in deze dissertatie ook 

de invloed onderzocht die de inzet van tuberculose gezondheidsdiensten volgens het 

plan van de Wereldgezondheidsorganisatie (WHO) om van het aantal met HIV 

besmette mensen dat virusremmers gebruikt de komende jaren te verhogen. 

 

In hoofdstuk 2 worden de resultaten gepresenteerd van een case-control studie in 

Oeganda naar de relatie tussen lepra en HIV-1 besmetting. Voor deze studie werden 

in acht Oegandese districten 189 nieuwe leprapatiënten en een overeenkomstige 

controle groep, bestaande uit 481 personen, gerekruteerd. De bloedmonsters van 23 

(12.2%) van de 189 lepra patiënten waren positief voor HIV-1 antilichamen 

tegenover 88 (18.3%) uit 481 van de controle groep. De percentages HIV 

seropositieve monsters in beide groepen verschillen statistisch gezien niet.  

Een gestratificeerde analyse van de data per district toont alleen een negatieve 

correlatie tussen lepra en HIV infectie voor het Rakai District (0.04 < odds ratio < 

0.61, p = 0.002).  

Observationele onderzoeken naar de klinische progressie van dubbel-geinfecteerde 

patiënten wordt aangeraden omdat deze studies mogelijk kunnen bijdragen aan 

nieuwe kennis omtrent een mogelijke relatie tussen HIV en lepra en aan kennis over 

de immunologie van lepra in het algemeen. 

 

In het derde hoofdstuk wordt, naast de presentatie van een retrospectief onderzoek 

naar de epidemiologische karakteristieken van lepra, de basis gelegd voor 

toekomstige prospectieve onderzoeken naar reacties. 

In het voornoemde retrospectieve onderzoek werden in het Buluba Hospital 

gedurende een periode van vijf jaar (1985-89) 256 reactieve episodes van zowel 

reversal reaction als erythema nodosum leprosum (ENL) geregistreerd. 
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Meer dan 90% van deze episodes bestond uit reversal reactions ,waar ENL slechts 

sporadisch werd gezien. Terwijl alle ENL episodes zich voordeden tijdens 

chemotherapie, gold dat voor ongeveer 80% van de reversal reactions. In meer dan 

70% van alle reactieve episodes was er een duidelijk klinisch beeld t.a.v. 

betrokkenheid van huid en zenuwen. De noodzaak wordt onderstreept om het effect 

van meervoudige medicatie op de incidentie van reacties te beoordelen, evenals het 

ontwikkelen van gevoeliger diagnostiek om neuritis in een vroeg stadium op te 

sporen. Gelijktijdig is het noodzakelijk om onderzoek te verrichten naar patiënten, 

die recidiverende reactieve episodes ontwikkelen. 

 

Hoofdstuk 4 beschrijft de bevindingen van een prospectieve cohort studie naar de 

incidentie van type 1 reacties en neuritis onder HIV seronegatieve en HIV 

seropositieve leprapatiënten. Er werd een associatie gevonden tussen HIV 

seropositiviteit en een hogere incidentie van type 1 reacties onder patiënten met 

meervoudige bacteriële infecties (MB), in 9 van de 12 HIV seropositieve en in 8 van 

de 40 HIV seronegatieve MB patiënten (p < 0.0005) werd een type 1 reactie 

waargenomen. De incidentie van neuritis was overeenkomstig significant verhoogd 

onder de seropositieve MB patiënten, waarvan 8 acute neuritis ontwikkelden in 

vergelijking tot 3 van de seronegatieve patiënten (p < 0.0005). Onder de 

seropositieve en seronegatieve patiënten met enkelvoudige bacteriële infecties werd 

er geen significant verschil gevonden voor deze complicaties. Het resultaat van de 

behandeling met steroïden van de acute neuritis in de totale populatie was gelijk in 

zowel de HIV seronegatieve als de HIV seropositieve patiënten.  

 

Interessante of ongebruikelijke ontwikkelingen in verloop van de lepra behandeling 

van dubbel-geinfecteerde personen worden in Hoofdstuk 5 gepresenteerd in de vorm 

van individuele patientenverslagen. Een van de patientenverslagen schetst het 

verhaal van een achtentwintigjarige vrouw met zowel BL lepra als een HIV infectie. 

Haar klinische beloop werd gevolgd tot aan het voltooien van haar MDT. 

Gedurende deze periode had zij recidiverende reactieve episodes, ontwikkelde 

zenuwbeschadigingen evenals andere tussentijdse aandoeningen, waarvan een aantal 

misschien gerelateerd waren aan de medicatie met steroïden. 

Verder worden de patientenverslagen gepresenteerd van twee Oegandese mannen, 

de eerste rapporten in equatoriaal Afrika, met lepra, Kaposi’s sarcoom en acquired 
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immune deficiency syndrome (AIDS). Alle medici, die lepra patiënten met een 

Kaposi’s sarcoom behandelen, zullen rekening moeten houden met de mogelijkheid 

van een HIV infectie. 

 

In Hoofdstuk 6 worden de resultaten gepresenteerd van een prospectieve cohort 

studie naar de respons op de tuberculose behandeling onder HIV seronegatieve en 

HIV seropositieve patiënten na twee maanden van intensieve fase tuberculose 

behandeling. Vierhonderd zeven en vijftig patiënten, met een sputum uitstrijkje 

positief voor tuberculose en geen voorgaande behandeling, werden opgenomen in 

het St. Francis Lepra Centrum in zuidoost Oeganda tussen 1991 en 1993. De 

patiënten kregen een acht-weekse intensieve fase therapie van rifampicine, 

streptomycine, isoniazide en pyrazinamide. De prevalentie van HIV seropositiviteit 

in deze populatie was 28%. Bij de HIV seronegatieve patiënten was van 76% na 

acht weken behandeling het sputum uitstrijkje negatief in vergelijking tot 78% bij de 

HIV seropositieve patiënten, een verschil dat niet statistisch significant is (OR = 0.9, 

95% CI, 0.6-1.5). De HIV seropositieve patiënten hadden daarentegen wel een 

groter kans om te komen te overlijden (p = 0.017). Er werd ook een hoge 

prevalentie van resistentie tegen isoniazide en streptomycine gevonden. Isoniazide 

resistentie kwam meer voor onder HIV seronegatieve patiënten met een M 

tuberculosis stam dan bij HIV seropositieve patiënten (p < 0.0005). Initiële 

resistentie tegen tuberculostatica had geen significant effect de conversie van de 

sputum uitstrijkjes. 

Tot besluit toont deze studie aan dat HIV seropositiviteit geen onderscheidende 

factor is voor vertraging van de sputum conversie bij patiënten die een intensieve 

fase tuberculose behandeling ondergaan. 

 

Hoofdstuk 7 kwantificeert de bijdrage van tuberculose gezondheidsdiensten aan de 

identificatie van individuen, die geschikt zijn voor antiretroviral therapie (ART). 

Er is gebruik gemaakt van data met betrekking tot TB notificatie, HIV seroprevalentie 

en de schatting van de volwassen populatie (15-49 jaar) in 18 Afrikaanse landen ten 

zuiden van de Sahara met een HIV seroprevalentie van meer dan 5%. Hiermee zijn er 

berekeningen gemaakt van het aantal volwassen met tuberculose dat zich meldt bij 

een tuberculose dienst en dat in aanmerking komt voor ART. De waarschijnlijkheid 

van een CD4+ telling lager dan 350 cellen/ mm3 is geschat d.m.v. Bayes’ theorema. 
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De resultaten laten zien dat het percentage volwassenen, dat in aanmerking komt voor 

ART en dat mogelijk geïdentificeerd kan worden via de tuberculose dienst, varieert in 

de 18 landen tussen de 2-18% van het totale aantal HIV-geïnfecteerde populatie met 

een CD4+ telling lager dan 350 cellen/ mm3. In totaal zouden de tuberculose patiënten 

met CD4+ lager dan 350 cellen/ mm3, die geïdentificeerd worden door de tuberculose 

diensten, zo’n 10% van de met HIV besmette volwassenen met een CD4+ telling 

lager dan 350 cellen/ mm3 uitmaken. 

De conclusie is dat de tuberculose diensten een belangrijk ingangspunt vormen bij het 

identificeren van patiënten die in aanmerking komen voor ART. 

Gegeven feit is echter dat de dubbel-geinfecteerde patiënten, die geïdentificeerd 

werden door deze diensten, 10% uitmaken van de HIV-geïnfecteerde volwassenen 

met een CD4+ telling lager dan 350 cellen/ mm3 in 18 Afrikaanse landen ten zuiden 

van de Sahara met een HIV seroprevalentie van meer dan 5%. Het zal het duidelijk 

zijn dat grotere krachtsinspanningen nodig zijn dan de inzet van de tuberculose 

diensten voor de identificatie van die patiënten, die zouden moeten kunnen profiteren 

van de antiretroviral therapie.  

 

In hoofdstuk 8 wordt een algemene discussie gepresenteerd over de 

onderzoeksresultaten. 
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