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CHAPTER 14

SUMMARY

The Human Immunodeficiency Virus (HIV) pandemic remains a public health issue of immense 
dimensions. Since the widespread introduction of antiretroviral therapy (ART) major improvements 
have been made in preventing mortality and morbidity, but the lives of too many people are still 
affected by HIV-related illnesses. Especially sub-Saharan Africa is strongly hit by the epidemic, and 
apart from health effects, the socio-cultural implications of a positive HIV test in this part of the world 
often remain devastating, due poor health care infrastructure, economic  effects and stigma.
Tuberculosis (TB) remains the most important opportunistic infection and the number one killer among 
HIV-infected individuals. After incidence and mortality rates due to TB had decreased for a couple 
of decades, the HIV epidemic fuelled a fierce increase in the incidence of TB in the nineties, with 
alarming mortality rates. Although TB drug resistance is a longstanding problem, threatening many 
health systems in affected regions, it took another 20 years before the first new TB drug was approved, 
in 2012; bedaquiline was the first new drug to be permitted in clinical practice since 40 years. 
In this thesis, we demonstrate that challenges remain, even in the ART era, and despite the approval 
of new TB drugs. On one hand, socio-cultural and economic factors prevent accessibility of modern 
HIV and TB care in remote settings.  On the other hand, challenges remain even in settings with more 
resources, like South Africa, where in certain populations of patients with HIV-associated TB mortality 
rates approach 30%, even with initiation of adequate treatment. Despite the major improvements 
that have been made over the past decades, continuous efforts in research and public health will be 
needed to curb the epidemics, prevent mortality and halt emerging problems like drug-resistance. 
In Section I we gave an overview of the dimension of the HIV and TB pandemics (Chapter 2), and 
discussed the emerging problem of drug resistance of TB (Chapter 3). Thereafter, we zoomed in on a 
remote area straddling the equator: the Central African region (Chapter 4). Although HIV originates 
from this region, there continues to be a lack of systematic research within this area (apart from 
Cameroon, where there is a considerable amount of research activities). Local public health care 
systems need to be improved and implementation of improved diagnostics and therapeutics deserves 
attention. In the field of infectious diseases it is of eminent importance to view epidemics in a global 
perspective, taking into account geographical, environmental, genetic and societal variations. We 
concluded that better understanding of the features of the HIV and TB epidemics in the Central African 
region were urgently needed, and the work described in this thesis is an important contribution to the 
body of literature in this region. 
Part of our research was conducted in the Central African country Gabon, where in the town 
Lambaréné, in the middle of the dense rainforest, Albert Schweitzer founded his hospital in 1913. In 
the footsteps of this early tropical doctor, a research unit was initiated in the nineties, focussing on 
parasitic infections. Our research was part of pioneering work on HIV and TB in the region, and the 
initiation of a collaboration with the local HIV clinic. In Section II we address several issues considering 
the management of HIV in the setting of Gabon. In our retrospective study (Chapter 5) on factors 
impacting on retention to HIV care at the local HIV clinic, we found that loss to follow up was high, 
with 34% of patient being lost to follow up during the first two years after presentation to the HIV 
clinic. Documented TB was associated with increased risk of being lost to follow up, whereas early 
initiation of ART was associated with a decreased risk of being lost to follow up. This latter finding was 
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confirmed by qualitative data from focus group discussions with patients who returned after being 
lost to follow up; frustrations about not starting ART and not feeling supported by the health care 
staff were the main reasons mentioned. These findings exemplify the importance of effective and 
supportive counselling in HIV care and are supportive of recent strategies of early initiation of ART. 
In a prospective cohort of treatment-naïve patients initiating ART in Lambaréné, we investigated the 
incidence and risk factors of the immune reconstitution inflammatory syndrome (IRIS) (Chapter 6). 
IRIS is the term to describe a paradoxical worsening of a concurrent infection, or unmasking of a 
previously undiagnosed condition in HIV-infected individuals with immune recovery on ART. IRIS is an 
important factor for morbidity after ART initiation, complicating HIV care and potentially impacting 
on retention to care. We found a surprisingly low incidence of IRIS in Lambaréné: IRIS was diagnosed 
in five of 101 patients followed up (cumulative incidence of 6.3%). Most cases were unmasking 
mucocutaneous manifestations of the syndrome, which were relatively mild and could be resolved 
with topical treatment and continuation of ART. Literature review, performed to put our research into 
perspective, indicated a lower incidence of unmasking IRIS in equatorial settings, with less clear results 
for paradoxical IRIS. 
Despite major reductions in mortality and morbidity since the implementation of ART, life expectancy 
of HIV-infected individuals remains reduced. This has partly been related to cardiovascular disease, 
in which chronic inflammation and coagulation activation may play a role. In the last chapter of this 
section, we determined the influence of concurrent opportunistic infections on procoagulant responses, 
endothelial activation and tissue damage in HIV-infected individuals (Chapter 7). We found that HIV 
affects systemic responses involved in coagulation and endothelium activation, potentially leading to 
tissue damage. The impact of concurrent opportunistic infections (TB, mucocutaneous opportunistic 
infections) on these systemic changes seemed to be limited, at least in this ambulatory population. 
Response to ART led to only partial restoration of the biomarkers for inflammation and coagulation 
studied, suggesting a role for HIV-driven immune activation, which persists at least temporary after 
virologic suppression.   
The HIV epidemic in Central Africa differs in several aspects from other regions in the world, including 
the high background prevalence of helminth co-infections, on which we focus in Section III. Helminth 
infections drive a T-helper 2 response, whereas HIV drives promotes T-helper 1 responses. The case 
report included here illustrates the complex interplay of helminth and viral infections, which in 
some cases can lead to severe hyperinfection syndromes, and can render CD4 counts a misleading 
entity (Chapter 8).  In our cross-sectional study we aimed to investigate whether ART exposure and 
cotrimoxazole prophylaxis were associated with a reduced prevalence of helminth infections (Chapter 
9). Helminth infection was common in our study population, with 30.5% carrying one or more helminth 
infections. Filarial infections were most prevalent (17.7%); followed by infection with intestinal 
helminths (11.8%) and Schistosoma haematobium (5.9%). We found that cotrimoxazole prophylaxis 
was associated with a decreased risk of Loa loa infection, suggesting an anthelminthic effect of this 
antimicrobial. No association of ART use and prevalence of helminthic infections was observed. 
In Section IV we elaborate on the most important opportunistic infection in HIV-infected individuals: TB. 
Firstly, we discuss diagnostic and therapeutic challenges in Gabon, a remote setting where resources 
are scarce. Diagnosis of TB in HIV-infected individuals is cumbersome, especially in settings were basic 
microbiology infrastructure is lacking. TB culture and new molecular diagnostics like the Xpert® MTB/
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RIF assay are not routinely available in Gabon, although recently this changed with the building of a 
TB laboratory at CERMEL. In a case series, we screened HIV-infected individuals for extrapulmonary 
TB with a previously described standardized protocol for fast assessment with sonography of HIV/
TB patients (FASH), with the rather unexperienced physician being supervised by a specialist through 
Skype (Chapter 10). This illustrated how telemedicine can be of use in settings where other means 
of imaging support are often not available, particularly in the era of increased internet connectivity. 
While diagnosing several patients with drug-resistant TB in a first TB cohort in Lambaréné (1), the issue 
of accessibility of TB drugs became increasingly pressing. Our interviews with health care professionals 
in Gabon revealed limited access to first- and second-line TB drugs (Chapter 11). This work was part of 
a huge (successful) effort to provide access to second-line TB drugs in Gabon. 

In the last part of this thesis, we report from a setting with more resources, but also with more 
patients suffering from HIV and TB: South Africa. Although health care facilities in the Western Cape 
province are among the best in the country, Cape Town copes with a high prevalence of TB, with 
high mortality rates among patients hospitalised with severe HIV-associated TB despite treatment 
for both diseases. The causes for this high mortality remain to be elucidated. Our investigations 
were part of a larger study, the Khayelitsha Hospital TB study, aiming at defining interventions to 
reduce mortality. In our prospective cohort, 12-week mortality was approaching 30%; over 50% of 
patients with microbiologically confirmed TB had positive blood cultures for M. tuberculosis. In our 
first study, we focused on the function of the innate immune system (Chapter 12). We performed 
whole blood stimulations with E. coli derived lipopolysaccharide, heat-killed S. pneumoniae and heat-
killed M. tuberculosis, and measured markers of inflammation and sepsis syndrome, intracellular 
(flow cytometry) and secreted cytokines (Luminex). Higher plasma concentrations of inflammation 
markers of sepsis were associated with mortality, as well as activation of the innate immune system  
(% CD16+CD14+ monocytes, interleukin-6, tumor necrosis factor-ɑ and colony stimulating factor 3), 
and anti-inflammatory signalling markers (higher levels of interleukin-1RA and lower monocyte and 
neutrophil responses to bacterial stimuli). Poor innate responses to bacterial antigens in patients who 
died, particularly to S. pneumoniae, the most important pathogen evoking bacterial sepsis in HIV-
infected patients, suggest that patients with HIV-associated TB are particularly vulnerable to these 
infections, due to defects in host-defence to infection with both Gram-negative and Gram-positive 
bacteria.  
In the second study on this cohort we focused on coagulation and endothelial activation in severe HIV-
associated TB (Chapter 13). In contrast to the study in Gabon, where we recruited ambulatory patients, 
in this severely ill hospitalized population we found that TB was associated with profound changes in 
all pathways studied, compared to the asymptomatic HIV-infected control population. We found that 
mortality was associated with higher concentrations of markers of coagulation activation (D-dimer, 
tissue plasminogen activator,  plasminogen activator inhibitor 1, platelet function (platelet factor 4), 
endothelial activation (Angiopoietin (Ang)-2, Ang-2/Ang-1 ratio, decreased ADAMTS-13 (a disintegrin 
and metalloproteinase with a thrombospondin type 1 motif, member 13)), matricellular proteins 
(Tenascin-C and metallopeptidase inhibitor 1) and tissue damage (neutrophil gelatinase-associated 
lipocalin, Cystatin C, trefoil factor 3), and with decreased markers of anticoagulation (antithrombin, 
total and free protein S). Coagulation factors involved in the common pathway of the coagulation 
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cascade were depleted (factor II, V, X), associated with increased clotting times (PT, aPTT and INR) in 
patients who died. Altogether, this may lead to thrombo-embolic events and microvascular damage, as 
was illustrated by increased markers of tissue damage. The profound abnormalities described suggest 
a role for dysregulation of the coagulation system in mortality in severe HIV-associated TB, warranting 
further research. 
Surprisingly, the impact of mycobacteraemia on innate immune function, as well as on coagulation 
activation seemed to be limited. Similarly, mortality and severe sepsis were frequent in our cohort, 
regardless of mycobacterial blood culture status.  

FUTURE PERSPECTIVES

Altogether, this thesis gives an overview of challenges that remain in the field of HIV and associated 
co-infections, reaching from programmatic difficulties and limited access to modern care in remote 
settings like Gabon, to challenges driven by a lack of insight in pathophysiologic mechanisms driving 
mortality in settings where access to health care is comparatively good, like Cape Town, South Africa. 
Our pioneering work on HIV and TB in Gabon illustrates the importance of putting research on 
infectious diseases in a global perspective. There are ample factors of influence in different geographic 
settings, causing a variety in clinical syndromes and epidemiologic characteristics, mandating different 
public health and therapeutic approaches. For example, our work on IRIS in Gabon reveals a very 
different clinical spectrum and a much lower incidence of the syndrome compared to settings where 
most of the research on IRIS has been conducted, including South Africa, Uganda and Mozambique (2-
4). Future research is needed to confirm these epidemiologic differences and to unravel the causative 
factors, which may lie in easy-to-explain differences like a relatively high CD4 count at presentation and 
a less crowded clinic in Gabon, facilitating a pre-ART work-up for infectious diseases.  However, this 
may not explain the vast differences seen, as diagnostic methods are limited and there is a substantial 
proportion of patients presenting with an advanced stage of HIV. Other pathophysiologic mechanisms 
may play a role, including the high background of helminth infections (5), causing a shift towards T 
helper 2 responses, vitamin D deficiency (6, 7) being less prevalent in equatorial settings, or a high 
genetic diversity of HIV in Central Africa, affecting the clinical spectrum of the disease (Chapter 4). On 
the other side, results of our work on factors associated with retention to HIV care are in line with what 
has been published for other settings in sub-Saharan Africa (8, 9) , and is in favour of early initiation of 
ART in HIV-infected individuals, as recently proposed by the World Health Organization (10). However, 
these strategies can only be successful if combined with a considerable scale-up of intensive and 
supportive counselling, as personal concerns of patients might form barriers to adherence (11). More 
prospective studies on adherence and retention in care are needed, as initiating ART in patients who 
are insufficiently motivated may be detrimental.
Our observational study on ART and co-trimoxazole prophylaxis and the prevalence of helminth 
infections indicates a reduced prevalence of microfilariasis based on the relatively low number of Loa 
loa infection in patients taking co-trimoxazole (Chapter 9) . Filariasis is a neglected tropical disease, 
and to date, effective and safe treatment is not available. As an observational cross-sectional study 
design is not the method of choice to observe a therapeutic effect, our results need to be interpreted 
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with caution. However, antifilarial effects of dihydrofolate reductase (DHFR) inhibitors (to which class 
co-trimoxazol belongs) have been described for lymphatic filariae as well (12). Our study suggests that 
co-trimoxazole may have antifilarial effects on Loa loa microfilaria, most likely by inducing apoptosis of 
the parasites (12, 13). Future studies should aim at assessing the effects of co-trimoxazole on blood-
dwelling microfilariae and other helminths, as this might be an effective, safe and cheap alternative to 
the few existing treatment options. 
The last part of this thesis focused on HIV-associated TB. Our pioneering work on this subject, 
including introduction of remotely supervised ultrasound (or ‘remote FASH’) (Chapter 10) , gathering 
of basic epidemiologic information ((1), not included in this thesis), and a survey on the accessibility 
of TB drugs (Chapter 11) illustrates how much can be achieved with a strongly motivated group of 
people. The case series investigated with remote FASH was a proof of concept study, and in this setting 
remote FASH proved to be helpful in diagnosing or excluding TB in HIV-infected individuals. This type of 
supervision could be taken further as an adjuvant tool, for example after an intensive course on FASH 
(14), to make sure the methodology learned is  consolidated and introduced into the daily practice of 
participating doctors in remote settings. 
The limited access to second-line TB drugs became increasingly pressing as many drug-resistant 
cases began to be diagnosed by an observational TB cohort study (1). Our survey among health care 
professionals in Gabon contributed in the joint effort of researchers and health care professionals 
to make second-line drugs available. At the time of writing this summary, second line TB drugs are 
available in Lambaréné, although still in a research setting; the public health provision of these 
expensive drugs still needs to be established.       
Although it is widely known that HIV affects the acquired immune system, in recent years more 
attention has been drawn to its impact on the innate immune system. Failure of cellular immune 
recovery while on ART has been associated with mortality in patients with HIV-associated TB (15, 
16). Our findings of increased inflammation concurrent with dysfunctionality of the innate immune 
system in patients with severe HIV-associated TB suggest that the high mortality in this patient group 
is associated with an immunological phenotype similar to that seen in bacterial sepsis (Chapter 
12). Disseminated TB in the context of advanced HIV infection can significantly impair host innate 
responses to bacteria, resulting in an immunological predisposition to bacterial superinfections (17, 
18). Future research should aim at quantifying the impact of concurrent bacterial infections in patients 
with HIV-associated TB, and to translate interventions proven useful for treatment of bacterial sepsis 
to therapeutic interventions for severe HIV-associated TB.  
Our findings on coagulation and endothelial activation in HIV with or without active TB might seem 
somewhat conflicting. In Gabon, we found that concurrent active TB had little impact on markers of 
coagulation and endothelial activation, and that the majority of these systemic responses seemed 
to be driven by HIV-associated immune activation (Chapter 7).  Although a significant proportion of 
these patients presented in an advanced stage and many of them were clinically ill, characteristics of 
this ambulatory population were different compared to the profoundly ill hospitalised population in 
South Africa. In the latter population we found profound differences in coagulation, anticoagulation, 
endothelial activation and tissue damage in patients with HIV associated TB compared to HIV only, 
many of them being associated with mortality (Chapter 13). This illustrates that TB, when it is relatively 
confined and controlled by the host, has only little effect on coagulation abnormalities, whereas in 
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more severe forms TB can lead to vast haemostatic changes. Further research is needed to assess the 
impact of disseminated intravascular coagulation and thrombotic events on mortality in severe HIV-
associated TB. 
To conclude, this thesis shows that challenges remain in the field of HIV and TB, and continuous effort 
will have to be made to improve accessibility of care in neglected areas like Central Africa  and to resolve 
pathophysiologic mysteries like the high mortality in severe HIV-associated TB, even in relatively well 
equipped settings like the Western Cape province in South Africa. Whilst it is important to tackle the 
co-epidemic head-on in its areas of highest prevalence, such as in South Africa, regions such as Central 
Africa must not be neglected in the attempts to control the co-pandemic effectively. Curbing the HIV 
and TB epidemics, and working towards elimination of both infectious diseases, will only be possible 
through a joint approach of clinical research and public health investments, translating findings of 
basic science into practice.
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