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CHAPTER 01

THE HUMAN IMMUNODEFICIENCY VIRUS 

History
More than 3 decades after its discovery, the lives of almost 78 million people have been affected by the 
Human Immunodeficiency Virus (HIV). If left untreated, HIV can lead to the acquired immunodeficiency 
syndrome (AIDS) which can be fatal; to date, approximately 39 million people have succumbed to 
AIDS-related illnesses (1). AIDS was first clinically observed in the early eighties in the United States, 
among drug users and homosexual men (2). However, this was only after the virus had crossed the 
Atlantic Ocean, prior to which it had well established itself in its region of origin: Central Africa (3). 
Both HIV viruses, HIV-1 and HIV-2, originate from evolution from the Simian Immunodeficiency Virus 
(SIV), infecting non-human primates in West-Central Africa (3). It is thought that the virus jumped the 
species barrier in the early 1900s, possibly through hunting and preparation of bushmeat (4) (5). The 
earliest well-documented case of a human infection with HIV dates back from 1959, in an individual in 
Belgian Congo (6). Although the epidemic was most likely well-established and stable in Central Africa 
in the first half of the previous century, a more dramatic spread was only possible with circumstances 
that facilitated transmission: colonialism leading to urbanisation with increasing risk behaviour, the 
spread of genital ulcer disease and increased travelling.   

Clinical aspects
HIV is transmitted through contact of certain body fluids, including blood, semen, rectal and 
vaginal fluids and breast milk, with a mucous membrane or damaged tissue. Most common ways of 
transmission are sexual intercourse and reuse of needles or syringes. HIV mainly infects CD4+ T cells, 
or T-helper cells. CD4+ T cells are essential for host responses to intracellular bacteria and protozoa. 
If left untreated, infection with HIV will lead to depletion of CD4+ T cells within years, leading to 
increased susceptibility to certain pathogens (so-called opportunistic infections) and thus the AIDS 
syndrome. A list of AIDS-related illnesses and clinical staging is depicted in Table 1. 

Epidemiology
Since the discovery and worldwide implementation of antiretroviral therapy (ART), mortality and 
morbidity have been reduced greatly; however, major challenges remain to be addressed. Despite 
ART being accessible for the majority of patients in need, life expectancy remains shorter compared 
to uninfected individuals, even in resource rich settings (7). In terms of epidemiologic characteristics, 
vast differences remain across the world: very low prevalences in resource rich settings, where the 
virus is mostly encountered in risk groups like men having sex with men, intravenous drug users and 
immigrants, with on the contrary moderate to high prevalences in resource poor settings, with the 
highest burden of the epidemic in sub-Saharan Africa where in certain settings more than 10% of the 
young adult population is infected (Figure 1). 
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01Table 1 Clinical staging of HIV and AIDS

WHO Clinical Staging of HIV/AIDS for Adults and Adolescents; Adapted from World Health Organization. WHO 
Case Definitions of HIV for Surveillance and Revised Clinical Staging and Immunological Classification of HIV-
Related Disease in Adults and Children; 2007.

Table 1 Clinical staging of HIV and AIDS 

Clinical stage Clinical Conditions or Symptoms 
Primary HIV Infection Asymptomatic 

 
Acute retroviral syndrome 

Clinical Stage 1 Asymptomatic 

 
Persistent generalized lymphadenopathy 

Clinical Stage 2 Moderate unexplained weight loss (<10% of presumed or measured body weight) 

 
Recurrent respiratory infections 

 
Herpes zoster 

 
Angular cheilitis and recurrent oral ulceration 

 
Papular pruritic eruptions, seborrhoic dermatitis and fungal nail infections  

Clinical Stage 3 Unexplained severe weight loss (>10% of presumed or measured body weight) 

 
Unexplained chronic diarrhea or fever for >1 month 

 
Persistent oral candidiasis (thrush) or oral hairy leukoplakia 

 
Pulmonary tuberculosis 

 
Severe bacterial infections 

 
Acute necrotizing ulcerative stomatitis, gingivitis, or periodontitis 

 
Unexplained anemia  

 
Neutropenia and chronic thrombocytopenia 

Clinical Stage 4 HIV wasting syndrome (weight loss > 10% plus chronic diarrhea, weakness or fever) 

 
Pneumocystis pneumonia 

 
Extrapulmonary tuberculosis 

 
Disseminated non-tuberculosis mycobacterial infection 

 
Recurrent severe bacterial pneumonia 

 
Recurrent nontyphoidal Salmonella bacteremia 

 
Cryptococcosis, extrapulmonary (including meningitis) 

 
Central nervous system toxoplasmosis 

 
Progressive multifocal leukoencephalopathy 

 
Kaposi sarcoma 

 
Cytomegalovirus infection (retinitis or infection of other organs) 

 
Esophageal candidiasis or candida of trachea, bronchi or lungs 

 
Disseminated mycosis  

 
Chronic herpes simplex infection  

 
Chronic cryptosporidiosis (with diarrhea) or isosporiasis 

 
HIV encephalopathy 

 
Symptomatic HIV-associated nephropathy 

 
Symptomatic HIV-associated cardiomyopathy 

 
Lymphoma (cerebral or B-cell non-Hodgkin) 

 
Invasive cervical carcinoma 

 
Atypical disseminated leishmaniasis 

 
Reactivation of American trypanosomiasis (meningoencephalitis or myocarditis) 
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Fig. 1 Worldwide HIV prevalence among adults. 

Map showing the estimated HIV prevalence in adults (15-49 years) in 2015, by WHO region (Reprinted from WHO 
Global Health Observatory data on HIV AIDS, 2016). 

TUBERCULOSIS

History 
Tuberculosis (TB) is an ancient disease that has been affecting humans since thousands of years (8). 
DNA of M. tuberculosis (Mtb), the most frequent causative pathogen of TB, has been found in bones 
of Egyptian mummies (9). During the industrial revolution, there was a steep rise in the burden of 
TB, mainly among the urban poor people, with in 1815 in London one in four people succumbing 
due to ‘consumption’ (8). With the improvement of housing, nutrition and hygienic circumstances 
the prevalence of TB declined. Before the discovery of antibiotic therapy TB was treated in sanatoria, 
with the rationale that good nutrition, fresh air and rest would facilitate the patients’ immune system 
to fight the disease.  In recent years, there has been new interest in this hypothesis, as it was found 
that vitamin D may play an important role in TB susceptibility (10). With the discovery of an effective 
antibiotic regimen to treat the disease there was a further decrease of the prevalence of TB. However, 
fuelled by the HIV epidemic in the nineties, there was a dramatic increase in the number of TB patients 
worldwide, with most cases in Asia and, again sub-Saharan Africa (8).  

Clinical aspects
After infection with Mtb, there are three options that can occur: the host can clear the infection, the 
mycobacterium can lead to active disease or can establish a latent infection within a granuloma in the 
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01lung, with the latter option being most likely. About one third of the world population has latent TB; 
fortunately, the lifetime risk to develop active TB of an individual with latent TB is only 10% (8).  This 
risk increases with flaws in the immune system, like use of immunosuppressive drugs, or HIV infection. 
The classical presentation of active TB, in the past often referred to as ‘consumption’ or ‘the white 
plague’, is a cavitary pulmonary infection (Figure 2). However, TB may cause disease of practically any 
organ, and extrapulmonary TB is more common in immunocompromised individuals, where it is often 
a challenge to establish the diagnosis. After entering the lungs, Mtb is phagocytosed and surrounded 
by activated macrophages and lymphocytes that form a granuloma, usually leading to a controlled 
infection. CD4+ T-cells are essential in controlling Mtb growth within a granuloma, thus, when HIV 
infection leads to impaired functionality and depletion of these cells, the probability to develop active 
TB increases.     

Fig. 2 Chest radiograph of an individual with pulmonary TB. 

Chest radiograph of an HIV infected individual with active pulmonary TB, with massive lung destruction and 
cavitary lesions (Source S. Janssen, chest film of a patient at the HIV clinic in Lambaréné, Gabon).
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Epidemiology
In 2014, 9.6 million people fell ill with TB and 1.5 million died from the disease, and over 95% of 
TB cases and deaths occur in low- and middle-income countries (WHO 2015). TB remains the most 
frequent opportunistic infection, and is still an important cause for mortality and morbidity in HIV-
infected individuals, mainly in sub-Saharan Africa.  In 2015, one in three HIV deaths was due to TB 
(WHO 2015).  

HELMINTHS

Epidemiology 
Soil-transmitted helminth infections, schistosomiasis and microfilariasis form part of the so-called 
‘neglected tropical diseases’ (Figure 3). They occur mostly in the setting of extreme poverty and are 
widely distributed in tropical and subtropical areas. Globally, more than 2 billion people are estimated 
to be infected with soil-transmitted helminths, and the geographical distribution of these infections is 
overlapping considerably with regions of high HIV-1 sero-prevalence (11, 12) (Figure 4). Helminth and 
other parasitic infections have been hypothesized to be factors likely to be driving the HIV-1 epidemic 
in Africa (13). Helminth infections play a role in the pathogenesis of HIV-1 infection in Africa, due to 
their profound effects on the host immune system: parasitoses may increase susceptibility to HIV-1 
infection and progression to AIDS (13, 14). 

Fig. 3 Soil transmitted helminths, schistosomiasis and microfilariasis. 

Figure showing eggs and larvae of respective parasites, discussed in the section on helminth infections. Photographs 
courtesy of Sabine Bélard, Lambaréné, Gabon.
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01Fig. 4 Soil transmitted helminthiases. 

Map showing the proportion of children (1-14 years) in the country requiring preventive chemotherapy for soil 
transmitted helminthiases in 2014 (Reprinted from WHO, 2016)

Clinical aspects
Helminths have coexisted with humans for a long time and have well adapted to the human host 
by causing relatively minor pathology, facilitating long-term survival of host and parasite. However, 
soil-transmitted helminths (hookworm, Trichuris trichiuria, Ascaris lumbricoides) remain an important 
cause of anaemia, and, with the intensity of infection being highest in children, cause important 
physical and mental deficits in the pediatric population (12). Strongyloides stercoralis is an important 
cause of diarrhea and malnutrition, and can cause a lethal hyperinfection syndrome in certain risk 
populations. Schistosomiasis (most often caused by Schistosoma haematobium, S. mansoni or S. 
japonicum) can cause abdominal pain and diarrhea (intestinal schistosomiasis), haematuria (urogenital 
schistosomiasis), or hepatosplenomegaly and bladder cancer in more advanced cases. Loa loa, also 
called the African eyeworm, can cause Calabar swellings resulting from filarial migrations in the 
subcutaneous tissues. Treatment of loiasis can be complicated by occurrence of a lysis syndrome, when 
disintegration of microfilariae lead to an inflammatory syndrome, associated with a high mortality.  

Therapeutic implications and HIV co-infection
Helminth infections can increase susceptibility to HIV infection, and may accelerate disease progression 
(15), although the immunological interaction between the two infections is complex and others have 
found results that are conflicting with this hypothesis (14). Treatment of intestinal helminth infections 
and schistosomiasis is relatively simple and cheap, however, current options are limited to a few drugs, 
and emergence of resistance is anticipated (6,7). Currently, no really effective and safe drug is available 
for the treatment of filariases.
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RATIONALE AND OUTLINE OF THIS THESIS

In the first part of this thesis, we address epidemiological caveats and difficulties related to management 
of HIV-infected people in the Central African setting of Gabon, and investigate opportunistic and 
parasitic co-infections in this particular setting. In the second part, we focus on the most important 
opportunistic co-infection in people living with HIV: TB. We address diagnostic and programmatic 
issues related to TB in the Central African setting. Furthermore, we give insight in the pathophysiologic 
mechanisms driving the persistent high mortality rates in hospitalized HIV-TB patients in a sub-Saharan 
setting with more resources, namely South Africa.

Section I – Setting the stage: HIV, tuberculosis, drug-resistance, and neglected areas
Although over the past years major improvements have been achieved and public health strategies 
start mentioning elimination of HIV as a development goal, the HIV pandemic still has an enormous 
impact on public health worldwide. The HIV epidemic has led to an increase of the prevalence of TB, 
after it had decreased for a few decades after the invention of antibiotics and the improvement of 
hygiene and economic circumstances. In Section I (Chapter 2-4) we discuss the magnitude of the two 
epidemics, and set the stage for the research discussed in this thesis. The first two articles, published 
in Dutch, give an overview of the global impact of HIV, TB and drug resistant TB. In the last article, we 
zoom in at the largely neglected Central African region, and give an overview on research activities on 
HIV and TB in the region.     

Section II - HIV and co-infections in Gabon
The HIV and TB co-pandemics continue to enfold with full force in Africa. Whereas epicentres of 
the crisis such as Southern Africa have geared up to turn the tide against the disaster, many areas 
remain as white spots on the maps. Often there is even little basic information at hand regarding the 
magnitude of the problem in terms of its epidemiology, let alone tools at hand to prevent, diagnose, 
and treat further infections.  
One such a neglected area is the francophonic Central African rainforest belt, and within it, Gabon. In 
the central region straddling the equator, in the town Lambaréné in Moyen Ogooué province, lies the 
Albert Schweitzer Hospital (HAS). Its medical research unit, founded only 25 years ago, has emerged 
from a fledgling malaria research unit into one of the worldwide recognized leading centres in tropical 
medicine and infectious diseases, now called the Centre de Recherches Médicales de Lambaréné 
(CERMEL). Our studies were part of a first initiative of HIV and TB research activities in the region, 
aiming to improve local health care by addressing the HIV/TB problem jointly in a clinical research 
manner. For these studies, we initiated a collaboration with the local HIV clinic, apart from HAS being 
one of the two important HIV treatment centres in the town of Lambaréné. 
In Chapter 5 we describe programmatic challenges of HIV care in the ART era in Gabon. As retention 
to care is crucial to success of ART programmes, we investigated factors associated with failure to 
retention to care in Gabon, in order to define interventions for improvement. 
Immune Reconstitution Inflammatory Syndrome (IRIS) is a term used to describe the paradoxical 
worsening of a pre-existing infection or the presentation of a previously undiagnosed condition in 
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01HIV infected patients soon after the commencement of ART (16, 17). IRIS is reported to be a frequent 
problem in patients starting ART and an important cause of mortality and morbidity in the first months 
after ART initiation. As such, it potentially impacts on HIV treatment outcomes in the ART era. As there 
was no data on the prevalence and associated factors of the syndrome in the Central African region, in 
Chapter 6 we provide insight in the basic epidemiology of IRIS in Gabon.   
As stated above, life expectancy of HIV-infected individuals remains reduced despite implementation 
of ART. It has become clear that HIV infection leads to an increased risk of developing cardiovascular 
disease, contributing to the increased mortality in HIV-infected individuals (18, 19). This has been 
related to chronic inflammation and coagulation activation; of which markers have been reported to 
be persistently increased in HIV-positive individuals despite long-term virologic suppression on ART 
(20, 21). In Chapter 7, the last chapter of this section, we address coagulation abnormalities and tissue 
damage in HIV-infected individuals, the effects of initiating ART and the contribution of concurrent 
active TB or mucocutaneous opportunistic infections.

Section III - HIV and parasitic co-infections
In this section we focus on helminthic infections; a group of infections of particular interest to the 
Central African setting. The case report included in Chapter 8 illustrates the complex interplay 
between viral infections affecting the immune system (HIV and HTLV-1) and helminth infections. This 
is relevant, as geographical distributions of various helminth infections, which are highly prevalent in 
many areas, overlaps considerably with regions of high HIV sero-prevalence (12). Treatment options 
for helminthic infections are limited, and there is a paucity of drug-development research in this area. 
Interestingly, limited evidence suggests that ART reduces prevalence of helminth infections in HIV-
infected individuals (22, 23). In Chapter 9, we investigated whether ART exposure and co-trimoxazole 
preventive therapy is associated with a reduced prevalence of helminth infections. 

Section IV - Improving management of TB-HIV co-infected patients
There is a high rate of co-infection with TB in HIV positive patients in much of the developing world. TB 
is the most frequent opportunistic infection and accounts for at least 25% of deaths in AIDS patients 
(24). In certain settings in South Africa more than 95% of TB patients are HIV infected (25). Diagnosing 
TB in immune compromised HIV infected patients is cumbersome. Most of the currently used tests are 
not reliable in this group of patients: sputum smears often remain negative; there may be no TB signs 
on chest X-rays; tuberculin skin tests and IGRA (interferon-γ release assay) tests are not reliable. In 
Chapter 10, we illustrate the value of a simplified protocol for ultrasound based diagnosis of TB in HIV 
infected individuals, FASH (‘Focussed Assessment with Sonography for HIV-associated tuberculosis’) 
(26, 27). Our case series shows its potentially straightforward implementation in remote settings, 
particularly in modern times with improved internet connectivity, even in sub-Saharan settings.  
Treatment of HIV-TB co-infection is complex, and TB drug-resistance is a complicating factor. In Chapter 
11, we show that the availability of TB drugs in a neglected setting like Gabon is problematic and needs 
to be addressed to prevent further emergence of drug-resistant TB. 
In the last two chapters, we focus on factors impacting on mortality in patients with severe HIV-
associated TB in a different setting, namely Cape Town, South Africa. South Africa has been severely 
affected by the HIV epidemic, with approximately 6.8 million people living with HIV in 2014 (UNAIDS). 
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In Khayelitsha, the township where our research was conducted, TB is highly prevalent with a TB 
notification rate of 1,065 per 100,000 persons, and there is a high burden of HIV with a reported 
antenatal HIV seroprevalence of 34%. Although mortality has been greatly reduced in the ambulatory 
population, among those ill enough to be hospitalized, many people die despite initiation of HIV 
and TB treatment. The causes for this high mortality remain to be elucidated. In We investigated the 
contribution of innate immune dysfunction (Chapter 12) and coagulation abnormalities (Chapter 
13) to mortality in a prospective cohort of patients with severe HIV-associated TB in the Khayelitsha 
Hospital.  We assessed whether mycobacterial sepsis contributes to a sepsis syndrome similar to what 
has been reported for bacterial sepsis, and whether these patients are more at risk to die within the 
first 3 months of treatment. Pathophysiologic insights into immune and coagulation abnormalities 
in these patients might help to define interventions to reduce mortality in severe HIV-associated TB. 
To conclude, we summarize our findings and place them into context of scientific literature. We discuss 
conclusions to be drawn from this thesis, and future prospects regarding patient care and further 
research.  
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