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Background

INTRODUCTION

Three decades after the first reported cases in the US, HIV/AIDS remains a major public health 

burden worldwide [1]. The past decade has experienced an extensive roll out of HIV/AIDS 

services, particularly in sub Saharan Africa (sSA) where an estimated 22.4 million people – 

around two-thirds of the people living with HIV globally – are infected [2]. The scale up of 

HIV/AIDS services has resulted in substantial improvement in the prognosis of HIV-infected 

people seeking care [3-6]. In 2011 for example, an estimated 1.2 million people died from 

HIV/AIDS related causes in sSA, compared to 1.8 million deaths in 2005 [7]. Similarly, a 

decline in new HIV infections has also been reported, from 2.4 million in 2001 to 1.8 million 

in 2011 [7].

Consequently, the characteristics and outcomes of people enrolling for HIV care have also 

changed over time. Most studies describing the characteristics and outcomes of HIV infected 

individuals in sSA are from urban or tertiary settings. This thesis describes the characteristics 

and outcomes of individuals enrolled and followed up for HIV care in a rural HIV clinic in 

Coastal Kenya.

The Human Immunodeficiency Virus

Types and subtypes

HIV is an enveloped single stranded reverse transcribing RNA of the Retroviridae family. Based 

on genetic similarities, HIV strains may be classified into two types: HIV-1 (predominant glob-

ally) and HIV-2 (mostly concentrated in West Africa)[8]. The HIV-1 strains are further classified 

into four groups: the “major” group M, and the other groups N (“non-M”), O (“outlier”) 

and P (“pending identification of further human cases”). Globally, more than 90% of HIV-1 

infections belong to HIV-1 group M.

Within group M, there are at least nine genetically distinct subtypes; A, B, C, D, F, G, H, J 

and K [9]. Subtypes A and C are most widespread in sSA, while subtype B is most common 

in Europe, America, Japan and Australia. Subtype C is predominant in Southern and East 

Africa, India and Nepal. Subtype D is generally limited to East and Central Africa. Subtype G 

has been observed in West Africa, East Africa and Central Europe. Subtype H has only been 

found in Central Africa; J only in Central America; and K only in the Democratic Republic of 

Congo and Cameroon.

Occasionally, two viruses of different subtypes can meet inside cells of an infected person 

and mix their genetic material to create a new hybrid [10]. Many of these new strains do 
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not survive for long, but those that infect more than one person are known as circulating 

recombinant forms (CRFs). For example, the CRF A/D is a recombinant of subtypes A and D.

HIV structure

Outside of a human cell, HIV exists as spherical particles called virions, surrounded with 

viral membranes. Projecting from the membranes are the env proteins, consisting of caps 

(glycoprotein (gp) 120) and stems (gp41). Below the membrane is the matrix, made from the 

protein (p) 17. Within the matrix is the viral core, made from p24 (in HIV-1) or p26 (in HIV-2). 

Inside the core are three enzymes required for HIV replication (reverse transcriptase, integrase 

and protease) and two single strands of HIV RNA. At either end of each strand of RNA is a 

sequence called the long terminal repeat, which helps to control HIV replication.

HIV has nine distinct genes playing different roles in the replication cycle [11]. In brief, three 

of the HIV genes called gag, pol and env, contain information needed to make structural 

proteins for new virus particles. The other six genes known as tat, rev, nef, vif, vpr and vpu 

are regulatory proteins responsible for viral replication.

Replication of HIV

HIV targets white blood cells such as the CD-4 T-lymphocytes, macrophages and dendritic 

cells. The virus binds to the CD4 receptor, and either the CCR5 or the chemokine co-receptors 

protein CxCR4 on the surface of the CD4 T-lymphocyte via the gp120 protein. The virus 

membrane fuses via a structural change in the gp41 protein and releases its RNA genetic 

materials into the host cell.

Once inside the host cell, the HIV reverse transcriptase enzyme converts the single stranded 

viral RNA into double stranded HIV DNA through a process of reverse transcription. The 

newly formed DNA material is transported to the host’s cell nucleus, where it is spliced into 

the host’s cell DNA by the HIV integrase through a process of integration. Once integrated, 

the HIV DNA is known as provirus. If not activated, the proviral DNA may lie dormant for a 

long time.

When the host cell becomes activated, it converts HIV DNA into messenger RNA using the 

enzyme RNA polymerase through a process of transcription. The messenger RNA is trans-

ported outside the nucleus and used as a blueprint for producing new HIV proteins and 

enzymes through a process of translation. Among the strands of messenger RNA produced 

by the cell are complete copies of HIV genetic material. These gather together with newly 

made HIV proteins and enzymes to form new viral particles through an assembly process, 

which are then released from the cell. The protease enzyme chops up long strands of protein 

into smaller pieces, which are used to construct mature viral cores.
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The newly assembled virus bursts out of the host cell, taking up part of the cell’s outer 

membrane through a process of budding. The matured HIV virions are ready to infect other 

cells and begin the replication process all over again.

Antiretroviral therapy
Because of the complex nature of the virus, the search for an effective vaccine and/or a 

cure for HIV has so far been elusive. However, treatment for HIV has been available since 

1987, initially in the form of a single drug, zidovudine. Two and a half decades later, more 

than thirty different types of antiretroviral drugs in 5 distinct classes are now available. The 

main aim of these drugs is to suppress viral replication, improve immunity and thus prevent 

opportunistic infections. Combinations of at least three antiretroviral drugs targeting differ-

ent pathways in the virus replication cycle, known as highly active antiretroviral treatment 

(HAART), are currently recommended in order to achieve maximum viral suppression and 

long term efficacy [11].

HIV drug targets and mechanism of action

Currently, five different classes of antiretroviral drugs exist: Nucleoside/Nucleotide Reverse 

Transcriptase Inhibitors (NRTIs), Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs), 

Protease inhibitors (PIs), Integrase Inhibitors and Viral Entry inhibitors.

NRTIs are analogues of DNA building blocks. When building a new viral DNA chain, the 

reverse transcriptase enzyme binds to NRTIs instead of binding to the naturally occurring 

DNA building blocks. Because the structure of the NRTIs does not allow attachment of the 

next DNA building block, DNA chain growth is terminated. Hence, NRTIs interrupt the HIV 

replication cycle via competitive inhibition of HIV reverse transcriptase and termination of the 

DNA chain [12]. Examples of NRTIs include Zidovudine, Stavudine, Lamivudine, Emtricitabine, 

Didanosine, Tenofovir and Abacavir.

NNRTIs bind tightly to the enzyme reverse transcriptase, Instead of competing with naturally 

occurring DNA building blocks, as do the NRTIs,. This noncompetitive binding induces a 

conformational change in the enzyme that alters the active site and limits its activity, thereby 

preventing viral RNA from being converted to DNA [13] . Examples of NNRTIs include Nevi-

rapine, Efavirenz, Delavirdine and Etravirine.

Protease Inhibitors (PIs) slow down HIV replication after the virus is integrated into the host 

cell’s DNA in infected cells. During the maturation process of new virions, the HIV protease 

enzyme systematically cleaves individual proteins from the gag and gag-pol polypeptide 

precursors into functional subunits for viral capsid formation during or shortly after viral bud-

ding from an infected cell. If the polyproteins are not cut, the new virus fails to mature and 
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is incapable of infecting a new cell. PIs function as competitive inhibitors that directly bind to 

HIV protease enzyme and prevent subsequent cleavage of polypeptides, thereby rendering 

the new virion immature and non-infectious [14]. Examples of PIs include Lopinavir, Ritonavir, 

Darunavir, Indinavir, Atazanavir and Nelfinavir.

HIV integrase is responsible for the transport and attachment of proviral DNA to host-cell 

chromosomes, allowing transcription of viral proteins and subsequent assembly of virus 

particles. Proviral integration involves two catalytic reactions: 3’-processing in the host-cell 

cytoplasm to prepare proviral strands for attachment, and strand transfer whereby proviral 

DNA is covalently linked to cellular DNA. Integrase inhibitors competitively inhibit the strand 

transfer reaction by binding metallic ions in the active site [15]. Examples of Integrase Inhibi-

tors include Raltegravir and Elvitegravir.

Viral entry inhibitors can be further sub-divided into three mechanistically distinct classes: 

Attachment inhibitors, Co-receptor inhibitors and Fusion Inhibitors. Attachment inhibitors 

e.g. BMS-378806/663068, prevent the attachment of HIV to the outer membrane of the 

CD4 host cell by binding to gp120 [16]. Co-receptor inhibitors, e.g. Maraviroc, prevent the 

interaction of HIV with co-receptors CCR5 and CXCR4 on the host cell surface [16]. Fusion 

inhibitors, e.g. Enfurvitide, prevent the fusion of the CD4 T-lymphocyte binding to the HIV 

surface glycoprotein 41 (gp41) [16].

Antiretroviral drug resistance

HIV is a highly variable virus, characterized by rapid error prone replication and viral re-

combination. This extensive genetic variability is primarily attributed to the high error rate 

of the reverse transcriptase, which results to approximately 10 genomic base changes per 

replication cycle [17]. The majority of mutations from copying errors confer negative or no 

survival advantage. However, some may give rise to resistance to antiretroviral drugs.

When treatment with HAART is successful, the plasma viral load drops to undetectable levels. 

However, incomplete suppression of viral replication while on HAART fosters emergence of 

resistance. This occurs because the wild type virus is inhibited from growing while the mutant 

strains become dominant if they are not fully inhibited by the drugs because of selective 

pressure. In the presence of drug pressure, and given the need for lifelong treatment in 

HIV infected individuals, emergence of some degree of HIV drug resistance is inevitable, 

even when optimal adherence to therapy is achieved. Because drug-resistant mutants can 

replicate despite antiretroviral therapy, they may become the dominant circulating strains. 

This can eventually lead to an increase in viral load, a decline in the number of CD4 cells, and 

subsequent treatment failure. Antiretroviral treatment failure is to a large extent because of 

drug resistance.
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HIV has developed two major drug resistance mechanisms to NRTIs: decreased binding affin-

ity of the enzyme reverse transcriptase to NRTIs which impairs incorporation into the proviral 

DNA, and increased removal of the NRTI from the elongating proviral DNA chain [18]. A good 

example is the common M184V mutation, which confers high-level resistance to lamivudine 

and emtricitabine in a single step. Other mutations that selectively impair incorporation into 

the proviral DNA chain include M184V, Q151M, and K65R. In addition, mutations associated 

with zidovudine resistance are termed as thymidine analogue mutations (TAMs). These muta-

tions work by removing the chain-terminating residue and reinstate an extendable primer for 

the proviral DNA to resume DNA synthesis. Examples of TAMs include M41L, D67N, K70R, 

L210W, T215Y, T215F, K219Q, K219E.

Resistance to NNRTIs is normally associated with mutations that are proximal to the drug-

binding site on reverse transcriptase, which is in contrast to mutations conferring resistance 

to NRTI. Mutations within the reverse transcriptase gene domain alter the ability of NNRTIs 

to bind the enzyme [19]. NNRTIs have a low genetic barrier to resistance; a single mutation 

in the binding site can decrease the ability of the drug to bind, significantly diminishing activ-

ity. Resistance to NNRTI has been associated with mutations at multiple codons. However, 

the presence of either a K103N or Y181C mutation is sufficient to cause clinical failure 

of delavirdine, efavirenz, and nevirapine. Other mutations conferring resistance to NNRTIs 

usually occur at codon positions L100, K101, V106, V179, Y188, G190, P225 and M230.

Resistance to HIV protease inhibitors results from mutations both inside and outside the 

active protease domain [20]. Resistance typically occurs through the development of one 

or more major mutations, which produce conformational changes in the protease binding 

site. Examples of primary mutations conferring resistance to PIs are G48V, L90M, M46I, 

V82A/L/F, I184V, D30N, L90M, I50L, I84V and N88S. Multiple mutations are necessary to 

cause high-level resistance to Ritonavir-boosted protease inhibitors, which exhibit a higher 

genetic threshold for resistance than un-boosted protease inhibitors.

Mutations in the integrase gene are associated with resistance to integrase inhibitors. The 

most common integrase mutational sequences are Q148H, N155H and Y143RC. Additional 

resistance to Integrase inhibitors can be conferred by the L74M/R, E92Q, T97A, E138A/K, 

G140S/A, V151I, G163R, H183P, Y226D/F/H, S230R and D232N mutations.

The HIV epidemic

Origin, spread and current status of the epidemic in Africa

It is postulated that the HIV originated in Africa. A study of chimpanzees from Cameroon 

identified a strain of the Simian Immunodeficiency Virus (SIV) that is believed to be the viral 
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ancestor of the HIV-1 in humans [21]. Evolution of the HIV-1 has since been simulated using 

computer models, which suggest that the transfer of SIV to humans occurred as early as 

the 1930’s [22]. On the other hand, it is believed that HIV-2 was introduced into the human 

population through the SIV-sooty mangabey lineage around 1940’s in Guinea-Bissau [23].

The first HIV/AIDS epidemic is believed to have occurred in Kinshasa, Congo in the 1970’s 

where a sudden increase in patients with opportunistic infections was observed [24, 25]. 

It is thought that HIV was brought to Kinshasa by an infected individual travelling from 

the neighboring Cameroon [21]. From there, it is speculated that the HIV was carried into 

Eastern Africa, other parts of Africa and subsequently the rest of the world where it reached 

epidemic levels in the early 1980’s. By the end of 2009, the global estimate of people living 

with HIV was 33.3 million, with approximately two-thirds of these residing in sSA [26].

HIV diagnosis and linkage to care

In sSA, HIV infected individuals are identified through various entry points within communities 

and in health facilities. These entry points include voluntary counselling and testing (VCT) sites 

established in different strategic locations within communities; in health facilities where diag-

nostic testing and counselling (DTC) is done from the inpatients wards and outpatient clinics, 

including STI clinics, family planning clinics and antenatal clinics. More recently, testing in a 

healthcare setting has now transitioned into provider initiated counselling and testing (PITC).

Testing is done using rapid antibody testing kits. A screening test is first done, followed by a 

confirmatory test for those screening positive. Discrepant results undergo a third (tie-breaker) 

test. Individuals diagnosed with HIV infection are subsequently referred to HIV clinic for 

registration and follow up care.

The WHO recommends a public health approach for HIV disease monitoring and antiretroviral 

treatment (ART) in developing settings [27]. Disease progression and ART eligibility is currently 

assessed clinically (WHO clinical staging III/IV) and immunologically (CD4 T-cell lymphocyte 

count <350 cells/μl in adults) [28]. Virological monitoring and drug resistance testing are 

not routinely available for disease monitoring and ART initiation in most healthcare settings 

in sSA. Individuals not eligible for ART initiation continue to be followed up closely so that 

subsequent eligibility can be identified for timely initiation of treatment. All HIV infected 

individuals are prescribed daily cotrimoxazole prophylaxis to prevent opportunistic infections. 

Those eligible are started on lifelong ART. In developing settings, first line ART is mostly 

comprised of 2 NRTIs and one NNRTI. Individuals failing first line ART are switched to second 

line regimen, comprised of 2 NRTIs and a boosted PI.
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Despite the above outlined policies and structures, HIV programme in sSA continues to face 

major challenges which threaten to reverse the gains made in the fight against the epidemic. 

These include attrition from care, treatment failure and emergence of HIV drug resistance.

a) Attrition from HIV care

The main causes of attrition in sSA have been identified as lost to follow up (LTFU) and death. 

Most studies assessing attrition in HIV programmes have been amongst patients initiated on 

ART. Only a handful of studies on pre-ART attrition exist from sSA [29-31]. Of these, only 

one study from South Africa has assessed for correlates of retention in patients who are 

not eligible for ART [30]. A better understanding of pre-ART attrition is critical in designing 

interventions aimed at improving timely initiation of ART.

Among patients in ART programmes in sSA, LTFU and death are estimated to account for up 

to 56% and 40% respectively [32]. A large proportion of HIV-infected patients initiating ART, 

up to 60% in some settings, drop out immediately after starting ART [33-35]. Most observa-

tional studies assessing attrition followed up individuals over durations ranging 6-24 months. 

A review of ART programs in sSA found rates of LTFU ranging from 20% at 6 months to 

nearly 40% at 2 years after ART initiation [36]. Observational studies also show that mMost 

deaths among patients on ART occur in the early months after treatment initiation and that 

mortality declines substantially thereafter [37-39].

The main independent risk factors for attrition, as determined by these studies, were lower 

baseline BMI, lower CD4 count, lower haemoglobin, WHO stage III/IV, younger patients and 

being male [34, 40-42]. Severe immune suppression at the time of ART initiation as indicated 

by low CD4 and high viral load counts at start of ART may therefore largely explain the high 

early mortality observed [42-44].

Attrition amongst children born to HIV-infected mothers is equally important from a public 

health perspective. Many HIV infected infants die from HIV related causes without their HIV 

status being known, or receiving HIV care [45]. Without access to cotrimoxazole prophylaxis, 

ART and supportive care, about a third of infants die by one year of age and a half will be 

dead by two years [46].

Loss to follow up has been described as one of the major early warning indicators for HIV 

treatment failure and drug resistance [47].

b) HIV treatment failure

The WHO defines treatment failure clinically, immunologically and virologically [48]. Clini-

cally, treatment failure is defined as patients with new or recurrent WHO stage 4 conditions, 
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despite being on treatment for more than six months. Immunological treatment failure is 

defined as patients with CD4 counts that have either fallen to baseline values (or below), 

have fallen from on-treatment peak values or those that have persistently low values of less 

than 100 cells/μl. Virological treatment failure is defined as two consecutive viral load values 

of more than 5,000 copies/ml.

In resource-rich settings, viral load testing is used to confirm suspected treatment failure based 

on immunological and/or clinical criteria. Virological treatment failure and the development 

of drug resistance are not routinely assessed in patients on ART in resource poor settings. 

The Ugandan DART trial suggested that viral load and resistance testing are not essential for 

monitoring patients on ART [49]. However, other data have shown that use of immunologic 

criteria frequently fails to appropriately identify virologically defined antiretroviral treatment 

failure [50]. Without virological testing, therefore, HIV infected patients on antiretroviral 

treatment are at risk of developing undetected virological failure [51]. Therefore, as more 

people access ART, there is need for routine laboratory monitoring, especially for virological 

treatment failure.

A number of studies have investigated virological treatment failure in Africa using different 

viral load thresholds, with most ranging from viral loads of 400 to 10,000 copies/ml [52-57]. 

Using these outcomes, the percentage of treatment failure observed in these studies, over 

follow up periods ranging from 6 months to two years, varied between 10% and 32%. 

Risk factors for virologic treatment failure were poor adherence to antiretroviral medication, 

tuberculosis co-infection, lower CD4 counts at the initiation of ART, the use of nevirapine-

based regimens and younger age at ART initiation [53, 54, 58]. The majority of those failing 

treatment were found to harbour HIV drug resistance mutations.

c) Antiretroviral drug resistance

HIV drug resistance mutations may be primary (transmitted when a treatment naive indi-

vidual is infected by a strain of HIV-1 already resistant to one or more antiretroviral drugs) or 

acquired (developing in host after being on treatment for a given period of time).

i) Transmitted drug resistance

Transmitted drug resistance (TDR) has been shown to compromise the effectiveness of first 

line ART regimens (refs). Data from developed settings have shown increasing trends in the 

prevalence of TDR amongst new HIV infections. Specifically for example, TDR to NNRTIs 

in newly infected European individuals increased from 2.3% in 1996 – 1998 to 9.2% in 

2001 – 2002 [59] while TDR in the US increased from 0% in 1996 – 1997 to 13.2% in 

2000 – 2001 [60]. This has been mainly attributed to more widespread and longer use of 

ART in these settings.



21

1

Background

Low levels of <5% TDR have generally been reported in African countries [61]. However, 

some recent data suggest an increase in TDR in some parts of Africa. The IAVI early infection 

cohorts in East and Southern Africa have reported an increase of TDR amongst high risk 

adults in Zambia from 0% in 2005 to 15.8% in 2009, whilst there was no evidence of an 

increasing prevalence of TDR in their other regions [62]. More recently, data from Uganda has 

shown an increase in the prevalence of TDR amongst adults with new HIV infections from 

0% in 2006 – 2007 to 8.6% in 2009 – 2010 [63].

In Kenya, a handful of studies have been done to assess the prevalence of TDR. A cross 

sectional study carried out among HIV-1 infected individuals prior to ART initiation in Nai-

robi in 2005 found 4/53 (7.5%) new clients had TDR [64]. The IAVI early infection cohort 

reported an overall TDR prevalence of 3.1% from three sites in Kenya [62]. The multi-site 

cross sectional study by the PASER group, conducted between 2007 and 2009, reports TDR 

frequencies of 9/200 (4.5%) in Mombasa and 10/204 (4.9%) in Nairobi [65]. Data from the 

Kisumu Incidence Cohort study carried out between 2007 and 2009 reported TDR frequen-

cies of 5/133 (3.8%) among 16-34 year old sexually active participants [66]. Importantly, and 

more recently, a cross sectional survey amongst newly diagnosed ARV naïve adults attending 

four VCT centers from Mombasa in 2009-10 reported a TDR prevalence of 13.2% [67]

ii) Acquired drug resistance

The prevalence of acquired drug resistance amongst individuals failing first line regimens has 

been reported to be high in some African settings, ranging from 70% to 84% over follow 

up periods of 12 to 30 months on ART [54, 68, 69]. Reported risk factors for development 

of HIV drug resistance amongst individuals on treatment in these studies include lower 

baseline CD4 counts and higher viral loads, concurrent infections while on treatment and 

non-adherence to ARTs.

One study has evaluated acquired drug resistance to antiretroviral drugs in Kenyan adults 

[70]. Steegen and colleagues assessed 132 participants who had been on ART for >6 months 

at the Coast Province General Hospital in Mombasa. Viral suppression (<50 copies/ml) was 

observed in 113 (86%) participants. Sixteen of the 19 samples with detectable viral loads 

were successfully amplified and sequenced. Mutations associated with drug resistance in RT 

were detected in 14 of the 16 patients (88%). High-level resistance against at least 2 drugs 

of the ART regimen was observed in 9/14 (64%). The 3TC mutation M184V and the NNRTI 

mutation K103N were most frequent.

Rationale for thesis
The changing dynamics of the HIV-1 epidemic warrants an up-to-date description of the 

characteristics and outcomes of individuals enrolling for care, with an aim of understanding 
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the epidemic and suggesting potential interventions to improve on outcomes. A paucity of 

data on characteristics and outcomes of patients enrolled for HIV care from rural parts of 

Kenya exists.

General objective
To describe the characteristics and outcomes of individuals enrolled for care in a rural HIV 

clinic in Coastal Kenya.

Specific objectives
a) Characteristics of Individuals enrolling for HIV Care:

 i.  To describe the distribution of HIV-1 subtypes among individuals enrolled for care in 

a rural HIV clinic in Coastal Kenya

 ii.  To establish the prevalence of HIV-1 Transmitted Drug Resistance among recently 

diagnosed individuals enrolling for care in a rural HIV clinic in Coastal Kenya

b) Outcomes of Individuals Enrolled for HIV Care (but prior to ART Initiation):

 iii.  To determine the incidence and predictors of pre- ART lost to follow-up among 

recently diagnosed individuals enrolling for care in a rural HIV clinic in Coastal Kenya

 iv.  To describe the effect of maternal attrition from HIV care on retention of HIV-exposed 

and HIV-infected infants enrolled for HIV care in a rural HIV clinic in Coastal Kenya

c) Outcomes of Individuals Enrolled for HIV Care (and after ART Initiation):

 v.  To determine the incidence and predictors of retention in care among individuals 

starting first line ART regimens in a rural HIV clinic in Coastal Kenya

 vi.  To describe the prevalence and correlates of HIV-1 virologic failure and acquired drug 

resistance among first-line antiretroviral experienced adults at a rural HIV clinic in 

Coastal Kenya.


