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Introduction

GEnEral IntroduCtIon

Since combination antiretroviral therapy (cART) became available in the 1990s, infection 
with the human immunodeficiency (HIV) virus has changed from a death sentence to a 
chronic disease. However, sepsis remains an important cause of morbidity and mortality 
in HIV patients. In this thesis we explore the epidemiology and inflammatory character-
istics of sepsis in HIV-infected patients. In addition, patients with malaria are included in 
some of the studies to study the effects of HIV on the host response in a different acute 
febrile disease, which is highly prevalent throughout the tropical and subtropical world 
and also causes a substantial burden of disease in HIV patients. We hypothesized that 
HIV infection not only increases susceptibility to sepsis, but also might cause a more 
profound imbalance between pro- and anti-inflammatory host responses, resulting in 
increased morbidity and mortality. Here, we first provide a background of HIV, sepsis 
and malaria from a historical and clinical perspective. Essential elements of the immune 
system relevant to the topics discussed in this thesis are introduced, followed by infor-
mation on the study sites where this research was performed, and finally an outline of 
this thesis.

origins of HIV

Somewhere around the early 1900s the HIV jumped from ape to man in southeastern 
Cameroon, Central Africa, probably through the hunting or handling of bush meat. From 
there, around 1920, an infected tradesman must have traveled to Kinshasa, the vibrant 
capital of the Democratic Republic of Congo (DRC) [1]. In the previous decade, the 
richness of the DRCs natural resources, including diamonds, gold, copper and uranium, 
had been discovered, and, to exploit this wealth, a railway network had been built, con-
necting Kinshasa to the interior [2]. For example, the rail lines to Lubumbashi, one of 
the major mining centers in the southeast of the country, which was well connected to 
Southern Africa, carried hundreds of thousands of passengers per year [1]. Phylogenetic 
and phylogeographic analyses, which allow for evolutionary assessment of known HIV 
sequences combined with a study of historical processes that may account for their 
contemporary geographic distribution, recently demonstrated that railway lines are 
the most likely route of early transmission throughout the DRC and to Southern Africa 
(figure 1) [3]. In the 1960s another opportunity for spread arose from the significant 
number of Haitians who came to work in the DRC, and who transported the virus to the 
North Americas [4]. By the time HIV was recognized as the etiological agent of acquired 
immunodeficiency syndrome (AIDS), in 1983 [5], the railway system in the DRC had 
largely collapsed, but the virus had by then firmly established itself throughout the DRC 
and beyond. Currently, an estimated 35.3 (32.2–38.8) million people are infected with 
HIV, the majority living in Africa [6].
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Clinical characteristics of HIV/aIdS

HIV can be transmitted through unprotected sexual intercourse, blood-blood contact, or 
from mother to child during pregnancy, childbirth and breastfeeding. The clinical course 
of HIV-1 infection is characterized by a gradual loss of CD4 T cells, which eventually 
results in profound immunodeficiency (AIDS) and death by opportunistic infections and 
malignancies. Although its origins are found in Africa, clinically AIDS was first recognized 
as a disease of homosexual men in the USA. In 1981, an outbreak of Pneumocystis jirovecii 
pneumonia, previously dubbed Pneumocystis carinii pneumonia, a disease normally only 
found in severely immunosuppressed patients, was reported in five young, gay men in 
Los Angeles [7]. Soon, other reports followed and were grouped as a new ‘gay syndrome’, 
its hallmarks being Pneumocystis jirovecii pneumonia and Kaposi’s sarcoma [8]. In the 
following years similar diseases were found in intravenous drug users, hemophiliacs and 
Haitians, and AIDS was temporarily and inaccurately termed 4H disease (for homosexu-
als, heroin users, hemophiliacs and people from Haiti) [8]. However, at the same time 
AIDS cases were accumulating in heterosexual populations in the DRC [9]. Primary HIV 
infection may cause a flu-like illness, but 35-75% of patients remain asymptomatic at 

Figure 1. Map of Central Africa, highlighting early spread of HIV
Spatial movement of HIV is projected along the transportation network for the DRC (railways and water-
ways), which was fully operational until 1960. Gradient colors depict the time scale of spatial movements 
(bottom left). From [3]. Reprinted with permission from AAAS.
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this stage. After a variable period of latency, patients may experience constitutional 
symptoms like weight loss (figure 2a), fever, chronic diarrhea, skin and oral lesions, 
such as oral candidiasis (figure 2b), and hematologic abnormalities such as anemia and 
thrombocytopenia [10]. In a more advanced stage, patients suffer from opportunistic 
infections such as Pneumocystis jirovecii pneumonia, cerebral toxoplasmosis (figure 2d), 
cryptococcal meningitis and cytomegalovirus infections, which become more frequent 
as CD4 cell counts drop. Tuberculosis (figure 2c) and invasive bacterial infections, in 
particular with non-typhoid Salmonella or Streptococcus pneumoniae, are also more 

a 

c 

d 

b 

Figure 2. Clinical symptoms of HIV/AIDS 
(a) HIV wasting (b) oral candidiasis (c) Chest radiograph showing upper lobe cavitation typical for tubercu-
losis (d) cerebral toxoplasmosis (solid arrows) with associated mass effects (dashed arrow)
Figure a and c: From [11]. Reprinted with permission from BMJ
Figure b: From [10]. Reprinted with permission from BMJ
Figure d: From [35]. Reprinted with permission from The Lancet
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frequent, already in early stages of HIV infection [11]. The first antiretroviral agents 
became available around 1990, but with the introduction of combination antiretroviral 
treatment (cART), from 1996 onwards [12], opportunistic infections became infrequent, 
and since then the prognosis for HIV patients has markedly improved to an extent that, 
in developed countries, HIV is increasingly considered a chronic disease. Despite these 
major improvements, patients with HIV exhibit an increased risk for age-associated ill-
nesses, such as cardiovascular disease, cancer, liver disease, and neurocognitive decline 
[13]. This is likely driven by chronic immune activation, which involves activation and 
exhaustion of various immune cells, including T cells, B cells and cells of the innate im-
mune system, in particular dendritic cells, as well as activation of the endothelium and 
coagulation system [14-16]. Microbial translocation from the gut is considered a main 
driving force for chronic immune activation [17]. Furthermore, several studies indicate 
that HIV patients on treatment still have increased rates of invasive bacterial infections 
[18, 19] and sepsis is a major cause of ICU admission in HIV patients [20, 21].

Historical perspective of sepsis

Relative to sepsis, HIV is a very young disease. The first descriptions of sepsis date back to 
Hippocrates in ancient Greece, who claimed sepsis to be the process by which flesh rots, 
swamps generate foul airs, and wounds fester [22]. From the era of Hippocrates, around 
400 before Christ, up to the mid 1800s, the prevailing concept was that of miasma, “bad 
air”, as a cause of sepsis [22]. Around 1840, the Hungarian physician Ignaz Semmelweis, 
who practiced in the maternity department, first associated the physicians contaminated 
hands with puerperal sepsis on his wards [23]. Sadly, at the time, the scientific knowl-
edge to underpin his theory was missing and his observations were disregarded by the 
medical community to an extent that he was internalized in a psychiatric hospital [23]. 
Not much later, in 1872, the French scientist Casimir Davaine performed an experiment 
with septic rabbits, showing that the blood from a sick animal was capable of killing 
another rabbit [22]. Around the same time Robert Koch, a German physician scientist, 
who is considered the founder of modern bacteriology, provided further evidence to 
microbial infections, resulting in wider acceptance of the modern concept of microbial 
infection as the cause of sepsis. Currently sepsis is defined by the presence of a proven 
or suspected infection combined with an unbalanced detrimental immune response 
resulting in organ failure (table 1) [24].

Clinical signs of sepsis and the host response

Sepsis is a broad term, as it can arise from various sites of infection and can be caused 
by a wide range of causative pathogens. Consequently, the clinical manifestations of 
sepsis are highly variable (table 1). In general, sepsis can be defined as a life threatening 
condition that arises when the body’s response to an infection injures its own tissues 
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table 1. Diagnostic criteria for sepsis

Sepsis: documented or suspected infection and at least one of the following of the following

General variables

Fever (core temperature >38.3°C)

Hypothermia (core temperature <36°C)

Elevated heart rate (>90/min or 2 SD above the normal value for age

Tachypnea

Altered mental status

Significant edema or positive fluid balance (>20 mL/kg of bodyweight over 24 hours)

Hyperglycemia (plasma glucose 120 mg/dL or 7.7 mmol/L) in the absence of diabetes

Inflammatory variables

Leukocytosis (white-cell count >12000/μL)

Leukopenia (white-cell count 4000/μL)

Normal white-cell count with >10% immature forms

Elevated plasma C-reactive protein (>2 SD above the normal value)

Elevated plasma procalcitonin (>2 SD above the normal value)

Hemodynamic variables

Arterial hypotension (systolic pressure, <90 mm Hg; mean arterial pressure, <70 mm Hg; or decrease in 
systolic pressure of >40 mm Hg in adults or to >2 SD below the lower limit of the normal range for age)

Elevated mixed venous oxygen saturation (>70%)

Normal WBC count with 10% immature forms

Cardiac index >3.5 L/min/m2

Organ dysfunction variables

Arterial hypoxemia (ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen, <300)

Acute oliguria (urine output <0.5 mL/kg/hr or <45 mL/hr for at least 2 hours)

Increase in creatinin level >0.5 mg/dL (44μmol/liter)

Coagulation abnormalities (international normalized ratio, >1.5; or activated partial-thromboplastin time, >60 
secs)

Paralytic ileus (absent bowel sounds)

Thrombocytopenia (platelet count <100,000/ mm3 

Hyperbilirubinemia (plasma total bilirubin >4 mg/dL or >68μmol/L)

Tissue perfusion variables

Hyperlactatemia (lactate >1 mmol/L)

Decreased capillary refill or mottling

Severe sepsis (sepsis plus organ dysfunction)

Septic shock (sepsis plus either hypotension (refractory to intravenous fluids) or hyperlactatemia)

Adapted from Levy et al.[24]
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and organs [25]. The most common features of sepsis associated organ failure include 
respiratory failure, cardiovascular compromise, acute kidney failure and coagulation ab-
normalities, including disseminated intravascular coagulation [26]. When organ failure is 
present sepsis is classified as ‘severe sepsis’, while ‘septic shock’ refers to hypotension not 
responding to intravenous fluids or hyperlactatemia (table 1). Without modern intensive 
care facilities, severe sepsis and septic shock are often lethal. However, with optimal sup-
portive care and prompt initiation of antibiotic therapy, sepsis related mortality varies 
between 17-26% depending on severity [27]. The host response to sepsis is character-
ized by pro- and anti-inflammatory reactions, resulting from activation of immune cells, 
the complement and coagulation system and neuroendocrine regulation (figure 3) [26].

A more detailed discussion on the role of the immune system during sepsis and inter-
actions with HIV is provided in Chapter 5.

Malaria 

Similar to sepsis, malaria was historically regarded as a disease caused by ‘bad air’ (Ital-
ian: ‘mal aria’). The Romans rightfully recognized that malaria was common near swamps 
and their drainage systems largely eliminated malaria in their societies [28]. However, it 
was not until 1900 that mosquitoes were recognized as vector [29]. Malaria is caused by 
Plasmodium species, of which Plasmodium falciparum is the most lethal, and is transmit-
ted by the female Anopheles mosquito, which breeds in stagnant water. Clinical disease 
is triggered by the rupture of parasitized erythrocytes causing the release of large 
numbers merozoites into the circulation, thus provoking an inflammatory response, 
resulting in fever and rigors [30]. Anemia is a hallmark sign of malaria and is caused by 
sequestration in the spleen [31], hemolysis of infected and bystander red blood cells [30] 
and suppression of erythropoiesis [30]. Additionally, in falciparum malaria, sequestration 
of infected erythrocytes injures endothelial cells and disrupts blood flow, which causes 
tissue hypoxia and lactic acidosis and contributes to cerebral malaria [30].

Study sites: two different worlds

Patients described in this thesis were recruited in two very different settings: the Neth-
erlands and Gabon (Central Africa). In the Netherlands, data were derived from sepsis 
patients in intensive care units (ICUs), modern facilities with the means to provide the 
most advanced level of supportive care. Only a very small proportion of ICU patients 
were infected with HIV, as the overall HIV prevalence in adults in the Netherlands is 
only 0.2%. The majority of Dutch HIV patients (80%) are receiving care and are in good 
clinical condition with median CD4 counts of 600 (IQR, 447-780) cells/mm3, and viral 
suppression being achieved in 82% of them [32]. The Dutch HIV population consists pre-
dominantly of men who have sex with men (61%), while another major part originates 
from Sub-Saharan Africa (14%). 
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In contrast, Gabon is a country largely covered by vast tropical rainforest, with little 
infrastructure and limited health care services. HIV prevalence is estimated around 4.1% 
in 2013. Although there is a national HIV program that provides cART free of charge, the 
government estimates that only around 55% of patients eligible for treatment receive 
cART [33]. Barriers to treatment include stigmatization, long travel distances to the clinic 
and shortage of drugs. For the research described in this thesis, patients with signs and 
symptoms of sepsis were recruited at the Albert Schweitzer Hospital in Lambaréné, 
in the Moyen Oguée region of Gabon (fi gure 4). This hospital was founded by Albert 
Schweitzer, a gifted theologist, musician and medical doctor, who built the fi rst hospital 
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Figure 3. The host response during sepsis
The host response to sepsis is characterized by both proinfl ammatory responses (top of panel, in red) and 
anti-infl ammatory immunosuppressive responses (bottom of panel, in blue). The direction, extent, and 
duration of these reactions are determined by host factors (e.g. genetic characteristics, age, co-existing ill-
nesses, and medication) and pathogen factors (e.g. microbial load and virulence). Infl ammatory responses 
are initiated by pathogen-associated molecular patterns expressed by pathogens, and pattern recognition 
receptors expressed by host cells at the cell surface (toll-like receptors (TLRs), and C-type lectin receptors 
(CLRs)), in the endosome (TLRs), or in the cytoplasm (retinoic acid inducible gene 1-like receptors (RLRs) 
and nucleotide-binding oligomerization domain-like receptors (NLRs)). The consequence of exaggerated 
infl ammation is collateral tissue damage and necrotic cell death, which results in the release of damage-
associated molecular patterns, so called danger molecules that perpetuate infl ammation, at least in part by 
acting on the same pattern recognition receptors that are triggered by pathogens.
Adapted from [26].
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in 1913 near the evangelical mission in Lambaréné [34]. However, being German and 
practicing medicine in French Equatorial Africa, he was deported back to Europe and 
detained in France during the First World War. He was released after becoming French 
by default, after the Alsace, his region of birth, became French again. On his return 
to Lambaréné in 1924, he found the hospital dilapidated and in need of rebuilding. 
Patients came to the clinic from throughout the region, and Schweitzer soon found 
himself in need of a more spacious compound for the hospital. The new hospital was 
located several hundred meters upstream the river Ogooué and became operational 
in 1927. On this site Albert Schweitzer continued to live and practice medicine until 
his death in 1965 [34]. In 1976, a new hospital was built uphill next to the historic site 
to improve the facilities, reflecting the fact that patients of surrounding regions now 
travel to the hospital by car, rather than transportation via the river as in Schweitzer’s 
era [34]. These facilities are still in use and the hospital currently comprises departments 
of medicine, pediatrics, obstetrics, surgery, a dental clinic, a busy outpatient clinic, the 
historical museum site as well as since the early 1990 the medical research unit [34], 
now the Centre de Recherches Médicales à Lambaréné, CERMEL. However, for patients 
with sepsis, supportive care is very limited. For example, mechanical ventilation, which 
is often required in sepsis patients with respiratory failure is not available.

SCoPE oF tHIS tHESIS

This thesis focuses on the impact of HIV on sepsis epidemiology (part I) and the host 
response to sepsis (part II). Part I begins with a systematic review of the literature on 
community-acquired bacterial bloodstream infections in HIV patients (Chapter 2). We 
then describe the epidemiology of acute febrile illnesses and differences according to 
the presence of HIV co-infection in a cohort of Gabonese patients in the Albert Sch-
weitzer Hospital in Gabon (Chapter 3). In Chapter 4, we describe trends over time in 
characteristics and outcome of Dutch ICU patients with AIDS, in particular those admit-
ted with an infection. Part II opens with a review of previous research on the impact 
of HIV on the host response to sepsis (Chapter 5). In Chapter 6, we determined the 
impact of HIV infection on the release of nucleosomes, which are markers of neutro-
phil extracellular traps and apoptosis. Next, we describe the impact of HIV on whole 
blood leukocyte responsiveness to bacterial stimulation (Chapter 7). In Chapter 8 and 
Chapter 9 we examined the impact of HIV on the complement system and coagulation 
system in Gabonese sepsis and malaria patients. In Chapter 10, we shift to Dutch ICU 
patients where we examined the impact of HIV on biomarkers circulating in the blood 
of patients with sepsis due to pneumonia. Subsequently, we describe whole blood gene 
expression profiles in Dutch ICU patients with sepsis, with or without HIV co-infection, 
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and validated our findings in a second cohort of Dutch ICU patients, as well as in Gabo-
nese sepsis patients (Chapter 11). Finally, the main results and implications of this thesis 
are discussed in Chapter 12.

a 

Lambaréné 

c 

b 

 

Figure 4. The study site in Gabon
(a) Map of Gabon with the hospital site, Lambaréné, in the Moyen Oguée region, highlighted in red. (b) 
The research laboratory of the ‘Centre des recherché Médicales de Lambaréné’ (CERMEL) (Photograph by R 
Kalkman). (c) The internal medicine ward of the Albert Schweitzer hospital (Photograph by MAM Huson).
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