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Abstract

Background
Several studies were conducted in the past two decades in Ethiopia to understand the genotypic

characteristics of prevalent HIV subtypes in the country. However, the majority of the information
gathered relied on sequencing of the envelope and a certain portion of the gag gene fragments of the HIV
genome. Considering the facts that relying only on sequencing of the env and gag regions has inherent
inadequacy in characterizing HIV subtypes, that long time has elapsed since genomic characterization of
HIV isolates in Ethiopia, that non-C subtypes have expanded in the neighboring countries, and that a new
selective pressure coming from the recently initiated ARV treatment has been introduce into current HIV
isolates circulating in the country as a consequence of which newHIV subtypes might be currently
circulating in the country, this PhD study was, therefore, undertaken to understand the genomic
characteristics of HIV isolates from ARV drug-naive and drug-experienced persons by sequencing the
protease (PR) and reverse transcriptase (RT) genes using standard RT-PCR/PCR amplification and
genome sequencing protocols. In addition, two test evaluation studies were carried out: one on use of In-
house brewed genotyping system, and the other on use of DBS as source of specimen for genotypic HIV
drug resistance monitoring.

Materials and Methods

Different set of criteria were used to select eligible HIV-infected people to take part in three study groups:
recently infected drug-naive antenatal care (ANC) attendee pregnant women (recent drug-naive),
chronically infected drug-naive but who were eligible to start ART (chronic drug-naive), and chronically
infected heavily treated patients (chronic drug-experienced). For drug resistance assays, list of mutations
from three algorithms were utilized. For evaluations of the performance of In-house genotyping system
and DBS as source sample, the commercial genotyping system ViroSeq™ and plasma samples,
respectively, were used as standards. Mean nucleotide similarities of paired sequences generated from In-
house/ViroSeq™ genotyping system and DBS/plasma were determined on pairwise alignment sequences
using ClustalW multiple alignment program in BioEdit Version 7.0.9.0 software. For other purposes,
FASTA-formatted nucleotide and amino acid sequences were aligned and analyzed using various on-line
and off-line software. Descriptive, x° test, and Student t test statistical data analyses were used as
appropriate, with significant level of 0.05.

Results

Among chronically infected participant groups, 74% of drug-naive and 84% of drug-experienced
participants were in the advanced WHO clinical stages IIl and IV at baseline. Nearly 92% of chronic
drug-naive patients had CD4+ count of <200 cells/uL, and 70% had over 100,000 copies/ml of plasma
viral RNA. Mean baseline CD4+ T cell count for chronic drug-experienced patients was ~114 cells/ulL.
Moreover, mean plasma viral RNA and mean CD4+ T cell counts for these patients at the time of
genotyping were 289,128 copies/ml and 238 cells/uL, respectively, after median treatment duration of 42
months. The performance of the In—house genotyping system relative to the performance of the
commercial ViroSeq™ genotyping system both in amplifying and genotyping the specimens in this study
was 100%. It had also mean concordance value of 98.72% at the nucleotide level. Similarly, the
performance of DBS as specimen for drug resistance genotyping relative to the performance of plasma
specimens was 100% for both amplification and genotyping. The mean nucleotide concordance rate
between paired DBS/plasma sequences was 98.82%.

The prevalence of transmitted drug resistance mutations was 4.9% among recent drug-naive persons.
Among chronically infected drug-naive patients, 22 major resistance mutations were detected: eight
against Pls, eight against NRTIs, and 6 against NNRTIs. Virological treatment failure among treatment-
experienced patients was 31%; 70% of successfully genotyped viremic specimens harbored at least one
confirmed major drug resistance mutation from any class. Drug class-wide mutations were 3% against
Pls, 62% against NRTIs, 68% against NNRTIs, 61% against any NRTI and NNRTI double class

XV



mutations, and 3% against all the three classes of drugs in use. Nearly 37% of D4T- and 20% of AZT-
containing initial regimens were responsible for selection of at least one NRTI resistance mutations. Of
the initial drug regimens, ~27% of treated patients with NVP-containing regimens or ~55% of NVP-
exposed patients with genotyped viral isolates harbored at least one major NNRTI resistance mutation.
Likewise, ~29% of all EFV-treated patients or 96% of EFV-exposed patients with genotyped viral isolates
had at least one NNRTI resistance mutation.

With regards to subtype distribution among the study participants, ~96% of the sequences tested were of
subtype C both at PR and RT genes. Sequences from two individuals (1%) were identified as subtype B,
while the remaining 3% were subtyped, at least by one genotyping algorithm, as mosaic forms at the PR
and RT genes; including four (2%) BCs, one (0.5%) CRF_02AG (or BG? or ABG?), and one (0.5%) AlD.
Analysis of genome diversity among the three groups of study participants showed that while certain non
resistance mutations had high prevalence in all the three groups, others showed differential occurrences.
Synonymous/non-synonymous substitution analysis and test of Shannon Entropy have also shown genome
diversity differences among the three groups with distinct positional patterns, diversity at certain patches
in the RT region being most prominent.

Discussions and Conclusions

Among chronically infected patients, the high baseline viral RNA load, low CD4+ T cell count, and more
persons in clinical stages Il and 1V during treatment initiation show that treatment was started late after
the patients’ virological, immunological and clinical conditions have already been deteriorated. These
poor baseline conditions were probably reflected by the high viral load values and low CD4+ T cell
counts observed after treatment period of over three years among heavily treated patients. The
transmitted drug resistance mutation rate documented in this study was in the WHO’s ‘low prevalence
category’. However, more surveillance works of greater scope are required in terms of both geographic
coverage and study population in order to understand the current prevalence of transmitted drug
resistance. The detection of 22 drug resistance mutations among drug-naive patients starting ART
indicates the need for undertaking resistance testing before initiating therapy whenever settings allow.
Among drug experienced patients, the most important drugs which were associated with NRTI and NNRTI
resistance mutations were D4T and EFV, respectively. Suboptimal therapy could be the source of
resistance mutations against these two drugs. It could also be due to impaired absorption of the two
drugs, as the pharmacokinetics of ART drugs have not been investigated under the settings of Ethiopian
patients. This therefore calls for the need to conduct therapeutic drug monitoring (TDM) at least in
research settings on Ethiopian patients taking the various drugs. A lot of so-called non-resistance
mutations occurred at positions known to confer resistance. Since most resistance/non-resistance
mutation identification was done based on subtype B genetic background, and since virus variants behave
differently under different settings, it would be of great benefit if phenotypic drug resistance profiles of
isolates from Ethiopia with these non-resistance mutations are investigated.

With regards to subtype distribution, the overwhelming majority of the isolates belonged to subtype C at
the pol region investigated in this study, showing that still this subtype has not been replaced by any other
in Ethiopia. However, variants with mosaic genomic regions have been detected, showing the possibility
of finding subtypes other than C, particularly recombinant forms, if further sequencing is made from
genomic region larger than the PR and RT regions. Because of discrepancies between various genotyping
algorithms in assigning subtypes, and because none of these mosaic forms had exact similarity with those
previously known subtype identity, the mosaic variants identified in this study might be considered as
Unique Recombinant Forms (URFs). Worth noting, however, is the population sequencing method used in
this study might have masked presence of minority populations both in terms of variants with drug
resistance mutations and those with different subtype profiles. In the latter case, use of only the short pol
region might have contributed to the ambiguity of subtype identification in the non-C isolates detected in
this study.
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CHAPTER 1: INTRODUCTION



1. 1INTRODUCTION

HIV is an RNA retrovirus belonging to the genus Lentivirus in the family of Retroviridea, the
group constituting viruses characterized by chronic course of diseases, longer clinical latency,
and persistent viral replication (Rubbert et al., 2007). There are also other immunodeficiency
viruses, which are relatives of HIV and may or may not cause immunodeficiency diseases to
other animals. These include Simian Immunodeficiency virus (SIV) in monkeys, feline
immunodeficiency virus (FIV) in cats, Bovine Immunodeficiency Virus (BIV), Small Ruminant
Lentivirus (SRLV), and other lentiviruses (Blacklaws and Harkiss, 2010; Craigo and Ross, 2010;

Elder et al., 2010; Miller et al., 2000; Yamamoto et al., 2010).

The earliest cases of AIDS were documented on previously health homosexual men in 1981 in
the United States, who presented with unusual infection of Prneumocystis carinii pneumonia and
unusual cancer of Kaposi’s sarcoma (CDC, 1981). The disease was characterized by a marked
reduction of CD4 cell number and increased B-cell proliferation along with elevated plasma
antibody concentration (Levy, 2009). It was soon established that the virus is transmitted through
intimate sexual contact, blood and blood products, and mother-to-child transmission (Jaffe er al.,
1983). In 1983, two years after the recognition of AIDS, the causative agent of this syndrome
was identified as a retrovirus by various groups of workers (Barre-Sinoussi et al., 1983; Gallo et
al., 1983). Following its characterization, the virus was given different names by different
authors: Human T Cell Leukemia Virus III (HTLV-III) (Gallo et al., 1983), Lymphadenopathy-
Associated Virus (LAV) (Basavapathruni et al., 2007), AIDS-Associated Retrovirus (ARV-2)
(Levy et al., 1984), and finally the naming settled on the present Human Immune Deficiency

Virus (HIV) (Basavapathruni et al., 2007). Studies conducted at the later years on autopsies of



early dead patients have indicated that HIV/AIDS was already circulating among different
populations of the world before its recognition in 1981. For instance, a 15-year-old male who
died of AIDS-like illness in 1969 (Kolata, 1987), and a Norwegian sailor and truck driver, who
was probably infected time between 1961 and 1965 and died in 1976 (Froland et al., 1988) are
few among a number of suspected/proven HIV infections prior to 1981. Since then, over 20
million people have died (Marison, 2001), 6 million have been newly infected annually (Hahn et
al., 2000), and over 33 million were living with HIV/AIDS worldwide at the end of 2009

(UNAIDS, 2010).

It appears that no other infectious disease has been so extensively studied as has been HIV in the
history of humankind (Farmer, 1996). Important discoveries such as characterization of the viral
genome, the natural history, and pathogenesis of the virus were illuminated shortly after its
discovery (Basavapathruni et al., 2007). Because of these extensive studies, the routes of HIV
transmission have been well characterized (Kamps and Hoffmann, 2007). An important fact to
most African countries in this regard is the fact that the most common route for new HIV
infection is unprotected heterosexual intercourses, with estimated likelihood of transmission from
male to female being as high as 8-fold more likely than that from female to male (Hansasuta, and
Rowland-Jones, 2001). It has also been documented that among the vertically transmitted new
infections, as many as 42% of the children born to infected mothers in non-industrialized
countries are infected with HIV (Hansasuta, and Rowland-Jones, 2001), and about 10-15 % of

them acquiring it from breastfeeding (Kamps and Hoffmann, 2007).

As no curing medication has so far been made available, the best alternative to reduce the surge

of HIV infection is to develop prophylactic and therapeutic vaccines based on scientific findings
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(Wahern and Landy, 2002). Such vaccine development relies, among others, on complete
understanding of the virus involved with regards to the nature and extent of its interaction, the
various epitopes against which the desired vaccines are targeted at; and most of all, the extent of
genotypic and phenotypic diversities and the immunologic implications of these diversities must
be considered before any attempt is made to design and present for clinical trials (Gaschen et al.,
2002; Novitsky et al., 2002). Unfortunately, in spite of documentation of huge wealth of
information about HIV in general and HIV-1 in particular, still our understanding of this rampant
virus is far from complete. This is largely because of the virus's inherent capability to evolve fast
(Liu et al., 2002; Mani et al., 2002), owing to its higher rate of mutations coupled with its high
rate of multiplication, error-prone reverse transcription, inter- and intra-subtype recombination,
and effect of selective pressure from both the host immune system and widespread use of

antiretroviral drugs (Blackard et al., 2002; Su et al., 2000).

Besides the virus's rapid evolution, however, there has been another source of problem in our
understanding of HIV-1 diversity: only limited region(s) of the genome have been utilized most
often for studying the various subtypes and recombinant forms (Blackard et al., 2002). In fact, a
large number of phylogenetic studies conducted in the previous DNA analyses on HIV-1 variants
were based on envelope sequences, most notably the C2V3 region, and/or partial gag/pol
sequences, the results of which cannot be reliably utilized for vaccine development (Lole et al.,
1999; Su et al., 2000). Not only is diversity linked to vaccine design and trial, but its direct
significance to other biological properties make HIV genome study very important. In this
respect, numerous studies have found genomic diversity of HIV to be closely associated to the
biological differences that exist between the various types, groups and subtypes: for example,

differences in the level of virus load (Baeten er al., 2007; Kiwanuka et al., 2008; Senkaali et al.
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2004); disease progression (Matheron et al., 2003); clinical management (Keller et al., 2009);
chemokine receptor use (Abraha et al., 2009; Esbjornsson et al., 2010); vertical and horizontal
transmission rate (Hawes er al., 2008); transcriptional activation rate and consequently
replication rate (Gretti, 2006); immunological response to HIV infection and vaccine design (Li
et al., 2009); response to ARV treatment (Hu ef al. 2001); and drug resistance pattern (Chaplin et

al., 2010); Martinez-Cajas et al., 2009).

Given these biologically significant differences among the different HIV-1 subtypes, it is
important for any country to understand and intensify studies on the genomic characteristics of
the serotypes circulating among its population. Thus, this PhD study was largely designed to fill
the present gap of knowledge on subtype diversity of Ethiopian HIV-1 isolates by sequencing the
protease and reverse transcriptase genes, unlike most of the previous sequence studies which
focused largely on the envelop region (Abebe er al 2000; Ayehunie et al., 1993; de Wit et al.,
2002; Hussien et al., 2000). In doing so, the project was also intended to characterize drug

resistance mutation patterns of the isolates from ARV drug-naive and heavily treated individuals.

1.2. LITERATURE REVIEW
1.2.1 HIV Epidemiology

Since its identification in the early 1980’s (Brown, 1986; CDC, 1981), the Human
Immunodeficiency Virus pandemic has been mounting its attack globally at an unprecedented
rate. The pandemic has been reported to have infected nearly 60 million and killed about 22
million people in the first 20 years of its existence (Marison, 2001). The global HIV incident rate
reached its peak in 1997 (Figure 1.2.1.1), when 3.2 million (estimated range 3.0 million-3.5

million) new infections occurred (UNAIDS, 2010).
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Fig. 1.2.1.1 Number of people newly infected with HIV 1990-2009.
(Source UNAIDS, 2010)

According to the most recent report from United Nations Program on HIV/AIDS (UNAIDS, 2010), the
global burden of HIV at the end of 2009 was estimated to be 33.3 million (estimated range 31.4 million-
35.3 million) (Figure 2.1.2); of this 2.5 million (range 1.7 million - 3.4 million) were children under the
age of 15 while the rest 30.8 million constituted adults. The overall number of people living with the virus

in 2009 was 27% higher than the number in 1999 (UNAIDS, 2010).
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Figure 1.2.1.2 Global prevalence of HIV infection in the years 1990-2009.
(Source: UNAIDS, 2010)



Although the current prevalence study shows a decrease by over 25% in 33 previously high
burden countries (22 of which being from sub-Saharan Africa) or stabilization in some others
(UNAIDS, 2010), a shift in prevalence between different regions of the world has been recorded
with respect to rate and mode of transmission. For example, the prevalence rate of 0.5% recorded
in 2001 in Eastern Europe and central Asia was elevated to 0.7% in 2008 due to a high rate of
new HV infections (UNAIDS/WHO, 2009). These new infections are believed to be caused by
increased transmission significance of sexual route in addition to the once predominant injection
drug use (Kilmarx, 2009). In spite of a decrease in overall prevalence in Africa, sub-Saharan
Africa, where only 10% of the world populations live, is still the region carrying
disproportionately 68% of all global HIV burden and 72% of global AIDS-related deaths
(UNAIDS, 2010). Currently, an estimated 22.5 million (20.99 million-24.2 million) people are

living with HIV and 1.8 million reported to be newly infected in 2009 (UNAIDS, 2010).

1.2.2 Emergence and Evolution of HIV/AIDS

The source of AIDS and origin of HIV have been subjects of debates and arguments ever since
they were first recognized in early years of 1980s, involving everybody - scientists and
nonscientists alike. Thus, scientific search for the link of HIV with its origin began soon after its
discovery. Although epidemiological evidences are absent showing direct transmission of HIV
from animal reservoirs to humans, researchers have gathered sufficient evidences for tracing the
possible sources of HIV (both type 1 and 2). The springboard for these studies was the fact that
related lentiviruses have been found infecting numerous non-human primates of sub-Saharan
Africa origin (Sharp et al., 2005; Sharp et al., 2001). The closest lentiviruses known to infect
over 30 species of primates, although not known to be pathogenic to the natural primate hosts, are

Simian Immunodeficiency Viruses (SIV) (Sharp et al., 2001; Wain et al., 2007). In addition, the
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observation that a wild-born chimpanzee from Gabon harboring a lentivirus (SIVcpzGAB1),
which was isogenic to HIV-1, turned researchers to suspect chimpanzees as the possible source
of HIV-1 (Sharp er al., 2005). Close examination of the genome from SIVcpzGABI1 has
identified that this virus carried the same nine reading frames as HIV-1, including an accessory
gene termed vpu, which had thus far been identified only in HIV-1 (Sharp et al., 2005).
Moreover, phylogenetic analyses indicated that HIV-1 was more closely related to SIVcpzGAB1

than to any other SIV strains (Sharp et al., 2005).

Data from phylogenetic and genomic studies have further shown that West-central African
chimpanzees (Pan troglodytes troglodytes) harbor strains of simian immunodeficiency viruses
(SIVcpz) that are closely related to all the three groups of HIV-1 (Group M, N, and O) (Santiago
et al., 2002). Many more studies conducted by several researchers have collected ample amount
of evidences that substantiate the zoonotic transmission of primate lentiviruses to humans:
similarities in viral genome organization; phylogenetic relatedness; prevalence in the natural
host; geographic coincidence; and plausible routes of transmission (Gao et al., 1999). With
regard to HIV-2, it is generally accepted that this virus is a close relative of SIVsm, a virus that is
genomically indistinguishable and phylogenetically closely related to the HIV-2 (Sharp et al.,
2001). This virus was found in wild-living sooty mangabeys (Cercocebus atys) whose natural

habitat coincides with the epicenter of the HIV-2 epidemic (Sharp et al., 2001).

Similarly, it has been shown that all HIV-1 strains belonging to groups M and N are
phylogenetically closely related to SIVcpz (SIVcpzPtt) strains infecting Pan troglodytes
troglodytes, a primate whose natural range coincides precisely with areas of HIV-1 group M, N,

and O endemicity (Brookfield et al., 2006). However, recently new data emerged identifying two
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more non-human primates as reservoirs of SIVs: Pan troglodytes schweinfurthii as a reservoir for
SIVcpz (SIVcepzPts) (Keele et al., 2006); and wild-living gorillas (Gorilla gorilla gorilla) as
reservoir for SIVgor (Takehisa et al., 2009; Van Heuverswyn et al., 2006). While the SIVcpzPts
isolate from P. t. schweinfurthii resembles very closely with HIV-1 group M (Gao et al., 1999;
Keele et al., 2006), SIVgor has been linked to HIV-1 group O (Takehisa et al., 2009; Van
Heuverswyn et al., 2006) and a new type of HIV-1 recently isolated from a west African woman
which was closer to SIVgor in all regions of the genome, and was designated a new group, Group

P but distinct from groups M, N, and O (Plantier et al., 2009).

Two very interesting findings have emerged recently regarding the transmission of HIV-1 strains
from non-human primates to humans. The first one is related to the genetic composition and
original source before the involvement of chimpanzees in transmission of HIV-1 to humans.
Bailes ef al. (2003) have presented evidence that SIVcpz arose through successive cross-species
transmission and recombination events of SIVs infecting monkeys on which chimpanzees prey;
in pol region they resemble SIVrcm from red-capped mangabeys (Cercocebus torquatus),
whereas in env region they are closer to SIVgsn from greater spot-nosed monkeys (Cercopithecus
nictitans) (Bailes et al., 2003). The authors speculated that because chimpanzees are known to
hunt smaller monkey species, the simplest explanation appears to be that both SIVrcm and
SIVgsn have been acquired by chimpanzees and recombined in that host which then followed
transmission of the recombined SIVcpz from chimpanzee to humans (Bailes et al., 2003). The
authors further reasoned that this finding has important implications: it provides evidence that, in
addition to humans, another ape species acquired SIV by cross-species transmission under natural

conditions; that the endemic infection of two chimpanzee subspecies indicates substantial



secondary spread of the initial hybrid; and that the recombinant chimpanzee virus was capable of

spreading to humans (Bailes et al., 2003).

The other important finding is evidence generated by Wain et al. (2007) regarding the evolution
and adaptation of HIV-1 in the human host after transmission from chimpanzees to humans. With
the aim of looking for viral genetic changes associated with cross-species transmission that may
represent adaptations of SIVcpz to its new human host, Wain ef al. (2007) compared inferred
sequences of the ancestors of the three independent groups of HIV-1 (group M, N, and O) with
those of SIVcpz strains, and found a single site in the HIV-1 proteome (Gag-30 which was Meth
in the chimpanzees) which appears to have undergone identical changes on each of the three
occasions when virus was transmitted from apes to humans (replaced into either Arg or Lys),
except in HIV-1 subtype C, in which Meth was conserved (Wain et al., 2007). This genetic
evidence clearly showed that genetic modification was needed for the virus to adapt from its
natural hosts (nonhuman primates) to the new host (human). Relations between and genetic
diversity in HIVs and SIVs, and patterns of cross-species transmission is depicted in Figure

1.2.2.1.
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Figure 1.2.2.1 Relations between and genetic diversity in HIV-1 groups M, N, O, and P, HIV-2, and SIVs,
and patterns of cross-species transmission

(Adapted from Tebit and Arts, 2011)
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1.2.3 Structural Components of HIV
HIV is a spherical particle (Fig 1.2.3.1) surrounded by lipoprotein membrane containing 72

glycoprotein complexes integrated into the lipid layer, and each composed of an external gp 120

glycoprotein trimer non-covalently linked to a transmembrane spanning gp 41 proteins (Chan et

al., 1997). The lipoprotein layer can also acquire such host proteins as HLA class I and II and

adhesion proteins during budding (Rubbert et al., 2007). Beneath the lipoprotien membrane are

attached the matrix protein (p17) and a conical core protein (p24), within which is located a

protein-nucleic acid complex composed of two copies of HIV RNA bound to nucleoprotein p7

and the reverse transcriptase (p66) (Gottlinger, 2001). The core also contains the enzymes

integrase (p32) and protease (p11), both of which required, along with the reverse transcriptase,

for replication of the viral particles (Kuiken et al., 2010).
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Figure:1.2.3.1 Structural components of HIV Virion
(Obtained from http://health.howstuffworks.com/ diseases-conditions/infectious/aids2.htm)




HIV RNA is a nearly 10-kb nucleic acid containing three coding regions for at least 15 protiens,
three of which for structural and catalytic proteins: gag (for group antigen), pol (for polymerase),
and env (for envelope) proteins, and the remainder for regulatory proteins (Basavapathruni and
Karen, 2007). While gag and env genes code for nucleocapsides and membrane glycoprotiens,
respectively, pol codes for the viral enzymes (reverse transcriptase, protease and integrase)
(Kuiken et al., 2010). The initial gag product is a precursor protein (p55), which soon associates
with the plasma membrane and processed to Matrix (p17), Capsid (p24), Nucleocapsid (p7) and
p6 proteins by the viral protease (Gottlinger, 2001). Similarly, the viral enzymes are produced as
Gag-Pol precursor polyprotein as the result of ribosomal frame shift near the 3* end of gag and
processed by the viral protease to their respective primary structures (Kuiken et al., 2010). The
primary env gene product is also a larger precursor gp160, which is processed to gp120 and gp41
by the viral protease (Rubbert et al., 2007). In addition, six other genes are carried within the
RNA genome (vif, vpu, vpr, tat, rev and nef) (Kuiken et al., 2010). While rat and rev are
regulatory in function, vif, vpu (in HIV-1, but replaced by vpx in HIV-2), vpr, and nef are
accessory (auxiliary) genes, which determine the replicative and pathogenic characteristics of the
viruses as well as the virus’s ability to counteract host restriction factors (Levy, 2009; Strebel,
2003). Although in vitro studies in tissue culture showed that the latter four genes are dispensable
to the virus reproduction, the fact that they are conserved in different strains indicates their

importance in vivo (Rubbert et al., 2007).

Like any other lentivirus, the sequential arrangement of HIV coding genes in the RNA genome
from 5’ to 3’end is gag-pol-env (Kuiken et al., 2010) (Figure 1.2.3.2). These genes are flanked in

both ends by the LTR regions (Long Terminal Repeat), non-coding regions that are connected to
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host DNA after integration. Although LTR regions do not code for any protein, they play very
crucial roles in the regulation of transcription (transcription initiation and polyadenylation) of
proviral DNA into viral RNA and reverse transcription of cDNA from genomic RNA during
replication since the promoter sites are located in these regions (Desfosses et al., 2005; Jeeninga
et al., 2000). The regulatory and accessory genes are distributed within pol, env and 3’LTR;
however, fat and rev exist as two physically separate exons within the env region (Rubbert et al.,
2007). Other sequences that encode for more regulatory elements are also distributed here and
there. A section of RNA sequence within LTR of the proviral DNA called TAR (Transactivation-
responsive region), which forms a hairpin stem-loop structure with a side bulge, constitutes a
binding site or target sequence for viral transactivation initiated by Tat (coded by the faf) and
cellular proteins (Desfosses et al., 2005). Rev responsive element (RRE), which contains seven
high affinity site for Rev protein, is another 200 nucleotide long RNA element encoded within
env region spanning the boarder of gpl120 and gp41 (Kuiken et al., 2010). Other relevant
elements include Psi elements (PE), a TTTTTT slippery site (SLIP), Cis-acting repressive

sequence (CRS), and Inhibitory/Instability RNA sequence (INS) (Kuiken et al., 2010).
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Figure. 1.2.3.2 Gene Maps of HIV-1 and HIV-2
(Adapted from from Kuiken et al., 2010)

Very recently, a study, using a technique called SHAPE (selective 2’-hydroxyl acylation analysed
by primer extension), has elucidated the complete HIV-1 genome structure, and has found HIV
RNA to have highly organized motifs with secondary structure of stems and loops in regulatory
and protein coding-regions (Al-Hashimi, 2009). This study revealed that the structured regions of
the HIV-1 genome are concentrated in about 21 large domains (Watts et al., 2009). In between
these structured domains are located unstructured regions that are thought to slow down the
movement of ribosomes during the synthesis of polyprotien, which gives time for individual
proteins to assume their secondary structure (Watts et al., 2009). Figure 1.2.3.3 shows structure

of the HIV-1 NL4-3 genome as depicted by Watts et al. (2009).
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1.2.4 Replication

Like any member of retrovirus family including the lentiviruses, HIV replication in general can
be viewed most simply as a process proceeding in an ordered, step-wise manner, which is
characterized by key events, including viral binding and entry, reverse transcription of the RNA
genome, integration of the resulting proviral DNA into the host genome, viral gene expression,
virus assembly, and progeny virus budding and maturation (Gomez and Hope, 2005). These
series of events can be divided into two overall phases: "early" and "late" (Freed, 2001). Figure

1.2.4.2 summarizes a simplified life cycle of HIV-1.

1.2.4.1 Entry
Entry of HIV-1 into host cells is mediated by an HIV-1 envelope protein complex hat is initially

produced as the precursor gp160, which is extensively glycosylated and proteolytically cleaved
into two subunits by a cellular convertase: surface subunit (gpl120) and the transmembrane
subunit envelope proteins (gp41) that remain noncovalently associated and oligomerize as
trimers, on the surface of the virion (Chan and Kim, 1998; Gomez and Hope, 2005). The
transmembrane gp41 contains two helical regins (HR1 and HR2) and a fusion peptide (Gomez
and Hope, 2005). The early events of HIV-1 replication begin with receptor binding in which
HIV-1 surface glycoprotien gp120 is adsorped to the CD4 receptor. This induces a change in
shape within gp120 that brings the chemokine receptor binding domains of the gpl20 into
proximity with the host cell chemokine receptor, which could be, depending on the viral tropism
determined by the V3 loop of gpl20, CXCR4 (for T lymphocytes tropic) or CCRS (for
macrophage tropic). Consequently, the co-receptors will bind to the virion particle (Chan and

Kim, 1998; Wyatt and Sodroski, 1998).
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This engagment trigers conformational changes in the structure of gp41 such that the previously
buried portion of the transmembrane glycoprotein gp41, which is the fusion peptide, enables the
viral envelope to fuse with the host cell membrane (Bergamaschi and Pancino, 2010), followed
by further conformationl change in gp41 that allows HR1 and HR2 to interact with each other to
form stable six-helix bundle structure (Figure 1.2.4.1) (Chan and Kim, 1998). This fusion leads to
the release of genome-containing viral core into the cytoplasm of the infected cell, where along
with various enzymes (including reverse transcriptase, integrase, ribonuclease, and protease) and
the single-stranded RNA genomes within the core or capsid of the virus, are released into the
cytoplasm following uncoating (Gomez and Hope, 2005; Taylor et al., 2008). A different version
of viral entry into the host cell also occurs occasionally through endocytosis pathway (Pope and
Haase, 2003; Simon et al., 2006); however, this usually results in inactivation or degradation in
the lysosomes of the infected host cell (Gomez and Hope, 2005).
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Figure 1.2.4.1 Model of HIV membrane fusion
(Adapted from Chan and Kim, 1998)



1.2.4.2 Replication and transcription
As soon as the viral RNA genome is released into the cytoplasm, it moves to the nucleus through

microtubule-based transport, during which time the viral RNA genome-associated error-prone
enzyme reverse transcriptase makes a complementary minus-strand cDNA copy of the RNA
genome by reverse transcription using its RNA-dependent DNA polymerase activity (Rubbert et
al., 2007; Sarafianos et al., 2009). Reverse transcription is initiated by a tRNA of the host cell
serving as the primer; the primer tRNA is incorporated into virions during viral assembly and is
annealed to an 18-base region located at the 5’ terminal region (Oh et al., 2008; Wei et al., 2005).
Simultaneous to synthesizing the (-) cDNA, the same reverse transcriptase degrades the (+) RNA
template by its ribonuclease activity before synthesizing the complementary (+) DNA from (-)
cDNA by its DNA-dependent DNA polymerase activities. Once the (+) DNA is formed, it
remains paired with the (-) cDNA making a double stranded intermediate DNA, which then gives
rise to pre-integration complex (PIC) composed of the double stranded viral DNA, integrase,
matrix, Vpr, RT, and the high-mobility group DNA-binding protien (HMGI/Y) (Zheng et al.,
2005). The double stranded viral DNA is then transported into the cellular nuleus via nuclear
pore and becomes integrated with the host genome and forms a provirus with the help of the
enzyme integrase (Rubbert et al., 2007; Sarafianos et al., 2009). This ends the early phase of HIV

replicaction.
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Figure 1.2.4.2 A simplified Schematic diagram of HIV-1 Life cycle
(Adapted from HIV Web Study: www.HIVwebstudy.org)

After integration, the provirus may exist in one of the two forms — either a latent or a productive
state (Stevenson, 2003). Both host and viral factors determine the immediate fate of the
integrated provirus as to which of the two forms it might assume: thease are; genetic factor of the
viral strain, the type of cell infected, and the production of host cell proteins (Spina et al., 1997,
Stevenson, 2003). The provirus that has infected memory T4 cells, monocytes, macrophages, and
denditic cells remain latent provirus and serve as stable reservoirs of HIV, while that integrated in
activated T4 cells (which comprises of up to 95% of infected cells) is in a state of productive
infection (Simon and Ho, 2003; Stevenson, 2003). Thus the productively infected cells are

immediately engaged in producing new viruses through series of coordinated steps (Stevenson,
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2003). On the other hand, the provirus in the latently infected cells needs to be activated in order
to be involved in viral production by replication (Simon and Ho, 2003; ; Stevenson, 2003). This
activavtion is achieved by antigenic stimulation of the infected cells, or their activation by

cytokines, endotoxins or Lipopolyaccharides (LPS), and superantigens (Rubbert et al., 2007).

The late phase of HIV-1 replicaction involves all post-proviral integration events following
activavtion of the provirus, in which the host cell’s genetic machineries are commandeered by the
provirus (Weiss, 2001). The host cell RNA polymerase II transcribes viral mRNA from the (-)
sense proviral DNA (Rubbert et al., 2007). The activation of the provirus and transcription of
mRNA involves intricate cascades of biochemical processes that require interplays between host
factors and viral proteins and proviral sequences at LTR regions (Hiscott et al., 2001; Suhasini
and Reddi, 2009; Zheng et al., 2005). Up on transcription, a 9-kb unspliced mRNA is formed that
is used for three viral functions: 1) synthesis of the Gag polyproteins pS5, which will be cvleaved
later by HIV protease to matrix proteins (MA, p17), capsid proteins (CA, p24), and nucleocapsid
proteins (NC, p7); ii) synthesis of the Gag-Pol polyproteins p160, which will be cleaved later by
HIV protease to matrix proteins (MA, pl7), capsid proteins (CA, p24), proteinase molecules
(protease or PR, p10), reverse transcriptase molecules (RT, p66/p51), and integrase molecules
(IN, p32); and iii) becoming the genome of RNA later when the new viruses mature (Gomez and

Hope, 2005).

Another avenue of the 9-kb mRNA is getting spliced to form a 4.4-kb mRNA and a 2-kb mRNA,
each of which being responsible for the synthesis of their respective structural, regulatory and
accessory proteins. The 4.4-kb mRNA is used to synthesize the Env polyprotien gp160, which is
cleaved later by protease to gpl120 and gp41; and also to synthesize the regulatory/accessary

proteins Vif, Vpr, and Vpu (Rubbert et al., 2007). Likewise the 2-kb mRNA is used to synthesize
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the other regulatory/accessory proteins Tat, Rev, and Nef (Rubbert ez al., 2007). While multiply
spliced mRNAs (2-kb) transcripts can exit the nucleus freely, unspliced (9-kb) and singly spliced
(4.4-kb) transcripts require Rev and the Rev Response Element (RRE) RNA structure for their
transportation to the cytoplasm (Suhasini and Reddy, 2009; Zheng et al., 2005). With the help of
accumulated Rev protein in the nucleus, unspliced mRNAs are bound and transported to the
cytoplasm, where they are retained unspiced until viral particle assembly is accomplished

(Suhasini and Reddy, 2009).

1.2.4.3 Viral assembly, release, and maturartion
After synthesis of viral proteins and genomic RNA, assembly of the viral particles begins at

cellular membrane. The HIV Gag polyprotien is identified to orchestrate this process by serving
as a scaffold to promote assembly of progeny virions at cellular membranes and recruits
components of the vesicular protein sorting pathway to facilitate virus budding (Gottwein and
Krausslich, 2005). It is generally accepted that HIV-1 viral particles takeover a system normally
involved in the intracellular sorting of membrane proteins to exit infected cells (Gomez and
Hope, 2005). The detection of Gag proteins in plasma membrane and the membranes of
endosomes suggetst that viral assembly and budding may not be localized to plasma membrane

only (Porter et al., 2010).

In this regard, two models have been proposed: the first model proposes that following synthesis,
Gag traffics to endosomal membranes, and upon exocytosis, is deposited on the PM, where it
serves as a site for productive virus assembly; the other model (the lipid raft budding model)
proposes that Gag is first trafficked to the PM, where virus assembly occurs, and then excess Gag

is internalized to intracellular endosomal compartments called multivesicular bodies (MVB) that
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serve as sites of productive virus assembly (the Trojan exosome hypothesis) (Gomez and Hope,
2005; Hurley et al., 2010; Porter et al., 2010). Because of the presnce of supporting evidences for
both of these models, it is believed that both of them could be plausible models that may not be

mutually exclusive (Gomez and Hope, 2005; Gousset et al., 2008).

In general, HIV-1 Gag recruits site-specific cellular lipids and proteins to the budding virion, in
addition to viral proteins (Hurley et al., 2010). Moreover, viral assembly and release has been
recognized to occur at cell-cell junction called Virological Synapsis, where Gag and Env proteins
are accumulated during assembly (Gomez and Hope, 2005; Gousset et al., 2008). Wherever the
assembly sites may be, the polyprotiens are cleaved into their respective functional proteins by
viral protease: Env polyprotein (gpl60) cleaved and processed into the two HIV envelope
glycoproteins gp41 and gpl120 and transported to the plasma membrane of the host cell, where
gp41 anchors the gp120 to the membrane of the infected cell; the Gag (pS5) and Gag-Pol (p160)
polyproteins also associate with the inner surface of the plasma membrane along with the HIV
genomic RNA as the virion under formation begins to bud from the host cell (Gelderblom, 1997).
In the end, mature viral particles, with full capability of infection, are produced after budding

following the vleavage of the various polyprotiens (Gelderblom, 1997).

1.3. HIV/AIDS Natural History and Pathogenesis
1.3.1 Natural History of HIV Infection

The natural history of HIV infection has been arbitrarily separated into primary or acute
infection, latent or asymptomatic, and Advanced HIV infection or AIDS phase (Pilcher et al.,
2004). These phases and events along with their associated markers are depicted in Figure 1.3.1.1

and described briefly below.
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Figure 1.3.1.1 Natural History of HIV-1 infection
(Adapted from WHO, 2009)
For the purpose of guiding the diagnosis, evaluation, and management of HIV/AIDS, WHO and
the CDC have their own definition of the clinical stages of HIV infection. WHO’s staging
definition was developed in 1990 and revised in 2007, in which the stages are categorized as 1-4,
progressing from primary HIV infection to advanced HIV/AIDS (WHO, 2007). The CDC on the
other hand has classified case definitions into stages 1-3 and a fouth one stage unknown, based
on clinical and laboratory findings (CDC, 2008).
Primary/acute HIV infection

Soon after HIV infects its target cells at the mucosal surfaces via various routes (except for
direct parenteral or in utero transmission) an incubation period of primary infection ensues

lasting for two to four weeks (Altfeld and Walker, 2007), which heralds beginning of a persist
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infection throughout the remainder of the person’s life. This is followed by clinically acute HIV
infection period, which is subclinical for most of the infected person (80-90%) with insginifican
consequences or ‘flu-like’ symptomes and hence passes unnoticed (Daar et al., 2001), while
small proportion of individals may develop rash, fever and lymphadenopathy within 2-3 weeks;
and still some get pharyngitis, erythematous maculopapular rash, arthralgia, myalgia, retro-orbital
headache, malaise, diarrhea and vomiting (Kahn et al., 1998). In the first few weeks of the acute
infection phase, HIV can be detected in blood serum and plasma before the formation of
antibodies routinely used to diagnose infection, and high levels of viremia and shedding can be

demonstrated at mucosal sites (Pilcher et al., 2004).

During the primary HIV infection, the virus replicates profusely reaching to the level of 100
million copies of RNA/ml (Altfeld and Walker, 2007). This high viral titer is accompanied by a
marked drop in the numbers of circulating CD4" T cells, and is associated with the activation of
CD8" T cells, which kill HIV-infected cells (Pantaleo et al., 1997). Concomitant to this response
of CD8+ T cells and appearance of neutralizing antibodies developed later over the following
weeks, the high level RNA drops down until it reaches a viral setpoint, which is defined as the
relatively stable level of plasma viremia that is observed during the chronic stage of infection and
predictive of long-term prognosis, with higher levels of viremia being associated with a more
rapid loss of CD4+ T Lymphocytes and faster progression to AIDS (Simon and Ho, 2003). As the
result, the acute infection is resolved, giving way to the next clinically laten phase (Klatte, 2010).
Before the clearing happens, however, the virus is already seeded into various target tissues and
organs that will serve as reservoirs from which the viruses are continuously trickled into the

blood stream throughout the course of the disease (Weber, 2001).
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Viral replication during acute infection and viral setpoint are influenced by several factors
including viral replicative fitness, host immune responses and host genetic factors (Stevenson,
2003). With regards to host immune response, antibody response against HIV-1 with neutralizing
capacities lag behind for weeks, and hence are rarely detectable during primary HIV-1 infection,
and if ever, they are largely of non-neutralizing types targeting debris of HIV (Letvin and
Walker, 2003). Nonetheless, a number of studies have demonstrated a crucial role of HIV-1-
specific cellular immune responses for the initial control of viral replication during this stage of
infection (Altfeld and Waker, 2007). The CD8+ T cells eliminate HIV-infected cells directly by
MHC classl-restricted cytolysis or indirectly by secreting cytokines, chemokines or soluble
factors (Altfeld and Waker, 2007). In addition, host genetic factors like presences of
CCR5delta32 (Biti et al., 1997), HLA class I alleles such as HLA-B27 and HLLA-B57 are crucial
in determining viral set point and rate of disease progression (Altfeld et al., 2006; Altfeld et al.,
2003; Migueles and Connors, 2010), which are all associated with lower viral setpoints and

slower disease progression.

Latent/asymptomatic or chronic infection

Following the primary/acute infection, the CD4+ T cells increase in number albeit not to the level
of pre-infection (Weber, 2001). This marks the beginning of a clinically latent period of
asymptomatic/chronic infection phase, whose length varies from few weeks upto 20 years
(Altfeld and Waker, 2007; Klatte, 2010). Although peripheral viral level is very much reduced
compared to the acute infection phase, HIV viral particles are still active within lymphoid organs,
where a large amount of viruses are trapped by Follicular Dendritic Cells, from where CD4+ T
cells in the surrounding tissue are infected (Burton et al., 2002; Stevenson, 2003). As the result of

this persistent viral infection, the CD4+ T cell level continues declining slowly, though not at a
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constant rate, until it reaches to a level (< 200 cells/uL) where the immune ystem can no longer
controls microbial infections, leading to emergence of several opportunistic infections (Klatte,

2010). This marks the beginning of late stage infection or progression to AIDS.

Late stage HIV infection

Once the infection has progressed to this stage and the level of CD4+ T cells declines to <200
cells/uL,, the rate of further CD4 decline and the level of plasma viral load increament is
heightened tremendously (Moroni and Antinori, 2003). The principal feature of this stage is the
emergence of myriad of opporunuistic infections and neoplasms of AIDS. In addition, direct
damage of organs (kidney, brain, gastrointestine, bonemarrow, and heart has been recognized

(Moroni and Antinori, 2003).

It is generally recognized that HIV infected persons are categorized into four strata depending on
the rate of their progression, beginning from seroconversion to AIDS phase and subsequently
death: these are; typical progressors, rapid prgressors, nonprogressors, long servivors, and elite
controllers (Klatte, 2010). While rapid progressors (accounting for about 10% of all HIV-infected
persons) reach AIDS stage within short period of 2-3 years following initial infection, the typical
progressors and nonprogressors (or also known as long survivors) can remain in the chronic stage
without a significant and progressive decline in immune function for average of 8-10 and more
than 10 respectively. Long survivors are characterized by a stable CD4 lymphocyte count,
negative plasma cultures for HIV-1, fewer HIV-infected cells, and a strong virus-inhibitory
CD8+ T-lymphocyte response (Klatte, 2010). On the other hand, the elite controllers of HIV
suppress viremia, although viremic initially following primary infection with HIV, below the

limit of detection (<50 copies/mL) even in the absence of antiretroviral therapy. They are also
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characterized by minimal decline in CD4+ lymphocytes, mounting polyfunctional CD4 response
without loss of specific CD4+ clones; immune systems with preserveed cytolytic NK cells; and

mounting a more polyfunctional CD8+ cytotoxic lymphocytic response to HIV (Klatte, 2010).

1.3.2 HIV Pathogenesis

It is now a well-established fact that HIV primarily infects cells with CD4 surface receptor
molecules, which are used to gain entry into the cells. This receptor is shared by many cells in the
human body and so a number of target cells are available for the entry of the virus, although CD4
bearing lymphocytes are the primary cellular homes; cells of the mononuclear phagocyte system,
principally blood monocytes and tissue macrophages, T lymphocytes, B lymphocytes, natural
killer (NK) lymphocytes, dendritic cells (Langerhans cells of epithelia and follicular dendritic
cells in lymph nodes), hematopoietic stem cells, endothelial cells, microglial cells in brain, and
gastrointestinal epithelial cells are the primary targets of HIV infection (Stebbing et al., 2004).
Thus, anatomical sites afflicted by HIV are lymphoid organs such as lymph nodes, gut, spleen,
the central nervous system, and the genitourinary tract (Simon and Ho, 2003; Stebbing et al.,

2004).

During initial HIV infection, the virus crosses the mucosal barrier through any of the following
three methods, resulting in infection of a small number of CD4+ T lymphocytes, macrophages,
and dendritic cells: i) infection of intraepithelial lymphocytes; ii) capture or infection of DCs by
virus attachment to mannose C-type lectin receptors (eg, dendritic-cell-specific intercellular
adhesion molecule 3-grabbing nonintegrin or DC-SIGN) located on dendritic cells and
macrophages; or iii) transcytosis, or access of subepithelial target cells through disruptions in
mucosal integrity (Pope and Haase, 2003; Simon et al., 2006). Once the virus crosses the

mucosal barrier, it begins propagating locally in the infected cells and disseminates into draining
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lymphnodes and then, via blood, into various target organs including other lymphoid organs,
where tisse reservoir is established (Figures 1.3.2.1A and B) (Pope and Haase, 2003). HIV-1 that
is bound and internalized by a DC may allow infection of nearby CD4+CCRS5+ cells and/or
efficient presentation of HIV-1 to susceptible target cells after DCs migrate to draining lymph
nodes (Pilcher et al., 2004). Entry of HIV-1 into target cells by fusion or endocytosis results with
sharply different functional consequences: while fusion promotes productive infection of the host
cell, endocytosis generally leads to virion inactivation in acidified endosomes or degradation in
lysosomes. Both processes are restricted to the CD4-expressing subset of cells and that both
pathways require the initial binding of HIV virions to surface CD4 receptors (Schaeffer and

Greene, 2003).
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Figure 1.3.2.1 HIV transmission in the female genital during acute infection.
Panel A: shows the path through which the initial infecting virus passes and where it is disseminated. Only

RS viruses are preferentially taken up at the mucosal surface. Panel B: shows how the initial HIV-1 infects
target cell, propagates and disseminantes into the submucosal and regional lymphnodes. (1) Infection of
DCs. (2) Transcytosis (3) Infection of intraepithelial lymphocytes (Adapted from Pope and Haase, 2003)

The principal strategy of HIV-1 is its taking advantage of cellular pathways while neutralising
and hiding from the different components of the immune system. It does this through various
tricky ways. In the early steps of the infection, it enters to target cell without causing immediate
lethal damages but the entry process can stimulate intracellular signal cascades, which in turn
might facilitate viral replication (Simon et al., 2006). In addition, the initial replication is
composed of homogenous population with few viral variants, which leads to modest primary

amplification probably because of the viral isolates being slow growing at early in the course of
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infection (Simon et al., 2006). However, four weeks after infection, viral loads in blood, genital
secretions and other compartments peak at very high levels (Pilcher et al., 2004), because of
migration of infected T lymphocytes or virions into the bloodstream, and consequently secondary
amplification in the gastrointestinal tract, spleen, and bone marrow results in massive infection of
susceptible cells (Simon et al., 2006). Increasing HIV-1 replication during this stage leads to a
general activation of CD4+ and CD8+ cells, including HIV-1-specific CD4+ cells, a condition
that predisposes activated CD4+ cells to be successfully infected with HIV-1 (Pilcher et al.,
2004). This high rate of amplification is paralleled with viral quasispecies diversification in
distinct biological compartments that results in the generation and archiving in long-lived cells
(ie, viral reservoirs) of mutant viruses that are resistant to antibody neutralisation, cytotoxic T
cells, or antiretroviral drugs (Simon et al., 2006). At this peak viremic stage, the half-life of a
virion is so short that half of the entire plasma virus population is replaced every 6 hours or less,
as the result of which the total number of virions that are produced and released in an untreated

HIV-1-infected person can reach to the order of > 10" particles per day (Simon and Ho, 2003).

The various infected cell types have been observed to contribute to the plasma viral level
differently and at different time point in the course of HIV-1 infection (Figure 1.3.2.2). This is
because propagation of HIV-1, which is determined by the activities of integrated provirus,
depends on metabolic and activavtion state of the infected cell; and the longevity of the provirus
determines the persistence of high level viral replication, which in turn is dependent on the
lifespan of the infected cell (Stevenson, 2003). These two characterstics are expressed by the
various HIV-1 target cells differently. It has been demonstrated that viral replication is rapid and
efficient in activavted infected cells (Pope and Haase, 2003). Thus, activated T cells and

macrophages are the principal sources of viremia during the acute infection (Stevenson, 2003).
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Thus, with continuous activavtion and rapid turnover rate of CD4+ T lymphocytes during the
prolonged chronic phase, HIV-1 always gets pool of target cells to infect and destroy. While
activated T cells are highly cytopathic paralleling their high viral productivity, resting T (G1)
cells and quiescent (Gop) cells have reduced virus productivity or are latently infected, but have
extended longevity, which make them the principal reservoirs and persistent viral production
sites during the chronic phase of the infection (Pope and Haase, 2003). The reason for this
persistence viral production and long-lived reservoir for the resting and quiescent states of CD4+
T cells is that these cells simultaneously avoide viral cytopathic effects and immune clearance
mechanism (Stevenson, 2003). In the bsence of treatment, a gradual destruction of the naive and
memory CD4+T-lymphocyte populations, and eventually diminishing of the immune system,

advance HIV-1 infection further into AIDS phase (Fauci, 2003).
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Figure 1.3.2.2 Viral reservoirs and their relative contribution to plasma viremia.
Steady-state levels of plasma viral RNA reflect the cumulative production of virus from the various

cellular reservoirs and the turn over of virus producing cells in those reservoirs. 1* phase largely by
activated CD4+ T cells; 2™ phase largely by Macrohages and resting T cels; 3" phase, extremely low and
chronic production from stable reservoirs (resting T cells and DC); 4™ phase, FDCs harboring trapped
virions and quicent T cells. The numbers pointed by the arrows indicate the lifespan of the respective
cells, and so show the duration of their viral production [Adapted from Stevenson, 2003]

1.3.3 HIV Diagnosis, ARV Treatment and Drug Resistance
1.3.3.1 HIV diagnosis

HIV diagnosis is performed in a two-level procedures: the initial procedures are for screening
purposes (screening assays) and are designed to detect all infected individuals, whereas the
second ones are designed to be confirmatory (supplemental assays) that identify individuals who

are not infected but who have reactive screening test results (Preiser and Korsman, 2007). While
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screening tests possess a high degree of sensitivity with accompanied few false-negative results,
confirmatory assays have a high specificity with accompanied few false-positive results
(MacDonald et al., 1989). The sequential use of these two tests offers results that are highly
accurate and reliable (CDC, 1989; Chou et al., 2005). HIV diagnosis can also be categorized into
indirect and direct assays. The indirect assays demonstrate presence of humoral immune response
markers (virus-specific antibodies) against HIV, which are found in virtually 100% of HIV-
infected individuals, although negligible number of infected persons fail to produce detectable
antibody (Novitsky et al., 2007). The direct assays on the other hand demonstrate presence of
infectious virus using either of the following methods; cell culture, the viral antigen p24 by
ELISA, or viral nucleic acid/viral genome (nucleic acid testing) by RT-PCR/PCR (Preiser and
Korsman, 2007). The latter diagnostic tests are appropriate for suspected primary or vertically

transmitted infections (Owen et al., 2008).

Several indirect and direct alternative assays are available to conduct HIV tests that can detect all
potentially occurring virus types (HIV-1, HIV-2), groups (HIV-1-N, HIV-1-O, HIV-1-M) and
group M subtypes (Owen et al., 2008). The most commonly used HIV screening tests involve
Enzyme-Linked Immunosorbent Assays/Enzyme Immunoassays (ELISA/EIA), because these
assays utilize relatively simple methodology with inherent high sensitivity and suitability for
testing large numbers of samples (MacDonald et al., 1989). HIV ELISA/EIA assays have been
developed progressively from first to the current fourth generation, based on the principle used in
the assays as well as the type of antigens used, featuring improved performance with each
subsequent generations (WHO, 2009). While first generation assays employed HIV "whole virus"
antigen obtained from cell cultures to react with antibodies of patient serum, those from the

second generation onwards used recombinant virus proteins or synthetic peptides representing
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immunodominant epitopes (Preiser and Korsman, 2007). As all ELISA/EIA antibody assays are
based on the principle of a specific antigen-antibody reaction, the assays may not detect the target
antibodies during the ‘window period’, 6 to 12 weeks after infection in the case of early
generation tests, or 3 to 4 weeks in the case of newer generation assays including third generation
ELISA (Owen et al., 2008). Since recently, the ‘window period’ has been shortened further by
several days using antigen detection tests and by several more days using nucleic acid detection
methods (Owen et al., 2008). It may even be only 2 to 3 weeks if an all-inclusive testing strategy,
involving both direct and indirect tests, is used such as combining nucleic acid detection assays
and fourth generation ELISA tests that detect IgM antibody simultaneously with IgG, and

demonstration of circulating p24 antigen (Owen et al., 2008).

Since screening tests are liable to give false-positive results due to their non-specific reactivity as
the result of their high sensitivity, samples that produce repeatedly reactive results by screening
tests must be further tested using a confirmatory test, which in most cases is a Western blot or an
immunofluorescence assay (IFT or IFA) (Preiser and Korsman, 2007). In this case, purified and
denatured viral proteins produced from cell culture-propagated HIV, are separated according to
their molecular weight by electrophoresis, immobilized and blotted onto a nitrocellulose
membrane which is then cut into strips and incubated with patient’s serum (CDC, 1989). Upon
binding of patient antibodies reactive to the viral proteins in the strip, bands are formed when an
antihuman enzyme-labeled secondary antibody and matching substrate is used (CDC, 1989). The
viral proteins used in this assay include the env or envelope glycoproteins (gp41, gp120, gp160),
the gag or nuclear proteins (p18, p24/25, p55) and the pol or endonuclease-polymerase proteins
(p34, p40, p52, p68) (Preiser and Korsman, 2007). Interpretation of the test is variable according

to the country’s’ accepted guideline: the American Red Cross demands at least three bands, one
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from each group (i.e. one gag, one pol and one env band); FDA demands the p24, the p34 as well
as the gp41 or gp120/160 bands; WHO recommends only two env bands (CDC, 1989; Preiser

and Korsman, 2007).

A different approach to these conventional testing methods is a recently introduced technique
called point-of-care diagnoses or rapid tests. The rapid test strategy is superior to conventional
testing in certain respects; namely, it is less time-consuming (taking only about 20 minutes),
inexpensive with no requirement for special equipment, and being technically feasible in
developing countries, offering access to screening for the vast majority of populations in these
resource-poor settings (Reynolds et al., 2002). Yet, they have similar accuracy to the EIA tests,
with the same sources of specimen (i.e., saliva, serum, plasma, and whole blood from finger
sticks) (Chou et al., 2005). Like the EIAs, rapid test reactive specimens have to be tested with
other confirmatory tests in order to definitely decide the serostatus of tested individuals
(Greenwald et al., 2006). The US Food and Drug Administration has approved four rapid tests
OraQuick® (and its newer version OraQuick® Advance) Rapid HIV-1/2 Antibody Test (OraSure
Technologies, Inc., Bethlehem, PA); Reveal™ (and its newer version Reveal™ G2) Rapid HIV-1
Antibody Test (MedMira, Halifax, Nova Scotia); Uni-Gold Recombigen® HIV Test (Trinity
BioTech, Bray, Ireland); and Multispot HIV-1/HIV-2 Rapid Test (Bio-Rad Laboratories,

Redmond, WA) (Greenwald et al., 2006).

1.3.3.2 Highly Active Antiretroviral Therapy (HAART)

No evidence is thus far available for the presence of curing therapy to HIV infection, except for
the one instance in which the patient received stem cell bone marrow transplant in Germany

(Hutter et al., 2009), and remained sero-negative until now, 45 months since the transplant
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(Allers et al., 2010). Nonetheless, the breakthrough made in 1996 in the introduction of combined
antiretroviral treatment has helped millions to have a prolonged survival and improved quality of
life as the therapy has substantially reduced the morbidity and mortality of HIV-infected
individuals (Lihana et al., 2009a; Simon and Ho, 2003). The first approved anti-HIV agent in
1987 was zidovudine (De Clercq, 2009). Since then, about 25 antiretroviral drugs that fall into six
classes have been approved for use against HIV (De Clercq, 2009). These drugs interact with
different target biological events in the replication cycle of HIV and disrupt the completion of
their processing. Two of the classes, Nucleoside/nucleotide Reverse Transcriptase Inhibitors
(NRTIs/NtRTIs) and Non-Nucleotide Reverse Transcriptase Inhibitors (NNRTIs), target the
process of reverse transcription of genomic RNA into cDNA by the enzyme reverse transcriptase
(Sarafianos et al., 2009). The other four classes target the proteolytic cleavage of viral poly-
proteins by the enzyme protease into their respective functional proteins (Protease Inhibitors
[PIs]), viral entry through virus—cell fusion (Fusion Inhibitor [FIs]) and interaction of the virus
with its (co-)receptors (Co-receptor Inhibitors [CRIs]), and integration of the proviral DNA into
the host cell genome with the help of the enzyme integrase (Integrase Inhibitor [INIs])

(Sarafianos et al., 2009).

The NRTIs/ NtRTIs interact with the catalytic site or the substrate-binding site of the enzyme (De
Clercq, 2009). The NRTIs/NtRTIs are 2’3’dideoxynucleoside analogues that should be
phosphorylated into their respective dideoxyribonucleotide triphosphates (by undergoing 3 and 2
phosphorylaltion reactions, respectively, for nucleoside and nucleotide analogues) to be
converted to their active form with the help of cellular kinases (Ravichandran et al., 2008). These
are then incorporated into the newly formed cDNA as dideoxriboynucleoside monophosphate.

Since NRTIs and NtRTIs lack a 3'-hydroxyl group on the deoxyribose moiety, unlike their
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physiological counterpart deoxynucleotide substrates, the next incoming deoxynucleotide cannot
form the next 5'-3' phosphodiester bond needed to extend the DNA chain, thereby terminating the
chain elongation step of the reverse transcription process as competitive inhibitors to the natural
deoxyribonucleotide triphosphates (De Clercq, 2009). Seven nucleoside RT inhibitors are
currently in use globally: zidovudine (AZT); didanosine (ddl); zalcitabine (ddC); stavudine
(d4T); lamivudine (3TC); abacavir (ABC); and emtricitabine (FTC) (Clavel and Hance, 2004;
Thompson et al., 2010). Tenofovir disoproxil fumarate (TDF) is the prototype and the only

Nucleotide Reverse Transcriptase Inhibitor in current use (De Clercq, 2009).

The NNRTIs, on the other hand, interact with an allosteric site located at a short distance away
from the polymerase catalytic site of the enzyme reverse transcriptase (Clavel and Hance, 2004).
Therefore, the mechanism of action of NNRTIs is different from that of NRTIs/NtRTIs; it
disturbs the normal functioning of the reverse transcriptase by distorting the active (catalytic) site
of the enzyme during the process of cDNA synthesis (Ravichandran et al., 2008). Efavirenz,
Nevirapine, Etravirine, and Delavirdine are the four NNRTI drugs currently in use (Thompson et

al., 2010).

Ten protease inhibitors (PIs) have been licensed for clinical use in the treatment of HIV
infections: saquinavir, ritonavir, indinavir, nelfinavir, amprenavir, lopinavir, atazanavir,
fosamprenavir, tipranavir and darunavir (De Clercq, 2009). PIs contain a hydroxyethylene
scaffold ((-CH,-CH(OH)) which mimics the normal peptide linkage, that would be cleaved by the
HIV protease under normal circumstance, but which itself cannot be cleaved (De Clercq, 2009).
They occupy the active site of the enzyme protease, which has a symmetrical homodimeric

structure, and interfere with the proteolytic processing of precursor viral proteins into mature
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viral proteins (Clavel and Hance, 2004). Other antiretroviral agents in current use include two
entry inhibitors: Maraviroc, (also called chemokine receptor antagonist or CCRS inhibitor that
binds to CCRS and prevent interaction of gp120 with the co-receptor), and Enfuvirtide (T-20) or
also called fusion inhibitor that binds to gp41 thereby inhibiting virus-cell fusion] (De Clercq,
2009). In addition, another recently approved agent called Raltegravir was introduced into
clinical use; it blocks provirus formation through preferentially inhibiting strand transfer by

binding to the target DNA site of the enzyme integrase (Thompson et al., 2010).

It is now proven that each of the approved antiviral drugs can substantially reduce plasma HIV
RNA a few months after initiation of antiretroviral therapy to below detection limit with a
corresponding improvement in CD4+ T cell counts (Clavel and Hance, 2004). However, this
successful treatment outcome sustains only for short period, as drug resistant variants appear
shortly. Maximum benefit of the drugs is therefore obtained only by combining three or more
drugs, so called Highly Active Antiretroviral Therapy (HAART) that has the potency sufficient to
generate sustained suppression without outgrowth of resistant virus (Clavel and Hance, 2004).
The ability of combination therapy to retard the rate of emergence of drug resistant variants stems
from two properties of HIV drug resistance: first, occurrence of resistance for most of the drugs
requires multiple mechanisms each with different mutations (Molla et al., 1996); and second, the
naturally occurring error-prone rapid rate of HIV replication, that fuels the emergence and
expansion of mutant viruses, is successfully suppressed by multiple drugs (Clavel and Hance,
2004). Thus, at present HAART is based on the administration of at least three different
compounds, which jointly block viral activities required for completion of its replication
(Sarafianos et al., 2009). Unfortunately, since HIV-1 infections cannot be cured even under

intensive treatment with HAART, ARV drug therapy is a life-long therapy (Sarafianos et al.,
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2009). The prominent obstacle to the eradication of HIV are the existence of persistent low-level
viral replication, persistence of latently infected resting CD4+ T lymphocytes, and anatomical

sanctuaries (for example, brain and testes) (Clavel and Hance, 2004).

Recognizing the pressing need to expand access to HIV treatment, WHO launched a very
important program of reaching 3 million people in low and middle-income countries with ARVs
by 2005, although this number was achieved only after 2007 (WHO, 2006). The ‘3 by 5’
campaign was latter replaced by ‘universal access to HIV treatment, prevention and care by
2010’, where 80% of patients needing ARV treatment would get access to the treatment, but only
few countries achieved the goal by the specified time (WHO/UNAIDS/UNICEF, 2010).
Currently, WHO has raised a new motto called ‘halting and beginning to reverse the spread of
HIV/AIDS by 2015°, and it is now included as part of the ‘Millennium Development Goal 6’
(UNAIDS, 2010). So far, 700,000 people from resource-rich and 5.2 million from resource-
constrained countries have been on HAART, making the total people on treatment about 6

million (UNAIDS, 2010).

In order to coordinate and make the treatment efforts evidence-based, countries formulate ART
guidelines and update them as new evidences are accumulated. To this end, the International
AIDS Society-USA Panel has issued its 2010 updated guideline, which would be followed by the
developed world. According to this guideline, ART should be initiated regardless of CD4 count
for all symptomatic patients and those specific conditions and comorbidities such as increased
risk of disease progression associated with a rapid decline in CD4 cell count (ie, >100 cells/uL.
per year) or a plasma HIV-1 RNA level > 100,000 copies/mL; older than 60 years; pregnancy (at

least by the second trimester); or chronic HBVor HCV coinfection (Thompson et al., 2010). In
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addition, all asymptomatic patients whose CD4+ counts is <500 cells/uL. should also begin the
therapy regardless of the presence or absence of symptoms (Thompson et al., 2010). The panel
also recommends that the initial regimen be individualized according to resistance testing results
and predicted virologic efficacy, toxicity and tolerability, pill burden, dosing frequency, drug-

drug interactions, comorbidities, and patient and practitioner preference (Thompson et al., 2010).

Similarly, panel of experts at WHO have revised the 2006 ART guideline intended for use in
resource-constrained countries to be implemented according to the countries’ peculiar health
system settings. This update was developed based on the following principles; do no harm,
accessibility, quality of care, equity of access, efficiency in resource use, and sustainability
(WHO, 2010). It is thus recommended for resource-constraint countries to start ART in all
adolescents and adults at CD4+ T cell count of <350 cells/uL (unlike the previous
recommendation of <200 cells/puL) with first-line regimen of one NNRTI and two NRTIs (one
being either zidovudine (AZT) or tenofovir (TDF) (WHO, 2010). As the second-line regimen, the
same guideline recommends a ritonavir-boosted protease inhibitor (PI) (preferably atazanavir
(ATV/r) or lopinavir/ritonavir (LPV/r) and two NRTIs, one of which being AZT or TDF,

whichever was not used in the first line (WHO, 2010).

1.3.3.3 Emergence and transmission of antiretroviral drug resistance
Despite administration of potent antiretroviral treatment, HIV is not completely eradicated from

patients (Hatano et al., 2010). This is because replication-competent HIV-1 can be recovered
from resting CD4+ T lymphocytes from most HAART-treated patients, and in most patients the
latent reservoir remains stable with an estimated decay rate that ranging between 6 and 44

months even with prolonged treatment (Simon and Ho, 2003). Above all, HIV’s high mutation
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rate coupled with error-prone reverse transcription provide an opportunity for emergence of
quasispecies that have acquired mutations conferring resistance to the drugs in use, and so abet

the expansion of new variants in the presence of the drugs (Hupfeld and Efferth, 2009).

In fact reports on the last 25 years of HAART utilization in developed nations have shown that
emergence of antiretroviral drug resistance with prolonged antiretroviral therapy is an inevitable
event (Sarafianos et al., 2009). For example, by the year 2000, median of 28.5% of the prevalent
HIV infections in San Francisco, where HAART started in 1996, were ARV -resistant (Blower et
al.,2001). In another study in the United States, genotypic drug resistance assay revealed that the
first three years of HAART treatment in the country witnessed a significant prevalence rate of
ARV drug resistance among HIV-infected adults experiencing virological failure. The study
showed that prevalence of any genotypic resistance to the three drug classes was estimated at
13%, while resistance to two classes and any resistance was 48% and 76% respectively (Richman
et al., 2004). Similarly, a study in the UK found prevalence of multiclass resistance up to 15%
and any single resistance up to 77% if single point estimate is considered (UK Collaborative

Group on HIV Drug Resistance, 2005).

The concern over emergence of drug resistant HIV variants among treated individuals is that,
apart from reducing treatment options and consequent death of the patients harboring the drug
resistant variants (Pujades-Rodriguez et al., 2010), the increasing prevalence of resistance to
antiretroviral drugs has been associated with increased transmission of resistant viruses to newly
infected individuals (Castelbranco et al., 2010). In this regard, it is reported that widespread use
of ART in countries where HAART has been in use for longer time has resulted in an increased

prevalence of transmitted drug resistant variants, ranging from 10% to 20% among drug naive
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patients (Lihana et al., 2009b; Wheeler et al., 2010). Even in Africa, where HAART was
introduced relatively recently, one study reported that resistance prevalence for drug naive and

drug-experienced persons were 5.2% and 16.0% respectively (Hamers et al., 2010).

No class of antiretroviral drugs has been spared from development of resistant HIV variants. In
its 2009 update, the International AIDS Society-USA has recognized over 110 major and minor
resistance mutations at over 70 positions in all classes of ARV drugs (Johnson et al., 2009). HIV
Drug Resistance Databases of Stanford University, on the other hand, has listed over 90
mutations of all classes of drugs at over 57 sites in its November 2009 updates

(http://hivdb.stanford.edu/pages/download/resistanceMutations handout.pdf. accessed on

January 04, 2011). Similarly, WHO has updated its list of Surveillance Drug Resistance
Mutations (SRDM) in 2009, and has identified 93 mutations at 43 sites of the three classes of
ARVs (Protease Inhibitors, Nucleoside/nucleotide Reverse Transcriptase Inhibitors, and Non-
Nucleoside Reverse Transcriptase Inhibitor) made available to resource-constraint countries

through universal access (Bennett et al., 2009).

Some of the NRTI mutations are capable of cross resistance, affecting more than one drugs in the
class (E.g. 69 Insertion complex that affects all NRTIs currently approved by the US FDA
[M41L, A62V, 69Inset, K70R, L210W, T215Y/F, K219Q/E], Q151 complex that affects all
NRTIs currently approved by the US FDA except tenofovir [A62V, V751, F77L, F116Y,
D151M], and Thymidine analogue-Associated Mutations that affects all NRTIs currently
approved by the US FDA [M41L, D67N, K70R, L210W, T215Y/F, K219Q/E]) (Cases-Gonzalez
et al., 2007; Johnson et al., 2009). NNRTI resistance mutations are classified into four categories:

primary NNRTTI resistance mutations, secondary mutations, minor non-polymorphic mutations,
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and polymorphic accessory mutations (Shafer and Schapiro, 2008). While primary mutations
(K103N/S, VIO6A/M, Y181C/I/V, Y188L/C/H, and G190A/S/E) are among the first to develop
during NNRTI therapy and cause high level resistance to one or more NNRTIs, secondary
resistance mutations (L1001, K101P, P225H, F227L, M230L, and K238T; V179F, F227C, L2341,
and L318F) are clinically relevant in selecting drug resistant NNRTIs when they occur, as often
do, in combination with primary mutations (Shafer and Schapiro, 2008). On the other hand,
minor non-polymorphic (such as A98G, K101E, V108I, and V179D/E) alone or in combination,
and polymorphic NNRTI mutations (such as K101Q, I135T/M, V1791, and L2831) respectively
cause consistent but low-level reductions in NNRTTI susceptibility and modulate the effects of
other NNRTI resistance mutations (Shafer and Schapiro, 2008). Recently, it has been
demonstrated that cross resistance between two classes of ARV inhibitors (namely NRTI and
NNRTI) occurs if mutations (like D549N, Q475A, and YS501A) occur at the connection
subdomain (cn) and RNase H domain (rh) of HIV-1 reverse transcriptase (RT) (Nikolenko et al.,

2010).

With the help of mutations selected by the drugs, the mutant variants alter their parts targeted by
the drugs and circumvent the effect of antiretroviral drugs. They do this using various intriguing
molecular mechanisms. For example, because NRTIs and NNRTIs target different binding sites
of same polymerase moiety of reverse transcriptase and are using distinct inhibition mechanisms,
the mechanism of resistance is specific for each class of inhibitor and leads to the selection of
completely different sets of resistance mutations: NRTI-associated mutations are broadly
distributed in the neighborhood of the nucleotide substrate binding active site but NNRTI-
resistance mutations are concentrated in the hydrophobic allosteric site (Maga et al., 2010).

Resistance to NRTIs is brought about by two mechanisms: by improving the enzyme’s ability to
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discriminate against and, hence, decrease incorporation of the inhibitor analogs; and by
increasing the ability of the enzyme to remove 3’-terminal inhibitors from blocked DNA primers
through phosphorylation reaction mediated by ATP or pyrophosphate (Cases-Gonzalez et al.,
2007; Matamoros et al., 2009). Thymidine analog mutations and 69-Insertion-associated
mutations work due to enhanced level excision activity of reverse transcriptase (Cases-Gonzalez
et al., 2007); whereas M184V, non-thymidine analog-associated mutations such as K65R and
L74V, and the multinucleoside resistance mutation Q151M act by decreasing NRTI incorporation
(Clavel and Hance, 2004). Moreover, high-level cross-resistance to NNRTIs is conferred if any
of the recognized resistance mutations occurs within the allosteric sites (Shafer and Shapiro,
2008). The dual class resistance conferred by D549N, Q475A, and Y501 A mutants occurs as the
result of reduced RNase H cleavage, which provides more time for the NNRTI to dissociate from
the reverse transcriptase, and hence assist the enzyme to resume DNA synthesis (Nikolenko et

al., 2010).

Resistance mutations to protease inhibitors result from amino acid substitutions that emerge
either inside the substrate-binding domain of the enzyme or at distant sites (particularly gag
cleavage site mutations), which directly or indirectly modify the number and the nature of points
of contact between the inhibitors and the protease, thereby reducing their affinity for the enzyme
(Clavel and Hance, 2004). In connection with integrase inhibitors (both FDA approved
[raltegravir] and on clinical trial [elvitegravir]), most mutations that are located close to INI
binding pocket decrease susceptibility by themselves while others compensate for the decreased
fitness associated with other INI resistance mutations (Jegede et al., 2008). Resistance mutations

in this class include major mutations N155H, Q148H/R/K, E92Q, the polymorphic mutations
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L74M and G163R, T97A and V151I; and the non-polymorphic mutations L74R, E138A/K,
Y143R/C/H, N155S, H183P, Y226D/F/H, S230R, and D232N (Canducci et al., 2009; Shafer and
Shapiro, 2008). Likewise, the fusion inhibitor Enfuvirtide also selects for drug-associated
resistance mutations both at its binding site HR1 (codons 36-45: G36D/E/V/S, 137V,
V38E/A/M/G, Q40H, N42T, N43D/K/S, L44M, LA5M), which offers direct resistance, and at
HR2 region corresponding to the peptide sequence of enfuvirtide (N126K, N137K, and S138A),
which improve fitness in combination with specific mutations within the 36-45 codones (Shafer

and Shapiro, 2008).

1.4. Genomic Diversity of HIV

One of the most important features of HIV is its extensive genetic diversity and non-random
global distribution of the various types, groups, and subtypes. The presence of two HIV types,
HIV-1 and HIV-2, was known since the early period of the epidemic (Clavel et al., 1986).
Genomic analyses have shown that HIV-1 and HIV-2 share only 40% similarity in their RNA
sequence (Levy, 2009). Both viral types have variations within themselves, and hence are
categorized into groups, subtypes (or clades), sub-subtypes, circulating recombinant forms
(CRFs), Unique recombinant forms (URFs) and geographically distinct lineages (Figure 1.4.1.1)
(Robertson et al., 2000). Grouping of strains into these categories requires fulfilling certain
criteria (Robertson et al., 2000), as depicted in Table 1.4.1.1. In general, inter-group sequence
difference is over 35%, whereas inter-subtype difference can reach between 25 to 35%, while
variation within subtypes ranges 15-20% depending on region of the genome examined (Taylor

et al., 2008).
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Figure 1.4.1.1 Phylogenetic tree of near full-length sequences representing the genetic diversity and linage
?/i(lf;;iéd from Peeters et al., 2010)

HIV type 2 consists of eight different groups (A-H) without breaking on to subtypes, group A
and B being epidemiologically most important (Levy, 2009). However, HIV type 1 is by far more
diverse than HIV type 2, having four groups (M, N, O, and the recently discovered P) (Peeters et
al., 2010; Simon et al., 1998). Of the HIV-1 groups, M is responsible for overwhelmingly
majority of global infections (Osmanov et al., 2002). It is the most diversified of all HIV viruses,
having nine subtypes including their various geographical lineages, A-D, F, H, and J (Robertson
et al., 2000; Taylor et al., 2008); the original subtypes E, I and G have been identified as

recombinant forms (Abecasis et al., 2007;Anderson et al., 2000; Gao et al., 1998) and thus far 48

recombinant forms (losalamose HIV sequence Database, available at: http://www.hiv.lanl.gov/

content/sequence/HIV/CRFs/CRFs.html; updated on September 29, 2010 and accessed on

47



December 28, 2010). Moreover, viral variants called ‘quasispecies’ from a single infected

individual can differ up to 10% in their genomic sequence (Hemelaar et al., 2006).

Table 1.4.1.1 Phylogenetic classifications of HIV-1
(Adapted from Taylor et al., 2008).

Classification

Subtypes or clades

Sub-subtypes

Intersubty pe recom-
binant forms

Circulating recombi-
nant forms

Unigue recombinant
forms

Geographically dis-
tinct lineages

Definition

Genetically related HIV-1 strains that are es-
sentially phylogenetically equidistant, gen-
erating a starlike, rather than a treelike,

phylogeny
Distinct lineages within a subtype; genetic dis-

tance between sub-subtypes is smaller
than that between subtypes

Meosaic strains with segments from twe or
more subtypes alternating across the ge-
nome

Specific recombinant forms that are spreading
in a population; new forms are defined
when three people without direct epidemi-
clegic linkage are found to be infected; the
assigned name reflects sequence of discov-
ery and subtype composition, with “cpx”
indicating forms containing three or more
subtypes

Intersubtype recombinant forms recovered
from only a single person

Lineages, often country-specific, that are dis-
tinguishable phylogenetically; unlike sub-
subtypes, they are not phylogenetically
equidistant within subtypes

Examples

Subtypes A, B, C, D, F, G, H, |, and K are
currently known; & through D are highly
prevalent, others have low prevalence
and limited geographic distributions

Subtypes A and F are subdivided inte sub-
subtypes Al through A4 and F1 and F2,
respectively; mostly these circulate in
Central and West Africa

Commen in mixed-subtype epidemics;
thought to result from infection of a
person with more than one HIV-1

subtype

Currently, 43 forms are described;
CRFO1_AE and CRFDZ_AG are found
principally in Southeast Asia and West
Africa, respectively; others have more
limited distributions

Hundreds of forms have been described on
the basis of partial or complete genome
sequences; their potential for epidemic
spread is unknown

Thai B, Indian C, West vs. East African D,
and Former Soviet Union A [FSU-A)

1.4.1 The Non-Random Global Distribution of HIV Types, Groups and

Subtypes

The prevalence of the subtypes among infected individuals is disproportional and dynamically
changing with time (Figure 1.4.1.2). Subtype C is the most predominating subtype of all, causing
almost half of all global HIV infections followed by subtypes A and B in that oreder (Geretti,
2006; Hemelaar et al, 2006; and 2010; Osmanov et al., 2002). One of the interesting features of

global subtype prevalence is its consistent relationship with the virus’s mode of transmission.
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Except for direct inoculation through parentheral route, subtype B is mostly prevalent among
Intravenus Drug Users and homosexual men; subtype G is most prevalent among those infected
nosocomially; whereas the other subtypes are prevalent among heterosexuals and bisexuals
(Geretti, 2006). Moreover, the prevalence of recombinant forms is also increasing among
infected individuals regardless of the routes of transmission. It is estimated that more than 10% of
HIV-1 infections occur with circulating recombinant forms (CRFs) and unique recombination

forms (URFs) in areas where multiple subtypes co-circulate (Peeters, 2000).

The other striking feature of HIV’s diversification is that the global distribution of the various
subtypes and recombinant forms is not random. Up until recently, the industrialized countries
(North America, Western Europe, Australia, and Japan) have been dominated by subtype B;
Latin America and the Caribbean by B and F; Asia and Eastern Europe by A, B, and C; central
Asia and Pacific by A, B, and E; and South East Asia by B and E (Osmanov et al., 2002).
However, the case in Africa has been different: virtually all subtypes and recombinant forms
have been available in Africa from the outset of the epidemic, although regional differences were

observed within the continent (Hemelaar ez al, 2000).
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Figure 1.4.1.2 HIV-1 global subtype prevalence by years
Source of data for the figure: the 1998-2000 data, Osmanov et al., 2002, the 2000-2004 data, Hemelaar et

al, 2006; and the 2004-2007 data, Hemelaar ef al, 2010). Data for subtype E were available only for 1998-
2000 perhaps because of the finding afterward that it is a recombinant between A and E. For subtypes F,
H, J and K in the 2004-2007 study, their combined prevalence accounted to below 1%, and this estimate is
not shown in this figure.

The current trend of emergence of new strains and the changed global distribution of subtypes
show how quickly the virus is evolving and disseminating in the whole world (Figure 1.4.1.3).
Most recent data from Hemelaar et al. (2010) show that the prevalence of CRFs (particularly that
of CRFO1_A/E and CRF02_AGQG) is increasing, while the the pure subtypes, except subtype C, are
showing a decreasing trend, indicating importance of dual infection and recombination,
(Hemelaar er al, 2010). As usual, subtype distribution in Africa is regional. While southern
Africa is predominated by subtype C, Eastern Africa is the home for A, C and D; D is also the
dominant subtype in northern Africa, while subtypes A, G, and the recombinant form
CRFO02_AG are the ones dominating in western Africa (Hemelaar ef al., 2006). Central Africa,

where the prevalence of HIV is only 5%, is characterized by the greatest diversity of HIV
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subtypes: F, G, H, J, K, and CRFO1_AE recombinant forms being the most notable (Djoko et al.,
2010; Hemelaar et al., 2006; McCutchan, 2006).
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Figure 1.4.1.3 Estimated time line of global evolution and spread of HIV types, groups, and subtypes

(Adapted from: Tebit and Arts, 2011). Enlarged parts of map show the main disease epicentres. The time
line indicates the key events in the evolution of HIV-1 groups M, N, and O and of HIV-2.
CRF=circulating recombinant form.
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The fact that the recombinant forms are on the way of taking the upper hand in the global
prevalence and widespread in distribution, implies the importance recombination in the viral
evolution. This is resulted due to several intrinsic mechanisms employed by the virus. One is due
to the inherently error-prone nature of the enzyme reverse transcriptase, which lacks proofreading
activity that should ensure faithful transcription of the viral RNA genome into DNA (Holguin et
al., 2008a). As the result of transcriptional error committed by reverse transcriptase, the new
DNA transcript is conferred a mutation rate of approximately 3.4x10™° mutations per base pair
per replication cycle (Taylor et al., 2008). The effect of this change is aggravated by the high
replication capability of HIV virus, 10" virions per day, giving rise to millions of variants within
an infected person (Simon and Ho, 2003). Viral diversity is further amplified when high mutation
and replication rates are combined with recombination events, which take place as the result of a
person’s co-infection by two or more separate clades that are multiplying in the same cell
(McCutchan, 2006; Robertson et al., 2000). In addition, selective pressure emanating from host
immune responses (both humoral and cellular) and complex population dynamics have greatly

contributed in intensifying the emergence and dispersal of new clades (Pond and Smith, 2009).
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Figure 1.4.1.4 Recombinant virus CRF18_cpx: contains genetic region derived from 7 different HIV-1
subtypes
(Adapted from Levy, 2009)
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In this way, several interclade (including second and third generation) recombination events took
place in an increased frequency in the past. For example, the following recombinants were
reported from various regions of the world: from Ghana, CRF06_cpx, sub-subtype A3,
CRFO09_cpx and subtypes G and D, and triple recombinants of CRF02_AG/A3/CRF06_cpx and
CRFO02_AG/A3/CRF09_cpx (Delgado et al., 2008); from Mali, CRF06_cpx and CRF09_cpx
(Imamichi et al., 2009); from Cuba, CRF18_cpx (Thomson et al., 2005); from Argentina and
Uruguay, CRF12_BF and CRF38_BF (Bello ef al., 2010). Even intergroup recombinantion
between M/O was observed very recently (Vessierea et al., 2010)]. So far, no evidence is
obtained on natural recombination between HIV-1 and HIV-2, although this possibility was
experimentally shown to take place in dually infected cells (Motomura et al., 2008). A very recent
study has identified the first recombinant strain within HIV-2, and was coined as HIV-
2CRFO1_AB because its genome at the (larger portion of) 5’ belongs to HIV-2 group B while the
remaining 3’ end belongs to HIV-2group A (Ibe et al., 2010). Figure 1.4.1.4 shows a genetic map
of the recombinant virus CRF18_cpx that contains genomic coposition derived from 7 different

HIV-1 subtypes.

1.4.2 Biological Significance of HIV Genetic Diversity
The biological implications of this formidably high level genetic variability of HIV-1 are well

illustrated by their effects on HIV pathogenesis, transmission, diagnosis, treatment, and vaccine
development, as have been substantiated by several investigations. Because of the relevance of
viral diversity to the present study, the biological importance of HIV subtypes will be discussed

in fairly greater detail in the coming subsections.
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1.4.2.1 Impacts of HIV diversity on the pathogenicity of HIV infection

Disease progression in HIV-infected individuals is a multi-factorial process influenced by both
virological and host factors, and hence varies from person to person. Among the virologcal
factors attributed to play a great role in the determination of the clinical course of HIV infection
is its extensive genetic diversity, which occurs virtually at all regions of the genome, and
consequently its subtype variations. A number of cross sectional and few cohort studies have
been conducted to investigate the role that subtype variations might play in the clinical course of
HIV infection. For instance, it was determined early in the epidemic that HIV-2 infection is less
severe and progresses more slowly with slower CD4 decline than HIV-1 infection (Alaeus et al.,

1999; Matheron et al., 2003).

However, given the multitude of factors operating during HIV infection, it is extremely difficult
to find consistent associations between HIV-1 subtype and correlates of transmission and
pathogenesis. Not surprisingly though, the earliest studies reported conflicting results in this
regard. Even among the subtypes in the group M, Hu et al. (1999) found a more rapid decline of
CD4-T cell count in Caucasian French patients who were infected with subtype E than those
infected with A, B, C, or D. Similarly, Kanki et al. (1999) followed the introduction and spread
of HIV-1 subtypes A, C, D, and G in Senegal for a certain period and monitored the AIDS-free
survival curves; the observation showed that individuals infected with a non-A subtype were 8
times more likely to develop AIDS than were those infected with subtype A. In the contrary,
based on subtyping using env gene, Alaeus et al. (1999) found no difference in the rate of CD4
cell decline, clinical progression, or plasma HIV-1 RNA level between individuals infected with

subtypes A, B, C or D over a mean observation period of 44 months.
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However, contrary to those reports done early in the epidemic, several more recent studies have
shown the importance of subtype differences in determining rate and severity of disease
progression. The general agreement between these studies is that subtype D of HIV-1 is the most
virulent strain of all, followed by recombinant ones with respect to rate of disease progression to
AIDS defining illnesses, rate of CD4 cell decline, and increased plasma RNA load (Baeten ef al.,
2007; Kiwanuka et al., 2008; Senkaali et al. 2004). On the other end of this comparison is
subtype A, which was reported to be approximately eight times less virulent than the subtypes B,
C, D, G, various recombinant forms such as CRF01_AE, CRF02_AG and others (Kaleebu et al.
2002). Similarly, when subtypes D and A were compared, subtype D infection was associated
with a 12-fold higher risk of death than subtype A infection, in spite of similar plasma HIV-1
loads (Baeten et al., 2007). In a comparative study of Env subtype B versus non-B subtypes (A,
C, F-K, and recombinants like AC, AE, AG, BF, and DF) among Haitians, Canadians and
Africans, Keller ef al. (2009) found that Africans infected with non-B HIV clade had slower rates
of disease progression compared with both Haitians and Canadians, with both groups being

infected by the clade B virus.

1.4.2.1.1 Pathogenescity differences due to subtype differences in co-receptor usage

It can generally be understood that all the aforementioned differences in disease progression
between Env subtypes could be associated with envelop phenotypes (syncytium-inducing Vs
non-syncytium-inducing) of the infecting strain (Senkaali et al., 2004). For example, a study by
Keller et al. (2009) has shown that individuals infected with HIV-1 variants with rapid/high
(syncytium-inducing (SI) phenotype) progress more rapidly to AIDS than those who carry
slow/low (non-syncytium-inducing (NSI)) HIV-1 variants. Such difference in envelope

phenotype is largely an expression of differences in the use of the two co-receptors (CCRS5 or
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CXCR4). The use of CCRS is linked to non-syncytium-inducing HIV strains (M-tropic, or RS
viruses), while CXCR4 use is linked with syncytium-inducing ones (T-tropic, or X4 viruses)
(Tscherning et al., 1998). Thus, CCRS5-tropic viruses are less pathogenic than CXCR4-tropic
viruses; several investigators agree that the switch from CCRS5 to CXCR4 is reported to cause
faster CD4 cell decline and progression to AIDS (Abraha et al., 2009; Esbjornsson et al., 2010).
However, the generalization that RS variants are non-syncytium-inducing viruses and hence less
damaging holds true for only those in the early stage of primary infection; at late stage, these
viruses acquire an increase in CCRS affinity, with concomitant biological effects including
heightened cythpatic activity against CD4+ T-cells, increased replication capacity, increased
Env-mediated membrane fusion capacity, increased fusion kinetics, and increased bystander
apoptosis of CD4+T-cells (Gorry et al., 2004). These authors argue that RS M-Tropic HIV-1
variants are intrinsically cytopathic, but exhibit pathogenic effects that are distinct from those of

X4 strains.

Discrepancies in the levels of M-tropism among primary RS and X4 isolates could be due to
differences in Env-receptor affinity at the different stages of the infection (Gorry et al., 2004). All
HIV-1 subtypes can use both receptors at one time or another during the course of an individual’s
infection, but subtype D can most frequently use both co-receptors (dual tropic so called R5X4)
right from the outset of the infection, unlike the other subtypes which begin CXCR4 usage only
at late stage of disease progression (Tayor et al, 2008). But the percentage of CXCR4-using
viruses in subtype C is lower even in patients with advanced AIDS than those in subtype B,
(Abebe et al., 1999; Zhang et al., 2006), in which an estimated 50% of patients chronically
subtype B infected individuals harbor X4 viruses (Esbjornsson et al., 2010; Patel et al., 2008).

Nevertheless, recent findings are indicating that the prevalence of X4 subtype C variants is also
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increasing from time to time, especially at late-stage of diseases progression (Batra et al., 2000;
Cilliers et al., 2003; Zhang et al., 2010 and references therein), although some conflicting reports
are seen in the literature where only 15% of X4 variants were observed among subtype C strains

while 60-77% was observed for all other major subtypes (Esbjornsson et al., 2010).

It is generally accepted that amino acid composition of selected envelope regions determine co-
receptor choice, which include variable regions of gp120, particularly the V3 loop, (Gorry et al.,
2004; Hoffman et al., 2002; Mild et al., 2010; Senkaali et al., 2004) to lesser extent V1/V2
(Gorry et al., 2004; Mild et al., 2010), V4 (Zhang et al., 2010), and even gp41 (Huang et al.,
2008). The specific amino acids most significantly involved here are those positive charged
amino acids at either position 11 or 25 in the V3 region, which are strongly associated with
CXCR4 use (Patel er al., 2008; Pastore et al., 2006). In addition, a net positive change in the V2
region and changes at position 440 in the C4 region of gp120 adjacent to the co-receptor binding

site have also been linked to receptor choice (Gorry et al. 2004; Hoffman et al., 2002).

Differences in genetic composition at the V3 loop between subtype B and C have been
documented recently. For example, Patel ef al. (2008) have experimentally determined that the
major structural differences between subtype B and C reside in the stem and turn regions of V3
loop as these two regions contain the majority of polymorphism, although more minor
differences exist in the base residues 1 to 8 and 25 to 35. A very intriguing observation regarding
emergence of dual tropic variants from previously RS using strains was reported to have occurred
among a subtype C-infected Zimbabwean woman (White et al., 2010). The unique feature of
these variants is that the conversion from R5 to R5X4 occurred as a result of insertion of five

amino acids within the V3 loop between amino acids 23 and 24 just after the crown region, which
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are thought by the investigators to have originated from the human host genome rather than
duplication within HIV-1 (White et al., 2010).
1.4.2.1.2 Pathogenescity differences associated with subtype-specific variation in

structural and regulatory genes
Differences in pathogenecity between the various HIV-1 subtypes are resulted due not only to the

diversity in the envelope region, but also due to the diversity in other structural, auxiliary and
regulatory genes as well. The diversities in these regions are caused by differences in sequences
of the Long Terminal Repeat (LTR), in response to transcriptional factors, and in genomic
sequences for Nef, Tat, Rev, and VPU, which can, in one way or another, influence kinetics of
viral replication, rate of transmission and ultimately disease progression (Gretti, 2006). The
important HIV gene expression regulator sequences are located in the LTR, which contains
abundant transcription binding sites that provide numerous opportunities for cellular and viral
transcription factors to interact and regulate LTR activity under the specific settings of the
infected cell (Krebs et al., 2001). LTR serves as a central point to converge and integrate the
various transcriptional factors that serve as end-point effectors in signal transduction cascades
and other regulatory activities; the activities of these factors regulate viral gene expression,
production of progeny viruses, and spread of the infection (Krebs et al., 2001; Naghavi et al.,
1999). In addition, LTR also regulates expression of viral gene products like Tat, Vpr, and gp120,
which have crucial role on cellular functions, host cell viability, and intercellular communication

through soluble mediators such as cytokines (Krebs et al., 2001).

Like the case in other genomic regions, there are subtype-specific sequence differences in the
LTR region, with accompanied biological consequences. For instance, investigators have found

that subtypes C, D and CRFO1_AE all contained subtype-specific sequences in the negative
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regulatory elements (NRE) (Naghavi et al., 1999). Turk et al. (2006) have also shown that the
LTR-Tat complex derived from BF recombinants has higher transcriptional activity when
compared to its subtype B counterpart. A difference in the number of certain sequences in the
LTR can also have a profound effect in biological properties between subtypes. For example, it
has been shown that the CRFO1_AE LTR contains a single NF-kB site while LTRs from most
other HIV-1 subtypes contain two or three NF-kB sites, indicating the possibility that LTR
activities induced by NF-kB may differ between the CRFOI_AE LTR and other LTRs
(Rodenburg et al., 2001). The biological effect of this difference in the number of NF-kB on
transient expression and viral promoter activity has been well-demonstrated. Transient expression
analyses with subtype C LTR, which contains three NF-kB binding sites, has shown an increased
activation as compared to LTRs containing only one or two NF-kB binding sites (Rodenburg et
al., 2001). Similarly, measurement of a differential response to tumor necrosis factor alpha
treatment and the induction level that followed among the different subtypes showed a positive
correlation with the number of NF-kB sites in the respective LTRs (Jeeninga et al., 2000;
Montano et al., 2000). Moreover, other investigators also demonstrated that subtype C viruses
exhibited increased p24 (CA) levels and thus higher replication than viruses of other subtypes
(Naghavi et al., 1999). Taken together, these experimental results and sequence analyses suggest
that genetic diversity of HIV-1 LTR may result in differences regarding replication rate, scope of

global dissemination and severity of disease progression.

Another gene that encodes for a regulatory protein is fat. This gene encodes for the protein Tat,
which has several potent AIDS pathogenic effects. For example, Tat has been shown to induce
neurotoxicity that would contribute to the development of HIV-associated dementia (King et al.

2006; Li et al., 2010). Apart from its central role in the activation of HIV gene expression,
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several other biological effects of Tat have been documented including dysregulation of
cytokines expression in immune cells, induction of apoptosis in neuronal cells, and interaction
with other cellular factors to favor the servival of the infecting HIV-1; these processes develop
conducive conditions within the infected individual for opportunistic infections (Campbell et al.,

2010; Li et al., 2010).

Although all types, groups and subtypes of HIV viruses can produce Tat, the biological effects of
Tat from these viruses are not of equal magnitude. For example, Desfosses et al. (2005)
examined subtype-specific interactions between Tat, transactivation-responsive (TAR) element,
and P-TEFb proteins and how these interactions may modulate the efficiency of HIV-1
transcription. The study revealed that Tat proteins derived from HIV-1 subtypes C and E were
strong transactivators of LTR activity; Tat E also had a longer half-life than the other Tat proteins
and interacted more efficiently with the stem-loop TAR element (Desfosses er al., 2005.
Moreover chimeric Tat proteins harboring the Tat E activation domain were strong
transactivators of LTR expression (Desfosses et al., 2005). Similarly, other studies have found
that Tat proteins isolated from different HIV-1 subtypes including B and C exhibit differential
effects on cytokine induction and other biological activities (Li et al., 2005; Yim et al., 2009).
This conclusion is supported by experimental observations that Tat expressed in HIV subtype C
was shown to be a more potent inducer of anti-inflammatory cytokines, such as IL-4 and IL-10 in
primary human blood monocytes, compared to the subtype B counterpart (Gandhi et al., 2009),
and reduce the production of TNF-a, CCL2 and decrease intracellular calcium influx (Campbell
et al., 2010). However, subtype B Tat was demonstrated to be a potent neuropathogenic agent
compared to the subtype C counterpart, through up-regulation of the rate-limiting enzyme of the

kynurenine pathway (Campbell et al., 2010). In addition, Tat from subtype B could induce the
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CXCR4 expression on resting CD4 cells and enhance the infectivity of HIV by using CXCR4 as

a co-receptor compared to that of the subtype C Tat (Campbell et al., 2010).

Still a different regulatory gene exerting significant impact on HIV disease progression through
its protein (Nef) is nef. Apart from being highly immunogenic in itself and so under host immune
selective pressure, Nef is capable of modulating cell activation and signal transduction pathways
in a way that cellular mechanisms are in favor of viral replication (Turk et al., 2009). Just like
Vpu protein(Hussain et al., 2008), Nef is also involved in the down-modulation of cell surface
expression of mature major histocompatibility complex class 11 (MHC-II), while up-regulating
surface expression of the invariant chain (Ii) associated with immature MHC-II, a condition that
leads to impaired CD4-T-helper-cell responses found in HIV-1-infected patients with progressive

disease (Schindler et al., 2003; Stumptner-Cuvelette et al., 2001).

Sequence analysis studies on nef gene among various HIV-1 group M subtypes (including A, B,
C, D, F, G, H, J, CRFO2_AG, B/G/B, CRF02_AG/H, and D/G) have revealed that there is a
significant amino acid variability between the variants (Parreira et al. 2005; Walker et al., 2007).
This variability was found to be linked to the rate of disease progression. For example, Walker et
al. (2007) compared nef sequences from individuals infected with HIV-1 subtype C viruses
showing slow and rapid disease progression, and found that a good number of sequences from
slow progressing variants had insertions and deletions exclusively in the N-terminal variable
region, indicating the role of sequence diversity to alter the pathogenic potential even within the
same subtype. A recent investigation by Turk er al. (2009) also underlined the significance of

subtype difference in the variability of Nef biological properties: subtype C-derived Nef protein
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was found to have slightly diminished capacity to downregulate MHC-I expression as compared

to Nef derived from subtypes B, F, and CRF12-BF.

Taken together the literature has indicated unequivocally that the enormous genetic variability
seen among HIV types, groups, and subtypes have resulted in enourmous differences in the
pathogenicity and rate of disease progression seen in individuals infected by various subtypes. It
should be noted that subtype D and CRFs, particularly CRFO1_AE and CRF02_AG are more

virulent with faster disease progression than the other subtypes.

1.4.2.2 Impacts of genetic diversity on drug resistance, virological and
immunological responses to ARV treatment
CD4+ T-cell count, apart from being a marker of HIV disease progression and a criterion for

initiation of antiretroviral therapy (ART), is used to asses success of antiretroviral therapy along
with quantification of plasma HIV RNA (viral load). In the cases where treatment failure is
observed by measuring these markers, HIV drug resistance assays are performed. However, there
are considerable differences between the various subtypes with respect to their impact on
virological (plasma viral load) and immunological (CD4+ T cell count) responses and drug

resistance mutations.

1.4.2.2.1 HIV diversity and CD4+ T cell count

A recently conducted direct comparative study of CD4+ T cell count decline between subtype B
infected and non-B infected drug-naive individuals has shown that annual rate of absolute CD4+
T cell count and percentage CD4+ T cell decline was greater in subtype B infected individuals
than in non-B infected individuals (Keller et al., 2009). Another comparative study conducted on
the average annual rate of CD4+ T cell count among treatment-naive Ugandans revealed that
faster decline was observed among persons infected by subtype D than subtypes A,
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recombinants, and multiple subtypes (Kiwanuka et al., 2010). This could be because of the
deferential ability of subtype D to trigger apoptosis on activated CD4+ T cells, as has been
demonstrated experimentally (Bousheri et al., 2009). A supportive evidence to the above
observation of subtype D’s severe impact on CD4+ count came from a study on individuals on
ARV treatmen, which has reported that no significant differences in rate of CD4+ cell decline
was detected in the initial response to highly active antiretroviral therapy for subtypes B, A, C
and CRF02-AG; but a statistically significant four-fold faster rate of CD4+ decline (after
adjustment for gender, ethnicity and baseline CD4+ count) was observed for subtype D
(Easterbrook et al., 2010). However, report from study by Geretti et al. (2009) on patients under
ARYV treatment indicated absence of difference in CD4+ cell count recovery between subtypes A,
B, C, D, and recombinant AG, although persons with subtype B infection showed higher baseline

CD4+ cell counts and could maintain the advantage throughout therapy.

1.4.2.2.2 HIV diversity and plasma viral RNA level
Like the cases of CD4+ T cell count and responses to HAART, studies on the impact of HIV-1

subtype diversity on the level of viral RNA have produced contradictory reports. For example,
Geretti et al. (2009) reported that, while viral load suppression on ARV treated patients occurred
more rapidly in those infected with subtype C and subtype A than B, the hazard of virologic
rebound was similar in all subtypes; and concluded that patients infected with prevalent non-B
subtypes were as likely to achieve viral load suppression as persons infected with subtype B.
Similarly, Easterbrook et al. (2010) reported no statistically significant differences regarding
subsequent rate of virological rebound for subtypes B, A, C and CRF02-AG, with the exception
of subtype D which showed a higher rate of virological rebound at six months compared with

subtypes B, A and C. Conversely, a prospective cohort study in Thailand has documented that
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median RNA viral levels at the earliest time within 3 months of seroconversion were more than
three times higher for persons infected with subtype E than subtype B, although this difference
decreased over time, being similar at 12, 18, and 24 months following seroconversion (Hu et al.
2001). Support to this observation comes from a study that assessed ARV-treatment response of
African patients who harbored non-B subtypes against the response of European patients who
harbored predominantly subtype B. In this study there was evidence of an increase in viral load
after 9 months for the African group, resulting in a widening viral load gap between the two

cohorts (Frater et al., 2002).

1.4.2.3. HIV diversity and ARV drug resistance mutation patterns

All ARV drugs of all classes have been exclusively developed in resource rich nations through
molecular dynamics and rational drug design using template target proteins of subtype B (Soares,
2008). Moreover, data used to define drug resistance mutations have been generated almost
entirely from subtype B HIV-1, despite the global dominance of non-B subtypes (Martinez-Cajas
et al., 2008). Cognizant of the clinical implication of any difference in drug resistance mutations
between subtype B and non-B, several studies have been carried out around the world, which
unfortunately have produced conflicting results. While some studies have indicated that most
patients infected with all HIV variants respond well to antiretroviral (ARV) therapy, and some of
those failing therapy develop drug resistance mutations similar to those seen in subtype B (Frater
et al., 2001; Garrido et al., 2008), others argue that there are emerging differences that have been
identified in some subtypes (Abecasis et al., 2006; Grossman et al., 2001; Kantor, 2006).
Nonetheless, given the inherent differences between subtypes in codon sequences at all regions
including those at positions associated with drug resistance mutations, viruses of different

subtypes are likely to encode different amino acid substitutions at these positions. It is thus
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logical to hypothesize that genetic diversity might influence the type of emerging resistance
mutations, the degree of cross-resistance to ARVs within a drug class, as well as the rate of

emergence of resistance (Martinez-Cajas et al., 2009).

A number of HIV-1 drug resistance pattern studies focusing on non-B subtypes in patients
receiving antiretroviral therapy have indicated that presence of polymorphisms in these subtypes
before commencement of therapy may provide a background for the emergence of subtype-
specific pathways to acquired/major resistance (Tylor et al., 2008). In this regard, extensive
natural codon polymorphisms have been well documented from nearly every subtype, each with
its own signature codons at these sites. The extent of this diversity is so significant that up to 53%
of protease and 48% of reverse transcriptase positions have been found polymorphic before
treatment (Kantor, 2006). Literature review by Kanto and Katzenstein (2003) reveals that out of
the 99 protease amino acids, 30 positions in subtype A (30%), 31 in B (31%), 26 in C (26%), 34
in D (34%), 33 in F (33%), 28 in G (28%), 14 in CRFO1_AE (14%) and 35 in CRF021_AG
(35%) are polymorphic in sequences from drug naive persons. Similarly, of the first 240 RT
amino acids, 41 positions in subtype A (17%), 45 in B (19%), 56 in C (23%), 43 in D (18%), 35
in F (15%), 32 in G (13%), 46 in CRFOI_AE (19%) and 56 in CRF021_AG (23%) are

polymorphic in sequences from drug naive persons (Kanto and Katzenstein, 2003).

Some of these amino acid substitutions occur at high rates in non-B viruses at positions known to
be associated with drug resistance in subtype B; these include protease positions 10, 20, 36, 63,
71, 77 and 93, and RT positions 69, 75, 98, 106, 118 and 179 (Kantor and Katzenstein, 2004).

Moreover, systematic literature reviews by Martinez-Cajas et al. (2009 and 2008) have identified
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patterns of specific polymorphisms at drug resistance sites among the various subtypes: (i) the
non-nucleoside reverse transcriptase inhibitor resistance mutation, V106M, has been seen in
subtype C and CRFO1_AE, but not in subtype B, (ii) the protease inhibitor mutations L8II/V
have been reported in C, F and G subtypes, but not in B, (iii) a nelfinavir selected non-D30N
containing pathway predominats in CRFO1_AE and CRF02_AG, while the emergence of D30N
is favored in subtypes B and D, (iv) studies on thymidine analog-treated subtype C infections
from South Africa, Botswana and Malawi have reported a higher frequency of the K65R
resistance mutation than that typically seen with subtype B. Additionally, some substitutions that
seem to impact non-B viruses differentially are: reverse transcriptase mutations G196E, A98G/S,

and V75M; and protease mutations M891/V and I193L (Martinez-Cajas et al., 2009).

Most of these naturally occurring polymorphisms have been considered to be secondary drug
resistance mutations, which compensate for replicative fitness compromised due to the presence
of primary mutation in the presence of ARV drugs (Chaplin e? al., 2010). Besides influencing the
baseline susceptibility to ARVs, natural polymorphisms also impact on the genetic barrier for
acquisition of ARV resistance, the establishment of different pathways to resistance acquisition,
the phenotypic modulation of acquired resistance, and ultimately on the clinical response to
current and future ARVs (Martinez-Cajas et al., 2008; Soares MA. 2008). For instance, HIV type
2 and group O strains of HIV-1 possess intrinsic resistance to nonnucleoside reverse-transcriptase
inhibitors (Taylor et al., 2008) due to the presence of mutations at positions linked to NNRTI
resistance (1811, 188L and 190A), which are commonly found in drug-naive individuals (Colson
et al., 2004). Moreover, in vitro phenotypic drug resistance assays have shown that some
secondary protease mutations alone confer reduced susceptibility to protease inhibitors without

the occurrence of accompanied primary drug resistance mutations (Clemente et al., 2006; Parkin et
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al., 2005). This kind of resistance conferred by secondary mutations has been observed from
atazanavir among subtype C isolates (Fleury et al., 2006), and ritonavir, amprenavir and

nelfinavir resistance in subtype G (Holguin et al., 2004).

Similarly, reduced susceptibility to the nucleotide/nucleoside reverse transcriptase inhibitors were
detected for abacavir in some CRF02_AG isolates, which was related to the mutations D123N
and I135T in the RT; and for zidovudine, didanosine and lamivudine in subtype D (Palmer et al.,
1998). A subtype D isolate from Ugandan patients showed high-level resistance to the non-
nucleotide inhibitors nevirapine and delavirdine as well as low level cross-resistance to efavirenz
because of 1135L and/or V245T mutations (Gao et al., 2004). In another study, the effect of the
protease mutations K20R and M36I, both highly polymorphic in non-B subtypes, on viral
replicative capacity and drug susceptibility was investigated using clones with non-B protease
region but having subtype B backbone (Holguin er al., 2006). The study made clear that
pretherapy clones harboring M36I replicated more rapidly than wild type or K20R/M361 double
clones, showing its ability to provide replicative advantage to the non-B subtypes. Further more,
mutated clones, which were all sensitive prior to drug exposure, had better replicative capacity
under drug pressure with reduced susceptibility to some protease inhibitors, suggesting that
additional compensating protease substitutions might occur in response to exposure to protease

inhibitors (Holguin et al., 2006).

Studies on differences between subtypes in regards to acquired drug resistance mutation pattern
from ARV-treated individuals have shown mixed results. Whereas the distribution and frequency
of most mutations leading to resistance appear to be similar among subtypes (Chaplin et al.,

2010), certain mutations seem to occur more frequently in a certain subtype than others (Tylor et
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al., 2008). For example, two NRTI mutations (M41L and L210W) and three NNRTI mutations
(V90I, A98G, V106I) were found in a recent study to be significantly associated with an array of
non-B West African subtypes (Chaplin et al., 2010). Comparison of acquired resistance mutations
with the function of subtypes revealed that CRFO2_AG was less likely to have the M41L
mutation compared to G, CRF06_cpx, A, and other subtypes or recombinant sequences (Chaplin
et al., 2010). The same authors further detected that subtype A patients showed a 42.5-fold
increased risk for the L210W mutation; and subtype G patients had an increased risk for A98G
and V1061, while subtype CRF02_AG patients had an increased risk for V90I but a decreased

risk for A98G.

The interesting phenomenon in regards to impact of subtype diversity on acquired drug resistance
is that subtypes can behave differently in their susceptibility to ARV drugs even when they
harbor the same resistance mutations at that particular site. For instance the major protease
inhibitor mutations M46V, 154V, V82A and L90M confer increased resistance levels to
nelfinavir and lopinavir in subtype C compared to subtype B (Gonzalez et al., 2006). In addition,
the role of protease mutation I93L in subtype B and C is contradictory: while it is a minor drug-
resistance mutation in B (Johnson et al., 2008a), its presence in subtype C renders the virus
hypersusceptibility to lopinavir (Gonzalez et al., 2003). Similarly, comparison of the
susceptibility of subtype B and C HIV-1 integrase enzymes harboring the mutations E92Q and
N155H has shown that subtype C integrase enzymes bearing the combined resistance mutations
E92Q/N155H were approximately 10-fold more susceptible to each of raltegravir and
elvitegravir, than were subtype B recombinant integrase containing the same mutations (Bar-

Magen et al., 2010).
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Conversely, resistance against the same drug can be conferred by unrelated mutations (alternative
pathways). Drug-resistance to the protease inhibitor nelfinavir is conferred by two different
routes: in subtype B the mutation D30N is preferentially selected in the presence of the drug,
although the mutation L90OM is also encountered, but in the case of non-B subtype resistance to
this drug is conferred exclusively by LOOM (Johnson et al., 2008a; Soars, 2008). In addition,
D30N of B confers resistance to nelfinavir only, while L90M of non-B confers resistance to most
protease inhibitors currently in clinical use (Johnson et al., 2008a; Soars, 2008). In the same way,
tipranavir resistance in subtype G is conferred by mutations I82T and I82M, but the same
resistance in CRFO1_AE is acquired as the result of the mutation I82F (Abecasis et al., 2006;

Clemente et al., 2006).

An important concept that must be borne in mind in relation to the influence of HIV genetic
background is that rate of development of ARV resistance associated mutations depends on many
factors, like the maintenance of protein function, replicative fitness advantage in the presence of
drug, and ease of the mutational change (Pond and smith, 2009). With respect to maintenance of
protein function and replicative fitness advantage after mutation, many studies have investigated
the target enzymes under experimental conditions. In this regard, it was experimentally shown
that protease from subtype A and C are inhibited by indinavir, ritonavir, saquinavir, and
nelfinavir with 2.5-7-fold and 2-4.5-fold respectively weaker than that from subtype B
(Velazquez-Campoy et al., 2001). The same investigators have found that the C subtype protease
has highest efficacy (4—11 fold higher than the B subtype), while the A subtype protease exhibits
values ranging between 1.5 and 5, suggesting a higher biochemical fitness of the A and C
proteases in the presence of existing inhibitors. Whereas the protease mutations V82 and 184

have notable effects on the catalytic performance of non-B subtypes, characterization of these
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mutations in a South African HIV-1 subtype C (C-SA) has indicated that V82A single mutation
and V82/I84V double mutations had no significant impact on the proteolytic functioning of the
enzyme, but the binding affinities of and inhibition by saquinavir, ritonavir, indinavir, and
nelfinavir were weaker for each variant than for the wild-type protease, with the double mutant

exhibiting the most dramatic change (Mosebi et al., 2008).

The ease with which the mutation occurs is also important factor to determine the rate of
occurrence of a certain drug resistance mutations. For example, it has been noted that a
nonnucleoside reverse transcriptase resistance associated mutation V106M occurs in subtype C
following a single nucleotide change only, whereas the mutation in subtype B is achieved after
substitutions of at least two nucleotides (Campbell, 2006). Similalrly, the protease mutation
V82S is achieved in subtype B after substitution of GTC to ACC requiring the replacement of
first two nucleotides GT with AC; whereas the same mutation in G and CRF14 is obtatined by a
single nucleotide change from the naturally polymorphic ATC to AGC (Pond and Smith 2009).
Many more of such substitution requirements have been documented by investigagtors and are

available in the literature.

1.4.2.4 Inpacts of HIV diversity on the performance of serological diagnosis,
viral load assays, and ARV drug resistance tests

1.4.2.4.1 HIV diversity and HIV screening/diagnosis
Initial HIV screening and diagnostic tests that use ELISA antibody, Western blot assays, and

rapid antibody tests can all detect either one or both types of HIV (Koch et al., 2001). US Center
for Disease Control and Prevention (CDC) affirms that current HIV-1 EIAs can accurately
identify infections with nearly all non-B subtypes and many infections with group O HIV

subtypes (Urnovitz et al., 1997). Similarly, rapid HIV-1 tests are claimed to be capable of
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detecting all the major subtypes of group M (Urnovitz et al., 1997). The immunoassays designed
to detect antibodies specific for HIV-1 are those targeting antibodies mounted against the env
gp41 immunodominant region (Brennan et al., 2006). Considering the occurrence of extensive
natural polymorphisms in all regions of HIV-1, it is possible to encounter variants that have
modified or that have eliminate key epitopes targeted by these assays as the result of which
reduced sensitivity or total absence of detection of the antibodies might happen during HIV

screening.

In fac, a number of cases have been documented where sensitivity of the commonly used ELISA
tests for detection of seroconversion have been reduced or lost, especially for non-B subtypes
including groups other than M (Lee et al., 2007; Brennan et al., 2006; Simon et al., 1998). For
instance, assay evaluation studies have found that some commercial assays were unable to detect
group O infections (Loussert-Ajaka et al., 1994; Gurtler et al., 1995). Moreover, a group of
investigators have shown that a fourth generation assay that was supposed to detect antibodies of
all subtypes failed to detect a subtype B isolate having a natural polymorphism at the
immunodominant region, indicating that even variability within the subtype for which the assay
was developed can hinder sensitivity of the assays (Gaudy et al., 2004). This problem is more
pronounced during running tests for treatment monitoring: viral load tests for quantification of
the virus in the blood, and genotypic drug resistance assay for monitoring emergence of drug

resistance mutations against the drugs on treatment.

1.4.2.2.2 HIV diversity and plasma HIV viral load tests

The various viral load assays that have been in use were developed and optimized for monitoring

the subtype most prevalent in resource-rich countries, that is subtype B. They use mainly
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sequence-based detection mechanism, which can be influenced by the tremendous sequence
variabilities seen in HIV. Observational and experimental studies have indicated that this is
indeed a problem when the assay are to be used in monitoring plasma RNA level from non-B
subtypes, due to either failure to quantify/underquantify (Baldrich et al., 2001; Damond et al.,
2007; Drexler et al., 2007; Geelen et al., 2003; Rouet et al., 2007; von Truchsess et al., 2006) or
discrepancies of test results between various assays, particularly tests on recombinant strains
(Holguin et al., 2008b; von Truchsess et al., 2006). For example, Jenny-Avital and Beatrice
(2001) have reported cases where a US FDA-approved RT-PCR-based quantifying commercial
assay (Roche Amplicor MONITOR version 1.0) repeatedly showed undetectable or low plasma
viral RNA in samples containing subtypes A and E, while a branched-chain deoxyribonucleic
acid assay (bDNA Quantiplex 3.0, Bayer Diagnostics) was found to be substantially higher.
Similarly, earlier viral load test comparison study using the Roche HIV monitor assay and the
Organon Nucleic Acid Sequence-Based Amplification (NASBA) HIV-1 RNA quantitative assay
showed failure of the two assays to detect subtype A for 56% and 44% of the samples,
respectively (Alaeus et al., 1997). Same descripancy was observed when performance of
NucliSens EasyQ was compared to Amplicor HIV-1 Monitor Assay version 1.5 in 79 samples of
subtype C-infected patients originating from Ethiopia; the disparity between the results of the two
viral load assays was highly significant in subtype C samples such that in the vast majority,
higher values of viral load were obtained by the Amplicor assay, while no differences between

the two assays were found in subtype B samples (Gottesman et al., 2006).

In another comparative evaluation of two commercial assays (Amplicor v1.5; Roche Diagnostic
Systems, Alameda, CA or Versant v3.0; Bayer Diagnostics, Emeryville, CA) and one in-house-

built assay (Agence Nationale de Recherches sur le SIDA second-generation (G2) real-time
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reverse transcriptase polymerase chain reaction (RT-PCR) test), approximately 30% of
specimens harboring non-B subtypes were underquantified by at least 0.51 logl0 in Amplicor
v1.5 versus 5% underquantified in G2 real-time PCR (Rouet et al., 2007). It was further observed
that discrepant results were also obtained even with subtype B samples (14% underquantified by
Amplicor v1.5 vs. 7% by G2 realtime PCR). Similar percentages were observed when comparing
results obtained with the G2 real-time PCR assay to those obtained using the Versant assay Rouet
et al., 2007). Swanson et al. (2001) evaluated three commercial viral load assays and found that
quantification of subtypes in group M was highly correlated in all the three assays but only one of
them could quantify strains from group O. Similarly, another evaluation study of four
commercial assays has shown that only one of the four assays mentioned in he previous study
was able to quantify group O strains, while group M strains were quantified by all the assays

tested, albeit at varied degrees (Swanson et al., 2005).

Recognizing the problems associated with inconsistency of viral load results in samples
harboring non-B subtypes, commercial assays have developed tests with improved sensitivity and
reproducibility across all subtypes, taking viral genetic diversity into consideration during their
development (Reveiwed in de Mendoza and Soriano, 2009). Accordingly, four commercial viral-
load assays are available with better performance record compared to their earlier versions:
COBAS® TagMan® (Roche; Pleasanton, CA, USA); NucliSENS EasyQ® HIV-1 v2.0
(bioMérieux; Boxtel, Netherlands); RealTime™ HIV-1 m2000rt (Abbott; North Chicago, IL,
USA); and VERSANT® HIV-1 RNA 1.0 kPCR (Siemens; Berkeley, CA, USA). But their high
cost and their requirement for a basic laboratory infrastructure that is not usually available in
many resource-poor countries are thought to be hindrance to their wide use (de Mendoza and
Soriano, 2009).
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1.4.2.3.3 HIV diversity and ARV drug resistance assays and interpretation
problems

Prior to the introduction of integrase inhibitors, most genotypic drug resistance assays detected
HIV drug resistance by amplifying and sequencing the protease (PR) and reverse transcriptase
(RT) regions of the pol gene. For this purpose, the assays used primers that target conserved
sequences in these regions. Two FDA approved commercial assays are currently in use:
ViroSeq™ HIV-1 Genotyping Version 2.7 (Applied Biosystems, Foster City, CA, USA) and
TruGene (Siemens, Deerfield, IL USA) (Wallis er al., 2010). However, for the same reason that
the viral load assays failed, the performance of genotyping assays has also been challenged by the
diversity of HIV-1 subtypes at the protease and reverse transcriptase regions. Several evaluation
studies on the performances of these assays, particularly their ability to successfully genotype
subtypes other than B, have produced variable reports. While some studies reported that the two
assays could genotype non-B subtypes as well as the B, (Eshleman et al., 2005b;Jagodzinski et al.,

2003), others indicated that the two could not produce useable sequences for genotyping with equal
accuracy for non-B subtypes as it is for B, and there were discrepancies in genotyping between those

successfully sequenced samples, although the descripancies appeared to be random and did not
affect interpretation of the major resistance codons. (Beddows et al., 2003). Similar
dissatisfactory results were reported on the different subtypes in which the performance of the
entire set of primers in the ViroSeq showed a significant decrease in the positive results for
subtypes A, G and the recombinants, whereas a tendency to less positive results could be detected

for subtypes CRF12_BF, D, H and J (Maes et al., 2004).

In order to minimize the influence of genetic variability at the target regions of drug resistance
genotyping, a number of research groups have turned to developing their own in-house

genotyping assays. For example, Wallis et al. (2010) developed and validated a new in-house
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assay that targeted the unique subtype C circulating in South Africa by comparing sequence data
and drug resistance profiles generated by the assay from 90 patient and 10 external quality
control samples to data generated by the ViroSeq'™ HIV-1 Genotyping kit. The investigators
found that the in-house assay was more efficient in amplifying all 100 samples, compared to 91
samples amplified by using Viroseq. Moreover, they found the in-house sequences to be 99.2%
homologous to the ViroSeq sequences, and identical drug resistance mutation profiles were

observed in 96 of samples tested (Wallis et al., 2010).

The inability of various commercial assays to correctly detect genotypic drug resistance
mutations is not the only problem associated with identification of drug resistance among the
different subtypes. After running the genotypic drug resistance assay, the sequences containing
resistance mutations have to be interpreted. This may be done manually but the manual
interpretation is difficult because a large number of protease and reverse transcriptase drug
resistance mutations interact and emerge in complex patterns. To circumvent this problem several
rules-based algorithms have been developed to assess HIV-1 susceptibility to available
antiretroviral drugs. However, the rules are mostly derived from data on subtype B infected
patients without considering inter-subtype genetic diversity (Soares, 2008). For this reason,
several studies have found marked discordance between the interpretation algorithms, the clinical
implication of which is tremendous. Kijak er al. (2003) assessed the concordance on the
interpretation of HIV-1 drug resisance genotypic data by Stanford University database (SU),
TreueGene (Visible Genetics (VG), and Virtual Phenotype (Virco, Belgium (VP) and found
complete concordance between the three algorithms on only 13.7%, with major discrepancies

(high level resistance interpretation by one algorithm and sensitive interpretation by another)
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being observed between VG and VP in over 10% of the cases for didanosin, zalcitabine,

stavudine and abacavir.

Similarly, Ravela et al. (2003) compared the concordance of four publicly available resistance
interpretation algorithms: Agence Nationale de Recherches sur le SIDA (ANRS); HIV RT and
Protease Sequence Database (HIVDB) (http://hivdb.stanford.edu); Rega Institute version 5.5
(Rega-5.5); and Visible Genetics version 6 (Toronto, Ontario, Canada) (VGI-6). These
investigators reported that out of 30,675 interpretations they assessed, 4.4% were completely
discordant, with at least one algorithm assigning a sensitive and another a resistance; 29.2% were
partially discordant, with at least one algorithm assigning a sensitive and another an intermediate,
or at least one algorithm assigning as an intermeiate and another as a resistance; and 66.4%
displayed complete concordance, with all four algorithms assigning the same interpretation.
Furthermore, in another recently conducted study of interpretation algorithms, results from
Stanford University HIV drug resistance database (SHDB) were compared to the results obtained
from Geno2-Pheno (G2P) and DR_Seqan (DS) on protease and reverse transcriptase sequences
of non-B subtypes submitted to the Stanford database (Kandathil et al., 2009). This study reveals
that concordance between SHDB and G2P was 85.6% while that between SHDB and DC was

37%.

1.4.2.4 Impacts of HIV diversity on transmissibility, replication rate and viral
fitness
Incriminating a specific factor for observed differences in transmission rate HIV among HIV-

infected individuals is difficult because several determinants interplay during the transmission
process, including the prevalence and distribution of different risk behaviors in the population,

the prevalence of co-factors for the sexual transmission of HIV, as well as non-immune and
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immune host factors (Hu et al., 1999). Nonetheless, a number of prospective epidemiological
studies have shown the importance of subtypes in transmissibility differences. For example,
earlier studies have already recognized that HIV-2 is less transmissible both sexually and
vertically compared to HIV-1 (Andreasson et al., 1993; Kanki ef al., 1994). A prospective study
by Hawes et al. (2008), in which cervico-vaginal specimens were taken at 3-day intervals over a
6-week period, has demonstrated significantly lower rate of viral shedding and lower levels of
HIV-2 RNA in the female genital tract than HIV-1 RNA. However, the authors stressed that

shedding correlated with plasma viral load irrespective of virus type.

Among the HIV-1 group M subtypes, subtype C has been found by many investigators to be
more transmissible heterosexually and vertically than subtypes A and B (Graham, 2007; Iversen
et al., 2005; Renjifo et al., 2001; Renjufi et al., 2004). Using mucosal shedding of HIV as
surrogate marker of infectivity, John-Stewart er al. (2005) have identified differences in the
shading of HIV-1 between subtypes A, C, and D among Kenyan pregnant women. The
investigators observed that pregnant women infected with subtype C were significantly more
likely to shed HIV-1-infected vaginal cells than were those infected with subtype A or D, before
and after adjusting for age, CD4 cell count, and plasma HIV-1 RNA load. The same pattern was
also observed regarding shedding in breast milk (John-Stewart et al., 2005). However, when
mother-to-child transmission was investigated directly from LTR-sequenced HIV-1 from
Tanzanian women who transmitted HIV to their children, transmission rate was higher in the
order of A, A/C recombinant and C, although the difference was not statistically significant, but
no transmission of subtype D (Tapia et al., 2003). Yet, a contrary result was documented among
Kenyan women who transmitted HIV vertically to their new borne, in which subtype D (as

analyzed by p24 gag and gp41) was found more transmissible than subtype A (Yang et al., 2003).
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When heterosexual transmissibility of subtype A and D were compared, after adjusting for index
HIV-positive partners’ age, viral load, stage of disease, genital ulcer disease, and HIV-negative
partners’ genital ulcer disease and nonuse of condoms, subtype A viruses were found associated

with a higher rate of transmission than subtype D (Kiwanuka et al., 2009).

The fact that subtype C is in ever increasing prevalence even in places where other subtypes,
such as A and D, have been predominating prompted Walter et al. (2009) to hypothesize that
there could be biological factors favoring transmission of subtype C. With the aim of proving
evidence for this speculation, these researchers underwent experimental investigations on
chimeric viruses using V1-V3 envelope fragments from a subtype-A/C dually infected woman
with preferential genital replication of subtype C. They evaluated viral adaptation, spread and cell
fusion ability in vitro using peripheral blood mononuclear cells and HeLa-CD4-CCRS cell lines.
They also performed structural modeling using a crystal structure of gpl120-CD4-X5. These
experiments identified two envelope motifs, compact V1-V2 loops and V3-316T, which are
found at high frequency throughout subtype-C evolution and affect gp120 interactions with CD4
and CCRS, respectively, indicating that these conserved two motifs might be important in the
transmission and spread of subtype C. Moreover, in support of the notion that subtype C is more
favored for ease of transmission comes from the observation and experimental findings that the
viruses involved in new infections are RS phenotypes, the phenotype that persist throughout the

course HIV-1 infection in the larger population of subtype C (Montano et al., 2000).

Among other things, route of transmission also seems to affect transmissibility of subtype. The
observation that HIV-1 env subtype E and C strains from Thai and Indian heterosexuals,

respectively, infected Langerhans’ cells more efficiently than env subtype B strains from US
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homosexual men suggested that Langerhans’ cell tropism of subtypes E and C resulted in more
efficient vaginal transmission, which helped explain the explosive heterosexual subtype E and C
epidemics seen in Thailand, India, and South Africa (Mastro et al., 1997; van Harmelen et al.,
1997). On the other hand, subtype B strains, which predominate among homosexual men and
IDU in industrialized Western countries, have been found to be transmitted less efficiently
vaginally, while retaining the potential for efficient transmission via blood, including
transmission resulting from microscopic abrasions presumed to occur during receptive anal

intercourse (Mastro et al., 1997).

Another important determinant for rate of HIV spread (transmission) and predominance of
specific subtypes is increased viral fitness. Viral fitness refers to an organism’s replicative
adaptability in a given environment (van Opijnen and Berkhout, 2005). HIV-1 variants with high
levels of fitness have a selective advantage over other less-fit variants in clinical infections and
transmission, suggesting that reduced replication efficiency is one property of variants with
reduced disease progression (Dykes and Demeter, 2007). While differences in transmission
fitness between the same or different subtypes has been shown largely due to genotypic
differences at viral envelop (gp120), particularly at V1-V3 (Marozsan et al., 2005; Saunders et
al., 2005; Troyer et al., 2005) viral fitness in many other aspects of HIV strains results from the
interplay between the environment and all genes and processes that have a role in the viral life
cycle (van Opijnen and Berkhout, 2005). In relation to this, comparative studies were conducted
by different groups of investigators to see the impacts of subtypes on the relative replication
fitness (ex vivo) of various HIV isolates of the major (M) group HIV-1 subtypes A, B, C, D, and
CRFO1_AE; and group O. These studies have shown that all group M isolates were more fit than

group O isolates, suggesting that reduced replicative and transmission fitness may be contributing
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to the low prevalence and limited geographical spread of HIV-2 and group O HIV-1 in the human
population (Abraha er al., 2009; Arien et al., 2005). Among the subtypes within group M,
subtype C isolates were found to be less fit than A, B, D, and CRFO1_AE subtypes (Abraha et
al., 2009; Ball et al., 2003; Gretti, 2006). It was speculated that weakness in C could be related to
properties residing in gpl20, in particular to a reduced avidity for binding the CD4/CCRS
receptors on host cells (Geretti, 2006). It was further suggested that the efficiency of host cell
entry may have a significant impact on relative fitness of the infecting virus (Ball et al., 2003;

Geretti 2000).

1.4.2.5 Impacts of HIV diversity on host immune response/evasion and vaccine
efficacy

Development of vaccine for AIDS faces several challenges including practical, political, economic,
social, and ethical problems, of which the most fundamental challenges now reside at the level of the basic

biology of HIV-1 infection and pathogenesis (Garber ef al., 2004). Genetic variability of the etiologic
viruses between the different subtypes is considered by many as very critical, although some
researchers disagree to the opinion that subtype diversity affects vaccine efficacy. For instance, in
support of the latter group of researchers, observations on immune responses mounted by
naturally HIV-1 infected individuals have documented more broadly cross-reactive cytotoxic T-
cell responses between different subtypes, although intrasubtype responses were often stronger
and more frequent than intersubtype reactivities (Cao et al., 2000; Currier et al., 2003; Hemelaar
et al., 2006; Slobod et al., 2005). These and other researchers argued that human neutralizing
antibodies produced against subtype B could neutralize other primary HIV-1 subtypes including
A, C, D, CRFOI_AE, and F, suggetsting that clades, as defined by genetic sequence, do not
correspond to immunotypes, as defined by mutually exclusive immune responses (Ferrantelli et

al., 2004; Moore et al., 1996; Nyambi et al., 2000; Slobod et al., 2005). The latter authors
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speculated that this cross-clade responsiveness is explained by the fact that the B- and T-cells
recognize precise epitopes rather than the overall sequence similarity of viruses (Slobod et al.,

2005).

However, the reason for this lack of or little relationship found in these earlier studies between
HIV-1 clades and neutralization serotypes could be that the previous studies may have been
confounded by inadvertent use of inter-clade recombinant viruses as many of the viruses used
were not characterized by full-length genome sequencing or even complete envelope (env) gene
sequencing (Brown et al., 2008). With improved in vitro and in vivo investiagational protocols,
people are producing evidences, since recently, that contradict the opinion that immunologic
response to HIV has no relaltionship with specific clades. For instance, a number of studies have
identified two classes of neutralizing antibodies specific for the HIV-1 Env protein that are
eventually elicited in most infected individuals: namely, strain-restricted and broadly cross-

reactive antibodies (Li et al., 2009).

The strain-restricted antibodies appear early after infection and are generally directed against
linear determinants within the gp120 variable regions, including the second (V2) and the third
(V3) regions (or loops) (Li et al., 2009). On the other hand, five broadly neutralizing antibodies
isolated from HIV-infected individuals have been identified (McMichael, 2006). The two most
broadly neutralizing antibodies, 2F5 and 4E10, are directed against the membrane-proximal
external region (MPER) of the HIV gp41 (McMichael, 2006). The other two broadly neutralizing
antibodies, b12 and 2G12, are directed against the gp120 envelope glycoprotein, while the 5" one

is a CD4-induced and directed against co-receptor binding site (Li er al., 2009; McMichael,
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2006). The b12 antibody recognizes an epitope that overlaps with the CD4 binding site (CD4bs);

and 2G12 recognizes a cluster of glycans on the outer domain of gp120 (Li et al., 2009).

Additionally, an experimental ivestigagtion conducted to understand the influence of clade on
virus neutralization (neutralization sensitivity and antibody breadth) using pooled polyclonal
antibodies from well-characterized infections with respect to the infecting viral clade and a large,
full-length sequenced panel of viruses, has revealed that pairing of the antibody pool against
homologous clade viruses generated the highest geometric mean neutralizing antibody titer in 4
out of 6 clades tested, and that neutralization patterns showed numerous examples of reciprocal
cross-recognition between antibody and viruses of specific clade pairs (Brown et al., 2008).
Futhremore, the researches noted that cross-clade neutralization was more limited, with fewer
distinct cross-clade relationships evident, particularly the clade C antibody pool being broadly

crossreactive having neutralized the greatest number of viruses in the assays (Brown et al., 2008).

Thus, it may be reasonable to believe the existence of subtype-specific epitopes among the
various HIV strains. This is supported by various investigators. For example, Gaschen et al.
(2002) compared estimates of codon-specific ratios of nonsynonymous to synonymous
substitution rates (dN/dS) in subtype B and C envelope genes in an attempt to explore the
hypothesis that subtype-specific patterns exist in the exposure of antigenic domains that are able
to elicit antibody responses strong enough to drive escape mutation. They reported that high rates
of diversifying selection were identified in different regions of the envelope protein (Env) in the
two lineages in the Env V3 to C4 region: the V3 loop is less variable in the C subtype than in
other subtypes, and as expected, the density of sites in the V3 loop with dN/dS was higher in

subtype B than in C; this pattern was reversed, however, in the region just proximal to the V3
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loop, where multiple sites show an excess of nonsynonymous substitutions in the C but not in the

B (Gaschen et al., 2002).

Given the enormous worldwide diversity of HIV-1 group M variants, whose gene products at
amino acide level diverge between 15% in a relatively conserved region (Gag) and 35% in highly
variable region (Env), the design and choice of antigen identities for inclusion in candidate AIDS
vaccines is therefore an overwhelming challenge (Garber et al., 2004; Gaschen et al., 2002). This
can be easily understood by looking at the continual changes of influenza vaccine strains which
occurs because of a less than 2% amino acid changes between a vaccine strain and circulating
strain in a new epidemic (Fischer et al., 2007). This global diversity of influenza in any given
year, which necessitates a change in vaccine strain, is comparable to the diversity of HIV within a
single infected individual at one time point (Korber ef al., 2001). The influenza vaccine case
becomes trivial when one considers the challenges posed by HIV epitope variability among HIV
clades. For example, investigators experimentally detected a decline within 391 to 772 days in
the ability of neutralizing antibodies from acutely infected patient to neutralize formerly
susceptible viruses, suggesting that changes in the viral envelope had occurred within these time
intervals that rendered the successive viruses resistant to neutralization (Wei ef al., 2003). It was
also shown that single amino acid changes can allow an epitope to escape T-cell surveillance
(Fischer et al., 2007). Since many T-cell epitopes differ between HIV-1 strains at one or more

positions, potential responses to any single vaccine antigen are limited (Fischer et al., 2007).

Now that the need to consider HIV diversity in the development of AIDS vaccine is well-taken
by the scientific community and vaccine developers, the big question is how to approach it. A

successful vaccine is anticipated to cause such desirable immune responses with sufficient
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breadth and depth to cover extensive immunologic diversity and mutational patterns of the virus
to exert antiviral activity against a substantial breadth of primary isolate viruses (Barouch and
Korber, 2010). It is also desirable that a successful vaccine elicit responses against conserved
regions of the viral proteome in which mutations would severely compromise the viability of the
virus; and simultaneously, it must not elicit responses against variable elements of the virus that
can mutate while retaining function, and that can absorb much of the adaptive host immune
response (Rolland et al., 2007). To this end, several approaches have been proposed. One
approach is that a single clade may induce sufficiently cross-reactive T-cell responses to protect
against other variants of both the same and heterologous clades. The choice of a natural isolate
can be based on having the closest sequence to all others, or picking a strain derived from acute
infection (Letourneau et al., 2007). However, research results are available that challenge this
approach (Lee et al., 2004; McMichael, 2006). For example, Larke er al. (2007) indicate that
single-clade A, B and C vaccines used alone induce T cells with only limited recognition of
variants other than those present in the vaccine; and that the epitope hierarchy varied according to
the immunizing clade. Besides, the fact that HIV-1 variants were observed to have escaped from
existing T cell responses in infected individuals by single mutations in epitopes (Fischer et al.,
2007; McMichael, 2006) makes the use of a single natural isolate for a vaccine as a high risk for

protecting against a different clade and even against many variants of the same clade.

A second approach considers deriving vaccine immunogens from‘centralized’ sequences, which
employ consensus/average, or centre-of-the-tree or sequences or extrapolated amino acids to a
common clade or group ancestor (Gashen et al., 2002; Korber et al., 2009). However, there is a
fear that this strategy may be stretched too far for optimal coverage of CD8 + T cell epitope

variants of the whole group M (Letourneau et al., 2007). A third one uses vaccines capable of

34



delivering a cocktail of immunogens derived from different clades (McMichael, 2006). This
approach is not without its problem, since possible immune interference, such as epitope
antagonism between different but closely related peptide sequences in the vaccine may limite
responses to some epitopes (Larke er al., 2007). A fourth approach focuses on the use of
computational methods for assembling a polyvalent vaccine candidate that optimizes the
coverage of T cell epitopes composed of mosaic immunogenes. In this method, it is beilieved that
mosaics provide diversity coverage comparable to that afforded by thousands of separate
peptides, but, because the fragments of natural proteins are compressed into a small number of

native-like proteins, they are hopped to be good for vaccines (Fischer et al., 2007).

Yet a new approach is proposed by Letourneau et al. (2007), wherein a novel T cell immunogen,
designated HIVconsy, was designed by assembling the 14 most conserved regions of the HIV-1
proteome into one chimaeric protein. The authors explain that each segment is a consensus
sequence from one of the four major HIV-1 clades A, B, C and D, which alternate to ensure equal
clade coverage. They claimed that this vaccine approach provides an attractive and testable
alternative for overcoming the HIV-1 variability, while focusing T cell responses on regions of
the virus that are less likely to mutate and escape (Letourneau et al., 2007). In conclusion, an
HIV-1 vaccine, whether composed of natural or artificial immunogenes, needs to elicit
substantially potent and cross-reactive immune response taking HIV-1 diversity into
considerarion. Each approach has its potential merit and drawbacks, which will be known with

certatinity after evaluation in clinical studies.

85



1.5. HIV/AIDS in Ethiopia
1.5.1 Epidemiology of HIV in Ethiopia

The earliest time point for detection of HIV among Ethiopians was 1984, which was detected
when a serological survey was conducted on 1754 people in various parts of the country from
1982-1987 (Tsega et al., 1988). Two studies working on estimating the timing of the first
introduction and subsequent evolution of HIV in Ethiopia have reported discordant results: while
the earlier estimate by Abebe et al. (2001) claimed HIV-1 to have entered into Ethiopia around
1983, a recent estimate by Tully and Wood pushed it further back into late 1960s or early 1970s

(Tully and Wood, 2010).

Since the first report in 1984 of HIV’s presence in Ethiopia, its prevalence has seen three

patterns. Initially, the prevalence rate was slow (about 0.5%) until 1985 (Abebe et al., 2001).
From this time on, however, the epidemic spread rapidly and expanded its sphere among various
risk groups. In 1988, its prevalence rate among long-distance track drivers and commercial sex
workers along the main trading road was 13% and 17% respectively (Mehret et al., 1990a;
1900b). The prevalence among women attending antenatal-care clinics in Addis Ababa was 4.6%
in 1989 but rose to 15% in 2001 (Tsegaye et al., 2002), while the prevalence in Afar Region was
documented as 19.7% (Assefa et al., 2003). Within short time period, the prevalence shot up to
an alarmingly high rate, particularly in Addis Ababa: beginning middle of 1990s until the last
1990s it was estimated to be 10-27% in pregnant women, at least 45% in commercial sex workers

and 7% among blood donors (Abebe et al., 1997; Hussein et al., 2000).

Same high prevalence rate was documented among a cohort of 1,679 factory workers with
baseline prevalence of 9.4% among males and 12.4% among females (de Wit er al., 2002;
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Mekonnen et al., 2005a). A report from a retrospective study of HIV-1 prevalence among 63,869
visa applicants between the years 1993 to 2001 has found an overall period prevalence of 9.5%,
but ranged from 6.8% in 1993 to 10.4% in 1997, with stabilized prevalence at around 11% after
1997 (Tegbaru et al., 2004). Analysis of sera collected in 1994 for determination of the rate of
acquisition of antibodies against measles, rubella, and hepatitis B have shown the prevalence of
6.0% for men and 6.9% for female with peak prevalence in the 25-29 year age group of 16.3 and
11.8% respectively (Fontanet et al., 1998), indicating that 1990s were the years during which

HIV prevalence was the highest in Ethiopia.

The third pattern appeared in the first half of 2000s, in which the prevalence has shown sign of
decline in the urban and rural populations (Solomon and Murray, 2001). This was supported by a
review from Kebede er al. (2000), which examined published and unpublished reports and
surveillance data from records of governmental and non-governmental institutions. In addition, a
recent report from MOH/HAPCO (2006) has shown that out of the 25 urban sites that had HIV
prevalence data for 2002, 2003, and 2005, 12 had significant declines while 10 had either non-
significant increase (9/10) or no change (1/10) from the previous trends. The situation in rural
sites were different: of the 7 sites with available data of for comparable years, only 2 had
significant decline while 4 of them had increasing prevalence with 1 site statistically significant
increase. However, the overall trend of the 7 rural sites showed a statistically significant

declining trend (MOH/HAPCO, 2006).

The current status HIV prevalence in Ethiopia is that it is still one of the countries that are hit-
hardest by HIV/AIDS epidemic. It is estimated that the national prevalence of HIV in 2007 was

2.1% (MOH/FHAPCO, 2007a). The most recent estimate by UNAIDS/WHO reports that the
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overall prevalence rate in 2008 among adults was 1.4%, (UNAIDS/WHO, 2009), which is a
substantial decline compared to what has been reported in the year 2005 in which antenatal care
surveillance data indicated an adjusted prevalence of 3.5% (MOH/HAPCO, 2006), and contrary
to what has been predicted by MOH/FHAPCO (2007a) report as depicted in (Figures 1.5.1.1A
and B) Several factors could have played in the reportedly declined HIV prevalence rate in
Ethiopia, including improved ANC-based sentinel surveillance system with increased rural
representation where prevalence is lower; impact of mortality of HIV infected individuals; and
HIV/AIDS control and mitigation efforts including those that lead to behavior change
(MOH/HAPCO, 2006). Moreover, it has been predicted that AIDS deaths in both rural and urban
areas are expected to decline from 2006 onwards, though more pronounced in urban areas,

mainly due to the expanding ART program (MOH/HAPCO, 2006).
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Figure 1.5.1.1 Estimated HIV rates (in per cent) of prevalence (A) and incidence (B) during 2004-2010
(Data from MOH/FHAPCO, 2007a)

1.5.2 ARV treatment in Ethiopia

Various intervention activities have been in place to curb the expansion of HIV-1 epidemic in
Ethiopia since the National HIV policy was endorsed in 1998, one of which was ART initiative
in 2003 (MOH, 2005) and further scaling up of this initiative as the result of supports from
stakeholders like President’s Emergency Plan for AIDS Relief (PEPFAR), Global Fund, and the
World Health Organizations. Prior to the launching of the 2003 ART initiative, antiretroviral
drugs had been in use since 2000 by few people who could purchase the drugs from the black
market (MOH, 2005). From 2003 to 2005, five ARVs were distributed to selected Urban

Dwellers Association Pharmacies and Ethiopian Red Cross Pharmacies and made available upon
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prescription from ART-certified physicians: three nucleoside analog reverse transcriptase
inhibitors (zidovudine, lamivudine and stavudine) and two non-nucleoside analog reverse
transcriptase (nevirapine and efavirenz). During this period, about 5000 registered patients started
the medication, 90% of whom were paying US$30-90 a months while the rest 10% were treated
free of charge if they could produce written support from local administration (kebele) (MOH,

2005).

With the launching of ART scale-up program in January 2005, however, the drugs became freely
available to the needy patients, and the number of beneficiaries has been ever increasing since
then. At the end of September 2004, only 9,500 AIDS patients could get access to ART

(PEPFAR, available at http://www.avert.org; accessed on 1 September 2006); but this figure rose

drastically in the subsequent years: 13,100 in 2005 (MOH, 2005), 46,000 in 2006
(MOH/HAPCO, 2006), and so on as shown in Figure 1.5.2.1. The latest report from
MOH/HAPCO (2010) indicates that about 180,000 people are currently on ART in 532 health
facilities throughout the country. Diversity of available ARV drugs has also increased from five
in 2000 to about ten in various combinations in the current regimens (MOH/HAPCO, 20007b).
An updated guideline for recommended ART regimens in Ethiopia has been provided by

MOH/HAPCO in 2007, and is summarized in Tables 1.5.2.1 and 1.5.2.2.
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Figure 1.5.2.1 Number of people on ART since November 2006 to February 2010
(Data obtained from MOH/HAPCO ART monthly updates. Available at

http://www.etharc.org/resources/download/)

Evidences show that the scale-up of ART in Ethiopia has greatly improved the longevity of HIV-
infected persons in the country. Retrospective and prospective studies on mortality impact of
AIDS in Addis Ababa showed that prior to the introduction of ART in 2000, mortality had
increased by at least 5.0% since 1984 due to HIV; the same study claims that the probability of
Ethiopians dying of HIV/AIDS before the age of 60 was more than 17.5% (Sanders et al.,
2003a). However, recent mortality estimate from verbal autopsy interview surveillance of burials
at all cemeteries in Addis Ababa has found a decline in AIDS-related mortality between 2001 and
2005 by 21.9% and 9.3% for men and women respectively; and by 38.2% for men and 42.9%
women between 2005 and 2007, which would have been between 56.8 and 63.3% in the absence

of ART (Reniers et al., 2009).
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Table 1.5.2.1 Recommended First-Line ART Regimens for Adolescents and adults in Ethiopia
(MOH/FHAPCO, 2007b)

Recommended ARV Reéimens for Adults and Adolescents: One of the following should be used
unless there are contraindications:

Preferred :
e TDF+FTC+EFV = triple FDC
e ZDV+3TCH+EFV = combivir + EFV
e ZDV+3TC+NVP = triple FDC

Alternatives:
" D4AT/3TC/EFV = double FDC (d4T/3TC) + EFV
TDF/3TC/NVP
DAT/3TC/NVP = triple FDC
ABC/3TC/EFV
ABC/3TC/NVP
ABC/3TC/ZDV = combivir + ABC

e & o o @

Table 1.5.2.2 Recommended Second-Line ARV Regimens for Adolescents and adults in Ethiopia
(MOH/FHAPCO, 2007b)

First-line Regimen Second-line Regimen (during freatment fuilure)

TDE+FIC or 31C +EFV or NVP ZDV =3TC +LPV/r or ATV/r
Or ZDV+ABC+LPV/r or ATV/t

ZDV or d4T+3TC+EFV or NVP TDF+3TC=ZDV+LPV/ or ATV/r
Or ABC + ddI* +LPV/A® or ATV/r
ABC +3TC +ZDV EFV or NVP + LPV/r or ATV/r

? Didanosine alone must be taken on an empty stomach, at least one hour before or at least 2 hours after (<50% absorbed after) a

meal. Tablets should be dissolved in at least 30 ml of water: no other liquids may be used to dissolve the tablets. The enteric
coated version will not need to be dissolved.

PLPV/r use the heat stable tablet (200/50 mg).

1.5.3 HIV Subtype Distribution in Ethiopia and Possible Gap of Information
on Ethiopian Subtype Variation

Several types of HIV-related researches have been conducted since the first report of HIV
detection in Ethiopia in 1984 (Tsega et al., 1988). Currently, a huge amount of published and
unpublished HIV-related research reports are being produced throughout the country, which can
be categorized into researches on basic biomedical, epidemiological, risk factors, risk
determinants, clinical, impacts, intervention, and monitoring and evaluation (Mulatu et al., 2005).
The researches conducted so far have been reviewed and updated on annual basis since 2003
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under the title “Bibliography on HIV/AIDS in Ethiopia and Ethiopians in the Diaspora”, and are
published in the Ethiopian Journal of Health Development (Mulatu et al., 2005; Convers et al.,

2006; Mulatu et al., 2007; Kloos et al., 2008; Converse et al., 2009).

However, the pioneering research works relevant to HIV-1 subtyping in Ethiopia were laid down
when the Ethio-Netherlands HIV/AIDS Research Projects (ENARP) became operational in 1994
and continued producing excellent quality research outputs before it ended in 2002 (reviewed in
Sanders et al., 2003b). A number of important scientific findings about HIV/AIDS in Ethiopia
have been contributed by the project. One aspect in this regards is related to the unique nature of
the immune system of Ethiopians: (1) CD4+ T cell counts in HIV-negative Ethiopians is lower
(median 749/uL) than their Dutch counter parts; (2) in HIV-positive Ethiopians after
seroconversion, and at stages 1 and 2 of the WHO staging system, CD4+ T cell count values
were 150-200 cells/uLL lower than what has been observed among their counterparts in other
countries, including the Netherlands; (3) the immune system of Ethiopians is in a state of

permanent activation (Sanders et al., 2003b).

In addition, it was learned that the presence of low CD4+ T cell count among HIV-positive
Ethiopians was not found to enhance rate of CD4+ cell depletion nor decrease their life
expectancy more than any HIV-positive population in other countries (Mekonnen et al., 2005b).
The ENARP projects were also able to develop NASBA molecular beacons for a gag-based
(Ayele et al., 2004) and an env-based assays that could be used to discriminate between
subclusters C and C’ Ethiopian isolates (Ayele et al., 2005). Many more findings from earlier
studies have contributed to the diagnosis and monitoring of disease progression among HIV-

infected individuals. For example, by the end of 1980s it was already determined that primer
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pairs in the gag, pol, and env regions that could amplify HIV-1 DNA in peripheral mononuclear
blood cell samples from HIV-1-seropositive individuals in Sweden (probably subtype B) were
unable to amplify HIV-1 DNA obtained from Ethiopian samples (most probably subtype C)
(Ayehunie et al., 1990), showing the poor performance of early primers to broadly amplify all

HIV subtypes that were distributed among various populations.

The other important findings from earlier research works, which are more relevant to this study,
relate with the genetic characteristic of HIV isolates circulating among HIV-infected Ethiopians.
A number studies conducted to determine subtyping of Ethiopian HIV-1 isolates have repeatedly
found that subtype C and its variant or subcluster C’ are the predominant HIV-1 isolates in
Ethiopia (Abebe et al., 1997; Abebe et al 2000; de Wit et al., 2002; Harris et al., 2003; Hussien
et al., 2000; Salminen et al., 1996) and remained unchanged for at least five years (1988-1993)
(Sherefa et al., 1994). However, subtypes A (Abebe et al., 1997; Abebe et al 2000; Adal et al.,
2005), D (Abebe er al 2000; Hussien et al., 2000), and A/C recombinant (Sherefa et al., 1998)
have also been identified from different localities, albeit few in number. Most of these subtyping
works were done based on sequences from the env (C2V3 or gp41) and/or gag regions (Abebe et

al., 1997; Abebe et al 2000; Ayehunie et al., 1993; de Wit et al., 2002; Hussien et al., 2000).

Only few full or near full length HIV-1 genome sequencing of Ethiopian isolates have been
performed that identified the genetic characteristics of the isolates (Harris et al., 2003; Salminen
et al., 1996; Sherefa et al., 1998). Scattered sequencing has also been conducted on other
subgenomic regions such as partial gag/pol (Sonnerborg and Sherfa, 1997) and LTR (De Baar et
al. 2003). Thus, it is clear that not enough genomic characterization of Ethiopian HIV-1 isolates

has been done, when one considers the duration of the epidemic’s existence in the country.
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Therefore there is a need for more works on genomic characterization of HIV-1 isolates from

Ethiopian patients, for which reason this research project was carried out.
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CHAPTER 2: THE PROJECT

96



2.1 The Rationale

Given the biological significances (such as level of virus load, disease progression, chemokine
receptor use, vertical transmission rate, transcriptional activation rate and consequently
replication rate, clinical management, vaccine design, and drug resistance pattern) associated
with genomic differences among the different HIV-1 subtypes, it is important for any country to
understand the genomic characteristics of the serotypes circulating among the population.
Although several important studies were carried out in Ethiopia to determine HIV-1 subtypes
circulating in the country, most of the studies focused on characterization of V3 loop and gp41 of
the env, p7 and p17 of gag region (Abebe et al., 1997; Abebe et al 2000; Ayehunie et al., 1993;

de Wit et al., 2002; Hussien et al., 2000; Sherefa et al., 1997; Sonnerborg and Sherefa, 1997).

However, such a rely on limited region of the genome can be potentially misleading, especially at
this time that HIV-1 circulating recombinant forms (CRFs) are overtaking the upper hand from
the pure forms. There are a number of instances that showed the inadequacy of using a portion of
the genome (in contrast to full-length) in characterizing HIV subtypes circulating in a given
geographic area. For example, a full-length sequence analysis performed by Carr et al. (1996)
showed that an isolate from Thailand, formerly designated as subtype E by envelope sequence,
was actually a recombinant form between subtype A (in the entire gag/pol region and most
accessory genes) and mixture of subtype E and subtype A in the envelope sequences. Similarly,
the clade which was thought to belong to subtype C based on sequencing of C2V3 region turned
out to have mosaic genomic structures of subtypes C (in the envelope region) and B' Thai in the
rest of the genome by full-length genomic analysis (Su et al., 2000). Even more intriguing is the

finding that the clade known today as subtype K based on the result of a near-full-length genome
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sequencing study, was formerly designated as divergent form of subtype F as identified by

envelope sequences (Triques et al., 2000).

Because only few full length (Harris et al., 2003; Salminen et al., 1996; Sherefa et al., 1998) or
regions other than env (De Baar et al. 2003; Sonnerborg and Sherfa, 1997) have been used in the
previous genotype determination studies of Ethiopian HIV-1 isolates, it is possible to assume that
the widely accepted subtype C and its close relative C’ as the predominant subtype circulating in
the country might have suffered from same limitations mentioned above. In other words, it is
possible that the presence of recombinant forms or other subtypes could have been missed by the
inherent deficiency of partial sequencing of env and/or gag used in the previous studies. After all,
subtypes A and D were identified from isolates originating from Addis Ababa and Dessie by
those sequencing works targeting even the env region (Abebe et al., 1997; Abebe et al 2000;
Adal et al., 2005; Hussien et al., 2000). In addition, from the few full genomes analyzed, one
study has already found a recombinant A/C subtype from a serum sample collected early in the
epidemic: the genomic composition of this isolate was such that the gag and pol genes and the
major parts of the env genes scored best with subtype A while the region flanking the V3 loop,
and the V3 domain itself, matched best with subtype C (Sherefa er al., 1998). Were this
subtyping done on V3 loop alone, as has been often the case, this isolate would have been
grouped under subtype C, implying that subtypes and recombinant forms other than identified so
far could be found in Ethiopia if careful sequence studies were conducted on samples collected

from several regions of the country.

Moreover, the fact that relatively longer time elapsed since publications of the few full genome

analysis of Ethiopian HIV-1 subtype C (Harris et al., 2003; Salminen et al., 1996; Sherefa et al.,
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1998) indicates that there is an enormous likelihood for emergence of new variants, as the result
of rapid mutation and recombination events that might have taken place since then. Furthermore,
given the high prevalence rate of non-C HIV-1 subtypes in the neighboring countries (Gray et al.,
2009; Janssen et al., 1997) coupled with the current trend of international travel and immigration
(Gray et al., 2009), it is reasonable to presume that these non-C subtypes might have already
been introduced into Ethiopia, and that conducting analysis of isolates at genomic regions other

than env may reveal a new HIV subtype profile in the country.

Another source of concern with regard to emergence of new subtypes (or CRFs) in this country is
the recently introduced Highly Active Antiretroviral Therapy (HAART). Although currently used
antiretroviral drug combinations are capable of maintaining low-to-undetectable plasma HIV-
RNA level, which is very essential to prevent progression to AIDS, they do not eliminate or even
completely suppress HIV-1 replication in all tissue compartments (Barbour ef al., 2002; Coombs
et al., 2003; Quifiones-Mateu and Arts, 2001). Because of the selective pressure exerted on drug-
sensitive strains during this therapy, variants that naturally contain genes for drug resistance will
gain extra advantages of selective survival and transmission (Ait-Khaled et al., 2003; Moutouch
et al., 1996). In this regard, data have already shown that HIV-1 strains from all types, subtypes
and geographic regions contain natural polymorphisms in the protease and reverse transcriptase
genes, whose biological significance as yet not determined for the majority of them (Alexander et
al., 1999; Gibb et al., 2002; Gordon et al., 2003). Since HAART allows people infected with
HIV to live longer and feel healthy, there is a chance that patients on HAART resume their
normal sexual life. Concomitant to this, the likelihood of transmitting drug resistant strains will

be enhanced if unsafe sex is practiced. This in turn could be expected to increases the chance of
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superinfection and recombination both in newly infected and doubly infected formerly
seropositive individuals. Thus, one of the aims of carrying out this PhD dissertation project was
to fill the aforementioned gaps of information about Ethiopian HIV-1 subtypes and possible
CRFs by performing genome analyses at regions of protease and reverse transcriptase, the

regions which were poorly represented in the previous subtype determination studies.

Another gap of information relates to HIV-1 drug resistance profile of Ethiopian isolates. Most of
the current knowledge of HIV-1 drug susceptibility and resistance and interpretations of
genotypic changes in HIV-1 reverse transcriptase and protease are based on data obtained from
HIV-1 subtype B viruses, whose prevalence is restricted mostly to the Western world. In the rest
of the world, where non-subtype B viruses are dominating, a high frequency of natural
polymorphisms associated with resistance to protease inhibitors and reverse transcriptase
inhibitors have been observed (Grossman et al., 2001; Kantor and Katzenstein, 2003). The
presence of these unique mutations and of secondary mutations not found in subtype B may
potentially be associated with the development of different resistance profile in non-B subtypes
during therapy (Martinez-Cajas et al., 2009). In this regard, certain questions are unanswered,
remaining open for investigations: Are the current drug regimens, widely used in subtype B
infection equally effective in other HIV subtypes? Will increased access to antiretroviral
therapies in developing countries, such as Ethiopia, result in new patterns of antiretroviral drug
resistance? Can the currently used genotypic drug resistance assays and interpretations, which
were developed for subtype B, detect all the mutations associated with phenotypic drug resistance
in non-subtype B? While the answers for these questions can be furnished from large-scale

clinical trials and monitoring drug responses through surrogate indicators such as viral load and
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CD4 count, performing simultaneous genotypic, phenotypic and fitness tests will give valuable
information regarding the relevance of the unique polymorphic amino acid substitutions to

treatment-related drug resistance in non-subtype B strains.

It is generally believed that genotypic drug resistance analysis of HIV predicts patients' response
to antiretroviral therapy (Haubrich and Demeter, 2001) and that understanding the basis of HIV
drug resistance represents a key requirement for individualized HIV patient care. These facts
along with the wider accessibility of HAART in Ethiopia indicate the urgent need for
understanding the drug-susceptibility/resistance pattern of HIV-1 isolates from the country.
Hence, this PhD project was also undertaken to determine prevalence and rate of genotypic drug
resistance profile of HIV-1 isolates to antiretroviral drugs against protease and reverse
transcriptase on specimens collected from antiretroviral-naive and antiretroviral drug-experienced

adult Ethiopians.

Worldwide observations have shown that the continuous use of ART is accompanied by
emergence and expansion of drug resistant HIV-1 strains against ARV drugs in use in the region.
As Ethiopia is one of the benefactor countries of the expanded access to ART, preparations have
to be made by health care providing bodies for the inevitable emergence of drug resistance,
through implementation of genotypic drug resistance monitoring system. However, due to high
costs and stringent requirements for storage and transport of plasma specimens, drug resistance
monitoring is not done as part of clinical practice in Ethiopia. One way of alleviating the
stringent requirements for storage and transport of plasma is through use of field-friendly sample
collection methods such as Dried Blood Spot (DBS) (Bertagnolio et al., 2007). Several
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investigations have already tested and validated the specificity and sensitivity of DBS for viral
load (Ayele et al., 2007) and genotypic drug resistance monitoring (Hamers et al., 2009) under
their own specific settings, and nearly all of them found it satisfactory for the purpose (Viljoen et
al., 2010). However, the performance DBS in detecting drug resistance mutations in Ethiopia is
not known. Therefore the other aim of this PhD dissertation project was to validate the suitability

of utilizing DBS for HIV-1 drug resistance testing under the Ethiopian settings.

2.2. Objectives

2.2.1 General Objectives
To characterize the genetic diversity of HIV-1 subtypes and determine antiretroviral drug

resistance profile of HIV-1 isolates from HIV-infected Ethiopians at various stages of the

infection.

2.2.2 Specific Objectives

1. Determine prevalent HIV-1 subtypes and circulating recombinant forms (CRFs) from
isolates of Ethiopian patients using sequence analyses from protease and reverse
transcriptase genomic regions;

2. Determine genomic differences between recently infected ARV drug-naive, chronically
infected ARV drug-naive but treatment eligible, and chronically infected ARV drug-
experienced patients of HIV-1 isolates from Ethiopian HIV-infected individuals;

3. Determine profiles of genotypic drug resistance mutations at reverse transcriptase and
protease regions from isolates of antiretroviral drug-naive persons who were recently
infected or chronically infected but treatment eligible; and antiretroviral drug-experienced

chronically infected patients.
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4. Evaluate the Dried Blood Spot (DBS) technology for use in HIV drug resistance testing
by using double whole blood and plasma samples.

5. Compare the performance of In-house-brewed primers and associated reagents against
those from a commercial kit for detecting drug resistance assays targeting protease and

reverse transcriptase regions.

2.3. Study Methods

2.3.1 Study Population and Design
Three different HIV-infected populations were targeted for this study. These included recently

infected ARV drug-naive, chronically infected ARV drug-naive but treatment eligible, and
chronically infected heavily treated patients. Because of the differences between these

populations, three different study designs were utilized.

2.3.1.1 Recently HIV-infected ARV drug-naive study population

Selection of study population for the purpose of detecting transmitted HIV drug resistance
mutations from recently HIV-infected individuals was accomplished in accordance to the
guideline formulated by WHO, so-called Truncated Sequential Sampling (TSS) for HIV Drug
Resistance Threshold Survey (HIVDR-TS), as a novel proxy method to track the emergence and
transmission of HIV drug resistant strains in countries scaling up ART (Bertagnolio and
Sutherland, 2005; Myatt and Bennett, 2008). Briefly, the protocol recommended eligibility for
HIVDR transmission surveys be confined to individuals under 25 years of age and, in the case of
women, those with no previous pregnancies; and sampling <50 specimens from individuals
consecutively diagnosed with HIV and likely to be recently infected in a specific city or
geographic area within a country (Myatt and Bennett, 2008). Using this method, it is possible to

classify transmitted drug resistance into three; namely, low prevalence (<5%), moderate
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prevalence (5-15%), and high prevalence (>15%) (Myatt and Bennett, 2008). In this study,
therefore, consideration was given to HIV-positive pregnant women who participated in the 2005
ANC-based HIV surveillance program in the seven health centers in Addis Ababa selected as
sentinel centers by the Ministry of Health, and who met all the inclusion criteria indicated in the
guidelines provided by WHO (Myatt and Bennett, 2008) and the National Sentinel Surveillance
Program (MOH, 2004). The inclusion criteria for the study were: (i) being pregnant woman who
visited either of the seven identified health centers for regular prenatal follow-up during the
working days between 6 April to 8 August 2005; (i1) donating blood for syphilis screening (RPR
testing) as part of routine antenatal care; (iii) age below 25; and (iv) current pregnancy being the
first ever. The seven antenatal care centers used during the study period were Akaki clinic, Gulele
clinic, Higher 23 clinic, Kazanchis clinic, Teklehymanot clinic, Armed Forces Hospital, and

Federal Police Hospital.

2.3.1.2 Chronically HIV-infected ARV drug-naive study population

For this component of the study, the source population was from those HIV-infected individuals
who were on medical follow-up to start ART at St. Paul’s General Specialized Hospitals in Addis
Ababa. Selection for inclusion of study participants depended on age (>18 years), ARV treatment
status (ARV drug-naive), level of HIV infection (chronically infected and ARV treatment
eligible), and willingness to take part in the study. All patients meeting the stated criteria and who
visited the hospital for medical follow-up purpose between April and July 2005 were eligible for
the study. One hundred and four eligible individuals were included in the study within the

specified time frame.
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2.3.1.3 Chronically HIV-infected heavily ARV treated study population

The purpose of this component of the study was to identify prevalent ARV drug resistance
mutations from as many treatment failing patients as the resource made available for this study
allowed. Therefore, the source population was all HIV-infected patients who were already on
ART for quite some time. Earlier reports from the United States have shown a 63% virological
failure rate among treated individuals (Richman et al., 2004). However, due to the short duration
since ART initiation in Ethiopia at the time of genotyping, about 20% virological failure rate was

arbitrarily taken in the calculation using the formula presented below:

n=1(Z_,,,)"PQ
D2
Where Z,_,,, =1.96 ; P = Prevalence of virological failure at the rate of 20%; Q = 1 — P; and

D = Margin of error

n=[(1.96)*> x 0.2 x 0.81/(0.05*0.05) = 246

With the assumption of 20% amplification and genotyping failure (Beddows et al., 2003), the
required sample size was calculated to be 295. However, due to resource constraints, the number
of recruited HIV-infected heavily pretreated patients suspected of being treatment failing were
266 only. Standard criteria for selecting treatment failing individuals were adopted from the 2008
guidelines developed by the US Department of Health and Human Services (DHHS, 2008).
Treatment failure is defined as suboptimal response to ARV therapy, which is expressed by
immunological failure, virological failure, and clinical deterioration. Immunological failure can
be defined as a failure to achieve and maintain an adequate CD4+ T-cell response despite
virologic suppression, which may be expressed in patients who fail to increase CD4+ T-cell
counts above a specific threshold (e.g. >350 or 500 cells/uL) over a specific period of time (e.g.

4-7 years) or failure to increase CD4+ T-cell counts above pre-therapy levels by a certain
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threshold (e.g. >50 or 100 cells/uL) over a given time period. Virologic failure is defined as the
inability to achieve or maintain suppression of viral replication to levels below the limit of
detection (<50 copies/ml) and may manifest as: incomplete virologic response, where two
consecutive HIV RNA >400 copies/ml after 24 weeks or >50 copies/mL by 48 weeks are
detected in a treatment-naive patient who is initiating therapy; or virologic rebound, where after
virologic suppression, repeated detection of HIV RNA 1is observed above the assay limit of
detection (e.g., 50 copies/ml). By clinical progression it means occurrence of HIV-related clinical

events that are progressing towards AIDS-defining illnesses (DHHS, 2008).

Accordingly, the criteria set for consideration to enlist participants in this study included: HIV-
infected patients being on ARV treatment for at least 24 weeks (6 months), and if RNA load test
result was available virologic failure (repeated HIV RNA >400 copies/ml; or >50 copies/ml by
48 weeks; or repeated detection of HIV RNA after virologic suppression), and/or immunologic
failure (failure to increase CD4 count by 25-50 cells/ uL above the baseline over the first year of
therapy; or a decrease to below the baseline CD4 count on therapy), and/or clinical progression
(occurrence or recurrence of HIV-related events), detectable viral load result from the blood
sample drawn at the time of this study, and being willing and providing written consent to
participate in the study. Assessment of these parameters along with collection of WHO clinical
staging and treatment history, and selection of eligible participants were made by the health care
providers from each patient’s clinical history in the data log. Two hundred and sixty-six patients
were screened initially to be included in the study. All the participants were taken from ART

clinics of Zewditu Memorial Hospital and Tikur Anbessa Specialized Teaching Hospital.
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2.3.2 Ethical Issues
For the purpose of addressing ethical issues, recently infected and chronically infected study

participants were treated differently.

2.3.2.1 Ethical issues for recently infected study participants
The National HIV Sentinel Surveillance Guidelines (MOH, 2004) was followed in selecting

sample collection approaches from recently infected study subjects. ANC-based HIV surveillance
used leftover blood from routine syphilis testing and routinely collected information. Since this
study was undertaken as part of the ANC-based HIV surveillance, only left-over blood after
syphilis testing was taken, which was then labeled with a surveillance code number and tested for
HIV in unlinked and anonymous fashion without any personal identifiers. No consent was
sought, and no feedback of the HIV test result was provided to ANC client (MOH, 2004).
However, women were informed about the availability of voluntary HIV counseling and testing
(VCT) and prevention of mother to child HIV transmission (PMTCT) services available in their
area. All participants who tested positive for syphilis were treated at their respective health
centers. Besides, the project secured official approval from the National Ethical Review

Committee before its commencement.

2.3.2.2 Ethical issues for chronically infected study participants
In this case, Linked Confidential testing with informed written consent was employed to collect

blood specimen from chronically infected patients. Eligible patients were provided with consent
form and asked to read and understand the content, which was prepared in Amharic and English
(Annex I). The content of the consent contained complete information on the objectives of the
study, the advantages and risks associated with taking part in the study, and the measures
employed to maintain confidentiality of the information collected from them. When patients were

found volunteer on their own will to participate, they were asked to sign on it. After obtaining the
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written consent from the patient, specimen was collected by trained laboratory technologist. The
specimen was then labeled with a code that could be linked to personal identifying information.
Ethical clearance was obtained twice (once during the commencement of the project, and second
time during renewal of the project’s lifespan) from Institutional Review Board and the National

Ethical Review Committee.

2.3.3. Specimen Collection and Storage

2.3.3.1 Collection, storage, and sero-screening of specimens from recently
infected individuals
About 5 ml blood sample was drawn from each study participant by venipuncture in

anticoagulant-free vacutainer tube. Serum was separated from whole blood within an hour time
after blood draw by centrifugation at 400-800g for 10 minutes. One-milliliter leftover serum was
aliquotted with micropipette or disposable Pasteur Pipette from the serum collected for RPR test
into a cryotube and taken to EHNRI. Transportation of specimen from site of collection to
EHNRI was carried out on the same day in cold boxes with freezer packs. All specimens were
aliquotted further into two cryotubes of 0.5-ml, registered electronically, and then stored at -80°C
until used during genotyping. The eligible specimens were arranged consecutively according to
date of blood draw, and transported frozen in dry ice for genotyping to Central Virology
Laboratory (Tel-Hashomer, Israel). Sero-screening was performed at Addis Ababa Regional
laboratory following the national algorithms as stated below (MOH/HAPCO, 2006). All
specimens were tested with Vironostika® EIA (BioMerieux bv, Boxtel, The Netherlands) and the
test results were recorded on provided data collection sheets. First tests from some sites were also
performed at National HIV Reference Laboratory, EHNRI. Ten percent of randomly selected
HIV negative and all HIV-positive specimens were re-tested using Enzygnost EIA (Dede Behring

Marburg GmbH, Germany) at EHNRI for quality control purposes; Murex Antibody test (Abott
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Murex, UK) was used as a tie breaker. HIV reactive specimens were re-tested at EHNRI. If
confirmed, they were classified HIV positive; all other specimens were classified as HIV

negative (MOH/HAPCO, 2006).

2.3.3.2 Collection and storage of specimens from chronically infected
individuals
Sample collection from both drug-naive and drug-experienced chronically infected patients was

done following same procedure, except for preparation of dried blood spot (DBS) samples for the
drug-naive chronically infected group. For samples destined for genotyping and viral RNA
quantification purposes, up to 10 ml whole blood was collected from each study participant by
venipuncture in EDTA-treated vacutainer tube. In parallel, a 3-ml whole blood was drawn into
EDTA-treated vacutainer tube from each patient for CD4+ T cell count and other hematological
tests, and the tests were run on the same day. Plasma was then separated from blood cells within
two hours in the laboratory where blood draw was performed by centrifugation at the speed of
1200g (3000 rpm) for 10 to 15 minutes in accordance with the recommendation of WHO (2009).
The plasma was then aliquotted into 3 nunc tubes of 1.5-ml capacity, and transported on the same
day to EHNRI, where it was stored at -80°C until required for genotyping and other downstream
applications. Those plasma samples which were required to be taken to Atlanta for actual
genotyping purposes were packed while frozen and transported along with dry ice. Immediately
on arrival (within 24 hours after packaging) they were unpacked and re-stored in ultra-deep

freezer at -80°C.

During collection of baseline blood sample from each chronically infected drug-naive treatment
eligible patients, a portion of whole blood was used to the preparation of DBS using the

procedure described in Hallack er al. (2008). Fifty microliter EDTA-anticoagulated whole blood
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was pipetted onto 12-mm premarked circles on 903 filter paper cards (Schleicher and Schuell,
Keene, NH). Five such spots were made for samples collected from each patient. The cards were
then left in a vertical position at room temperature for up to 24 hours to ensure their drying.
Individual cards with the five spots were then packaged in a gas-impermeable bag Bitran®
zipper-lock bags (Fisher Scientific Company, Pittsburgh, PA) containing a silica gel pack and
humidity indicator (Mini Pax Sorbent; Multisorb Technologies, Buffalo, NY). The bags were

stored at -20°C until used in the analyses.

2.3.4. Specimen Processing and Performing Various Assays
2.3.4.1 Viral load assays and CD4 + T cells count
2.3.4.1.1 CD4+ T Cell Count

No attempt of CD4+ T cell count was made for recently infected drug-naive participant group.
For both chronically infected drug-naive and -experienced patient groups, CD4+ T cell count was
done using FACScan Flow Cytometery (Becton Dickinson Immunocytometery System, San Jose,
CA., USA) and FACSCount CD4/3 SW Version 1.0 08/05 flow cytometry system (Becton
Dickinson Immunocytometry Systems [BD], San Jose, Calif.) at EHNRI and sites of blood draw,

respectively, following the manufacturers’ instructions.

2.3.4.1.2 Viral load determination for serum samples collected from recently
infected participants
Viral load was determined using in-house real-time One-step RT-PCR Master Mix reagents (P/N

4309 169; Applied Biosystems, Roche Branchburg, New Jersey, USA) according to Burgard et
al. (2000) on ABI Prism 7000 Sequence Detection System (Applied Biosystems, a division of
Perkin -Elmer). The quality of the extraction was evaluated in terms of the DNA values of a
single copy gene (RNaseP) (TagMan RNase P Control reagents, P/N 4316844, Applied

Biosystems, Foster City, CA 9404, USA) in the serum using a validated in-house realtime PCR
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assay of the laboratory. Only samples containing the equivalent of >100 copies/ml RNA by the
in-house real-time RT-PCR were subjected to genotyping.
2.3.4.1.3 Viiral load assay for samples collected from chronically infected drug-

naive patients
For samples collected from chronically infected drug-naive patients, plasma viral load was

determined using Nuclisens, Easy Q HIV-1 assay (NASBA Diagnostics, BioMeriex, Botex)
according to the protocol recommended by the manufacturer. Briefly, the input RNA was
extracted using boom method (Boom et al., 1990). Amplification and quantification of the target
RNA was then carried out using Easy Q HIV-1 viral load test kit, which has an internal calibrator
for two different targets specific molecular beacons, one for wild type HIV-1 and one for the

calibrator amplicon. The lowest detection limit of the assay was 50 copies/ml.

2.3.4.1.4 Viiral load assay for samples collected from chronically infected drug-
experienced patients
Viral load assay for plasma samples of chronically infected drug-experienced patients was done

using RealTime HIV-1 assay, which has an internal Quality Control system, with automated
Abbott m2000rt™ System (Abbott Molecular Inc., Des Plaines, IL 600018, USA) at International
Clinical Laboratories (a private-owned laboratory located in Addis Ababa, the only Joint
Commotion International accredited laboratory in East Africa) according to the manufacturer’s
instruction. However, sample preparation for the automated quantification assay was done
manually following the manufacturer’s instruction in the same laboratory by extracting and
concentrating the target RNA molecules from 200 uL. plasma to make the target accessible for
amplification and to remove potential inhibitors of amplification from the extract. The upper

detection limit of the assay as 10 million copies/ml while its lowest limit for the amount of input
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sample used in this study was 150 copies/ml, although this could be lowered further to 40

copies/ml if the amount of input samples were at least 600 pL.

2.3.4.2 RNA Extraction, PCR Amplification, Amplicon detection, and purification
2.3.4.2.1 RNA extraction

Viral RNA was extracted from sera samples of recently infected participants using automated
BioMeriex extractor (easyMAG 00102, firmware 1.0.8; BioMerieux, Lion, France). RNA
extraction from chronically infected plasma samples was performed manually using QIAamp®
Viral RNA Mini extraction kit (QIAGEN Group, QIAGEN Inc., 28159 Avenue Stanford,
Valencia, CA 91355) according to the manufacturer’s instruction. Briefly, a 140-uL already
thawed plasma sample was added onto a 560-ul prepared Buffer AVL containing carrier RNA in
a 1.5-ml microcentrifuge tube. The mixture was then incubated at room temperature forlO
minutes followed by addition of 560 pL of ethanol (96-100%) and centrifuged at 6000xg (8000
rpm) for 1 minute. These processes allow lysis of the samples under highly denaturing conditions
to inactivate RNases and to ensure isolation of intact viral RNA. After discarding the filtrate,
buffering conditions were adjusted to provide optimum binding of the RNA to the QIAamp
membrane by subsequently adding 500 pL of Buffer AWI1, centrifuging at 6000xg (8000 rpm)
for 1 minute, adding 500 pL of Buffer AW2, and centrifuging at full speed (20,000xg; 14,000
rpm) for 3 minutes. These procedures ensure cleaning of unwanted products and binding of the
RNA to the membrane. Finally, the RNA was eluted to a clean 1.5-ml microcentrifuge tube by

adding a 60 pL of Buffer AVE and incubating for 1 minute, and then centrifuging at 6000xg

(8000 rpm) for 1 minutes.

Total Nucleic Acid (TNA) extraction from DBS samples was done manually using NucliSens

Extraction Kit (bioMerieux, Inc., Durham, NC) as per the Standard Operation Procedure (SOP)
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developed by modification of published assay (McNulty et al., 2007), validated by the HIV
genotyping laboratory at HIV International Laboratory Branch, Division of HIV/AIDS, CDC,
Atlanta, and endorsed by the CDC Atlanta on 24 March 2008 to be used for research purpose for
HIV-1 Drug Resistance Genotyping Testing (unpublished document received along with the
genotyping system). Briefly, a whole blood spot was excised from the DBS card with a surgical
scissors and placed into NucliSens Lysis Buffer tube (Cat#: 284047 (50 x 9 ml) BioMerieux, Inc.,
Durham, NC). The tubes were placed on Twist Shaker (Cat#: EF4909B; FINEPCR® Twist
Shakers, Daigger and Company, Inc.) for 2 hours at room temperature with shaking at 50 rpm,
with periodic checking to ensure the suspension of the spots in the buffer during rotation. Then
the tubes were centrifuged at 1200 rpm for 5 minutes followed by addition of 50 pL of pre-
vortexed Silica suspension, vortexing, and placing back on the Twist Shaker for 10 minutes with
shaking at 50 rpm to mix before transferring into new tubes. This was followed by repeated
washing and centrifugation by adding Wash Buffer, 70% Ethanol, acetone, and treating the silica
pellets in heat block at 56°C for 10 minutes. Finally, 50 pL of Elution Buffer was added to the
dried silica pepllet, resuspended by vortexing and incubated at 56°C for 10 minutes with mixing

in a Thermomixer. It was then centrifuged at 10,000g for 2 minutes to get the nucleic acid eluted.

2.3.4.2.2 PCR amplification, amplicon detection, and purification
For samples genotyped with ViroSeq"™ HIV-1 v2.0 genotyping kit (Celera Diagnostics), most of

which were those samples obtained from recently infected and chronically infected drug-naive
participants, RNA reverse transcription of target regions, PCR amplification (both reverse
transcription and nested PCR combined in one), and PCR product purification were done
according to the protocol recommended by the manufacturer. The ViroSeq ™ HIV-1 Genotyping

System includes reagents and protocols for every step of genotyping from RNA extraction to
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generation of a genotyping report. In the event of ViroSeq™ system failure, in-house primers
were used according to Snoeck et al. (2005) with one-step RT-PCR kit from QIAGEN (cycling
conditions: 50°C for 30°, 95°C for 15°"; 39 cycles of 94°C for 30", 50°C for 30°* and 68°C for 3’;

68°C for 10’ and 4°C hold).

For samples genotyped by In-house system, RNA reverse transcription and nested PCR were

™
done with SuperScript III one step RT-PCR systems with Platinum® Tagqg high Fidelity (Cat #:

12574-036, Invitrogen) and AmpliTaq Gold LD with 10X buffer II system (Cat#: 4338856, Applied
Biosystems Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404)
respectively following the manufacturers’ protocol. Briefly, a 40-uLL RT reaction mix was prepared
from 25 pL 2X reaction mix, 1 pL each of the forward and reverse primers (a 2-mers forward primer
[Pro Out 3Fv (F1)]: 5’- CCT CAA ATC ACT CTT TGG CAR CG-3’ (spanning 2253-2275 in HXB2
genomic map; and a 23-mers reverse primer [RTgegdR (R1)]: 5°- ATC CCT GCA TAA ATC TGA
CTT GC-3’ (spanning 3370-3348 in the genomic map of HXB2)), 12 uL. of DEPC-treated Water, 1
uL. of SS III RT-PCR enzyme, and 10 pL. of denatured TNA (from DBS extract) or RNA (from
plasma extract), and pre-heated at 65°C for 10 minutes. The mixture was then loaded into the
thermocycler which was pre-programmed to run in the following cycle conditions: one RT cycle
consisting of 50°C for 45°, and 94°C for 2’; forty PCR cycles of 94°C for 15°*, 55°C for 20°” and
72°C for 2’; one cycle of 72°C for 10°, and 4°C hold. A 100-pL reaction mix for nested PCR was
prepared from 10 pL 10X Buffer II, 8 uL. MgCl,, 2 pLL dNTP (10 uM each), 3 uL each of the forward
and reverse internal primers (a 24-mers forward primer[PAF1V (F2)]: 5’- CTT TGG CAA CGA CCC
CTY GTC WCA-3’ (spanning 2265-2288 in HXB2 genomic map; and a 23-mers reverse primer
[215/219/3R (R2)]: 5’- CTT CTG TAT GTC ATT GAC AGT CC-3’ (spanning 3326-3304 in HXB2

genome map), 69 pL. of DEPC-treated Water, 1 pL. Taq Gold LD, and 4 pL of RT-PCR products. The
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reaction mix was then loaded into pre-warmed thermocycler and run with the following cycle
program: one denaturation cycle of 94°C for 4 minutes; forty cycles of 94°C for 15°°, 55°C for

20, 72°C for 2; and one cycle of 72°C for 10’ and 4°C hold.

After running each reaction, presence and size of amplified products was checked through
agarose gel electrophoresis following SOP at EHNRI, where a mixture of 10 pL. PCR product and
2 uL loading dye was loaded into wells of 1% (w/v) agarose gel in which 5 puLL Ethidium Bromide
(EtBr) was added. The entire gel was covered with 1x TBE running Buffer, run for 45 minutes at
100V. The gel was then observed under UV light using imaging system (Gel Logic 200 Imaging
System, Kodak Molecular Imaging Software Version 5.0; Carestream Health, Inc., 4 Science
Park, West, New Heaven CT, 06511, USA), where amplification products fluoresced and the
bands photographed. The amplification process was accepted when the experimental products
and the positive control were within the right size range (1.06 kb) or fell just below the 1.2 kb
marker, and no band from negative control was visible. Any amplification result was rejected and
repeated if the positive and negative control results were valid and the patient sample did not produce
a visible band. The intensity of the sample bands were compared to that of known bands on the ladder
in order to choose an appropriate dilution factor for sequencing, in accordance to the recommendation

of CDC’s protocol (unpublished bench protocol).

When the gel reading was acceptable, purification of PCR products was conducted using QIAquick
PCR Purification Kit (Cat# 28106, Qiagen, QIAGEN Inc., 28159 Avenue Stanford, Valencia, CA
91355) in accordance with the manufacturer’s instruction. Briefly, one volume of PCR product

was mixed in a 1.5-ml microfuge tube with 5 volumes of Buffer PBI of the kit and vortexed to mix.
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This was then placed in a QIAquick spin column and centrifuged, washed with 0.75 ml buffer PE,

and then eluted with 50 pL. Buffer EB into a separate microfuge tube.

2.3.4.3 Cycle Sequencing

Sequencing of purified and properly diluted PCR products was done using BigDye™ Terminator
Cycle Sequencing Kit v.3.1 (CAT#: 4337455, Applied Biosystems, 850 Lincoln Centre Drive,
Foster City, California 94404) following the manufacturer’s instruction. Both the ViroSeq™
HIV-1 v2.0 genotyping kit protocol and the In-house HIV-1 Drug Resistance Genotyping Testing
protocol use same cycle conditions and same purification techniques, differing only slightly with
the constituent reaction mix and primers used. In the ViroSeq'" HIV-1 v2.0 genotyping system,
12 pL pre-mixed BigDye™ terminator sequencing reagents containing either of the seven primers
(A, B, C, D, F, G, and H) that are able to amplify and so sequence in both directions were mixed
with 8 pL of the purified and properly diluted PCR product. In the In-house genotyping system,
on the other hand, the reaction mix for each 20 pl reaction constitute 11.5 pL water, 2 uL. (20
Pmol) either one of the six primers (A35: 5°-TTG GTT GCA CTT TAA ATT TTC CCA TTA GTC
CTA TT-3’; AV36: 5’-CAG TAC TGG ATG TGG GTG ATG-3’; AV44: 5°-TAC TAG GTA TGG
TAA ATG CAG T-3’; HIVI90.R: 5°-AAT GCT TTT ATT TTT TCT TCT GTC AAT GGC-3’;
PAF1V (F2): 5’- CTT TGG CAA CGA CCC CTY GTC WCA-3’; or 215/219/3R (R2): 5’- CTT
CTG TAT GTC ATT GAC AGT CC-3’), 4 uL. Big Dye Buffer, 2 pLL Big Dye Terminator, and 0.5 pL
diluted template PCR product. The 20 pL reaction mixes in both genotyping systems were mixed in a
96-well 3100 plate and loaded onto the thermocycler (GenAmp PCR System 2700 or GenAmp PCR
System 9700, ABI Applied Biosystem, 850 Lincoln Centre Drive, Foster City, California 94404
USA) pre-programmed to the following cycling conditions: 25 cycles of 96°C for 10°*, 50°C for 5,
60°C for 4’; and 4°C hold. This cycle sequenced BigDye-labled DNA product was then purified
using 80% isopropanol and centrifuged. Into the purified DNA fragments was added 20 pL
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formamide, and loaded onto the ABI PRISM® 3100-Genetic Analyzer (ABI Applied Biosystems,

850 Lincoln Centre Drive Foster City, CA 94404 USA).

2.3.4.4 Sequence assembly and editing
Sequencing of the loaded DNA fragments with the ABI PRISM® 3100-Genetic Analyzer was

carried out using the following sequencing parameters: DYE SET, Z; MOBILITY FILE,
DT3100POP6 (BDV3)V1. mob; PROJECT NAME, 3100_project; RUN MODULE,
StdSeq50_POPDefaultModule; and ANALYSIS MODULE, BC_3100POP6SR_SeqOffFtOff.saz.
The ABI PRISM® 3100-Genetic Analyzer contains 3100 Software, called ABI PRISM® DNA
Sequencing Analysis Software v3.7, which consists of, among others, ABI PRISM® 3100 Data
Collection Software that, in conjunction with others, collects, processes, and stores data,
automatically extracts and analyzes the data including base-calling after each run. The sequence
analysis data collected by the Data Collection Software was assembled and copied to external
drive and transferred to another computer work station for further analyses including base-
calling, manual editing, and consensus sequence constructing using ViroSeq HIV-1 Genotyping
System software (version 2.5) for samples genotyped with ViroSeq and ChromasPro version 1.42

software (Technelysium Pty. Ltd.) for samples genotyped with In-house genotyping methods.

2.3.5 Sequence Analyses
The edited sequences were converted and saved in FASTA format for further analyses using

other bioinformatics software depending on the purposes of the analyses.

2.3.5.1 Identification of drug resistance mutations
Drug resistance mutations were identified by entering the FASTA-formatted sequence data into

the Stanford HIV RT and Protease Sequence Database, Stanford University

(http//www.hivdb.stanford.edu/hiv.). Resistance report for isolates from recently infected

117



participants was produced for PIs, NNRTIs and NRTIs by comparing the list of drug resistance
mutations identified by the Stanford genotyping system with those on the 2009 WHO transmitted
drug resistance surveillance list, which included 34 protease mutations at 15 positions for PI
resistance, 40 RT mutations at 18 positions for NRTI resistance, and 19 RT mutations at 10
positions for NNRTI resistance (Benett et al., 2009). On the other hand, resistance reports for
isolates from chronically infected drug-naive and —experienced participants were produced by
comparing the list of drug resistance mutations identified on the November 6, 2009 Stanford

Drug Resistance Database update (available at: http://hivdb.stanford.edu/pages/download/) by the

Stanford genotyping system, which comprised of 21 major protease mutations at 17 positions for
PI resistance, 23 major RT mutations at 18 positions for NRTI resistance, and 22 major RT
mutations at 15 positions for NNRTI resistance, and two other genotyping algorithms: namely,
the 2009 WHO transmitted drug resistance surveillance list [comprising 34 protease mutations at
15 positions for PI resistance, 40 RT mutations at 18 positions for NRTI resistance, and 19 RT
mutations at 10 positions for NNRTI resistance] (Benett ef al., 2009), and the 2009 IAS-USA list
of both major and minor drug resistance mutations [comprising 75 protease mutations at 38
positions for PI resistance, 20 RT mutations at 15 positions for NRTI resistance, and 25 RT

mutations at 14 positions for NNRTI resistance] (Johonson et al., 2009).

2.3.5.2 Determination of performance of DBS and In-house genotyping
systems
Comparison of the performance of DBS and In-house genotyping system with the conventional

plasma and the commercial kit ViroSeq™ was done using the freely available BioEdit version
7.0.9.0 (Hall, 1999). These comparisons were done between data of nucleotide sequence
generated from pair-wise DBS/plasma, and those generated from paired In house and commercial

kit, where per cent similarities were calculated and phylogenetic trees were constructed using the
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aligned nucleotide sequences by the same software. Relative performances of DBS and In-house
genotyping system against the conventional plasma and the commercial kit ViroSeq™,
respectively, were calculated by comparing amino acid mutations detected first separately for
protease and reverse transcriptase and then pooled together. Relative sensitivity was calculated
using the formula (Loong, 2003): 100 X True positive (TP) (i.e. no. of mutations detected by both
test and standard assays)/ TP + False Negatives (i.e., no. mutations not detected by the test assay
but detected by the standard assay). Relative positive predictive values were calculated by
multiplying the ratios of number of all mutations detected by the test assay to number of all
mutations detected by the standard assay by 100 (Loong, 2003). However, the relative specificity
of the test assays could not be determined because the negative values (that is, the number of all
mutations that would be missed by both the standard and the test assays) could not be correctly

determined.

2.3.5.3 Sequence alignment and genotyping

For subtyping and determining phylogenetic relationships between the various isolates, the
FASTA-formatted nucleotide and amino acid sequences were aligned using MEGA 4.0.2
(Tamura et al., 2007). These aligned nucleotide and amino acid sequences were used for various
downstream analyses. As a sequence quality control measure to detect potential contamination
during amplification and cycle sequencing, sequence products were analyzed using phylogenetic
tree construction by neighbor-joining method. Sequences with 100% similarities were excluded

from further analyses.

2.3.5.3.1 Subtype determination and phylogenetic analyses

Subtype assignment to the aligned sequences was performed on protease (PR) and reverse

transcriptase (RT) separately, and on merged PR and RT sequences as Pol using three online
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software; Stanford HIV-1 Drug Resistance Database (http://hivdb.stanford.edu/), REGA HIV subtyping

tool (Leuven University, Leuven, Belgium; http://www.bioafrica.net/subtypetool/html/) jumping profile

Hidden Markov Model (jpHHM) at GOBICS (http:/jphmm.gobics.de/); and one offline software
Phylogenetic analyses using MEGA 4.0.2 (Tamura et al., 2007). When discrepancies occurred
between results of these four software, as is often the case when subtyping non-B clade (Holguin
et al., 2008b; Parczewski et al., 2010), particularly when sign of recombination was detected,
SimPlot Version 3.2 (Lole et al., 1999) by comparing the query sequences to the full set of the 9

reference sequences with 100 bootstrap replications.

Appropriate model for phylogenetic analyses of the current data set was sought using FindModel

software available at the Los Alamos National Library (http://www.hiv.lanl.gov/), and the software

suggested JC: Jukes-Cantor (model 1) to be the most appropriate for this data set, and this was
used in the analyses. After gap stripping, phylogenetic analyses were made using default
parameters of the MEGA 4.0.2: namely, distances between the sequences were calculated using
the Kimura two-parameter model as an optimal substitution model with a transition-to-
transversion ratio of 1.5; Neighbor-joining was used to create phylogenetic trees with 1000

bootstrap replications.

2.3.5.4 Determination of Sequence Diversity
Genetic diversity of isolated viral variants from the three groups of participants was tested using

SNAP (Synonymous/Non-synonymous Analysis Program) and Shannon entropy test both

available at the Los Alamos National Laboratory (http://www.hiv.lanl.gov/content/sequence/

SNAP/SNAP.html). The principles behind the SNAP analysis is that non-synonymous mutations

to a DNA sequence cause a change in the translated amino acid sequence, whereas synonymous

mutations do not. The comparison between the number of non-synonymous mutations (dn), and
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the number of synonymous mutations (ds), can suggest whether natural selection is acting to
promote the fixation of advantageous mutations (positive selection) or to remove deleterious
mutations (purifying selection). In general, when positive selection dominates, the dn/ds ratio is
greater than 1, implying that diversity at the amino acid level is favored probably because of the
fitness advantage provided by the mutations. On the other hand if the dn/ds ratio is less than 1,
negative selection dominates it means that most amino acid changes are deleterious and,
therefore, are selected against. When the positive and negative selection forces balance each

other, the dn/ds ratio is close to 1 (http:/www.hiv.lanl.gov/; Korber, 2000). During test of

Shannon entropy, sequence variability or diversity between one group relative to the other was
done by assessment of position-specific measure of variations between the different sequence
groups. The tests were carried out on nucleotide and amino acid sequence alignments using the
default parameters (100 randomization with replacement, and p-value of 0.05)

(http://www.hiv.lanl.gov/).

2.3.6 Statistical analyses
Demographic and clinical data recorded from each patient logbook (age, gender, time of HIV

diagnosis, CD4 T-cell counts, HIV viral load, WHO immune and clinical staging and treatment
status and time of treatment) were compiled for each patient when appropriate. Drug resistance
mutations for PI, NRTI, and NNRTI were characterized by their frequency. Pearson’s correlation
was calculated to find out co-variation of drug resistance mutations within and between classes of
drugs, and to determine if any correlation existed between the drugs patients that patients are
taking (NVP vs EFV; D4T vs AZT vs TDF) and resistance mutations selected by the drugs.

Categorical data were compared using X2 test. Continuous data were investigated using Student t
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test. Significant level of 0.05 was used in all relevant statistical calculations. All analyses were

performed using SPSS version 15.0 (SPSS Inc. 1989-2006).
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CHAPTER 3: RESULTS
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3.1 Profiles of the Study Populations and the Data Sets

3.1.1 Recently infected drug-naive participants
A total of 2432 samples collected for the national ANC-based HIV surveillance between 6™ of

April and 8" of August 2005 were considered for the HIV drug resistance threshold survey
(HIVDR-TS). Sero-prevalence determination was done both at Addis Ababa Regional
Laboratory and EHNRI. The tests have reported that 330 of the 2432 (13.6%) collected samples
were confirmed HIV-positive. However, because of poor specimen handling and storage and
ambiguity in registering demographic data at one of the sites (Federal Armed Forces Hospital),
the entire samples from this site were disregarded from the analysis in this study. Therefore, only
2196 specimens were available for consideration in this study (Table 3.1.1). Three hundred of
these samples were found HIV-positive. Demographic data from 11 of the 300 HIV-positive
samples were incomplete, and thus only 289 (96.33%) of them were usable samples. The
minimum, maximum and mean age of these participants were 16, 40, and 24.97 (with SD=4.58),
respectively. Of these samples, 131 specimens were obtained from women of age less than 25
regardless of number of pregnancies, and 112 from women with no previous pregnancy
regardless of age. However, only 77 (26.64%) of them fulfilled the survey criteria (i.e., age < 25,
first pregnancy, and residence in Addis Ababa). Even so, not all of the 77 eligible specimens
were used in the genotyping. Preliminary RNA load determinantion showed that 14 of these 77
samples failed to contain any detectable RNA, leaving only 63 specimens for amplification
(Table 3.1.2). Of the latter, 41 (65.1%) specimens were managed to get amplified and genotyped

by ViroSeq™, TrueGene™, and In-house Genotyping systems, while all the rest failed.
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Table 3.1.1 Demographic data and specimen conditions considered in the 2005 HIV drug resistance
Threshold Survey (HIVRD-TS).

Site No. of No. of HIV-  No. of Age range of No. of No. of
Samples  positive usable people with previous Eligible
collected individuals samples  usable pregnancies  samples

samples for
<25 >25 0 >1  HIVDR-TS

T/Haimanot Clinic 326 35 34 19 15 9 25 6

Kazanchis Clinic 349 67 67 29 38 28 39 21

Kefitegna 23 Clinic 443 47 38 18 20 18 20 13

Gulele Clinic 393 56 55 28 27 24 31 18

Akaki Clinic 435 40 40 25 15 20 20 15

Federal Police Hospital 250 55 55 1 44 13 42 4

Total 131 159 112 177 7
Grand total 2196 300 289 289 289 77

Table 3. 1.2 Measurements and tests performed to select for HIVDR-TS genotyping from eligible samples

Site No. of RNA copies/ml Attempted Successfully

Eligible 52000 1000- 100- Undetect amplification Genotyped

samples for 2000 1000  able

HIVDR-TS
T/Haimanot Clinic 6 3 1 1 1 5 4
Kazanchis Clinic 21 6 2 6 7 14 9
Kefitegna 23 Clinic 13 4 0 6 3 10 4
Gulele Clinic 18 9 2 6 1 17 13
Akaki Clinic 15 10 1 3 1 14 11
Federal Police 4 1 0 2 1 3 0
Hospital

Total (only vertical) 77 33 6 24 14 63 41

3.1.2 Chronically infected drug-naive participants

Total of 104 chronically infected participants who were eligible, and hence, recommended to
start HAART, were recruited in this baseline study. Although paired DBS/plasma samples were
collected from all of the 104 participants, only 85 (81.73%) of the samples (either DBS or plasma
or both) were amplified and genotyped. Therefore only these 85 participants were considered for
every analysis in this study. While 39 (45.9%) of these participants were females, 46 (54.1%)
were males (Table 3.1.3). The median and mean age of the participants were 32 and 33.91 (SD=
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8.70), respectively (Figure 3.1.1). Whereas a single age group (29-39) accounted for 36/85
(42.35%) of all the participants, a little over 75% of the participants were below the age of 40
years (Table 3.1.3). Regarding disease stages of the participants, recorded data showed that 28/39
(71.79%) of the women and 35/46 (76.09%) of the men participants were in the advanced WHO
clinical stages (stages I1I or IV), with an overall 63/85 (74.12%) of the participants being in these
two stages. Eleven participants from each women and men participants belonged to WHO stage [

and I1.
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Figure 3.1.1 Age distribution of chronically infected drug naive but treatment eligible participants
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Table 3.1.3 Age distribution of chronically infected drug naive treatment eligible participants by gender
and baseline WHO stages

Gender WHO staging age group Total
<=18 19-28 29-39 40-49 50-60 61+
Female I Count 0 0 0 1 1
% of Total .0% .0% .0% 2.6% 2.6%
I Count 4 3 2 1 10
% of Total 10.3% 7.7% 5.1% 2.6% 25.6%
III Count 9 7 5 0 21
% of Total 23.1% 17.9% 12.8% .0% 53.8%
v Count 4 3 0 0 7
% of Total 10.3% 7.7% .0% .0% 17.9%
Total Count 17 13 7 2 39
% of Total 43.6% 33.3% 17.9% 5.1% 100.0%
Male | Count 0 0 2 1 0 0 3
% of Total .0% .0% 4.3% 2.2% .0% .0% 6.5%
I Count 0 0 7 1 0 0 8
% of Total .0% .0% 15.2% 2.2% .0% .0% 17.4%
1T Count 1 5 9 6 2 0 23
% of Total 2.2% 10.9% 19.6% 13.0% 4.3% .0% 50.0%
v Count 0 5 5 1 0 1 12
% of Total .0% 10.9% 10.9% 2.2% .0% 2.2% 26.1%
Total Count 1 10 23 9 2 1 46
% of Total 2.2% 21.7% 50.0% 19.6% 4.3% 2.2% 100.0%
Grand total Count 1 27 36 16 4 1 85

% of Total 1.18%  31.76% 42.35% 18.82% 4.71% 1.18% 100%

3.1.3 Chronically infected drug-experienced participants

Total of 266 participants currently on ARV treatment for at least 24 weeks were recruited in this
study, except for one case in which the duration of treatment was 16 weeks. Gender distribution
was 120 (45.1%) and 142 (53.4%) for females and males, respectively, with 4 (1.5%) missing
data. The mean and median ages of the participants were 36 and 37.76 years (N= 255 Range=54;
SD= 9.822), respectively. While the youngest participant was 19 years old, the older one was 73.
The majority of the participants fell in the age range of 36-60 (50.2%) followed by 26-35

(38.0%), the two groups making 98.4% of all the participants. Of the 254 participants in this
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study group for whom data on WHO clinical staging were gathered successfully, 134 (52.8%)
and 80 (31.5%) were in stages III and IV, respectively (Data not shown). Therefore, participants
in the two stages comprised of 214 (84.25%). With regard to duration of infection, the minimum
duration was 14 months while the maximum one was 168 months (12 years), with median 52.00
months (Range= 36) mean duration of 55.38 months (N= 258; Range= 154; SD= 25.18 months),
showing the degree of chronicity of the infection. One hundred and thirty-five (more than 50%)
of the participants were infected for more than 4 years (Data not shown). Nearly 60% of all men

and 58% of all women participants have been sero-positive for over 4 years.

Complete data regarding length of ARV treatment was available for 262/266 (98.50%)
participants. The minimum duration of treatment was 4 months (about 16 weeks), whereas the
longest one was 116 months (over 9-and-half years). Median treatment duration was 40.00
(Range= 112) and mean 42.09 months (N= 262; SD= 17.33). More than 250 (95.42%) of the
participants were on treatment for more than a year (Table 3.1.4). Total of 86 participants (29
women and 57 men) were on treatment for more than four years. Moreover, 221 (84%)
participants were on treatment for at least three years, and 158 (59.4%) of the total participants
were treated for four or above years of duration. Most of the women participants (about 58%)
were on treatment for 2-4 years, while most of the men (about 66%) were on over three years

treatment period.
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Table 3.1.4 Distribution of duration of ARV treatment by gender

Gender Duration in months treatment Total
<=12 13-18 19-24 25-36 37-48 49+
Female Count 2 6 12 28 39 29 116
% within Gender 1.7% 5.2% 10.3% 24.1% 33.6% 25.0%  100.0%
% within Duration of 66.7% 46.2% 75.0% 44.4% 54.2% 33.7% 45.8%
treatment
% of Total 8% 2.4% 4.7% 11.1% 15.4% 11.5% 45.8%
Male Count 1 7 4 35 33 57 137
% within Gender 1% 5.1% 2.9% 25.5% 24.1% 416%  100.0%
% within Duration of 33.3% 53.8% 25.0% 55.6% 45.8% 66.3% 54.2%
treatment
% of Total 4% 2.8% 1.6% 13.8% 13.0% 22.5% 54.2%
Total Count 3 13 16 63 72 86 253
% of Total 1.2% 5.1% 6.3% 24.9% 28.5% 34.0%  100.0%

Data on initial ART regimens were available for 261 participants, of whom 120 (almost 46%)
were women while the rest 141 (about 54%) were men. One hundred and sixty-three (62.45%)
started with ART having nevirapine (NVP) as background NNRTI, whereas the rest 98 (37.55%)
were on Efavirenze (EFV)-containing regimen (Figure 3.1.2). Drug usage by gender showed that
most women (67%) were on NVP-containing regimens as opposed to 33% on EFV-containing
regimens. Similarly, 59% of men were on NVP-containing regimens as opposed to 41% EFV-
containing regimens. Whereas the majority of the participants (206/261 [78.9%)]) still stayed with
their initial prescription, 55 (21.1%) have changed into a different combination due to several

factors, poor virological response being among them.
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Figure 3.1.2 Distribution of 1* line ARV regimens used in the initial treatment of study participants.

Among the participants who changed regimen, 39/261 (14.94%) switched to a different 1** line
regimens, while the rest 16/261 (6.13%) started 2" line regimens including 3TC-TDF-kaletra
(147261 [5.36%]), and ABC-TDF-kaletra (2/261 [0.77%]), (Figure 3.1.3). The newly replacing 1
line drug regimens to which persons failing with initial treatment were switched included: 3TC-
TDF-EFV (28/261 [10.73%]), 3TC-TDF-NVP (9/261 [3.45%]), 3TC-AZT-ABC (1/261

[0.38%]), and TDF-ddI-NFV (1/261 [0.38%]).
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Figure 3.1.3 ARV regimens used currently in the treatment of drug-experienced study participants

3.2. Findings from Clinical Laboratory Measurements

3.2.1 Chronically infected drug-naive participants

Baseline plasma RNA and baseline CD4+ T cell count were conducted for this group of
participants. All the 85 participants with valid genotyped samples had their plasma viral RNA
load determined successfully. The minimum value detected was 15,000 copies/ml while the
maximum one was 2,500,000 copies/ml. Median and mean values were 230,000 (Range=
2,485,000 copies/ml) and 421,258.82 copies/ml (N=85; SD= 529944.363), respectively. The
majority of the participants (59 [69.4%]) had values over 100,000 copies/ml (Table 3.2.1).
Likewise, CD4" T cell counts determination was successful for 84 of the 85 samples. The
minimum and maximum values were 4 and 289 cell/uL, respectively. The median and the mean

values were almost similar: while the median count was 103.50 cell/uL. (Range= 285 cell/uL),
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the mean value was 105.95 cell/uL (N=84; SD= 66.783 cell/uL). About 23% of the participants
had CD4+ count of 50 cell/uL or below (Table 3.2.2). Whereas nearly 92% of them had values
below or equal to 200 cell/uL, none had count above 300 cell/uL. Analyses of paired plasma
viral load and CD4+ T cell count tests have shown that 32/84 (38.10%) study participants with
complete data for all three variables had viral load over 100,000 copies/ml. Over 96% (31/32) of
these or over 53% (31/58) of all those belonging to the highest viral load group had CD4+ T cell

count < 200 cell/uL.

Table 3.2.1 Baseline plasma viral load measurement results for chronically infected drug-naive
participants

Groups of measurement Cumulative

(copies/ml) Frequency Percent Valid Percent Percent

Valid 10001 - 50000 13 15.3 15.3 15.3
50001 - 100000 13 15.3 15.3 30.6
100001+ 59 69.4 69.4 100.0
Total 85 100.0 100.0

When gender was considered in the analysis, it was demonstrated that the highest plasma viral
load was observed among women with CD4" count below or equal to 100 cells/uL and who were
in the WHO stage IV (Figure 3.2.1). Among male participants, the highest plasma viral load was
observed in those with CD4" counts between 101-200 cells/uL and who were in WHO stage II1.
In both women and men participants, all those in WHO stage I aggregated into CD4" count group

101-200 cells/uL, although the mean viral load was greater for men than women (Figure 3.2.1).
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Table 3.2.2 Baseline CD4 Cell count measurements for chronically infected drug-naive participants

Cumulative
CD4+ T cell count (cell/uL)  Frequency Percent Valid Percent Percent
Valid <=50 19 22.4 22.6 22.6
51-51 2 2.4 2.4 25.0
52-101 21 24.7 25.0 50.0
102 - 201 35 41.2 417 91.7
202 - 301 7 8.2 8.3 100.0
Total 84 98.8 100.0
Missing  System 1 1.2
Total 85 100.0
Gender WHO staging
Female Male M
En
O
N v
1250000
1000000
g
(1
= 750000
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=
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Figure 3.2.1 Distribution of plasma viral RNA by gender, CD4+ T cell count, and baseline WHO clinical
staging among chronically infected drug-naive participants
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3.2.2 Chronically infected drug-experienced participants

A total of 266 drug experienced participants were considered in this study. Plasma viral RNA
load was performed for all of these cases, of whom only 83 (31.2%) have shown some indication
of RNA detection, with over 150 copies/ml. The minimum and maximum values were 158 and
6,408,783 RNA copies/ml, respectively. The median viral load was 14,294.50 (Range= 6,408,625
copies/ml). Over 55% the participants with detectable plasma viral RNA harbored over 10,000
copies/ml (Table 3.2.3). The most frequent (over 27%) RNA group was the one with the highest
viral load (over 100,000 copies/ml) followed by the group with 1000 to 10,000 copies/ml (over
25%), whereas the least frequent one (12.0%) belonged to the group having next of the highest
viral load group (between 50,000 and 100,000 copies/ml). In regard to virological failure in
relation with length of treatment, over 88% of all virologically failing population or 64/252

(25.40%) of the whole study population were on treatment for over 24 months.

Table 3.2.3 Current plasma RNA load (copies per ml) of chronically infected drug-experienced study
participants

Plasma viral RNA load groupings Cumulative

(copies/ml) Frequency Percent  Valid Percent Percent

Valid 151 -1001 16 19.3 19.3 19.3
1002 - 10001 21 25.3 25.3 44.6
10002 - 50001 13 15.7 15.7 60.2
50002 - 100001 10 12.0 12.0 72.3
100002+ 23 27.7 21.7 100.0
Total 83 100.0 100.0

Failure rates of 1* line ARV drug regimens used in the initial treatment as measured by number
(%) of participants with detectable plasma RNA against number of participants who were using
the regimen were computed from 261 study participants (Table 3.2.4). The highest rate of failure

was observed among those treated with 1b (D4T-3TC-EFV) (14/28 [50.0%]); followed by la
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(D4T-3TC-NVP) (25/70 [35.7%]); 1d (AZT-3TC-EFV) (22/70 [31.4%]); and 1c (AZT-3TC-

NVP) (20/93 [21.5%)]).

Table 3.2.4 Virological treatment response by initial drug regimens among drug-experienced participants

Virologic Measurement Initial ARV drugs* Total
response
1a 1b 1c 1d
Undetectable Count 45 14 73 48 180
plasmaRNA o within Plasma Viral detection 250%  78%  406%  26.7%  100.0%
% within Initial ARV drugs 64.3%  50.0%  78.5% 68.6%  69.0%
Detectable Count 25 14 20 22 81
plasmaRNA o within Plasma Viral detection 309%  17.3%  247%  27.2%  100.0%
% within Initial ARV drugs 357%  50.0% 21.5% 31.4% 31.0%
Total Count 70 28 93 70 261
% within Plasma Viral detection 26.8% 10.7% 35.6% 26.8% 100.0%
% within Initial ARV drugs 100.0% 100.0% 100.0%  100.0%  100.0%

*la= D4T-3TC-NVP; 1b= D4T-3TC-EFV; lc= AZT-3TC-NVP; 1d= AZT-3TC-EFV

Results for current CD4" T cell count was available for 207 (77.8%) of the 266 participants
(Table 9.2.5). The minimum and maximum counts were 9 and 848 cells/uL, while the median
and mean counts were 214 cells/uL (Range= 839) and 237.77 cells/uL. (N= 207; SD= 146.274),
respectively. The majority of these participants (138 [~67%]) had CD4" count between 100 and
350 cell/uL. Whereas 31 (15%) participants fell in the critically lowest CD4" count limit (<100

cells/uL), only 12 (5.8%) fell on immunologically safe range (>500 cells/uL).
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Table 3.2.5 Current CD4 Cell count per pL for chronically infected drug-experienced participants

Current CD4 cell count

groupings (cells/uL) Frequency Percent  Valid Percent Cumulative Percent

Valid <=50 8 3.0 3.9 3.9
51-101 23 8.6 1.1 15.0
102 - 201 64 241 30.9 45.9
202 - 351 74 27.8 35.7 81.6
352 - 501 26 9.8 12.6 94.2
502+ 12 4.5 5.8 100.0
Total 207 77.8 100.0

Missing System 59 222

Total 266 100.0

Of the 83 samples with detectable plasma viral load, it was possible to produce CD4+ cell count
results for 74 only. For ease of analysis, both plasma viral RNA and CD4+ cell count results were
grouped into five and six categories, respectively. Analyses of paired plasma RNA-CD4+ count
tests have shown that three CD4" count groups (namely 51-101, 102-201, and 201-351 cells/uL)
contained all the five plasma viral load groups; viral load categories 1002-10001, 10002-50001,
and 50002-100000 copies/ml were represented by more than 20% in each of the three CD4+
groups mentioned. The most frequent (over 50%) of plasma viral load range (10,000-50,00
copies/ml) fell within CD4+ count group of 202-351 cells/pUL. Surprisingly, the smallest possible
detectable viral load group (150-1001 copies/ml) was represented in over 10% of the smallest
possible CD4+ group (< 50 cells/uL). Likewise, the largest possible viral load group (i.e., over
100,000 copies/ml) was represented in more than 10% of the highest CD4 count group attained in
these participants (> 502 cells/uL). The great majority of the lowest viral load counts (150-1001
copies/ml) were found in persons with CD4+ count of < 350 cells/uL. Figure 3.2.2 summarizes

percentage of plasma viral load measurements as the function of CD4+ cell counts.
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Figure 3.2.2 Distribution of ranges of CD4" cell count (cell/uL) among chronically infected drug-
experienced participants with detectable plasma viral RNA

3.3 Genotyping

3.3.1 Performance of in-house-brewed primers for amplification and
sequencing HIV-1 partial Pol region

A total of 52 paired samples (40 plasma from chronically infected drug-naive and 12 sera from
recently infected drug-naive samples) were amplified and sequenced at partial Pol region using
either the commercial ViroSeq™ V2.0 genotyping system and home-brewed drug resistance
genotyping system donated from the CDC (Atlanta). The In-house system used here was an
adopted protocol from a published work by McNulty et al. (2007), the primers, reagents and
operational procedures of which were optimized to amplify and genotype DBS samples from

HIV-1 subtype B, although some of the primers were developed and validated earlier to have the
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capacity to amplify and genotype several subtypes other than B (Snoek er al., 2005). All
plasma/sera samples (100%) for which ViroSeq™-genotyped counterpart samples were available
were successfully amplified by this In-house genotyping system (Figure 3.3.1). Although the
system was to have a sensitivity of amplifying RNA samples with viral load of 1000 copies/ml
(McNulty et al., 2007), it was possible to amplify samples below this limit; as low as 490
copies/ml and as high as 6.5 million RNA copies/ml were amplified using samples from drug-
experienced patients in another part of this study. Moreover, all, except one, of the sequencing
primers used were able to sequence their respective region very well. The exception in this regard

was HIVI0V, which repeatedly produced sequences of inferior quality.

Figure 3.3.1 RT-PCR amplification products of HIV-1 plasma vral RNA using Inhouse genotyping
system.
The bands at the left flank are DBNA size makers, while the rest are from the samples.
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Figure 3.3.2 Screenshots from contig Chromatograms constructed from sequences produced by ViroSeq assay and genotyping software (Panel A)
and In-house assay produced by ChromasPro software (Panel B)

Originated from same patient (baseline 356). Codone 207 in the ViroSeq (Panel A) is represented by nucleotides 892-894 in the In-
house assay (Panel B). The codon represented here is Q207 from the RT; four mixed quasispeicies have been detected in both assays
containing D/G/N/S. Similarly, codon 200 in the ViroSeq and nucleotides 870-872 in the In house assay contained mixturres of viruses
that have mutated from amino acid T to A and V.
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After editing the sequences produced by the two systems manually (Figure 3.3.2A and B),
FASTA-formatted consensus sequence of the six primer sequences genotyped by the In-house
system was paired with its counterpart genotyped by ViroSeq™™ system. Pairwise alignment by
ClustalW multiple alignment program in BioEdit Version 7.0.9.0 software and computation of
mean nucleotide similarity has shown that the mean concordance between the two systems at the
level of Pol nucleotide sequence was 98.72%, the minimum and maximum concordance being
96.63% and 99.88%, respectively (Table 3.3.1). Separate protease and reverse transcriptase gene
analysis has also shown almost similar results. Average protease nucleotide sequences,
concordance was 98.37% while the minimum and maximum similarities were 95.60% and 100%,
respectively. Similarly, average concordance for reverse transcriptase was 98.70%, whereas the

minimum and maximum values were 96.33% and 99.88%, respectively.

Phylogenetic analyses with Neighbor-Joining/UPGMA method version 3.6a2.1 of BioEdit
version 7.0.9.0 have shown that all the paired sequences branched together (Figures 3.3.3A and
B). In addition, the performance of In house genotyping system relative to that of the ViroSeq™™
V2.0 genotyping at the amino acid level showed that In-house system had relative sensitivities of
92.16%, 95.5%, and 94.26% for the regions of protease, reverse transcriptase and pooled protease
and reverse transcriptase, respectively (Table 3.3.2). Relative positive predictive values were also
99.41%, 99.51%, and 99.47% for the regions of protease, reverse transcriptase and pooled

protease and reverse transcriptase, respectively.
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Table 3.3.1: List of ViroSeq Vs In house nucleotide sequence similarities as determined by BioEdit
Version 7.0.9.0

S No. Sample ID VL Pol sequence Protease sequence Reverse transcriptase
copies/ml % similarity % similarity % similarity

1 Baseline 102 31,000 97.84 98.53 97.64
2 Baseline 115 290,000 96.99 97.01 96.59
3 Baseline 154 180,000 99.52 99.63 99.08
4 Baseline 155 34,000 99.52 99.23 99.61
5 Baseline 156 89,000 99.04 99.27 99.74
6 Baseline 157 150,000 98.20 97.44 98.07
7 Baseline 165 200,000 98.56 98.90 98.08
8 Baseline 175 310,000 98.20 99.63 97.93
9 Baseline 183 290,000 97.96 99.27 97.44
10 Baseline 190 310,000 98.80 98.69 99.08
11 Baseline 197 310,000 98.08 96.34 98.43
12 Baseline 200 290,000 97.48 95.60 97.66
13 Baseline 203 2,400,000 99.88 99.23 99.61
14 Baseline 204 110,000 98.20 96.34 98.69
15 Baseline 205 2,50,000 98.44 97.10 99.09
16 Baseline 211 1,600,000 98.92 98.19 99.08
17 Baseline 214 81,000 98.80 98.17 98.95
18 Baseline 220 740,000 99.40 98.90 99.61
19 Baseline 226 130,000 97.96 96.84 98.04
20 Baseline 227 110,000 98.80 99.27 98.56
21 Baseline 230 22000 99.16 98.90 99.21
22 Baseline 237 200,000 99.40 99.27 96.33
23 Baseline 241 150,000 99.28 99.27 99.48
24 Baseline 268 200,000 97.96 96.70 98.04
25 Baseline 270 200,000 99.04 99.27 98.69
26 Baseline 275 270,000 97.24 96.34 97.17
27 Baseline 281 1,100,000 97.84 97.80 97.25
28 Baseline 286 270,000 97.84 97.45 97.50
29 Baseline 289 490,000 99.16 98.90 99.21
30 Baseline 291 790,000 98.92 97.47 99.34
31 Baseline 312 54,000 98.80 98.90 98.69
32 Baseline 332 18,000 99.76 99.23 99.74
33 Baseline 334 1,000,000 99.04 98.17 99.83
34 Baseline 339 91,000 99.76 98.53 99.74
35 Baseline 342 450,000 99.64 99.63 99.35
36 Baseline 345 43,000 99.40 98.17 99.34
37 Baseline 347 490,000 99.88 99.63 99.87
38 Baseline 356 23,000 97.00 97.07 97.23
39 Baseline 363 98,000 98.92 98.90 98.94
40 Baseline 364 1,300,000 99.40 98.54 99.72
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Table 3.3.1 ... Continued

S No. Sample ID Pol sequence Protease sequence % Reverse
% similarity similarity transcriptase %
similarity

41 serum 97-58-004  96.63 96.19 97.44
42 serum 97-58-356  98.68 97.44 99.04
43 serum 97-59-035 98.92 98.53 98.88
44 serum 97-59-064  98.20 98.53 98.24
45 serum 97-60-108 98.20 98.90 98.08
46 serum 97-60-208 98.56 97.44 98.72
47 serum 97-60-375 99.16 98.17 99.72
48 serum 97-61-073 99.64 100.00 99.52
49 serum 97-61-099  99.52 99.27 99.52
50 serum 97-61-201 99.16 99.63 98.85
51 serum 97-61-315 99.40 99.63 99.36
52 serum 97-61-326  99.52 99.63 99.36

Count 52.00 52.00 52.00

Average 98.72 98.37 98.70

Maximum 99.88 100.00 99.88

Minimum 96.63 95.60 96.33
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Figure 3.3.3A: Phylogenetic tree of paired
plasma samples from chronically infected drug-
naive participants genotyped by ViroSeqTM
V2.0 and Home-brewed genotyping systems.

CPZ.CM.1998.CAMS was used as an out-group
but cropped out from the figure to spare enough

space to enlarge the figure.
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Table 3.3.2 Performance of In-house

genotyping system relative to the performance of ViroSeq™ V.2.0

ViroSeq V.2.0 genotyping system

Performance of In-house genotyping system

Mutation at PR Mutations at RT sites Pooled mutations from both PR
and RT regions
No. of No. of No. of No. of No. of No. of
mutations mutations not mutations mutations not mutations mutations not
detected by In- | detected by In- | detected by In- | detected by In- | detected by In- | detected by In-
house system house system house system house system house system house system
No. of mutations detected by 470 40 777 36 1247 76
ViroSeq
No. of mutations not detected by 37 | NA* 32 | NA* 69 | NA*
ViroSeq
Total 507 | NA* 809 | NA* 1316 | NA*
Performance of In- | Relative 92.16% 95.57% 94.26%
house system sensitivity
relative to ViroSeq | Positive 99.41% 99.51% 99.47%
system predictive
value

*NA= Not available
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3.3.2 Performance of DBS for detection of HIV-1 drug resistance mutations
at partial Pol region

A total of 104 paired plasma/DBS samples were collected at baseline from chronically infected
drug-naive participants. However, only 35 DBS samples with their plasma counterparts were
available for analysis. The rest were unavailable either because the DBS samples were lost, or
plasma counterpart lost or poorly stored. All the DBS samples with available plasma samples
were successfully amplified using the In-house genotyping system (Figure 3.3.4). The minimum
viral RNA obtained for the analysis was 15,000 copies/ml, while the maximum was 1,600,000

copies/ml.

Figure 3.3.4 RT-PCR Amplification products of HIV-1 vral RNA from DBS samples.
The bands at the left flank are DNA size makers, while the rest are from the samples.

All RT-PCR amplified samples from the DBS were successfully sequenced using the six primers
from the In-house genotyping system with good quality sequences. However, primer HIVOOV
was poor in providing clear chromatogram sequence products, the same way it behaved while
sequencing plasma samples. Figure 3.3.5A and B show a screenshot of a section from sequence

chromatogram produced during sequencing of one of the DBS samples.
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Figure 3.3.5 Screenshots from contig Chromatograms constructed from sequences of plasma sample (Panel A) and

DBS sample (Panel B)

Originated from same patient (baseline 290) and produced by ChromasPro software for manual editing. Nucleotides 289-292 in the
contig detected from both the plasma and DBS samples were manualy edited at different times and found to represent the 6™ codon in
the RT which showed here presence of 3 mixed virus quasispecies having the wild type K, and mutatnts with E and V.
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After editing the sequences manually, FASTA-formatted consensus of the six primer sequences
from the DBS sample was paired with its plasma counterpart. Percent nucleotide sequence
concordance between sequences of DBS and plasma samples for protease, reverse transcriptase
and pooled Pol regions were determined by pairwise alignment of the corresponding plasma and
DBS sequences using ClustalW program from BioEdit software version 7.0.9.0. These analyses
have shown that the minimum, maximum and mean concordance between the two corresponding
samples at the protease region were 98.82%, 100%, and 96.07%, respectively (Table 3.3.3).
These values for reverse transcriptase region were 98.84%, 100%, and 96.34%, respectively.
Pooling the two regions together, the minimum, maximum, and mean values obtained were
98.27%, 100%, 96.07%, respectively. Phylogenetic analysis of plasma/DBS pairwise aligned
corresponding sequences using the BioEdit version 7.0.9.0 has resulted in all the paired

sequences branching together (Figure 3.3.6).

Comparison of the performance of DBS sample relative to that of the conventional plasma
sample at the amino acid level showed that DBS had relative sensitivities of 97.08%, 96.63%,
and 96.78% for the regions of protease, reverse transcriptase and pooled protease and reverse
transcriptase, respectively (Table 3.3.4). Relative positive predictive values were 98.83%,
98.04%, and 98.57% for the regions of protease, reverse transcriptase and pooled protease and

reverse transcriptase, respectively.
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Table 3.3.3 List of plasma/DBS paired nucleotide sequence similarities as determined by BioEdit Version

7.0.9.0
S No. Sample ID Viral Load RNA Protease Reverse Pol sequence %
copies/ml sequence % transcriptase similarity
similarity similarity
1 Baseline 102 31,000 99.27 99.34 99.47
2 Baseline 211 1,600,000 98.19 99.08 99.04
3 Baseline 236 310,000 98.13 97.64 98.19
4 Baseline 237 200,000 100.00 99.08 99.36
5 Baseline 240 15,000 99.27 98.82 98.94
6 Baseline 241 150,000 98.90 97.51 99.47
7 Baseline 259 480,000 99.63 98.96 99.47
8 Baseline 268 200,000 99.63 99.10 99.79
9 Baseline 269 400,000 100.00 97.30 99.47
10 Baseline 270 200,000 99.27 98.95 99.36
11 Baseline 274 42,000 99.27 97.77 99.47
12 Baseline 275 270,000 96.35 96.49 96.49
13 Baseline 281 1,100,000 96.34 96.07 96.07
14 Baseline 286 270,000 97.45 97.76 98.51
15 Baseline 287 680,000 96.49 97.30 99.26
16 Baseline 289 490,000 100.00 96.92 99.04
17 Baseline 290 120,000 100.00 99.48 100.00
18 Baseline 295 270,000 97.80 98.69 98.51
19 Baseline 311 1,000,000 97.80 97.52 97.87
20 Baseline 312 54,000 99.27 96.92 98.94
21 Baseline 314 89,000 98.17 98.31 99.04
22 Baseline 315 230,000 100.00 99.35 99.89
23 Baseline 319 1,200,000 98.90 99.22 99.47
24 Baseline 320 280,000 99.63 99.22 99.47
25 Baseline 321 140,000 98.16 98.57 99.36
26 Baseline 326 73,000 99.63 98.82 99.15
27 Baseline 332 18,000 98.90 96.67 98.62
28 Baseline 333 880,000 99.63 97.51 99.57
29 Baseline 334 1,000,000 99.63 98.43 99.15
30 Baseline 339 91,000 98.53 99.48 99.68
31 Baseline 342 450,000 99.63 97.94 99.79
32 Baseline 347 490,000 100.00 97.95 98.89
33 Baseline 356 23,000 96.70 97.25 97.24
34 Baseline 360 310,000 100.00 100.00 100.00
35 Baseline 364 1,300,000 98.91 99.86 99.47
Count  35.00 35.00 35.00
Average 98.84 98.27 98.82
Maximum 100.00 100.00 100.00
Minimum 96.34 96.07 96.07
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Figure 3.3.6 Phylogenetic tree of paired plasma/DBS samples from chronically infected drug-naive
participants genotyped by home-brewed genotyping system.

CPZ.CM.1998.CAMS was used as an out-group but cropped out from the figure to spare enough space to
enlarge the figure.
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Table 3.3.4 Performance of DBS samples in detecting HIV-1 drug resistance mutations relative to the performance of plasma samples at amino

acid level

Performance of plasma samples

Performance of DBS samples

Mutation at PR

Mutations at RT sites

Pooled mutations from both PR

and RT regions
No. of No. of No. of No. of No. of No. of
mutations mutations not mutations mutations not mutations mutations not
detected from detected from detected from detected from detected DBS detected from
DBS samples DBS samples DBS samples DBS samples samples DBS samples
No. of mutations detected from 332 10 545 19 877 19
plasma
No. of mutations not detected from 6 | NA* 10 | NA* 16 | NA*
plasma
Total 338 | NA* 555 | NA* 893 | NA*
Performance of Relative 97.08% 96.63% 96.78%
DBS relative to sensitivity
plasma Positive 98.83% 98.04% 98.57
predictive
values

*NA= Not available
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3.4. Prevalence of ARV Drug Resistance Mutations

3.4.1 Drug resistance mutations from drug naive recently infected
participants
Forty-one serum samples were successfully amplified and genotyped from this group of

participants. In all of the samples, all of the 99 codons of protease and at least the first 252
codons of the reverse transcriptase enzymes were successfully amplified and sequenced. A total
of 152 drug resistance-associated mutations were detected at both the protease (151 from 14
positions) and reverse transcriptase (one NNRTI mutation from a single position) (Table 3.4.1).
Of these protease mutations, however, only two major mutations were detected (G73A and N88D
each in a single event) belonging to those resistance mutations designated in the 2009 WHO list.
Thus, prevalence of transmitted drug resistance in Addis Ababa during 2005, as defined by the
WHO’s guideline, was 4.88% (100 X 2/41) for protease and 0% for NRTI and NNRTI, which

were all below the 5% threshold level.

The rest of the mutations were identified as drug resistance based only on the list in the 2009
update of International AIDS Society-USA (IAS-USA). Except for the WHO-designated protease
inhibitor resistance mutations G73A and N88D, all the rest were minor mutations. One mutation
VI0I of the reverse transcriptase belonged to NNRTI resistance mutation, according to IAS-USA
but not according to WHO. The most frequent single mutation was H69K, which occurred in
39/41 (95.12%) of the samples, followed by M36I and I93L occurring in 38/41 (92.68%) and
35/41 (85.37%), respectively. The positions that showed the most diverse substitutions were M36
(with substitutions to I, L, and V) occurring 40/41 (97.56%), and K20 (with substitutions to R and

M, occurring 7/41 (17.03%) of the times.

153



Table 3.4.1 Prevalence of drug resistance-associated mutations among recently infected drug-naive study participants

Genotyped Mutation Type Substitution No./41 samples Total No. (%) % prevalence
Region From To [Algorithm]* (% prevalence) sub.st‘itutions per within the class
position
113 V [d] 4 (9.76%) 4 (9.76%) 2.65
Gl6 E [9] 8 (19.51%) 8 (19.51%) 5.30
K20 R [9] 6 (14.63) 7 (17.03%) 3.97
M [§] 1(2.44%) 0.66
L33 V [d] 1(2.44%) 1(2.44%) 0.66
% M36 193] 38 (92.68%) 40 (97.56%) 25.17
b= L[] 1(2.44%) 0.66
Z vV [3] 1(2.44%) 0.66
Q 8 162 V [8] 1(2.44%) 1(2.44%) 0.66
33 *§ L63 P [d] 10 (24.39%) 10 (24.39%) 6.62
» 'g 164 V [d] 1(2.44%) 1(2.44%) 0.66
= H69 K [d] 39 (95.12% 39 (95.12% 25.83
G73 A [£,9] 1(2.44%) 1(2.44%) 0.66
T74 S [I9] 1(2.44%) 1(2.44%) 0.66
V77 193] 2 (4.88%) 2 (4.88%) 1.32
N88 D [e,y,0] 1(2.44%) 1(2.44%) 0.66
193 L [3] 35 (85.37%) 35 (85.37%) 23.18
Total 14 17 substitution types | 151 substitutions | 151 (100%) ~100.00%
positions
Reverse NNRTI resistance Vo0 1[9] 1 (2.44%) 1 (2.44%) 100.00
transcriptase | mutations
Grand total | 15 18 substitution types 152 at 15 152 (100%) 100
positions positions

* Algorithms considered: € = WHO; & = IAS-USA; y = Stanford HIV database
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3.4.2 Drug Resistance Mutations from Drug-Naive Chronically Infected
Participants

The sources of sample for sequencing and genotypic analyses for this part of the work were
obtained from the conventional plasma and the previously tested DBS samples, where
amplification or proper sequencing was impossible from the plasma samples. The genotyping
system used were also mixed, in which genotyping from the ViroSeq™ V2.0 was given priority
when satisfactorily done but otherwise the already validated In-house genotyping system was
used to produce the sequence result. Thus, most of those sequences produced by the In-house
system cover codons 8 to 99 of the protease and 1 to 252 of the reverse transcriptase.
Nonetheless, these ranges are enough to make drug resistance analyses for resistance mutations to

protease inhibitors, NRTI inhibitors and NNRTT inhibitors.

3.4.2.1 Resistance mutations for protease inhibitors in chronically infected
drug-naive participants
A total of 32 PI resistance-associated mutations occurring at the frequency of 293 were detected

from 25 positions when all the three algorithms were considered independently (Table 3.4.2).
Twenty-four of these were identified by IAS-USA algorithm alone, whereas the rest 8 were
identified concordantly at least by two of the three algorithms utilized. The most prominent
mutations were M361, H69K, L63P, which occurred respectively 81/85(95.29%), 77/85(90.59%),
and 29/85(34.11%) of the times. The contributions of these mutations from the total 293 were
27.65%, 26.28%, and 9.9%, respectively. Of the 25 positions harboring these resistance
mutations, five harbored two or more mutations: K20 substituted with R (13/85 [15.29%]) or 1
(1/85 [1.38%]); M36 substituted with I (81/85 [95.29%]), L (1/85 [1.38%]), or V (1/85 [1.38%]);
164 substituted with L (1/85 [1.38%]), M (1/85 [1.38%]), or V (1/85 [1.38%]); and V82

substituted with A (4/85 [4.71%]), or 1 (8/85 [9.41%]). Since there is no complete agreement
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between all available algorithms in defining resistance mutations, the mutations identified by at
least two of the three algorithms as conferring resistance were accepted in this study as drug
resistance mutations, and hence, were analyzed separately (Figure 3.4.1). There were 8 mutations
at 9 different positions that were identified by two or more of the algorithms used. These
mutations occurred 18/85 (21.18%) of the time. Among the major PI resistance mutations, only
G48V, G73A, and 184C each occurred once (1/85 [1.38%] each); each of the rest five mutations

was observed in three of the 85 samples (3/85 [~4%] each) (Figure 3.4.1).
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B B B | L n 2=
25 4 [ B e [ n [— |
E [ B e [ n [— |
RN DR EE— 1 | =
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1+ I I I D Nl Nl el s
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.~ 1/ m ~'m [ @ ~mn B[ mn [ 1
Iy Ty I T I Iy ey e
0 ra — — — — — — ~
L231 L33F M46L G48V 154V G73A 184C L90M
EFrequency 3 3 3 1 3 1 1 3
W% prevalence 3.53 3.53 3.53 138 3,53 1.38 138 353

Pl Resistance mutations

Figure 3.4.1 Frequency of detected protease inhibitors resistance mutations among chronically infected
drug-naive participants in the protease region as identified by at least two of the three genotyping
algorithms

(WHO'’s 2009 updated list, IAS-USA’s 2009 updated list, and Stanford’s 2009 updated list).
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Table 3.4.2 Prevalence of PI drugs resistance-associated mutations among chronically infected drug-naive

study participants
Genotyped Substitution Frequency N N(%) % prevalence
Region and From To [Algorithm]* (%) substitutions within the
Mutation Type per position class
C10 1[9] 3(3.53) 3(3.53) 1.02
Vil 1[6] 2 (2.35) 2 (2.35) 0.68
113 V (8] 18 (21.18) 18 (21.18) 6.14
G16 E [9] 8(9.41) 8(9.41) 2.73
K20 R [9] 13 (15.29) 4(4.71) 4.44
1[9] 1(1.38) 0.34
L23 I[e, y] 3(3.53) 3(3.53) 1.02
L33 F [8,v] 3(3.53) 3(3.53) 1.02
M36 1[9] 81 (95.29) 84 (98.82) 27.65
L [9] 1(1.38) 0.34
V [d] 1(1.38) 0.34
M46 L [g, 3, v] 3(3.53) 3(3.53) 1.02
G48 V [, 9, y] 1(1.38) 1(1.38) 0.34
o 154 V [, d, y] 3(3.53) 3(3.53) 1.02
g Q58 E [8] 1(1.38) 1(1.38) 0.34
% D60 E [9] 4(4.71) 4(4.71) 1.37
s 162 V [5] 5 (5.88) 5 (5.88) 171
= L63 P[3] 29 (34.11) 29 (34.11) 9.9
164 L [d] 1(1.38) 3(3.53) 0.34
M [§] 1(1.38) 0.34
V [d] 1(1.38) 0.34
H69 K [8] 77 (90.59) 77 (90.59) 26.28
A71 1[9] 2 (2.35) 5(5.88) 0.68
T [9] 3(3.53) 1.02
G73 A [g, 9] 1(1.38) 1(1.38) 0.34
T74 S [8] 5(5.88) 5(5.88) 1.71
V77 1[9] 3(3.53) 3(3.53) 1.02
V82 A [d] 4(4.71) 12 (14.11) 1.37
1[9] 8(9.41) 2.73
184 Cle, v] 1(1.38) 1(1.38) 0.34
L90 M [g, 3, y] 3(3.53) 3(3.53) 1.02
193 L[] 3(3.53) 3(3.53) 1.02
Total 25 positions 32 substitution types 293 total ~ 100%
substitutions

* Algorithms considered: € = WHO; & = IAS-USA; y = Stanford HIV database

157



3.4.2.1 Resistance mutations for NRTIs and NNRTIs in chronically infected
drug-naive participants
Although this group of participants was drug-naive, a total of 24 and 15 mutations distributed in

eight and seven positions of the reverse transcriptase region were identified against NRTI and
NNRTI, respectively (Table 3.4.3). However, not all of these mutations were identified
unanimously by all the three algorithms used as resistance. Of the nine substitutions identified for
NRTI resistance mutations, only two were identified singly by WHO (V75A) and IAS-USA
(A62V) algorithms; the rest were identified either by two or three of them. Similarly, six of the
eight detected NNTI resistance mutations were identified by two or all of three the algorisms
(Figure 3.4.2), the only exceptions being E138A, and V179T, which were identified by IAS-USA
algorithm alone. Even under this strict scrutiny, the frequency of resistance mutations among
these drug-naive treatment eligible patients were 19 for the 8 NRTI and 13 for 6 NNRTI
mutations. The most dominant NRTI resistance mutation was D67N, which occurred in 5.88% of
the study participants. Similarly, the most dominant NNRT resistance mutation was K103N,

occurring in 4.71% of the study participants.
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Table 3.4.3 Prevalence of NRTI and NNRTI drug resistance-associated mutations among chronically
infected drug-naive study participants

Genotyped
Region and
Mutation
Type

NRTI
Resistance
mutations

Total

NNRTI
Resistance
mutations

Total

From

M41
A62
D67
L74
V75
M184

L210
T215

8 positions

A98

L100
K103
E138
V179
Y181
Y188

7 positions

Substitution
To [Algorithm]*

L [€,6,y]
V [8]

N [€,0,y]
V [g, 8]
A[g]

V [&,0, v]
I[e, 6, y]
W [£,0,v]
Y [€,0,y]

9 substitution
types

G [3,v]

I[e,3,v]

N [€,0,y]

A [9]

T [6]

C [&,0,y]

C [&,0,y]

H [£,6,y]

8 substitution
tprS

Frequency

N

W W = = N W U W W

[
=~

—

—_— = ) = = N W

15

N
substitutions
per position

3.53
3.53
5.88
3.53
2.35

2

3.53
3.53

1.38

3.53
4.71
1.38
1.38
3.53

% prevalence
within the class

12.50
12.50
20.53
12.50
8.33
4.17
4.17
12.50
12.50

~ 100

6.67

20.00
26.67
6.67
6.67
20.00
6.67
6.67
~ 100

* Algorithms considered: € = WHO; 8 = IAS-USA; y = Stanford HIV database
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Figure 3.4.2 Frequency of detected major NRTIs and NNRTIs resistance mutations among chronically
infected drug-naive participants in the reverse transcriptase region as identified by at least two of the three
genotyping algorithms

(WHO'’s 2009 updated list, IAS-USA’s 2009 updated list, and Stanford’s 2009 updated list).

3.4.3 Resistance mutations in drug-experienced chronically infected
participants

3.4.3.1 Resistance mutations for protease inhibitors in chronically infected
drug-experienced participants
A total of 20 protease resistance mutations from 19 positions could be identified from the 66

heavily treated participants at a total frequency of 266, as determined by the three genotyping
algorithms separately. Of these, however, only four mutations from three positions and with
frequency of one from each [I154A, V82A, N88D, and N88S] were accepted as relevant PI drug
resistance mutations unanimously by all the three algorithms. These four mutations occurred
within two individuals; so there were double PI resistance mutations in these individuals. The rest
16 substitutions, occurring from 63 of the 66 (95.45%) participants, were recognized as drug

resistance-associated mutations in the IAS-USA list only (Table 3.4.4). While three (4.5%) of the
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participants showed no PI resistance-associated mutation at all, each of the others have harbored
from two to seven mutations. The three most prevalent of the latter mutations were H69K (63/66

[95.45%]), M36I ([93.93%]), and L899V ([87.87%]).

Table 3.4.4 Prevalence of PI drugs resistance-associated mutations among chronically infected drug-
experienced study participants as identified by the three genotyping algorithms considered separately.

Substitution Frequency N (% ) N(%) substitutions
From To [Algorithm]* per position
113 V [9] 6 (9.09%) D (9.09%)
Gl16 E [9] 6 (9.09%) 6 (9.09%)
K20 R [d] 11 (16.67) 12 (18.18%)
1[3] 1 (1.52%)
M36 1[9] 62 (93.94%) 63 (95.45%)
V [3] 1 (1.52%)
154 A [€,6,y] 1(1.52%) 1 (1.51%)
D60 E [9] 4 (6.06%) 4 (6.06%)
162 V [9] 1(1.52%) 1(1.51%)
L63 P [§] 15 (22.72%) 15 (22.72%)
164 L [3] 3 (4.55%) 4 (6.06%)
V(8] 1(1.52%)
H69 K [9] 63 (95.45%) 63 (95.45%)
AT71 V [9] 1(1.52%) 1 (1.51%)
T74 S 0] 10 (15.15%) 10 (15.15%)
\u 1[9] 1(1.52%) 1 (1.51%)
V82 A [€,0,y] 1(1.52%) 11.51%)
N88 D [&,0,y] 1(1.52%) 2(3.03)
S [&,0,y] 1 (1.52%)
L89 V [9] 58 (87.88) 58 (87.88%)
L90 M [9] 1(1.52%) 1 (1.52%)
193 M [9] 6 (9.09%) 17 (25.76%)
L [4] 11(16.67)

19 positions 20 substitutions Total occurrence 266

* Algorithms considered: € = WHO; 8 = IAS-USA; y = Stanford HIV database
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3.4.3.2 Drug resistance mutations for NRTIs and NNRTIs in chronically
infected drug-experienced participants
A very diverse and numerous resistance mutations occurred in the NRTI and NNRTT classes of

ART drugs currently in use in Ethiopia. Forty-three of the 66 (65.15%) participants had at least
one NRTI mutations. Twenty-four different NRTI mutations occurred with the frequency of 133
at 14 positions (Table 3.3.3.2). Eight of these 24 mutation, having frequency of 22, were
recognized by single algorithm, whereas the rest 16 with aggregate frequency of 111 were
recognized by two or more of the three algorithms (Table 3.4.5 and Figure 3.4.3. panel A). The
eight most frequent NRTI mutations identified were M184V (39/66 [59.09%]), T215Y (11/66
[16.67%]), K70R (10/66 [15.15%]), M41L (9/66 [13.63%]), K219Q and D67N (each 8/66
[12.12%]), T215F (7/66 [10.6%]), and L210W (6/66 [9.09%), in that order. Four positions had
two or more resistance mutations: V75, M184, T215, and K219 with combined frequencies of 4,
40, 18, and 9, respectively. In addition, multiple NRTTI resistance mutations occurred with mean
four and aggregate frequency of 28, ranging from double mutations in seven persons to 13

mutations in 1 person (data not shown).

Regarding prevalence of NNRI resistance mutations, 16 RT positions harbored 23 mutations with
frequency of 109 (Table 3.4.6). These mutations were carried by 48 of the 66 (72.72%)
participants. Multiple NNRTI resistance mutations occurred in 33 of the 66 (50%) persons or
33/48 (68.75%) of persons harboring NNRTI resistance mutations. Five of the 23 mutations were
recognized singly by IAS-USA (V90I and E138A) or Stanford HIV drug resistance database
(F227L, F227C, and K238T). The rest 18 mutations were recognized by two or more of the

genotyping algorithms, and occurred with frequency of 92. K103N (23/66 [34.84%]), Y181C

162



(11/66 [16.67%]), A98G (10/66 [15.15%]), and G190A (7/66 [10.6%]) were the most prevalent

NNRTI resistance mutations detected (Figure 3.4.3. panel B).

Overall, 40 of the 66 (60.60%) participants harbored double class NRTI and NNRTI resistance
mutations. Moreover, two of the four PI resistance mutations occurred in two participants who
already harbored NRTI and NNRTI resistance mutations, making them resistant to all of the three
classes of drugs provided in the country. One of the participants who developed triple class
resistance had already switched to 2" line regimen (3TC,TDF, kaletra) from the initial 1* line
([DAT, 3TC, EFV]), whereas the second person stayed still on the first line regimen ([D4T, 3TC,

NVP]), which lacked any protease inhibitor.
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Table 3.4.5 Prevalence of NRTI drug resistance-associated mutations
among chronically infected drug-experienced study participants

Table 3.4.6 Prevalence of NNRTI drug resistance-associated
mutations among chronically infected drug-experienced study

Substitution Frequency N N(%)
From To (% ) substitutions
[Algorithm]* per position
M41 L [£,0,y] 9 (13.64%) 13.64%
A62 V [8] 2 (3.03%) 3.03%
K65 R [£,8,y] 3 (4.55%) 4.55%
D67 E [€] 1(1.52%) 1.52%
D67 G [g] 2 (3.03%) 15.15%
N [e,v] 8 (12.12%)
T69 D [g] 3 (4.55%) 4.55%
K70 G [y] 9 (13.645) 28.79%
R [g,6, y] 10 (15.15%)
L74 V [, 9] 1 (1.52%) 1.52%
V75 1[5, v] 2(3.03%) 6.06%
M [g,v] 1 (1.52%)
T [e,v] 1 (1.52%)
F116 Y [£,0, ¥] 3 (4.55%) 4.55%
M184 V [£,0, V] 39 (59.09%) 60.61%
I[g, 0, v] 1 (1.52%)
L210 W [£,6,y] 6 (9.09%) 9.09%
I [g] 1(1.52%) 33.33%
T215 S [¢] 3 (4.55%)
Y [£,0,y] 11 (16.67)
F [€,5,v] 7 (10.61%)
K219 E [£,0,y] 1 (1.52%) 15.15%
Q [&.0,v] 8 (12.12%)
R [€] 1 (1.52%)

* Algorithms considered: € = WHO; & = IAS-USA; y = Stanford HIV

databas

participants
Substitution  Frequency N (% ) N(%) % prevalence
substitutions within the
per position class
V90 1[3] 4 6.06
A98 G [8,y] 10 15.15
L100 I [e,8,y] 2 3.03
K101 E [£,0,y] 6 9.09
P [£,8,y] 1 1.51
K103 N [£,8,] 23 34.84
S [e,v] 1 1.51
V106 A [£.8,y] 3 454
M [g,8,y] 7 10.60
V108 1[,y] 6 9.09
E138 A [8] 3 4.54
V179 D [8,y] 3 4.54
E [8,y] 3 4.54
Y181 I[e,8,y] 1 1.51
C[e,0,v] 11 16.67
Y188 L [£,8,y] 3 454
G190 A [g,0,y] 7 10.60
S [&,0,y] 1 1.51
P225 H [e,8,y] 6 9.09
F227 L [y] 5 7.57
C [y] 1 1.51
M230 L [£,8,y] 1 1.51
K238 T [v] 1 1.51
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Figure 3.4.3 Frequency of detected NRTIs (panel A) and NNRTIs (Panel B)resistance mutations among chronically infeted dug-experienced

participants in the reverse transcripatse region as identified by at least two of the three genotyping algorithms

(WHO'’s 2009 updated list, IAS-USA’s 2009 updated list, and Stanford’s 2009 updated list)
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Patterns of Co-variation among major drug resistance mutations within and between drug

classes

Many of the major resistance mutations did not occur singly, occurring simultaneously (co-
varying) with another resistance mutation within the same class or outside its class. Table 3.4.7
A-E summarizes statistically significant co-varying pairs of resistance mutations observed in this
study. Two major PI resistance mutations (I54A and N88S) co-varied with two other major PI
resistance mutations (V82A) and L90OM respectively (Table 3.4.7A). These four PI resistance
mutations have also co-emerged with 10 major NRTI or NNRTI resistance mutations (Table
3.4.7D). Similarly, 15 major NNRTI resistance mutations have co-emerged within the same class
in 14 combinations. A98G, K103N, K103S, and V179D have co-emerged with three and above
NNRTI resistance mutations (Table 3.4.7B). The pairs of co-variations between V179D/Y 1811
and V179D/M230L were the most frequent of all co-variation pairs observed within the NNRTI

resistance mutations, each pair co-occurring 32% of their appearances.

The largest number of co-variation within same class took place among NRTI resistance
mutations (Table 3.4.7C). Twelve NRTI resistance mutations have covaried in 29 combinations.
Six of these mutations covaried with five other NRTI mutations; and 2, 3, and 1 mutations
covaried respectively with 4, 3 and 2 other NRTI resistance mutations. Three positions
(M1841/V, T215F/Y, and K219E/Q) each showed covariation with nine other NRTI resistance
mutations. While the two alternative mutations in the positions T215 and M 184 correlated some
times with the same mutations (e.g. T215 with M41L; T215 with V184V; and M184 with K70R;
M184 with K219Q), the two alternative mutations at position K219 almost always correlated
with the same mutations (e.g. with D67N; K70R; and T215F), except in one instance in which

K219Q not K219E correlated with M1841 and M184V. Eight pairs of covariations had
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frequencies of covariation over 20%, the most frequent of all being members of thymidine analog
resistance mutations M41L/L210W (41%), K70R/K219Q (38%), D67N/219Q (33%), and

L210/T215Y (32%).

In addition, 13 NRTI resistance mutations were found to co-vary with 11 NNRTI resistance
mutations in 30 combinations. Four of the 13 NRTI resistance mutations were able to co-vary
with three or more NNRTI resistance mutations: M41L (with A98G, K103N, and Y181I); D67N
(with V179D, Y1811, G190S, and M230L); K70R (with V106M, G190S, and M230L); M184V
(with A98G, K101E, Y181C, and G190A); and T215Y (with A98G, L101P, V1081, and Y181I).
The frequency of co-variation ranges from 7% (in 3 of the 30 pairs) to 100% (in the pair

F116Y/V106M.

Table 3.4.7 Patterns of co-variation of major drug resistance mutations within and between drug classes.

A.Within PI

PI- Co-mutation  Pearson % Significance  Significance P Resistance Class

Mutation Correlation  covariance p value value at <= of co-Mutaion
(2-tailed)

54A V82A 1.000 100% 0.000 0.01 PI

N88S L9OM 1.000 100% 0.000 0.01 PI
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B. Within NNRTI resistance mutations

NNRTI- Co- Pearson % Significance  Significance Resistance Class of
Mutation mutation Correlation covariance p value P value at Co-Mutaion
(2-tailed) <=
A98G K103N 0.312 9.73% 0.011 0.05 NNRTI
V108 0.307 9.42% 0.012 0.05 NNRTI
G190S 0.294 8.64% 0.017 0.05 NNRTI
K100l Y188L 0.386 14.90% 0.001 0.01 NNRTI
K101E G190S 0.392 15.37% 0.001 0.01 NNRTI
vV101P G190A 0.360 12.96% 0.003 0.01 NNRTI
K103N V108l 0.322 10.37% 0.008 0.01 NNRTI
P225H 0.322 10.37% 0.008 0.01 NNRTI
K103S V106M 0.360 12.96% 0.003 0.01 NNRTI
M230L 0.360 12.96% 0.003 0.01 NNRTI
V179D Y181l 0.568 32.26% 0.000 0.01 NNRTI
G190A 0.397 15.76% 0.001 0.01 NNRTI
M230L 0.568 32.26% 0.000 0.01 NNRTI
Y181l G190A 0.360 12.96% 0.003 0.01 NNRTI
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C. Within NRTI resistance mutations

NRTI- Co-mutation  Pearson % Significance Significance P Resistance Class
Mutation Correlation  covarianc p value value at <= of co-Mutaion
e (2-tailed)
M41L D67N 0.259 6.71% 0.003 0.01 NRTI
L74V 0.312 9.73% 0.011 0.05 NRTI
V75l 0.445 19.80% 0.000 0.01 NRTI
M184V 0.331 10.96% 0.007 0.01 NRTI
L210W 0.642 41.22% 0.000 0.01 NRTI
T215Y 0.533 28.41% 0.000 0.01 NRTI
T215F 0.293 8.58% 0.000 0.01 NRTI
D67N K70R 0.490 24.01% 0.000 0.01 NRTI
M184V 0.309 9.55% 0.012 0.05 NRTI
L210W 0.367 13.47% 0.002 0.01 NRTI
T215F 0.475 22.56% 0.000 0.01 NRTI
K219E 0.334 11.16% 0.006 0.01 NRTI
K219Q 0.573 32.83% 0.006 0.01 NRTI
K70R M184| 0.294 8.64% 0.017 0.05 NRTI
M184V 0.266 7.08% 0.031 0.05 NRTI
T215F 0.403 16.24% 0.001 0.01 RNTI
K219E 0.294 8.64% 0.017 0.01 NRTI
K219Q 0.620 38.44% 0.000 0.01 NRTI
L74V T215Y 0.277 7.67% 0.024 0.05 NRTI
V75l L210W 0.252 6.35% 0.042 0.05 NRTI
T215F 0.513 26.32% 0.000 0.01 NRTI
M184l K219Q 0.334 11.16% 0.006 0.01 NRTI
M184V L210W 0.263 6.92% 0.033 0.05 NRTI
T215Y 0.372 13.84% 0.002 0.01 NRTI
T215F 0.287 8.24% 0.020 0.05 NRTI
K219Q 0.309 9.55% 0.012 0.05 NRTI
L210W T215Y 0.566 32.04% 0.000 0.01 NRTI
T215F K219E 0.360 12.96% 0.003 0.01 NRTI
K219Q 0.324 10.50% 0.008 0.01 NRTI
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D. Between PI resistance and NRTI/NNRTI resistance mutations

PI- Co- Spearman’s % Significance  Significance  Resistance Class
Mutation  mutation correlation covariance p value P value at of co-Mutaion
coefficient (2-tailed) <=

I54A M41L 0.312 9.73% 0.110 0.05 NRTI
D67N 0.334 11.16% 0.006 0.01 NRTI
L210W 0.392 15.37% 0.001 0.01 NRTI
T215Y 0.277 7.67% 0.024 0.05 NRTI
V179D 0.568 32.26% 0.000 0.01 NNRTI
Y181l 1.000 100% 0.000 0.01 NNRTI
G190A 0.360 12.96% 0.003 0.01 NNRTI

V82A M41L 0.312 9.73% 0.110 0.05 NRTI
D67N 0.334 11.16% 0.006 0.01 NRTI
L210W 0.392 15.37% 0.001 0.01 NRTI
T215Y 0.277 7.67% 0.024 0.05 NRTI
V179D 0.568 32.26% 0.000 0.01 NNRTI
Y181l 1.000 100% 0.000 0.01 NNRTI
G190A 0.360 12.96% 0.003 0.01 NNRTI

N88S T215F 0.360 12.96% 0.003 0.01 NRTI
Y181C 0.277 7.67% 0.024 0.05 NNRTI
G190A 0.360 12.96% 0.003 0.01 NNRTI

L9OM T215F 0.360 12.96% 0.003 0.01 NRTI
Y181C 0.277 7.67% 0.024 0.05 NNRTI
G190A 0.360 12.96% 0.003 0.01 NNRTI
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E. Between NRTI and NNRTI resistance mutations

NRTI- Co-mutation  Pearson % Significance Significance P Resistance Class
Mutation Correlation covarianc p value value at <= of co-Mutaion
e (2-tailed)
M41L A98G 0.325 10.56% 0.008 0.01 NNRTI
K103N 0.265 7.02% 0.031 0.05 NNRTI
Y181l 0.312 9.73% 0.011 0.05 NNRTI
K65R Y181C 0.293 8.58% 0.017 0.05 NNRTI
D67N V179D 0.365 13.32% 0.003 0.01 NNRTI
Y181l 0.334 11.16% 0.006 0.01 NNRTI
G190S 0.334 11.16% 0.006 0.01 NNRTI
M230L 0.334 11.16% 0.006 0.01 NNRTI
K70R V106M 0.266 7.08% 0.031 0.05 NNRTI
G190S 0.294 8.64% 0.017 0.05 NNRTI
M230L 0.294 8.64% 0.017 0.05 NNRTI
L74V A98G 0.294 8.64% 0.017 0.05 NNRTI
V108I 0.392 15.37% 0.001 0.01 NNRTI
V75Si V108l 0.252 6.35% 0.042 0.05 NNRTI
F116Y V106A 1.000 100% 0.000 0.01 NNRTI
M184V A98G 0.352 12.39% 0.004 0.01 NNRTI
K101E 0.263 6.92% 0.033 0.05 NNRTI
K103N 0.350 12.25% 0.004 0.01 NNRTI
Y181C 0.277 7.67% 0.024 0.05 NNRTI
G190A 0.287 8.27% 0.020 0.05 NNRTI
L210W V101P 0.392 15.37% 0.001 0.01 NNRTI
Y181l 0.392 15.37% 0.001 0.01 NNRTI
T215Y A98G 0.378 14.29% 0.002 0.01 NNRTI
L101P 0.277 7.67% 0.024 0.05 NNRTI
V108I 0.283 8.01% 0.003 0.01 NNRTI
Y181l 0.277 7.67% 0.024 0.05 NNRTI
T215F G190S 0.360 12.96% 0.003 0.01 NNRTI
K219E V101P 0.392 15.37% 0.001 0.01 NNRTI
K219Q V101P 0.324 10.50% 0.008 0.01 NNRTI
G190S 0.334 11.16% 0.006 0.01 NNRTI
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3.5 Genetic Diversity of HIV Isolates from the Three Groups of
Participants

3.5.1 Subtype Diversity

3.5.1.1 Subtype diversity of HIV-1 isolates from recently infected drug-naive
participants
Five genotyping systems were employed in this genetic diversity study. Four of the five systems

used (namely, Stanford, REGA, jpHHM, and Phylogenic analysis) were employed for all
sequences. The fifth one (Simplot) was used for those sequences which gave ambiguous results
or indication of recombination from results of the other genotyping programs, particularly from

jpHHM program.

Regarding sub-typing of sequences from the recently infected individuals, the four programs
unanimously assigned subtype C to 36 of the 41 sequences; this resulted in 87.80% concordance
between them. Three separate analyses were done to determine the phylogenic relationships of
the test sequences with pure clade and CRF reference sequences: at PR and RT regions
separately, and the two combined as Pol. In all the three analyses, the 36 sequences were

unanimously identified as subtype C (Table 3.5.1 and Figures 3.5.5-3.5.7).

Because the remaining five sequences had ambiguities and produced discrepant results (Table
3.5.1), SimPlot program was run to clarify the ambiguity. One of the sequences (“Et_97-58-098”
shown at sequence No. 8 in Table 3.5.1) was sub-typed as CRF02_AG by Stanford program and
phylogenetic analysis at the Pol region (Table 3.5.1 and Figure 3.5.5). While jpHHM program
identified this sample to have a combined sequence from subtype G and B at the PR and RT

regions in the 5’ to 3’ direction, respectively (Figure 3.5.1A), REGA could not assign it to any
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particular subtype; rather, the genetic map of the sequence produced by this program has
indicated the presence of ambiguous combinations of 5’-GKFBA-3" ends (Figure 3.5.1C).
Analysis done on this sequence using SimPlot program, on the other hand, identified it to have
contained combined sequences from three subtypes 5’-GAB-3’ as indicated in Figure 3.4.1.1B.
Surprisingly, although phylogenetic analysis at the Pol region assigned this sequence to belong to
CRFO1_AG, separate phylogenetic analyses for PR and RT regions provided different results
from that of Pol: while the PR sequence clustered with references belonging to subtype G (in
agreement with the other results), the RT sequence clustered with subtype B (Figures 3.5.6 and

3.5.7).

Sequence #3: =Et 97-58-098 Viroseq-C

This sequence is related to subtype(s): B

Fragment Uncertainty Region Breakpoint Interval Fragment Fragment
Start Position Start - End Start - End End Position Subtype

Position in the original sequence [pred recombination], [recombination incl UR and BPI), [UR and BPI]

1 176 - 408 357 G
358 958 - 1224 - 1302 B
Position based on HXB2 numbering [ored recombination] [recombination _incl UR and BPIJ[UR and BPI]
2253 - 2428 - 2660 2609 G
2610 3210-3476 - 3554 B

Genome map (based on HXB2 numbering)

2293
2544 +- 116
—3343 +- 133

—3554

(517R| | gag

W .
I = R —

s
Figure 3.5.1A: Subtype identity of sequence Et_97-58-098 as determined by jpHHM base on reference

sequences (Al, A2, B, C, D, F1,F2, G, H,J, 01_AE, O, and CPZ).
Positions indicated here are based on HXB2 numbering.
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SimPlot - Query: S58088_Surveilancs

FileName: C:\Documents and Settingsiuserily Documents\PhD thesis associateditemplates for Th al

for all types of ses\Fol for s &Surveilance-58-099 txt

100

Figure 3.5.1B Subtype identity of sequence Et 97-58-098 as determined by SimPlot base on reference

sequences (A, B, C, D, G, H, J).

Positions indicated here are based on true positions in the sequence.
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Figure 3.5.1C Subtype identity of sequence Et_97-58-098 as determined byREGS Version 2.0

Env

& REGA HIV-1 Subty

OO0 OO0 CO D ENE

=h AR-ImToomre

s

Clustered with a pure subtype and CRF or sub-subtype with bootstrap >70 %, with detection of
recombination in the pure subtype bootscan, and failure to classify as a CRF or sub-subtype by

bootscan analysis.
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Table 3.5.1. Subtype assignment by five genotyping programs for sequences from recently
infected drug-naive participants

S Subt-yping by
No. | Sample ID Sub-typing  Sub-typing Sub- Sub- Phylogenyetic
by Stanford by jpHMM typing typing analyses
by REGA Pol PR R
SimPlot T
1 Surveillance-ET_97-57-137 C C ND C C C C
2 Surveillance-Et_97-57-195 C C ND C C C C
3 Surveilance-Et_97-57-224 C C ND C C C C
4 Surveilance-Et_97-57-242 C C ND C C C C
5 Surveilance-Cleaning-97-58-004 C C ND C C c C
6 Surveilance-Et_97-58-048 C C ND C C C C
7 Surveilance-Et_97-58-063 C BC C C C C C
8 Surveilance-Et_97-58-098 CRF_02AG BG ABG GKFBA AG G B
9 Surveilance-Et-97-58-116 C C ND C C C C
10 | Surveilance-Cleaning-97-58-139 C C ND C C c C
11 | Surveilance-Et_97-58-163 C BC BC BC C C C
12 | Surveilance-Cleaning-97-58-356 C C ND C C c C
13 | Surveilance-Et_97-58-477 C C ND C C C C
14 | Surveilance-Et_97-59-035 C C ND C C C C
15 | Surveilance-Cleaning-97-59-064 C C ND C C c C
16 | Surveilance-Cleaning-97-59-147 C C ND C C c C
17 | Surveilance-Et_97-59-417 C C ND C C C C
18 | Surveilance-Et_97-60-029 C C ND C C C C
19 | Surveilance-Cleaning-97-60-108 C C ND C C c C
20 | Surveilance-Et_97-60-113 C C ND C C C C
21 | Surveilance-Et_97-60-195 C C ND C C C C
22 | Surveilance-Et_97-60-208 C C ND C C C C
23 | Surveilance-Et_97-60-230 C C ND C C C C
24 | Surveilance-Et_97-60-233 C C ND C C C C
25 | Surveilance-Et-97-60-237 C C ND C C C C
26 | Surveilance-Et_97_60_239 C C ND C C C C
27 | Surveilance-Et_97-60-285 C C ND C C C C
28 | Surveilance-Et_97-60-317 C C ND C C C C
29 | Surveilance-Et_97-60-355 C C ND C C C C
30 | Surveilance-Et_97-60-375 C C ND C C C C
31 | Surveilance-Et_97-61-056 C C ND C C C C
32 | Surveilance-Et_97-61-057 ND C ND C C C C
33 | Surveilance-Et_97-61-065 C C ND C C C C
34 | Surveilance-Cleaning-97-61-073 C C ND C C c C
35 | Surveilance-Cleaning-97-61-099 C C ND C C c C
36 | Surveilance-Et_97-61-201 C C ND C C C C
37 | Surveilance-Et_97-61-304 C C ND C C C C
38 | Surveilance-Et_97-61-315 C C ND C C C C
39 | Surveilance-Cleaning-97-61-326 C C ND C C c C
40 | Surveilance-Et_97-61-421 C BC Inditerm C C C C
inate
41 | Surveilance-Cleaning-97-61-432 C C ND C C cC C




Similarly, the sequence “Surveilance-Et_97-58-063" was identified by jpHHM program to have
contained sequences of B and C at the RT and PR regions respectively (Figure 3.5.2A).
However, Stanford program and phylogenetic analyses have identified the sequence to belong
to subtype C at both regions. In agreement with the latter analyses, SimPlot also identified the
sequence as subtype C in both the PR and RT regions (Figure 3.5.2B). The third source of
discrepancy was “Surveilance-Cleaning-97-58-163, which was identified as subtype C by
Stanford program and the phylogenetic analysis but BC by jpHHM (Figures 3.5.3A). REGA
program also identified it as subtype C, but showed indication of recombination between largely
C at the 5’- end and B at the -3” end. When SimPLot was run, the result was in agreement with

that of jpHHM, namely BC (Figure 3.5.3B).

Sequence #2: >Et 97-58-063 Viroseq-C

This sequence is related to subtype(s)

Fragment Uncertainty Region Breakpoint Interval Fragment Fragment
Start Position Start - End Start - End End Position Subiype

Position in the original sequence [pred recombination], [recombination incl UR and BPI), [UR and BPI]

1 - - 413
414 - - 1302 B
Position based on HXB2 numbering [pred recombination] [recombination incl UR and BPIJ[UR and BPI]
2253 - - 2665 0
2666 - 3554 B

Genome map (based on HXE2 numbering)

2293
—2675+-12

—3554

|51TR] | gag vif | = |
[ v -
o[ ——C—

N

-

Figure 3.5.2A: Subtype identity of sequence Et_97-58-063 as determined by jpHHM base on reference
sequences (Al, A2, B, C, D, F1,F2, G, H,J, 01_AE, O, and CPZ).
Positions indicated here are based on HXB2 numbering.
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SimPlot - Query: $58063_Surveilance-Et_g
templates for Thesis\Final data for final anal

FileName: C:\Documents and Seftingsiuserikty Documents\ thesis associate lignments for all types of analyses\Pol for alignmentiRefs &Surveilance-58-063.txt
0o

88

900 950 1,000
PI: ition

Window: 200 bp, Step: 20 by, GapSirip: On, Jukes-Cantor (1-parameter

Figure 3.5.2B: Subtype identity of sequence Et_97-58-063 as determined by SimPlot as subtype C base on
reference sequences (A, B, C, D, G, H, J).
Positions indicated here are based true positions in the sequence.

Sequence #7: >Et 97-58-163 Viroseq-C

This sequence is related to subtype(s): BC

Fragment Uncertainty Region Breakpoint Interval Fragment Fragment
Start Position Start - End Start - End End Position Subiype

Position in the original sequence [pred recombination], [recombination incl UR and BPI], [UR and BPI]

1 1-257 732-821 780 C
781 - - 1196 B
Position based on HXB2 numbering [pred recombination] recombination incl UR and BPIJ[UR and BPI]
2253 2253-2509 2984 - 3073 3032 C
3033 - 34438 B
Genome map (based on HXB2 numberlng)
T T tat
[suRr| [ gag | | 1
[ vy v 3R
ver [ | |
- -

Figure 3.5.3A: Subtype identity of sequence Et_97-58-163 as determined by jpHHM base on reference
sequences (Al, A2, B, C, D, F1, F2, G, H, J, 01_AE, O, and CPZ).
Positions indicated here are based on HXB2 numbering.
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Smeiot - Quary; S28163_Survellance-E1_97-58-183
FiieName: C:\Documents and Settngsiuserilly Documents'\Ph thesis associated'templates for Thesis'\Final data for final analyses\alignments for al types of analyses'®ol for algnmenfiRefs &Survediance.58-163.0¢

Pos i 04 895

dow: 200 bo, Step: 20 bp, GapSirp: On, Jukes-Cantor (1-parameter)

Figure 3.5.3B: Subtype identity of sequence Et_97-58-163 as determined by SimPlot as subtype C base on
reference sequences (A, B, C, D, G, H, J).

Positions indicated here are based on true positions in the sequence.

The last two problematic sequences were “Et_97-61-057" and “Et_97-61-421". The former could
not be genotyped by the Stanford program, but was sub-typed as C by phylogenetic analysis,
jpHHM, and REGA (not shown). SimPlot analysis could not clearly define the subtype of
“Et_97-61-057”. On the other hand, sequence “Et_97-61-421” was identified as BC by jpHMM

(Figure 3.5.4A) and subtype C by the other programs except SimPlot, which could not clearly

determine the subtype (Figure 3.5.4B).
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Sequence #4: >Et 97-61-421 Viroseq-C

This sequence is related to subtype(s): B

Fragment Uncertainty Region Breakpoint Interval Fragment Fragment
Start Position Start - End Start - End End Position Subtype

Position in the original sequence [pred recombination], [recombination incl UR and BPI], [UR and BPI]

1 - 64 - 95 64 B
65 - 4174 -500 423 C
424 - - 1302 B
Position based on HXB2 numbering [pred recombination] [recombination incl UR and BPI][UR and BPI]
2253 - 2316-2347 2316 B
2317 - 2666 - 2752 2675 C
2676 - 3554 B
Genome map (based on HXB2 numberlng)

|sR] | gag | = 1
[ e = IR

wor [ | |

N

- -

Figure 3.5.4A: Subtype identity of sequence Et_97-61-421 as determined by jpHHM base on reference
sequences (Al, A2, B, C, D, F1,F2, G, H,J, 01_AE, O, and CPZ).
Positions indicated here are based on HXB2 numbering.

BootScan - Query: S
C:\Documents and Seftings\userilly Documents\PhD thesis associated Nov2610backitemplates for Ti

21_Surveillance-Et_87-61-421
is\Final data for final analyses\References for analyses\Pol refs\Po_BioEdit algnd only pure clades_for SimPlot.txt

3_12_1.AF051641
52 32NG082.UE3825

% of Permuted Trees
n

..-k-
S

1

{ iy

Il ’;" /
VAE\;‘

0 100 200 300 400 S00 600 TGC S00 1CGC ‘HGC 1:00 WGD 1CG 1‘CG 1CG 1DG 1‘{00 1,900 2,000 2,100

Position

Figure 3.5.4B: Subtype identity of sequence Et_97-58-421 as determined by SimPlot as subtype C base on
reference sequences (A, B, C, D, G, H, J).
Positions indicated here are based on true positions in the sequence.
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—— Surveillance-Et 97-57-224
Surveillance-Et 97-60-195
C.ET.B6.ETH2220.U46016
Surveillance-Et 97-60-355
_|: Surveillance-ET 97-57-137
Surveillance-Cleaning-97-60-108
Surveillance-Et 97-57-195
Surveillance-Et 97-59-417
Surveillance-Et 97-58-163
Surveillance-Cleaning-97-61-073
Surveillance-Et 97-60-285
Surveillance-Et 97-60-029
II— Surveillance-Et 97-61-304
Surveillance-Et 97-59-035
Surveillance-Et 97-60-230
Surveillance-Et 97-61-057
Surveillance-Et-97-58-116
Surveillance-Et-97-60-237
Surveillance-Et 97-60-317
Surveillance-Et 97 60 239
Surveillance-Et 97-61-315
Surveillance-Et 97-61-065
Surveilance-Cleaning-97-58-139
Surveillance-Et 97-58-063
Surveillance-Et 97-60-233
Surveillance-Cleaning-97-59-147
_|: Surveillance-Et 97-60-208
'  Surveillance-Cleaning-97-58-004
Surveillance-Cleaning-97-59-064
[ Surveillance-Et 97-60-113
Surveillance-Et 97-57-242
Surveillance-Et 97-58-477
Surveillance-Et 97-61-201
Surveillance-Et 97-61-056
———  Surveillance-Cleaning-97-58-356
Surveillance-Et 97-58-048
_I: Surveillance-Et 97-60-375
Surveillance-Cleaning-97-61-432

Surveillance-Cleaning-97-61-099

L————  Surveillance-Cleaning-97-61-326

——  Surveillance-Et 97-61-421

Ref.07 BC.CN.05.XJDC6431 2.EF368372
Ref .08 BC.CN.98.98CN0O06.AF286229

Ref.31 BC.BR.04.04BR142.AY727527

Ref.20 BG.CU.99.Cu103.AY586545
_l-I; Ref.23 BG.CU.03.CB347 .AY900572
Ref.24 BG.CU.03.CB471.AY900575
-  G.KE.93.HH8793 12 1.AF061641
_Ij Ref.02 AG.NG.x.IBNG.L39106
Surveillance-Et 97-58-098
I: Ref.35 AD.AF.05.05AF026.EF158043
Ref.35 AD.AF.05.05AF084.EF158040
m B.FR.83.HXB2 LAI IlIB BRU.K03455
D.TZ.01.A280.AY253311

_|— A1.KE.94.Q23 17.AF004885
AZ2.CD.97 97CDKTB48 AF286238

0.1

CPZ.CM.1998.CAMS5

Figure 3.5.5 Phylogenetic relationship of research sequence with pure clade and CRF references at the Pol
region
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Surveillance-Et 97-58-477-RT
Surveillance-Et 97-61-056-RT
Surveillance-Et 97-680-208-RT
Surveillance-Et 97-61-201-RT
Surveillance-Cleaning-97-61-432-RT
Surveillance-Cleaning-97-59-064-RT
Surveillance-Et 97-60-113-RT
Surveillance-Cleaning-97-58-356-RT
Surveillance-Et 97-57-242-RT
Surveillance-Cleaning-97-61-326-RT
Surveillance-Cleaning-97-61-099-RT
Surveillance-Et 97-58-063-RT
Surveillance-Et 97-680-233-RAT
Surveillance-Et 97-60-375-RT
Surveillance-Cleaning-97-58-004-RT
Surveillance-Et 97-58-048-RT
Surveillance-Et 97-61-421-RT
Surveillance-Cleaning-97-58-139-RT
Surveillance-Et 97-80-285-RT
Surveillance-Cleaning-97-61-07 3-RT
CZA.04.SK164B1.AY 772699
Sunveillance-Et 97-57-195-RAT
Surveillance-Et 97-59-417-RT
Surveillance-Et 97-58-163-RT
Surveillance-Et 97-61-304-RT
Surveillance-Et §7-80-317-RT
Surveillance-Et 97 60 239-RT

[ Surveillance-Et 97-61-315-RAT
Surveillance-Et 97-61-065-RT

Surveillance-Et-97-58-116-RT

—|: Surveillance-Et-97-60-237-RAT

Surveillance-Et 97-61-057-RT

Surveillance-Et 97-59-035-RT
F Surveillance-Et 97-60-230-RT
Surveillance-Cleaning-97-59-147-RT
| C.ET.B6.ETH2220.U46016
_|: Sunveillance-Et 97-80-355-RT
l Surveillance-Et 97-57-224-RT
-I_— Surveillance-Et 97-60-195-RT
Surveillance-ET 87-57-137-RT
_|: Surveillance-Cleaning-97-60-108-RT
Surveillance-Et 97-60-029-RT
B.FR.B3.HXB2 LAI IlIB BRU.KD3455
B.US.98.1058 11.A¥331295
Surveillance-Et 97-58-098-RT
D.TZ.01 A280.AY253311
D.UG.94.94G114.UBB824
G.KE.93.HH8793 12 1.AF0&61641
G.NG.92.92MG083.UBBB2E
A1.KE.94.Q23 17.AF004885

— A1.RW.92.92RWO00B.AB253421

AZ2.CD.97.97CDKTB48.AF286238

{ AZ.CY.94.94CY017 41.AF286237

0.1

CPZ.CM.1998.CAMS

Figure 3.5.6 Phylogenetic relationships of sequences from recently infected drug-naive patients at the RT

region.
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Surveillance-Et 97 60 239-PR
Surveillance-Et 97-61-315-PR
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Figure 3.5.7: Phylogenetic relationships of sequences from recently infected drug-naive patients at the PR

region
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3.5.1.2 Subtype diversity of HIV-1 isolates from chronically infected drug-
naive participants
A total of 84 samples from chronically infected drug naive patients were successfully sequenced

and subtyped. While 38 of these (45%) were genotyped by the ViroSeq'" assay, the rest 46
(55%) were genotyped by the In-house assay. Regarding source of samples for genotyping, 22
(26%) of the sequences used in this analysis were taken from DBS while 62 (74%) were from
plasma. All algorithms used in subtyping the sequences have agreed 100% on the identity of the
sequences in this group (Table 3.5.2 and Figures 3.5.8). All of them belonged subtype C at PR,
RT, and combined Pol region. Therefore there was no need to run the SimPlot program. This
unanimous assignment to subtype C was achieved in spite of differences in genotyping assays

(In-house vs ViroSeq) and sample sources (plasma vs DBS) used.
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C.ET.B6.ETH2220.U46016
Baseline-258Inhouse-DBS
Baseline-183ViSg-plasma
Baseline-297Inhouse-DBS
Baseline-238Inhouse-DBS
Baseline-264Inhouse-DBS
Baseline-226ViSg-plasma
Baseline-281Inhouse-plasma
Baseline-291ViSg-plasma

Baseline-293Inhouse-DBS
Baseline-295Inhouse-DBS
Baseline-343Inhouse-DBS
Baseline-318Inhouse-DBS

Baseline-248Inhouse-plasma
Baseline-318Inhouse-plasma
Baseline-235InHouse-DBS
Baseline-290Inhouse-plasma
Baseline-332ViSg-plasma
Baseline-287 Inhouse-plasma

Baseline-289ViSqg-plasma
Baseline-102ViSqg Elasma

Baseline-204ViSg-plasma
Baseline-296Inhouse-DBS

Baseline-266Inhouse-plasma
Baseline-220Inhouse-plasma
Baseline-241ViSqg-plasma
Baseline-212ViSg-plasma
Baseline-360Inhouse-plasma
Baseline-192ViSqg-plasma
Baseline-205ViSg-plasma
Baseline-321Inhouse-plasma
Baseline-154ViSg-plasma
Baseline-214Inhouse-plasma
Baseline220ViSqg-plasma
Baseline-325Inhouse-DBS
Baseline-265Inhouse-DBS
Baseline-157ViSg-plasma
Baseline-288Inhouse-DBS
Baseline-342ViSqg-plasma
Baseline-237Inhouse-plasma
Baseline-32%Inhouse-DBS
Baselien-Cleaning-222Inhouse-plasma
Baseline-261Inhouse-DBS
Baseline-165ViSg-plasma
Baseline-115ViSeg-Oct-16-2010.
Baseline-Cleaning-286lnhouse-plasma
Baseline-330Inhouse-DBS
Baseline-268ViSg-plasma
Baseline-200ViSqg-plasma

Baselin9203V|Sq plasma
Baseline-273Inhouse-DBS

Baseline-364ViSg-plasma
Baseline-190ViSg-plasma
Baseline 234InHouse-DBS
Baseline-356ViSg-plasma
Baseline-197ViSg-plasma
Baseline-274Inhouse-plasma
Baseline-339ViSg-plasma
Baseline-240Inhouse-plasma
Baseline-363ViSg-plasma
Baseline-227ViSqg-plasma
Baseline-258Inhouse-plasma
Baseline214ViSg-plasma
Baseline-315Inhouse-plasma
Baseline-155ViSg-plasma
Baseline-312ViSg-plasma
Baseline-27 1Inhouse-DES
Baseline-333inhouse-plasma
Baseline-156ViSqg-plasma
Baseline-306Inhouse-DBS
Baseline175ViSg-plasma
Baseline-347ViSg-plasma
Baseline-236InHouse-plasma
Baseline—ESOViSqﬁplasma
Baseline-337Inhouse-DBS
Baseline-253Inhouse-DBS
Basesline-262Inhouse-pasma
Baseline-345ViSg-plasma
Baseline-346Inhouse-DBS
Baseline-275ViSg-plasma
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Baseline-239Inhouse-DBS

Baseline-324ViSg-plasma
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Ref.07 BC.CMN.05.XJDCB431 2. EF3683?2

_: Ref.08 BC.CN.98.98CNODE.AF2862
Ref.31 BC.BR.04.04BR142 AY727527
G.KE.93.HHB8793 12 1.AF061641
E G.NG.92.92N(G083.Us8826
Ref.02 AG.NG.x.|BNG.L39106

3 BG.CU.03.CB347 AYO00572

Ref.2
_Ezi BG. CU 03.CB471.AY900575
Ref.20 BG.CU.99.Cu103.AY586545
B.FR.83.HXB2 LAI llIE BRU.K03455

D.UG.04.94UG114.U88824

Ref.35 AD.AF.05.05AF026.EF158043
Ref.a5 AD.AF.05. DEAF094 EF158040

A1, KE 94.Q23 17.AF00
A2.CD.97. Q?CDKTBd-S AFESGESB

0.1

CPZ.CM.1998.CAMS

Figure 3.5.8 Phylogenetic relationship of research sequences with pure clade and CRF reference

sequences



Table 3.5.2 Subtype assignment by four genotyping programs for sequences from chronically infected
drug-naive participants

Sample ID Subtype Subtype REGA Subtype by Phylogeny
by by
Stanford JpHMM

)
e
)
=~
=
3

Baseline-102ViSq-plasma
Baseline-115ViSq-plasma
Baseline-154ViSq-plasma
Baseline-155ViSq-plasma
Baseline-156ViSq-plasma
Baseline-157ViSq-plasma
Baseline-165ViSq-plasma
Baseline175ViSq-plasma
Baseline-183ViSq-plasma
Baseline-190ViSq-plasma
Baseline-192ViSq-plasma
Baseline-197ViSq-plasma
Baseline-200ViSq-plasma
Baseline203ViSq-plasma
Baseline-204ViSq-plasma
Baseline-205ViSq-plasma
Baseline-211BViSq-plasma
Baseline-212ViSq-plasma
Baseline214ViSq-plasma
Baseline220ViSq-plasma
Baseline-226ViSq-plasma
Baseline-227ViSq-plasma
Baseline-230ViSq-plasma
Baseline 234InHouse-DBS
Baseline-235InHouse-DBS
Baseline-236InHouse-plasma
Baseline-237Inhouse-plasma
Baseline-238Inhouse-DBS
Baseline-239Inhouse-DBS
Baseline-240Inhouse-plasma
Baseline-241ViSq-plasma
Baseline-253Inhouse-DBS
Baseline-258Inhouse-DBS
Baseline-259Inhouse-plasma
Baseline-264Inhouse-DBS
Baseline-265Inhouse-DBS
Baseline-266Inhouse-plasma
Baseline-269Inhouse-pasma
Baseline270ViSq-plasma
Baseline-271Inhouse-DBS
Baseline-273Inhouse-DBS
Baseline-274Inhouse-plasma

oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONO N
oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNINONONONONONONONONO N
oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo NN NI NONONONONONONONO N
oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONO N
oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNINONONONONONONONONO N
oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNINONONONONONONONONO N
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Table 3.5.2 ...Continued

Sample ID

Baseline-275ViSq-plasma
Baseline-281Inhouse-plasma
Baseline-Cleaning-286Inhouse-p
Baseline-287Inhouse-plasma
Baseline-288Inhouse-DBS
Baseline-289ViSq-plasma
Baseline-290Inhouse-plasma
Baseline-291ViSq-plasma
Baseline-293Inhouse-DBS
Baseline-295Inhouse-DBS
Baseline-296Inhouse-DBS
Baseline-297Inhouse-DBS
Baseline-306Inhouse-DBS
Baseline-311Inhouse-plasma
Baseline-312ViSq-plasma
Baseline-314Inhouse-plasma
Baseline-315Inhouse-plasma
Baseline-318Inhouse-DBS
Baseline-319Inhouse-plasma
Baseline-320Inhouse-plasma
Baseline-321Inhouse-plasma
Baselien-Cleaning-322Inhouse-p
Baseline-325Inhouse-DBS
Baseline-326Inhouse-plasma
Baseline-329Inhouse-DBS
Baseline-330Inhouse-DBS
Baseline-332ViSq-plasma
Plasma-baseline-333DR-inhouse
Baseline-334ViSq-plasma
Baseline-337Inhouse-DBS
Baseline-339ViSq-plasma
Baseline-342ViSq-plasma
Baseline-343Inhouse-DBS
Baseline-345ViSq-plasma
Baseline-346Inhouse-DBS
Baseline-347ViSq-plasma
Baseline-349Inhouse-plasma
Baseline-356ViSq-plasma
Baseline-360Inhouse-plasma
Baseline-361Inhouse-DBS
Baseline-363ViSq-plasma
Baseline-364ViSq-plasma

Subtype
by
Stanford

ocNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONOINONONONO NN

Subtype
by
JpHMM

ocoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONONOINONONONO NN

ocNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONONOINONONONO NN

REGA

Subtype by Phylogeny

Pol

ocNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONONOINONONONO NN

PR

olNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONO NN

o)
—

oloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONO MO NQ!

186



3.5.1.3 Subtype diversity of HIV-1 isolates from chronically infected drug-
experienced participants
Sixty-six samples from this group of patients were successfully sequenced and genotyped using

the In-house genotyping assay. Sequence analyses by the four genotyping programs produced
concordant subtyping results in the majority of the sequences (64/66 [96.96%]). All but two of
the concordant genotyping results identified the sequences as subtypes C (62/66 [93.93%]), the
two exceptions (2/66 [4.59%]) being identified as subtype B by all the four programs. Summaries
of the genotyping results are found in Table 3.5.3 and Figure 3.5.9-3.5.11. For the remaining two
of the 66 sequences (Table 3.4.1.3) for which discordant genotyping results was observed,
SimPlot analysis was run to resolve the discrepancies. In one of these cases (sequence
“Experienced-V1311DRZ2”), it was shown by jpHHM program that it contained a nucleotide
sequence belonging to subtype C in the first 45 nucleotides of the 5’-end, while the remaining
long fragment of the 3’, including the PR and RT regions, contained sequences belonging to
subtype B (Figure 3.5.12A). However, Stanford, REGA and phylogenetic analyses at PR and RT
separately and in combination at Pol have identified this sequence to belong to subtype C.
SimPlot analysis could not resolve the discordance observed here; rather, it produced a result

difficult to interpret (Figure 3.5. 12B).
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Table 3.5.3 Subtype assignment by four genotyping programs for sequences from chronically infected
drug-experienced participants.

ND= Not Determined

Sequence ID Subtyping  Subtyping  Subtyping Subtyping by  Subtyping by Phylogeny
by Stanford by jpHMM by REGA SimPlot Pol PR RT
Experienced-V1309DRZ2 C C C ND C C C
Experienced-V1311DRZ2 C BC C Indeterminate ~ C C C
Experienced-V1312DRZ C C C ND C C C
Experienced-V1315DRZ C C C ND C C C
Experienced-V1316DRZ C C C ND C C C
Experienced-V1317DRZ C C C ND C C C
Experienced-V1320DRZ C C C ND C C C
Experienced-V1323DRZ C C C ND C C C
Experienced-Cleaning-V1324 C C C ND C C C
Experienced-V1329DRZ C C C ND C C C
Experienced-V1330DRZ C C C ND C C C
Experienced-V1334DRZ C C C ND C C C
Experienced-Cleaning-V1342 C C C ND C C C
Experienced-V1343DRZ B B B ND B B B
Experienced-V1344DRZ C C C ND C C C
Experienced-V1349DRZ D Al1D NA Al1D D Al D
Experienced-Cleaning-V1351 C C C ND C C C
Experienced-Cleaning-V1355 C C C ND C C C
Experienced-V1356DRZ C C C ND C C C
Experienced-Cleaning-V1358 C C C ND C C C
Experienced-V1362DRZ C C C ND C C C
Experienced-V1363DRZ C C C ND C C C
Experienced-V1365DRZ C C C ND C C C
Experienced-V1370DRZ C C C ND C C C
Experienced-V1374DRZ C C C ND C C C
Experienced-V1376DRZ C C C ND C C C
Experienced-Cleaning-V1378 C C C ND C C C
Experienced-V1382DRZ C C C ND C C C
Experienced-V1383DRZ C C C ND C C C
Experienced-V1389DRZ C C C ND C C C
Experienced-V1392DRZ C C C ND C C C
Experienced-V1393DRZ C C C ND C C C
Experienced-Cleaning-V1394 C C C ND C C C
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Table 3.5.3 .... continued

Sequence ID Subtyping  Subtyping  Subtyping  Subtyping by  Subtyping
by Stanford by jpHMM by REGA SimPlot by
Phylogeny
Pol PR RT
Experienced-V1404DRZ C C C ND C C C
Experienced-V1408DRZ C C C ND C C C
Experienced-V1415DRZ C C C ND C C C
Experienced-Cleaning-V1421 C C C ND C C C
Experienced-V1430DRZ C C C ND C C C
Experienced-V1431DRZ B B B ND B B B
Experienced-V1435DRZ C C C ND C C C
Experienced-V1437DRZ2 C C C ND C C C
Experienced-V1442DRZ C C C ND C C C
Experienced-Cleaning-V1448 C C C ND C C C
Experienced-Cleaning-V1604 C C C ND C C C
Experienced-V1607DRBL C C C ND C C C
Experienced-V1626DRBL C C C ND C C C
Experienced-V1641DRBL C C C ND C C C
Experienced-V1660DRBL C C C ND C C C
Experienced-V1666DRBL C C C ND C C C
Experienced-V1667DRBL C C C ND C C C
Experienced-V1676DRBL C C C ND C C C
Experienced-V1679DRBL C C C ND C C C
Experienced-V1682DRBL C C C ND C C C
Experienced-Cleaning-V1692 C C C ND C C C
Experienced-V1694DRBL C C C ND C C C
Experienced-V1696DRBL C C C ND C C C
Experienced-V1699DRBL C C C ND C C C
Experienced-V1505 C C C ND C C C
Experienced-V1512 C C C ND C C C
Experienced-V1514 C C C ND C C C
Experienced-V1955 C C C ND C C C
Experienced-V1971 C C C ND C C C
Experienced-V1905 C C C ND C C C
Experienced-V1578 C C C ND C C C
Experienced-V1580 C C C ND C C C
Experienced-V1587 C C C ND C C C

189



Experienced-Cleaning-¥1358
Experienced-V1363DRZ
Experienced-V1382DRZ
Experienced-\VV1316DRZ
Experienced-V 1505
Experienced-\V1676DRBL
Experienced-Cleaning-V1342
_l——E:-:perienced-V1699DHBL
Experienced-\V 16670DREL
Experienced-V 1512
Experienced-V1311DRZ2
Experienced-V1330DRZ
Experienced-\'1435DRZ
Experienced-V1393DRZ
C.ET.86.ETH2220.U46016

Experienced-W1578
Experienced-V1329DRZ
Experienced-\V16600RBL

Experienced-V1868DREL
Experienced-VV1607DRBL
Experienced-\VV 16940 REL
Experienced-V1317DRZ

@erienced—\f 1641DRBL

Experienced-V 1356DRZ
Experienced-V13650RZ
Experienced-V1376DRZ

Experienced-V1971
Experienced-VW1408DRZ

Experienced-V1362DRZ
Experienced-V 1374DRZ

Experienced-V13200RZ
Experienced-V1626DRBL
Experienced-Cleaning-V1448
Experienced-V1309DRZ2

Experienced-\ 1905
Experienced-\V 1382DRZ

Experienced-V 1955
Experienced-Cleaning-V 1692

rienced-V1312DRZ

g
Experienced-\'1334DRZ
Experienced-V1344DRZ

l-—:BperienceGCIeamngrw355

Experienced-V 1580
Experienced-V1430DRZ

Experienced-\V1679DRBL

Experienced-V1389DRZ
Experienced-V1404DR7Z
Experienced-\V14150DRZ

Experienced-Cleaning-V1378
Experienced-\V1370DRZ

Experienced-V1442DRZ
Experienced-V1383DRZ

Experienced-\V 1587
Experienced-Cleaning-Vv1421
Experienced-WV1682DRBL

Experienced-V1437DRZ2
Experienced-V1696DREL

Experienced-V1315DRZ
— Experienced-Cleaning-V 1351
Experienced-Cleaning-V 1604
Experienced-V1323DRZ

Experienced-\V1514

Experienced-Cleaning-V 1324

Experienced-Cleaning-V1394
[ | —  Experienced-\V13990DRZ
Ref.31 BC.BR.04.04BR142 AYT27527
Ref.08 BC.CN.98.98CN006 AF286229
Ref.07 BC.CN.05.XJDCE431 2.EF388372
Ref.23 BG.CU.03.CE347 AYO00572
Ref.24 BG.CU.03.CB471.AY900575
Ref.20 BG.CU.99.Cu103 AY586545
Ref 02 AG NG xIBNG.L391086

G.KE.93 HHE793 12 1. AFDE1641
Experienced-V13430DRZ
Experienced-V1431DRZ

B.FR.83.HXEB2 LAl IlIE BRU.K03455
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Experienced-V1349DRZ
Ref.35 AD AF.05.05AF026.EF 158043
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A1.KE94.023 17 AF004885
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0.1

Figure 3.5.9 Phylogenetic relationship of sequences in the Pol region from chronically infected drug-
experienced participants with pure clade and CRF reference sequences at Pol region
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Experienced-V 1362DRZ-PR
Experienced-\V1641DREL-PR
Experienced-V16930DREBL-PR
Experienced-V1505-PR
Experienced-V1317DRZ-PR
Experienced-V1676DREBL-PR
Experienced-\V 13630DRZ-PR
Experienced-\V 1382DRZ-PR
Experienced-V1667DREBL-PR
Experienced-V1512-PR
Experienced-Cleaning-V1342-PR
Experienced-V1316DRZ-PR
Experienced-V1376DRZ-PR
Experienced-Cleaning-V 1324-PR
Experienced- Cleaning-\V1394-PR
Experienced-Cleaning-V 1351-PR
Experienced-Cleaning-V1448-PR
Experienced-V197 1-PR
Experienced-V1578-PR
C.ET.86.ETH2220.1LM6016
Experienced-V 1320DRZ-PR
Experienced-V 1626DREL-PR
Experienced-V1694DREL-PR
Experienced-\V1356DRZ-PR
Experienced-V1435DRZ-PR
Experienced-\V1607 DREL-PR
Experienced-V1666DREL-PR
Experienced-Cleaning-Vv1358-pR
Experienced-V1365DRZ-PR
Experienced-V1408DRZ-PR
Experienced-V1312DRZ-PR
Experienced-V1514-PR
C.ZA 04 SK164B1 AYT72699
Experienced-V1330DRZ-PR
Experienced-V13110DRZ2-PR
Experienced-V13230DRZ-PR
Experienced-\V1580-PR
Experienced-V1344DRZ-PR
Experienced-V1374DRZ-PR
Experienced-Cleaning-V1604-PR
Experienced-V1442DRZ-PR
Experienced-V1370DRZ-PR
Experienced-Cleaning-V 137 8-PR
Experienced-V1315DRZ-PR
_L Experienced-V1905-PR
Experienced-V1587-PR
Experienced-V1388DRZ-PR
Experienced-V1404DRZ-PR
Experienced-\V1682DREL-PR
Experienced-Cleaning-V 1355-PR
Experienced-V1399DRZ-PR
Experienced-V1430DRZ-PR
_E Experienced-V1679DREBL-PR
Experienced-V1955-PR
Experienced-V1&660DREL-PR
Experienced-V 1696DREL-PR
Experienced-V 1437 DRZ2-PR
Experienced-V1383DRZ-PR
Experienced-V1392DRZ-PR
Experienced-V1334DRZ-PR
Experienced-Cleaning-V1421-PR
Experienced-V1309DRZ2-PR
Experienced-Cleaning-v1692-PR

——— Experienced-V1415DRZ-PR
Experienced-VW1329DRZ-PR
Experienced-VW13930DRZ-PR
B.FAR.83.HXB2 LAl IlIB BRU.KD3455
Experienced-V1343DRZ-PR
Experienced-V1431DRZ-PR
B.US.98.1058 11.AY331295
DUG.94.94UG114.U88824
I— D.TZ.01.A280 AY253311
A1.KE.94.023 17.AF004885
A1.RW 92 .92RW008 . AB253421
Experienced-V1349DRZ-PR
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G.KE.93.HHE793 12 1. AF061641
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Figure 3.5.10 Phylogenetic relationship of sequences from chronically infected drug-experienced
participants with pure clade and CRF reference sequences at PR region
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Experienced-V1303DRZ2-RT
Experienced-V1905-RT
Experienced-V1382DRZ-RT
Experienced-\V 1955-RT
Experienced-V1312DRZ-RT
Experienced-\V1334DRZ-RT
Experienced-Cleaning-V1692-RT
Experienced-Cleaning-V1378-RT
Experienced-V1383DRZ-RT
Experienced-\VV1404DRZ-RT
Experienced-V1415DRZ-RT
Experienced-Cleaning-V1355-RT
Experienced-V1430DRZ-RT
Experienced-V1587-RT
Experienced-\V1580-RT
Experienced-V1442DRZ-RT
Experienced-V1679DRBL-RT
Experienced-V1370DRZ-RT
Experienced-\V 1344DRZ-RT
Experienced-Cleaning-V1421-RT
Experienced-V1374DRZ-RT
Experienced-V1383DRZ-RT
Experienced-Cleaning-V1448-RT
Experienced-VV13168DRZ-RT
Experienced-\V 1505-RT
Experienced-Cleaning-V 1358-RT
Experienced-V1382DRZ-RT
Experienced-\V1363DRZ-RT
Experienced-V1320DRZ-RT
Experienced-V1626DRBL-RT
Experienced-\V1362DRZ-RT
Experienced-V1696DRBL-RAT
Experienced-V13650DRZ-RT
Experienced-V1376DRZ-RT
Experienced-V1971-RT
Experienced-\V140BDRZ-RT
Experienced-\V 1667 DREL-RT
Experienced-V1512-RT
Experienced-V1311DRZ2-RT
Experienced-Cleaning-V1342-RT
Experienced-V1435DRZ-RT
Experienced-\V1676DREL-RT
Experienced-\WV1330DRZ-RT
Experienced-V1393DRZ-RT
Experienced-V1317DRZ-RT
Experienced-\V1894DREL-RT
Experienced-V1641DREL-RT
Experienced-\V16990DRBL-RT
C.ET.86.ETH2220.U468016
Experienced-V1578-RT
Experienced-\V1807DRBL-RT
Experienced-\V 1660DRBL-RT
Experienced-V1666DREBL-RT
Experienced-\V1328DRZ-RT
Experienced-\V 1356 DRZ-RT

C.ZA04 SK164B1.AY 772699
_5erienced-v1514-RT
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Experienced-\V 1393DRZ-RT
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Figure 3.5.11 Phylogenetic relationship of sequences from chronically infected drug-experienced
participants with pure clade and CRF reference sequences at RT region
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Sequence #2: =V1311DRZ2

This sequence is related to subtype(s): B C

Fragment Uncertainty Region Breakpoint Interval Fragment Fragment
Start Position Start - End Start - End End Position Sublype

Pasition in the original sequence [pred recombination], [recombination incl UR and BPI], [UR and BPI]

1 1-45 - 45 C
46 46 - 67 1037 B
Position based on HXB2 numbering [pred recombination] [recombination_incl UR and BPIJ[UR and BPI]
2277 2277 - 2321 - 2321 C
2322 2322 -2343 - 3311 B

Genome map (based on HXEB2 numbering)

2399+21122
3311

|51TR] | gag

| ]
I | @0 ] |

-

Figure 3.5.12A Subtype identity of sequence Experienced-V1311DRZ2 as determined by jpHHM base on
reference sequences (Al, A2, B, C, D, F1,F2, G, H, J, 01_AE, O, and CPZ).
Positions indicated here are based on HXB2 numbering.

BootScan - Query: E311_Experienced-V1311DRZ2
C:\Documents and Settings! Aty DocumentstPhD thesis iated Nov2810backitemplates for Thezis\Final data for final analyzes\References for analyses\Pol refz\Pol_BioEdit algnd only pure clades_for SimPlotbt
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100
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—B FR.83.HXB2_LALI5_BRU K02455
ETH2220. U46016
G114.U88824
HH: 6
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GAE
& GNGS2
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W of Permuted Trees
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1] 100 200 300 400 500 800 700 &0o %00 1000 1100 1200 1300 1400 1500 1600 1700 1,800 1500 2,000 2100
Position

Figure 3.5.12B: Subtype identity of sequence Et_97-58-421 as determined by SimPlot as subtype C base
on reference sequences (A, B, C, D, G, H, J).
Positions indicated here are based on true positions in the sequence.
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The other discrepant genotyping result was obtained from sequence ‘“Experienced-V1349DRZ”,
whose subtype could not be determined by the REGA program, but was identified as subtype D
by Stanford and phylogenetic analysis at the Pol region (Table 3.5.3 and Figure 3.5.9).
Phylogenetic analyses done on PR and RT regions separately have identified these sequences to
belong to subtypes Al and D, respectively. jpHHM and SimPlot, on the other hand identified,
this sequence as a recombinant A1D (Figures 3.5.13A and 3.5.13B), a complete agreement with
the separately done phylogenetic analyses for the PR and RT regions.

Sequence #2: *V1349DR72

This sequence is related to subtype(s): A1D

Fragment Uncertainty Region Breakpoint Interval Fragment Fragment
Start Position Start - End Start - End End Position Subltype

Paosition in the original sequence [pred recombination], [recombination incl UR and BPI], [UR and BPI]

1 - 292 -330 317 Al
318 - - 1039 D
Position based on HXB2 numbering [pred recombination] [recombination incl UR and BPIJ[UR and BPI]
2277 - 2568 - 2606 2593 Al
2594 - - 3315 D

Genome map (based on HXB2 numbering)

—2587 +- 19

2277
—3315

[s5UR] [ g vt || tat 1
1 S R ——

| D

Figure 3.5.13A: Subtype identity of sequence Experienced-V1349DRZ?2 as determined by jpHHM base on
reference sequences (Al, A2, B, C, D, F1,F2, G, H, J, 01_AE, O, and CPZ).
Positions indicated here are based on HXB2 numbering.
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SimPlot - Query: AD_Experienced-\1345DRZ
for Thesis\Final data for final sezAli its for all types of ses\Pol for ali feSExperienced349.txt

FileName: C:\Documents and Se s\user\ly Documents\PhD thesis associated)
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Figure 3.5.13B Subtype identity of sequence Experienced-V1349DRZ2 as determined by SimPlot as
subtype A1D base on reference sequences (A, B, C, D, G, H, J).
Positions indicated here are based on true positions in the sequence.

3.5.2 Overall Comparisons between Sequences of the three Groups.

3.5.2.1 HIV-1 Non-drug resistance mutations at drug resistance and non-drug
resistance sites

Genotypic analysis has identified a total of 24 non-drug resistance mutations among the recently
infected study participants at the drug resistance sites of the Pol region. Of these, 18 cases
involved four NNRTI non-resistance mutations at three resistance sites (A98S (15/41[37%]);
KI101R (1/41[2%]); K101Q (1/41[2%]); and V1791 (1/41[2%])). One and five cases, respectively,
were non-resistance at NRTI (K65E (1/41[2%])) and PI resistance positions (V82I (5/41[12%])).
In addition, over 47 non-resistance mutations occurred at non-resistance sites of the protease
region. The most common of these non-resistance sites were T12S (16/41[39%]); KI14R
(10/41[24%]); L191 (11/41[27%]); 115V (32/41[78%]); R41K (39/41[95%]); and L8OM

(38/41[93%]). Similarly, over 55 non-resistance mutations occurred at non-resistance sites of the
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reverse transcriptase region, the most common ones being V35T (35/41[85%]); E36A
(22/41[54%]); T39E (30/41[73%]); KI122E (35/41[85%]); D123S (21/41[51%]); D123G
(11/41[27%]); A158S (22/41[54%] K173A (35/41[85%]); K173T (14/41[34%]); and D177E

(35/41[85%]).

Among the chronically infected drug-naive participants, 24 PR mutations considered by one of
the three algorithms as resistance but not by the other two algorithms were recorded. The most
common of these were M361 (81/85[95%]); L63P (29/85[34%]); H69K (77/85[91%]); and 193L
(81/85[95%]). Five more non-resistance mutations were observed at drug resistance sites of the
PR region: V32E (1/85[1%]); N83T (1/85[1%]); N88G (3/85); N88K (1/85[4%]); and LOOW
(1/85[1%]). In addition, over 34 non-resistance mutations at PR non-resistance sites occurred
among all of participants in this study group. The four most prevalent mutations from this group
were 115V (66/85[78%]); L191 (36/85[42%]); R41K (77/85[91%] and L8IM (69/85[81%]). With
regards to occurrence of mutations at the NRTI resistance sites, four have been detected,
including M41W (1/85[1%]); D67E (1/85[1%]); V1791 (1/85[1%]); M184L (3/85[4%]). One
mutation, A62V, which is considered as resistance only by IAS-USA but not by others was also
detected in the 3/85 (4%) of the 85 sequences. Similarly, five non-resistance mutation types were
observed at NNRTI resistance sites: VI0G (1/85[1%]); A98S (26/85[31%]); L100V (1/85[1%]));
K101R (2/85[2%]); and V1791 (1/85[1%]). Fifty-two mutations at non-resistance sites to NRTIs
and NNRTIs were observed in the RT region of the Pol. Among them, those mutations with
prevalence rate of 20% or more include: V35T (74/85[87%]); E36A 43/85[51%); T39E
(67/85[69%]); S48T (29/85[34%]); KI122E (79/85[93%]); DI123S (44/85[52%]); DI123G
(19/85[22%]); 1135T (18/85[21%]); 1158S (34/85[40%]); T166R (17/85[20%]); KI173A

(68/85[80%]); Q174K (35/85[41%]); DI177E (69/85[81%]); G196K (17/85[20%]); T200A
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(76/85[89%]); Q207E (62/85[73%]); R211K (61/85[72%]); V245Q (75/85[88%]); E248D

(18/85[21%]); and D250E (23/85[27%]).

In chronically infected drug-experienced participants, six cases of a single non-resistance
mutation was observed at resistance site of the protease region, V821 (6/66[9%]). The non-
resistance sites of the protease region also harbored numerous non-resistance mutations, among
which the most common ones were T12S (60/66[91%]); 115V (48/66[73%]); L191 (19/66[29%]);
R41K (63/66[95%]); and L89IM (51/66[77]). Likewise, four non-resistance mutations were
observed at NRTI resistance sites, including T69K (1/66[2%]); T6OW (1/66[2%]); K70G
(9/66[14%]); and V75L (1/66[2%]). V179E, which is a non-resistance mutation located at
NNRTI resistance site, occurred in three (5%) of the 66 participants. The RT region in which no
mutation confers any resistance to NRTIs and NNRTIs has been also shown to have undergone
amino acid substitutions in 63 of the 66 participants. The most common (with prevalence rate of
20% or above) of these non-resistance mutations at non-resistance sites included: T20R
(17/66[26%]); V35T (55/66[83%]); E36A (41/66[62%]); T39E (46/66[70%]); T39D
(11/66[17%]); EA4OD (14/66[21%]); S48T (29/66[44%]); V60I (15/66[23%]); KI173R
(26/66[39%]); N175Y (51/66[77%]); G196N (56/66[85%]); E204Q (55/66[83%]); Q207V

(47/66[71%]); and P243S (56/66)[85%]).

3.5.2.2 Diversity and evolution of genomic composition

The overall sequence diversity of all the three groups at the Pol region was determined based on
pair-wise analysis of the sequences using default parameters in the Jukes-Cantor method using
MEGA4 (Jukes and Cantor, 1969; Tamura et al., 2007). The analyses have shown that mean

diversity calculations as the function of the number of base substitutions per site within the entire
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subpopulations was 0.005. Analysis of pair-wise average sequence evolutionary divergence
within each of the three groups of studies (within group comparison) has also shown that the
number of base substitutions per site were 0.005, 0.004, and 0.006 from sequences of recently
infected drug-naive, chronically infected drug-naive, and chronically infected drug-experienced
participants, respectively. Combining two groups together (recently infected drug-naive and
chronically infected drug-naive into one as drug-naive group) gave a within-group divergence
rate of 0.004 base substitutions per site. Similarly, estimates of evolutionary divergence over
sequence pairs between the three groups (between groups comparison) was determined as the
number of base substitutions per site using the same software. The result of this analysis showed
that average divergence between recently infected drug-naive and chronically infected drug-naive
was 0.004; while that between recently infected drug-naive and chronically infected drug-
experienced participants was 0.006. The same measurement for chronically infected drug-naive
and chronically infected drug-experienced groups was 0.005. Splitting the whole sequence only
into two groups (drug-naive and drug-experienced) has produced a mean between-groups

divergence rate of 0.005 base substitutions per site.

Sequence variability was also determined using the SNAP (Synonymous Non-Synonymous
Analysis Program) software developed for calculating synonymous and non-synonymous
substitution rates (Korber, 2000) available at the Los Alamos National Laboratory website

(www.hiv.lanl.gov). Those sequences which were identified as non-subtype C in this study were

omitted from the SNAP analyses as they had the potential to exaggerate the non-synonymous
substitutions rate. Five groupings were made for use in the SNAP analyses: the three
homogenous groups separately (recently infected drug-naive, chronically infected drug-naive,

and chronically infected drug-experienced) and two more groups made by combining chronically
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infected drug naive and chronically infected drug-experienced (Chronic infection as opposed to
recent infection) and recently infected drug-naive and chronically infected drug-naive (Drug-

naive group as opposed to drug-experienced).

Table 3.5.4 summarizes the overall mean synonymous and non-synonymous rate in the five
groupings. The highest rates for both synonymous and non-synonymous substitutions was
recorded from chronically infected drug-experienced study groups (0.134566, and 0.173064,
respectively) followed by the combined group chronically infected (0.111358 and 0.119422,
respectively) and recently infected drug-naive (0.106792 and 0.076561, respectively). Regarding
the mean non-synonymous to synonymous ratio, two groups had values >= 1: chronically

infected drug-experienced (1.2861) and the combined chronically infected (1.0724).

The cumulative mean codon-by-codon ratio of synonymous to non-synonymous substitutions
have shown striking patterns (Figure 3.5.14 Panel A-Panel E). In recently infected drug-naive
participants, non-synonymous substitutions (areas covered by heavy dashed blue lines in Figure
3.5.14 Panel A) were greater than synonymous substitutions at the first 100 codons, where the
protease region is located, and at the region in the RT located after codons 220 in the alignment
(around codon 112 in the RT protein). In the chronically infected drug-naive sequences,
synonymous substitutions were greater right from the beginning in the protease region to around
codon 260 in the alignment (roughly at codon 158 of the RT protein), after which the non-
synonymous substitution took over (Figure 3.5.14 Panel B). However, in chronically infected
drug-experienced sequences non-synonymous substitutions rate remained higher than those of

synonymous substitutions starting from the beginning at the PR region to the end of RT region
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(Figure 3.5.14 Panel C), although the extent was marginal until codon 120 in the alignment

(around codon 18 of the RT protein).

Table 3.5.4 Overall mean synonymous (ds) and non-synonymous (dn) codon substitution rates and the
non-synonymous to synonymous ratio (dn/ds) among various groups of the study.

Study groups Mean ds Mean dn dn/ds
substitutions  substitutions

Recently infected drug naive 0.106792 0.076561 0.7169

Chronically infected drug-naive 0.093497 0.076387 0.08170

Chronically infected drug-experienced 0.134566 0.173064 1.2861

Total Drug-naive 0.098613 0.07711 0.7819

Total chronically infected 0.111358 0.119422 1.0724

In contrast, the groups composed of two combinations from the three homogenous ones have
shown either nearly parallel substitution rate between synonymous and non-synonymous in the
chronic infection group (Figure 3.5.14 Panel D) or gross domination of synonymous substitutions
over non-synonymous ones in the drug-naive group (Figure 3.5.14 Panel E). Two exceptions to
these observations should be noted at codons following 260 in the alignment (around codon 170
of the RT protein) in the chronic group and the first 80 codons in both the alignment and the PR
protein in the drug-naive groups, where the non-synonymous substitution rates marginally

surpassed the synonymous substitutions.

Shannon entropy test was also used to measure site-specific sequence diversity of one group
(query) relative to another group (background). The test was performed on sequences of
nucleotide and amino acid residues from the three homogenous groups and the two combined
groups described. A total of 1037 nucleotide and 346 amino acid sites were compared from each

group of sequences (Data not shown). The highest overall mean nucleotide entropy value from
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the three homogenous sequence groups was recorded among the chronically infected drug-
experienced (0.154695) followed by recently infected drug-naive (0.134446) and chronically
infected drug-naive (0.134018). Similarly, the highest overall mean amino acid entropy value
was recorded in the chronically infected drug-experienced group (0.34868497) followed by
chronically infected drug-naive (0.25553468) and recently infected drug-naive (0.230630058).
Computation of overall mean entropy difference between the background (ancestral) and query
group has shown that the query sequence groups had greater values than the background ancestral
sequences for both nucleotide and amino acids, except for nucleotide sequence comparison
between recently infected drug-naive and chronically infected drug-naive groups, where the
background ancestral group (recently infected drug-naive) had slightly greater overall mean
values (greater by 0.000426) than its counterpart in chronically infected drug-naive group.
However, none of these overall mean entropy differences were statistically significant (P>0.05 in
all comparisons). Table 3.5.5 summarizes the overall mean entropy values among the different

sequence groups.
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Figure 3.5.14 Cumulative dS/dN codon-by-codon behavior

Panel A, Recently infected drug-naive; Panel B, Chronically infected drug-naive; Panel C, Chronically infected drug-experienced;
Panel D, Chronic infection (Chronic drug-naive and chronic drug-experienced infection); Panel E, Drug-naive (recently and
Chronically infected). Areas covered with heavy blue dashed lines indicate values in which the rate of non-synonymous substitutions
exceed the rate of synonymous substitutions
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Of the 1037 sites in the nucleotide sequences in the pairs of sequence groups under comparison,
statistically significant greater entropy values than differences were shown in 44 sites between
recent infection drug-naive Vs chronic infection drug-naive (group A); in 69 sites between recent
infection drug-naive Vs chronic infection drug-experienced (group B); in 70 sites between
chronic infection drug-naive Vs chronic infection drug-experienced (group C); in 85 sites
between all drug naive Vs drug-experienced (group D); and in 64 sites between recent infection
Vs all chronic infection (group E). In four of these five compared pairs of groups, the query
groups (but not the background groups) had more number of sites with statistically significant
greater entropy values than the differences: among group B, 44/69 for query vs 25/69 for
background; among group C, 53/70 for query vs 17/70 for background; among group D, 69/85
query vs 16/85 background; and among group E, 38/64 for query vs 26/68 for background. The
only exception was seen among group A, in which the background sequence group (not the query
group) had marginally more number of sites with statistically significant greater entropy values

than the differences (23/44 vs 21/44, respectively).

Likewise, comparisons of pairs of aligned sequences with 346 amino acid sites in ancestral
(background) and query groups of sequences have identified sites with statistically significant
greater entropy values than the difference: 26/346[7.51%] among group A; 43/346[12.43%]
among group B, 42/346[12.19%] among group C; 50/346[14.45%] among group D; and
31/346[9.0%] among group E (Table 3.5.6). In all the five scenarios of comparisons, the query
groups have produced overwhelmingly greater number of statistically significant entropy values,
accounting between the lowest 63.38% among group A to the highest 92.0% among group D. In
all the cases in which chronically infected drug-experienced group was incorporated as part of the

query sequence group, the number of statistically significant higher entropy values exceeded that
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of the background groups by at least four-fold. Splitting the amino acid sites under comparison
into PR and RT regions has shown that more statistically significant higher entropy values were
contributed by the RT region than the PR region with percentage proportions of 50%, 86.05%,
83.33%, 90.0%, and 74.19% among groups A, B, C, D, and E, respectively (computations not

shown in the table).

Results of site-by-site measurement of entropy differences between that of the background and
the query sequence sets are depicted in Figure 3.5.15 (Panels A1-E2). It is clearly visible from the
figures that more diversity, as measured by more entropy values, was observed both at nucleotide
and amino acid levels among the query sequence sets (represented by red lines below the scale 0)
rather than among the background ones (represented by red lines above the scale 0). Moreover,
except in the case of comparison A, statistically significant higher entropy values in the RT
region of the query sequence sets were localized to certain adjacent nucleotide/amino acid
sequence groups. These localized sites coincided with resistance mutation sites for NRTI and
NNRTI. If the amino acid sequence sets alone is considered, one can see the first localized sites
at about position 130 in the alignment, where the NRTI resistance mutation site M41 is situated;
the second, around position 155 extending to about 170 in the alignment, where NRTI resistance
mutation sites K65, K70, D67, L74, and V75 are situated; the third patch is around positions 200
in the alignment, where NNRTI resistance mutation sites A98, L.100, K100, K103, V106, V108]I,
as well as NRTI resistance mutation site F116Y are situated. The fourth and the fifth groups are
those immediately before positions 300 in the alignment, where NRTI resistance mutation site
M184 and NNRTI resistance mutation sites V179, Y1811, Y188, and G190A; and those after
positions 300 in the alignment, where NRTI resistance mutation sites L.210, T215, K219, and

NNRTI resistance mutation sites like P225 and M230 are concentrated.
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Table 3.5.5 Overall mean entropy values of the three homogenous and two combined groups

Background
Vs Query

Mmoo Qw >

Nucleotide Amino acid

Background  Query entropy (Hb-Hq) P-value Background Query (Hb-Hq) P-value

entropy (Hb) (Hq) entropy (Hb)  entropy (Hq)
0.134446 0.134018 0.000426 0.71703  0.230630058  0.25553468  -0.02493064 0.510723
0.13444605 0.154695 -0.020265896 0.686137  0.230630058  0.34868497  -0.11805202 0.430694
0.134018304 0.154694605 -0.0206927 0.678882  0.255534682  0.34868497  -0.09312717 0.409971
0.140634875 0.154694605 -0.014077071 0.66841851  0.258384393  0.34868497  -0.09026301  0.42315
0.13444605 0.15034104 -0.01589 0.66865  0.230630058  0.31109249  -0.08052601 0.452168

*Key for groupings: A, Recently infected drug-naive Vs Chronically infected drug-naive; B, Recently infected drug-naive Vs Chronically infected
drug-Experienced; C, Chronically infected drug-naive Vs Chronically infected drug-experienced; D, All Drug-naive Vs experienced; E, Recently
infected Vs chronically infected drug-experienced

Table 3.5.6 Summary of number of amino acid sites in homogenous and combined sequences with statistically significant greater entropy values
than the difference between the query and background entropy values

Compared groups*
(Background Vs
Query)
A Pol
B Pol
C Pol
D Pol
E Pol

Region of Test
site

Number (%) sites with statistically significant greater

entropy values than the difference

In the Query

17 (63.38%)
39 (90.70%)
36 (85.71%)
46 (92%)

25 (80.65%)

In the Background

9 (34.62%)
4 (9.30%)
6 (14.29%)
4 (8%)

6 (19.35%)

Total

26 (100%)
43 (100%)
42 (100%)
50 (100)

31 (100%)

*Key for groupings: A, recently infected drug-naive Vs chronically infected drug-naive; B, recently infected drug-naive Vs chronically infected
drug-experienced; C, chronically infected drug-naive Vs chronically infected drug-experienced; D, all drug-naive Vs experienced; E, recently

infected Vs chronically infected drug-experienced.
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Figure 3.5.15 Site-by-site nucleotide and amino acid entropy differences at Pol region between background (ancestral) and query sequence groups.
The blue lines indicate the sites at which entropy differences between the background (ancestral) and query sequences were not statistically

significant, while the red lines indicate sites at which the differences were statistically significant. The values above the scale 0 were all contributed

by the background entropy values, whereas the values below the scale 0 were those of the query sequences.

Key: Panels Al and A2, entropy differences in nucleotide and amino acid sequences, respectively, between recently infected drug-naive
background and chronically infected drug-naive query sets; Panels B1 and B2, entropy differences in nucleotide and amino acid sequences,
respectively, between recently infected drug-naive background and chronically infected drug experienced query sets of sequences; Panels C1 and
C2, entropy differences in nucleotide and amino acid sequences, respectively, between chronically infected drug-naive background and chronically
infected drug experienced query sets of sequences; Panels D1 and D2, entropy differences in nucleotide and amino acid sequences, respectively,
between all drug-naive (recent and chronic infection) background and drug-experienced query sequence sets; Panels E1 and E2, entropy
differences in nucleotide and amino acid sequences, respectively, between recent infection Background and all chronic infection query sequence

sets.
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CAHPTER 4: DISCUSSIONS
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4.1 Discussions on demographic features and clinical laboratory
measurements

4.1.1 Recently infected participants
The overall prevalence of HIV infection among the source population considered in this study,

i.e., pregnant women enrolled in the 2005 round of ANC-based sentinel, was 13.7%. This figure
was greater by 2% than the 11.7% reported by HAPCO (MOH/HAPCO, 2006). Two reasons
might attribute for this discrepancy: first, analysis in this study has included data from Federal
Police Hospital, which the HAPCO report treated separately; and second, the HAPCO report
included only three sites in its analysis of overall prevalence in Addis Ababa (MOH/HAPCO,
2006, page 37), whereas in this study all the six sites with acceptable specimen handling and
unambiguous data entry were included. HIV prevalence at specific sampling sites in this study
has also revealed that specimens collected from Federal Police Hospital had the highest estimate
(over 20%) followed by Kazanchis Clinic (over 19%), Gulele Clinic (over 14%), T/Haimnot and
Kefitenga 23 Clinics (each with over 10%), and Akaki Clinic (about 9%), in that order. Except
for the estimates for Federal Police Hospital, estimate in this study were slightly greater than

estimates in the HAPCO report (Figure 4.1.1).
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Figure 4.1.1 HIV prevalence estimates in Addis Ababa from the 2005 ANC-based sentinel sites as
reported by HAPCO (MOH/HAPCO, 2006) and in this study.

Although 300 HIV-positive samples were collected from the six sampling sites, 11 of them had
incomplete data, reducing the number of usable samples to 289. However, only 77 samples
satisfied the criteria set by WHO (Bertagnolio and Sutherland, 2005; Myatt and Bennett, 2008) in
its threshold survey schemes to investigate emergence of transmitted HIV drug resistance
varieties. The fact that only 63/77 (81.82%) eligible samples had detectable viral RNA showed
that either there were poor sample storage or sample processing practices at sample collection
sites, or use of sera samples instead of plasma samples might have resulted in this reduced viral
RNA detection. Although sera samples in general have the tendency to reduce the rate of viral
RNA detection by at about 21% (Rodriguez, et al., 1997), this could not have been the cause of
reduced detection in this study since all of the study participants were acutely infected. Under this

setting, it is unlikely for RNA level to be undetectable, regardless of the sample type. It seems,
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therefore, that poor sample storage/handling practices contributed for poor RNA detection and
genotyping performance recoded in this study. In fact, there were differences among the samples
collected from the six sites regarding success of RNA detection and genotyping: samples from
Gulele and Akaki clinics had the highest RNA detection rate (over 93%) and genotyping success
rate (over 72%), respectively. On the contrary, samples from Kazanchis clinic had the lowest
RNA detection rate (about 67%) followed by samples from Kefitegna 23 (about 77%), whereas
those from Kefitegna 23 clinic had the lowest genotyping success rate (31%) followed by those
from Kazanchis (34%), showing poor specimen handling at the latter two sites. Fortunately
though, the number of successfully genotyped samples from all the sites (41/63 [67.08%]) was
sufficient to proceed with the survey, since it met the sequential resistance testing criteria set in

the WHO Guideline.

4.1.2 Chronically infected drug-naive participants
This group consisted of chronically HIV infected persons who were eligible and ready to start on

ARV treatment. The majority of them (54.1%) were men, and over three-fourth of the study
participants in this group were 40 or below years of age, which is economically productive age
group. This figure was greater than that documented among new ART attendees in Southern
India, where about 51% of the attendees were between ages 30-40 years (Badiger et al., 2010),
and Malawi, where about 55% of the new ART attendees were below the age of 40 (van
Oosterhout et al., 2005). In addition, over 74% of the participants belonged to WHO clinical
stages III and IV. This high percentage is not unexpected since the health situation of all of the
participants was deteriorating to the extent of needing initiation of ARV therapy. However, the
proportion in this study was much greater than the proportion documented in Malawi, where only
449% of patients newly starting ART belonged to WHO stages III and IV (van Oosterhout et al.,

2005).
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The median and mean plasma viral RNA were well over 200,000 copies/ml, with peak 2.5
million copies/ml and nearly 70% of the participants having over 100,000 copies/ml. This high
baseline viral load, particularly those with >100,000 copies/ml, has been demonstrated in several
studies to be associated with poorer ARV treatment responses (Hirsch, 2005; Holmberg et al.,
2003; Langford et al., 2007). Similarly, the CD4+ T cell count was unfavorable for the majority
of the participants, with median and mean values of 103.50 and 105.95 cells/uL, respectively.
About 92% and 23% of the participants had values <200 and <50 cells/uL, respectively. Like the
case in the plasma viral RNA level, the very low baseline CD4+ cell level documented in this
study could be an indication of poor prognosis for disease progression, survival, and treatment
response, as has been shown in other similar studies (Hirsch, 2005; Holmberg er al., 2003;
Langford et al., 2007). Considering the facts that most of the participants’ WHO stage (III and
IV), very high baseline plasma viral RNA level (mean value of >420,000 copies/ml), and low
baseline CD4+ T cell level (mean value of 105.95 cells/ uL), it can be concluded that ARV
treatment in these patients started late, and that favorable treatment outcome would not be
sustained for longer period, as high nadir viral load (Langford et al., 2007; Loannidis et al., 2000)
and low CD4+ T cell count (May et al., 2010; Monforte et al., 2005) have been shown to

negatively affect later virological and immunological responses.

Although the highest viral load was recorded among women, comparison of mean viral loads
between those of women and men showed that plasma viral RNA in men (487,173 copies/ml)
was higher than that observed in women (343,512 copies/ml), though the value was not
statistically significant (p= 0.215). Same unfavorable condition was observed more on men than

women with regard to baseline CD4+ T cell level: mean CD4+T cell count in men (90.4 cells/uL)
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was significantly lower than that observed in women (124.97 cells/uL) (p= 0.017). Such higher
mean viral load and lower CD4+ T cell count in men than women was also documented in other

studies elsewhere (Kiwanuka et al., 2010; Langford et al., 2007).

4.1.3. Chronically infected drug-experienced participants
This group of participants consisted of ART treated men (over 53%) and women (over 45%),

with overall mean and median treatment duration of 42.09 months (N=262; SD=17.339) and
40.02 months (Range= 112 months), respectively. The mean and median duration of treatment
for men and women were 42.90 (Std. Error= 1.395) and 44.0 (Std. Error= 1.736) months for men
and 40.93 and 38.0 months for women, respectively. The difference in treatment duration
between the two genders was not statistically significant (p= 0.137). These data clearly
demonstrated that this group of patients was heavily treated with ARV drugs. Similarly, the
overall mean and median duration of sero-conversion were 55.38 months (SD= 25.175 months)
and 52.0 months (R=154 months), respectively, showing the degree of chronicity of the infection
in this group. There was no statistically significant differences (p= 0.330) in the mean duration of
sero-conversion between men (56.79 [Std Error= 2.020 months]) and women (53.72 [Std. Error=
2.445 months). With regard to age, the overall mean age of these participants was 37.76 years
(N=255; SD=9.822). However, men’s mean age (40.83 years) was significantly greater than that

of women’s (34.15 years) (p= 0.000).

WHO clinical stage profile of the participants has shown that over 84% of study participants in
this group belonged to the more advanced baseline WHO stages III and IV. There was no
correlation between gender and WHO stages (Spearman’s rho= 0.095, p= 0.132). Same
proportion (85%) of the two advanced WHO stages was observed in Africa from a study

comprising patients who were under ARV therapy in four scale-up cohorts (May et al., 2010).

L1+



However, baseline WHO clinical stage profile of the chronically infected treatment starting study
participants in this study showed reduced prevalence (74%) in stages III and IV compared to the
prevalence in this group (84%). The high prevalence of people in stages III and IV in this group
of participants could be because of people’s ignorance of the availability of and/or reluctance to

seek for ARV treatment services in the earlier periods of ART scaling-up.

The laboratory test data analyses have shown that mean current plasma RNA level, baseline
CD4+ T cell count, and current CD4+ T cell count were, respectively: 289,128.31 copies/ml (Std.
Error= 90946.16), 114.41 cells/uL (Std. Error= 6.22), 237.77 cells/uL (Std. Error= 10.17). Point
of concern here is that compared to patients who start ART in other places (Frater et al., 2002;
Trotta et al., 2010), participants in this study (both chronically infected drug-naive and drug-
experienced) had considerably lower mean baseline CD4+ T cell counts, showing that the
patients’ virological and immunological situations have already deteriorated when they sought
for treatment. While baseline CD4+ T cell count was found to show significant association with
subsequent immunological responses (p= 0.002) its association with current virological response
(current plasma viral RNA) was not statistically significant (p= 0.370). This direct association
between baseline CD4+ count and subsequent immunological response was also observed in a 7-
year follow-up study by Lok et al. (2010), in which patients who began ART at lower CD4 cell
counts remained to have lower CD4 cell counts (<200 cells/uL) compared to those who began
with higher CD4 counts. Similar result was documented by Lawn et al. (2006), who observed
that patients who began ART at baseline CD4+ T cell count of <50 cells/uL remained at <200
cells/uLL for longer period, although they were able to achieve equivalent or greater

immunological recovery within the first 48 weeks of ART.
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Of the 266 participants in this group, 83 (31.2%) had virological failure with >150 copies/ml.
This viremic rate is greater than the one reported in South Africa by over a fold, where only 14%
of the patients under treatment for over 12 months were reported to have detectable viral load
(El-Khatib et al., 2010). However, it is less than observed in the United States, which was
reported to be 63% (Richman et al., 2004). Fifty-one of these 83 (61%) viremic participants or
19% of all participants in this study group fell on WHO’s treatment failure category threshold of
>=5,000 (WHO, 2010). Mean plasma viral RNA level of men (345,816 copies/ml [Std. Error=
73921 copies/ml]) was greater than observed in women (183,565 copies/ml [Std. Error= 135739

copies/ml]). However, the difference was not statistically significant (p=0.404).

The importance of viral load value in predicting clinical benefits under varied CD4+ T cell
counts was emphasized by several published results. For example, it was reported that at CD4+
counts 200-350 cells/uL. patients with viral load of >300,000 copies/ml had a four-fold risk of
developing AIDS compared to those with viral load of 3000 copies/ml; and this risk was reported
to increase further with viral load of >100,000 copies/ml under any CD4+ count (Langford et al.,
2007). In a related development, it has been established that there is a gender difference in
regards to viral load at a given CD4+ T cell count. At lower CD4+ counts (e.g. <50 cells/uL),
women have greater mean viral load than men; but at higher CD4+ counts (e.g. >350 cells/uL)

women show lower mean viral load than men (Langford et al., 2007).

Quite surprisingly, however, the observation in the current study group was contrary. At both
lower CD4+ count strata (<50 cells/uL, 51-101 cells/uL, and 102-201 cells/uL) and higher CD4+
count strata (202-301 cells/uL. and 302-501 cells/uL), the number of women with higher viral

load groups (i.e, >10,001-50,000 copies/ml) was lower than that of men (Figure 4.1.2). The
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reason for this unexpected result is not clear, but it could not be because Ethiopians are different
from the other population in this regard, since participants in the chronically infected drug-naive
study group (part of this study in the previous section) followed the same pattern of more women
than men with higher viral load at low CD4+ count and lower viral load at higher CD4+ count
(see Figure 3.2.1). Rather, non-biological reasons such as poor adherence, alcohol and drug
consumptions like Chat, might have contributed for poorer virological response in men, as men

are prone to be involved in these kinds of activities more than women.
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Figure 4.1.2 Comparison of plasma viral load distribution between chronically infected drug-experienced
women and men study participants at various stratified CD4+ T cell counts

Another important observation in this study is that virological responses of the patients to the
various ART drugs varied from regimen to regimen. Plasma viral RNA detection rate for each
initial 1*' line ART drug regimen has shown the following: 26/70 (37%) for 1a (D4T-3TC-NVP),
14/28 (50%) for 1b (D4T-3TC-EFV), 20/90 (22%) for 1c (AZT-3TC-EFV), and 22/70 (31%) for

1d (AZT-3TC-NVP). However, when WHO’s virological failure criterion was considered, as
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measured by the detection of mean plasma viral RNA >5,000 copies/ml, virological failure rates
among the four 1* line ART regimens used during initiation of the treatment were 19/70 (27%)
for la (D4T-3TC-NVP), 6/28 (21%) for 1b (D4T-3TC-EFV), 10/90 (11%) for 1c (AZT-3TC-
EFV), and 15/70 (24%) for 1d (AZT-3TC-NVP). Therefore, it seems that D4T-containing
regimens (25/98 [~26%]) were less effective than AZT-containing regimens (25/160 [~16%]) in
bringing favorable virological response. Of the 55 patients for whom regimen switching was
done, 16 were switched to 2™ line while the rest 39 changed to a different 1% line. Among the
newly introduced 1* line regimens, plasma viral detection was still observed from 3/9 (33%) of
3TC-TDF-NVP, 5/28 (18%) of 3TC-TDF-EFV, 1/28 (4%) of 3TC-TDF-EFV. But strict
virological failure according to WHQO’s criterion occurred only in 1/14 (11%) of 3TC-TDF-NVP.
Of the two 2™ line regimens, plasma viral detection was observed among patients taking 3TC-
TDF-kaletra (5/14 [36%]), with mean viral load of 21,176 copies/ml, and ABC-TDF-kaletra (1/2
[50%]), with mean viral load 639 copies/ml. However, only in 1/14 (7%) of the regimen 3TC-

TDF-kaletra did virological failure occur with plasma viral load over 5,000 copies/ml.

4.2 Discussions on genotypic results

4.2.1 Performance of in-house genotyping assay
The commercial assays used to detect HIV drug resistance, ViroSeq'™ HIV-1 Genotyping and

TruGene®, were developed and optimized for subtype B, the variant most prevalent in resource-
rich countries. Although the two assays have been claimed to genotype non-B subtypes as well as
the B subtype (Eshleman er al., 2005b; Jagodzinski er al., 2003), different comparative studies have

shown inconsistencies and inadequacy of the two assays to successfully genotype non-B subtypes

including recombinant forms (Beddows et al., 2003; Maes et al., 2004). This problem prompted

many investigators to develop and use In-house-brewed genotyping systems including primers

218



which could anneal to highly conserved regions in the Pol and amplify diverse subtypes (Snoek
et al., 2005). The In-house genotyping assay validated in this study under the setting of Ethiopian
HIV-1 isolates was developed in an attempt to address this problem and was optimized for the

purpose of genotyping using DBS samples (McNulty et al., 2007).

The performance of the RT-PCR primer sets in this assay in amplifying the Ethiopian isolates
was 100%, although weakly amplified products could sometimes be observed during gel
detection. Its genotyping performance relative to the commercial ViroSeq™ assay was also
100%. Comparison of the sequences produced from the In-house assay with sequence products of
ViroSeq™ commercial assay has shown that at the nucleotide level it had mean concordance of
98.72% and sensitivity of 94.26% and positive predictive value of 99.47% at the amino acid level
in the Pol region. The small discordance observed in these comparisons could largely be
attributed to operator’s interpretation discrepancies during manual editing, as this process

sometimes requires subjective decisions.

One of the important features of this assay was that it was capable of amplifying samples having
low viral load (as low as 500 copies/ml), although originally designed to amplify samples with
viral load of 1000 copies/ml. Although not many drug-resistance mutations were detected
because the samples used in this comparison were drawn from drug-naive patients, use of the
assay in the other part of this study, that involved samples from drug-experienced patients, has
demonstrated that drug-resistance mutations at the protease and reverse transcriptase sites were
well detected. In general, the performances of the In-house assay relative to the ViroSeq™
system in amplifying and genotyping HIV-1 Ethiopian isolates were more than satisfactory and

hence the in-house system should preferably be used since it is less expensive and technically
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less demanding. For instance, using in-house system it is possible to work with RNA samples
extracted with any RNA extraction method, unlike the ViruSeq™ system, which produces poor
amplification, if any, unless the RNA extraction is done with the system’s own extraction

method.

Owing to its capability of amplifying and genotyping fragment lengths of only about 1023 base
pair (McNulty et al., 2007), one drawback of this genotyping assay is its inability to produce
longer range fragment from the pol compared even to ViroSeq ™, which amplifies about 1800
base pair fragments (Eshleman ef al., 2005b). This calls for further optimization of the assay to
increase the length of the region to be amplified and sequenced. First of all, reports are emerging
that mutations at positions different from the commonly recognized drug resistance sites at the
protease and reverse transcriptase regions can confer resistance to the three globally used drug
classes. For example, certain mutations at gag cleavage sites such as A431V or 1437V in NC-
SP2-p6 (Dam et al., 2009), and NC/p1 cleavage site (K436A and 1437T) (Nijhuis et al., 2005)
can directly confer protease resistance in addition to compensating for fitness losses. It has also
been shown repeatedly that mutations at the connection and RNase H domains of reverse
transcriptase, which are situated out of the range of commonly genotyped RT region (the
polymerase domain), can render the mutant variant resistant to NRTI (Nikolenko et al., 2005;
Yap et al., 2007). Moreover, the enzyme integrase, the gene of which is situated in continuum
with the RT region, is part of the polyprotein Pol and the target for the drug class integrase
inhibitor. Detection of drug resistance mutations for this target will be integral part of treatment
monitoring in the future when drugs against the enzyme are introduced. Since the in-house assay
tested in this study cannot amplify and genotype this region, it would be of no help when

integrase inhibitors are introduced in the country.
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It is therefore of great benefit, while using the currently validated in-house assay, if other in-
house drug resistance genotyping systems are developed or/and optimized, or the current one
improved to cover all the gag and pol regions that are relevant for the detection of drug resistance
conferring mutations using only a single amplification and sequencing protocol. Actually, an in-
house genotyping assay already existed that was developed and optimized to detect mutations
from the whole protease and the entire reverse transcriptase (RT) gene, including the gag
cleavage site region and RNase H region (Snoeck et al., 2005). Unlike the genotyping assay
validated in the current study, which uses outer and inner primer pairs that can produce a 1023 bp
long amplicon and six sequencing primers that amplify 15-99 residues of the protease and 1-256
residues of the reverse transcriptase, the assay developed and optimized by Snoeck et al. (2005)
comprises of outer and inner pairs of primers that can produce 2878 bp and 2853 bp amplicons
respectively, and 10 sequencing primers that are capable of sequencing right from the 3’-end of
p24 to the middle of integrase region. The advantage of this assay is that it has already been
tested in all major subtypes and some CRFs of group M viruses (Snoeck et al., 2005). The
optimization it needs for adopting to our setting would be to extend the region in the 3’-end to
encompass the whole of integrase, and improve its sensitivity for subtype C and CRF02_AG to
amplify, just like the other subtypes tested, at lower RNA copy number than the 5000 copies/ml it

has demonstrated for the two subtypes.

4.2.2 Performance of DBS for detection of drug resistance mutations
After having checked the usability of the in-house assay, it was then utilized for genotyping HIV-

1 isolates from DBS and plasma samples of drug-naive patients. RNA extraction and
amplification of the target Pol region was successful in every DBS samples tested for which

plasma counterpart was available. The 100% amplification success could be due to the high viral
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load in all the samples; the minimum RNA copy in the tested DBS samples was 15,000
copies/ml. However, given success stories of amplification in other studies with similar sample
storage conditions but with viral RNA of < 2000 copies/ml (Masciotra et al., 2007), >500
copies/ml (Johannessen et al., 2009), and even from samples with undetectable viral load
(Buckton et al., 2008), it can be assumed that the assay would amplify if the samples in this study
had lower viral loads than the one observed. Yet, further work is required at lower viral load to
provide definitive conclusion, since published results from some other studies, which evaluated
the suitability of DBS to quantify plasma RNA, have reported that the highest viral load value
below which viral RNA could not be detected was 2084 copies/ml (Lofgren et al., 2009). One
more study conducted under the African settings also reported that the minimum viral loads that
could be detected from DBS samples in South Africa and Burkinafaso were 3100 and 1550
copies/ml, respectively (Viljoen et al., 2010), showing the need to evaluate performance of DBS

at low viral load under the Ethiopian setting.

Similar to the success of amplification, genotyping was also successful for all DBS samples
attempted, although the quality of some of the sequences was lower (as measured by the intensity
of noises in the chromatogram and weak peaks, compared to others but tolerable since manual
editing could fix the problems. This 100% genotyping success was remarkable when compared to
success rate reported from Cameroon (92.5%) (McNulty et al., 2007) for DBS samples stored
under comparable storage temperatures (-20°C in this study but -20°C and -70°C in the
Cameroonian study) and similar in-house genotyping assay. However, the length of storage time
was different in the two studies; it was only 2.5-4 years in this study but 6-7 years in the
Cameroonian study. Other studies which used in-house genotyping system also reported over

90% success (Johannessen et al., 2009; Youngpairoj et al., 2008). However, success rate in some
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studies which used commercial genotyping assays was very much reduced; 57.5% using ViroSeq

assay (Youngpairoj et al., 2008) and 78.8% using Trugene® (Hallack e al., 2008).

Concordance rate of genotyping between the DBS samples and their plasma counterparts in the
current study was also excellent. With nucleotide mean concordance rate of 98.84%, 98.27%, and
98.82%, for PR, RT, and Pol respectively, it must be among the most successful DBS evaluation
attempts done. Over 89% (31/35) of the DBS sequences had >98% concordance with sequences
of their plasma counterparts at the nucleotide level. Only about 11% (4/35) had concordance
between 96.34% - 97.9%. Similar scale of concordant genotyping result between DBS and
plasma samples were reported from the study of Hallack ef al. (2008), who obtained 99.3% using
Trugene®; McNulty et al. (2007), 98.1% using the same genotyping assay as in the current study;
Bertagnolio et al. (2007), with median concordance of 99.95% using a different in-house
genotyping system; and Masciotra et al. (2007), with mean 96.8% concordance using ViroSeq

assay.

Moreover, the sensitivity in this study of DBS genotyping relative to plasma genotyping at the
amino acid level was 97.08%, 96.63%, and 96.78%, for PR, RT, and Pol respectively. Hence, the
power of DBS genotyping to correctly detect the presence of a given mutation (positive
predictive value) was high: 98.83%, for PR, 98.04%, RT, and 98.57% for Pol. Taken together, it
can be concluded that HIV-1 drug resistance genotyping assay evaluated on DBS samples in this
and other similar studies have given ample evidences that DBS is appropriate for use in resource
—limited countries like Ethiopia, since it is of low cost, low demand for stringent storage
conditions (provided it is transported to the genotypic laboratory promptly; or stored at 4°C

ordinary refrigerator temperatures for a maximum of 1 year; or as long as 5-6 years if stored at -
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20°C). Although excellent genotyping results could be produced from DBS regardless of the
genotyping assay used, it is recommended that in-house assays optimized under the existing
setting be used given the superior positive rate of amplification in the in-house genotyping assays

compared to the commercial assays.

4.2.3 Discussions on drug resistance mutations

4.2.3.1 Prevalence rate of HIV-1 transmitted drug resistance mutations
The life expectancy and the quality of life of people infected with HIV have changed

dramatically since the advent of HAART (Little et al., 2002). However, this success was
accompanied with emergence and transmission of drug resistance virus variants among the
treated and newly infected persons, respectively. This problem has been restricted to the
industrialized countries, where HAART has been in use for longer time, until recently (Buckton,
2008). With recent introduction and scaling-up of HAART in resource-constraint countries, the
threat of emergence and transmission of HIV drug resistance has become a global concern
(Bennett, 2006). In Ethiopia, where ART scale-up program began since 2005, and where over
one million people are living with HIV/AIDS (UNAIDS, 2010) the magnitude of emergence and
transmitted drug resistance has not been known. This study has investigated the issue from three
groups of patients: recently HIV-1 infected ARV drug-naive pregnant women, chronically
infected supposedly ARV drug-naive but ready to start treatment, and chronically infected and

heavily treated patients.

There were a total of 129 drug-naive participants for whom genotypic drug resistance mutations
were investigated. Forty-one of these were recently infected, whereas the remaining 85 were

chronically infected. Only the former group of participants met WHQO’s criteria for consideration
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in transmitted drug resistance surveillance scheme, because they are considered least likely to be
previously exposed to ART and in whom therapy-driven drug resistance was unlikely (Myatt and
Bennett, 2008). Therefore this section of the study reports the prevalence of HIV-1 transmitted
drug resistance from genotyping data generated from the recently infected participants only. Drug
resistance mutation profile from this group of participants showed that most of the mutations
observed were polymorphic, according to the WHO’s list of transmitted drug resistance
mutations (Bennett er al., 2009). Only two PI resistance mutations (G73A and N88D) and no
major NRTI or NNRTI mutations were detected in this group, thus making transmitted drug

resistance rate in Addis Ababa about 4.9%, which falls under the category “low prevalence”.

However, extrapolating this to the whole country is difficult as drug exposure histories prior to
the 2005 scale-up could have varied from region to region. Thus, similar surveillance studies
covering major cities and towns of the country should be conducted in the future in order to
determine prevalence of transmitted drug resistance in Ethiopia. Even the rate obtained in this
study might not show the true prevalence of transmitted resistance in Addis Ababa for several
reasons. For one thing, the data were generated from population sequencing, which detects only
sequences from viral population represented by over 20% of the total population (Metzner et al.,
2005; Palmer et al., 2005). If in this study variants harboring resistance mutations were
represented in <20% of the quaispecies, the 4.9% low category might have provided a wrong
sense of safety, since drug resistant variants present even in samples with undetectable viral load
and samples in which drug resistance mutations were not detected by conventional population
sequencing were found by deep sequencing to have harbored drug resistance mutations that could
reduce the potency of the treatment (Bergroth et al., 2009; Buckton et al., 2010; Halvas et al.,

2010; Johanson et al., 2008b; Metzner et al., 2005).
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Secondly, the samples for which genotyping was done were drawn from a single anatomical site,
that is serum. Drawing conclusions from analysis conducted only on serum samples could lead
into erroneous impression that reduced transmitted drug resistance prevalence exists in Addis
Ababa, while viruses from different compartments (breast milk, genital tract, semen, CSF,
PBMC, etc) could contain genetically distinct variants including those harboring drug resistance
mutations that might serve as reservoir for later dissemination (Becquart et al., 2002; Bergroth et

al., 2009; Tirado et al., 2004; Pilger et al., 2010).

Thirdly, absence of drug resistance mutation in this study could be due to reversion of previously
transmitted drug resistance into either wild type, because of reduced fitness in the absence of
drug selective pressure, or mutations that are not recognized by the current algorithms as
resistance. Progressive reversion (or disappearance) of some drug resistance mutations (such as
Y181C and K219Q of NRTI resistance mutations) into wild type or nonresistance mutations in
the absence of drug selective pressure has been documented in several studies, although some
others (such as M41L, T69N, K103N, and T215Y/F) could stay stable for longer time (Gandhi et
al., 2003; Pao et al., 2004; Turner et al., 2004). In this regard, two more mutations (V82I of
Protease in five cases, and another K65E of reverse transcriptase) occurred at their respective
resistance sites in the current study. It can therefore be assumed that these two mutations could be
revertants from the previous resistance mutations (V821 from one of the following
V82A/T/F/S/IC/M/L; and K65E from K65R). For example, reversion of the resistance mutation
V82T into non-resistance mutation V82I requires only replacing the second nucleotide ‘C’ in the
degenerate codon ‘ACU’ or ‘ACC’ or ‘ACG’ of threonine with a ‘U’ to produce ‘AUU’, ‘AUC’,

or ‘AUG’, respectively, of Isoleucine. If these six additional mutations (five cases of V82T and
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one case of K65E) were products of reversion from previously acquired drug resistance
mutations, the rate of transmitted drug resistance would have been computed to 8/41 (or nearly

20%), since they occurred in different individuals.

Another important issue is that the 4.9% resistance prevalence rate in Addis Ababa may not hold
true at this time. Samples for this study were taken in 2005 when very few people had access to
ARV treatment, since official ART scale-up began only during that year; thus little, if any,
treatment-driven drug resistance mutations could have emerged that would be transmitted to
newly infected individuals. Given that ART is widely used in this country to treat more patients
now than before, the six years elapsed time between now and the first sampling time is long
enough to change the transmission pattern. In fact this kind of observation was documented from
rural Malawi, where in just three years after commencement of ART scale-up, five out of 40
drug-naive newly diagnosed patients showed NRTI (12.5%) and four NNRTI (10%) resistance

mutations with one individual showing both (2.5%) (Bansode et al., 2010).

Several more investigations have already reported that when HIV-infected people gained back
their health upon ARV treatment, they were engaged in risky sexual activities (Elford et al.,
2002; Shafer et al., 2011), a disturbing phenomenon that would facilitate transmission of
treatment-driven drug resistance mutations to newly infected sex partners. If these risky sexual
behaviors existed in Ethiopia for the last six years (there is no reason why it would not), then
there is a very good chance that transmitted resistance will have already increased substantially,
since virological failure among heavily treated patients has already reached 31.2%, and
treatment-driven resistance for NRTI, NNRTI and double class drug resistance mutations reached
over 65%, 70% and 60% respectively (reported in this study elsewhere in the section addressing

227



drug resistance mutations in drug-experienced patients). Thus, all these shortcomings should be
taken into consideration while interpreting the currently determined 4.9% prevalence rate of
transmitted drug resistance from Addis Ababa. This, therefore, calls for undertaking a new
transmitted surveillance study, which should enlarge its scope both in the number of regional

sites, inclusion of private health institutions and diversity of study populations.

4.2.3.2 HIV-1 drug resistance mutations among chronically infected drug-
naive participants
Although this group of participants was supposed to be drug-naive, drug resistance mutations

were detected for all the three classes of ARVs, albeit in small proportions. Twenty-two drug
resistance mutations, minor and polymorphic mutations at drug resistance sites have been
detected: eight major PI resistance mutations (L231 [3.53%], L33F [3.53%], M46L [3.53%],
G48V [1.38%], 154V [3.53%], G73A [1.38%], 184C [1.38%], and L9OM [3.53%]); eight NRTI
mutations (M41L [3.53%], D67N [5.88%], L74V [3.53%], M184V/1 [2.35%], L210W [3.53%],
and T215Y [3.53%]); and 6 NNRTI mutations (A98G [1.38%], L100I [3.53%], K103N [4.71%],
Y181C [3.53%], and Y188C/H [2.35%]). Of note here is that three (3.5%) participants already
harbored type-1 Thymidine Analogue Mutations (TAMs), which confer higher level reduction in

clinical response and cross resistance to ABC, ddI, and TDF (Shafer and Schapiro, 2008).

This drug resistance mutation profile is different from that obtained from drug-naive patients in
North Western Ethiopia, where no major PI resistance mutations were detected but 1.1% and
2.2% of these people harbored V751 (NRTI resistance) and GI190A (NNRTI resistance)
respectively (Kassu et al., 2007), both of which absent in the current study. However, studies
from elsewhere on ART starting drug-naive patients have reported more-or-less similar

prevalence rate for the above mutations detected in the current study. For example, a study
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carried out in Mexico to determine prevalence rate of drug resistance mutations from chronically
infected drug-naive patients has found that prevalence of NRTI resistance mutations T215Y/C,
F77L, D67N/S, and M184V was at the rate of 3% for the first two, and 2% for the latter two
(Escoto-Delgadillo et al., 2005). This is in addition to an overall resistance detection rate of 6%
to delavirdine and nevirapine, 4% to efavirenz, and 2% nelfinavir (Escoto-Delgadillo et al.,
2005). Others have reported a bit higher resistance mutation rate than the report in the current
study. Hogg et al. (2006), for instance, have reported a baseline resistance rate of 7.8% to any
class of ARV drugs among drug-naive patients. They further reported that 73.6%, 18.9%, and
7.6% of these patients exhibited resistance to one class, two classes, and three classes of ARV

drugs (Hogg et al., 2006).

Three potential sources of drug resistance mutations responsible to these drug-naive participants
could be speculated. One obvious possibility is that they might have been transmitted from
persons who were on ART. Given the fact that all of these patients were chronically infected and
therefore were seeking to start ART, it would be logical to think that transmitted resistance
mutations would not sustain this long without reverting to wild type or non-resistant forms (Pao
et al., 2004), an assumption which may lead to exclude the possibility of their being transmitted.
However, there are also observations that some transmitted resistance mutations (such as K103N,
VI179E, T215Y, etc.) can persist up to 7 years without reversion (Brenner, et al., 2004). In fact,
some of the mutations detected in this study were of among these types, although some others
were among those which were observed to disappear or revert to wild type in a prolonged
absence of drug-selective pressure (Pao et al., 2004; Turner et al., 2004). It is thus possible that

some of the mutations detected here could be transmitted.
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Another possibility for the occurrence of these resistance mutations could be due to undisclosed
previous exposure to the drugs as monotherapy or combination therapy. Again this scenario is
possible under the setting in which HIV-infected patients in Ethiopia were found just before ART
scaling-up was launched in 2005. It was documented that antiretroviral drugs were in use since
2000 prior to the launching of ART Initiative in Ethiopia in 2003; but few people had access to
these drugs from black market (MOH, 2005). Between 2003 and 2005, five ARVs were
distributed to selected Urban Dwellers Association Pharmacies and Ethiopian Red Cross
Pharmacies in Addis Ababa: three NRTIs (AZT, 3TC and D4T) and two NNRTIs (NVP and
EFV). Thus, the persons who harbored the 22 drug resistance mutations in this study might be

among those patients who had been using drugs before the scale-up.

The third possible source of the resistance mutations could be presence of already established
viral lineages that contained drug resistance mutations independent of treatment, which circulate
among HIV-infected persons even before the introduction of ART in Ethiopia. This kind of
phenomena has been documented among Ethiopians and other people elsewhere. For example,
Loemba et al. (2002) have found treatment-independent K70R and G190A naturally harbored by
ARYV drug-naive two Ethiopian Jews. Hue et al. (2009) also identified five treatment-independent
viral clusters containing mutations conferring cross-resistance to antiretroviral drugs prescribed
today in the United Kingdom. Using reconstruction of dated Phylogeny through Bayesian
Markov chain Monte Carlo inference, the authors have concluded that these reservoir lineages
originated between 1997 and 2003 and have persisted in the HIV-infected population for up to 8

years.
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In order to test if such viral reservoir viral lineages existed in Ethiopia in the early years of HIV
infections, one has to run genotyping using early sequences at the pol region. In fact, 10
previously submitted (perhaps before ART scale-up began in Ethiopia and so presumably drug-
naive) Ethiopian sequences were retrieved from the Los Alamos HIV database, and analyzed for
the presence of drug resistance mutations. Two of them already harbored multidrug resistance
mutations: PI resistance mutations L23I, M46l, F53L, 154V, V82F, 185V, L90M; NRTI
resistance mutations F77L, F116Y, Q151M; and NNRTI resistance mutations K101E, Y1811,
GI190A. As can be seen here, three of the seven PI resistance mutations detected in this study
(namely, L23I, 154V, and L90M) were already harbored in patients who were infected years
before ART roll-out; and in one of the other PI resistance mutation position detected in this
steady, there was M46L instead of M46I harbored in the earlier patients. Among NNRTI
resistance mutations, there was also a-Y 1811 mutation in the previous infection instead of Y181C
found in the current infection. This may be an indication that HIV variants already harboring

drug resistance mutations were circulating within previously infected people in Ethiopia.

Regardless of how the drug-naive patients may have acquired the resistance mutations, what is
worrying most should be the therapeutic implications of their presence when ART administration
starts. With the selective growth advantage of the mutant viruses when the infected persons are
taking ARV drugs, they proliferate and reduce the potency of the treatment (Brenner et al.,
2000). This is in addition to their involvement in flaring emergence of more drug resistance
mutations (Little et al., 2002). In support of this, several cohort investigations have already found
the link between length of treatment success and existence of resistance mutations prior to
commencement of ART. For example, Hogg et al. (2006) observed that prevalence of drug

resistance mutation to any class of ARV rose to 26.5% after the first 30 months of treatment from
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7.8% observed at baseline; and mortality was eminent with each emergence of any resistance,
particularly with NNRTI resistance mutations. Similarly, Little ez al. (2002) also reported an
increase in prevalence of multi drug resistance mutations from 3.8% at baseline to 10.2% after
treatment. This raised prevalence was accompanied with poor virological and immunological
responses: after initiation of ART, the time to viral suppression was longer and virologic failure
shorter for patients with baseline drug resistance mutations than those without (Little et al.,
2002). These and more other studies showed that prior exposure of patients to viral variants with
drug resistance mutations hamper the patients’ ART options severely. Thus, the participants in
our study with the drug resistance mutations indicated above might have suffered from poor

treatment gains.

4.2.3.3 Drug resistance mutations from drug-experienced
In this group of study, about 31% (83/266) of patients had virological treatment failure in its

loose definition of having detectable viral load (>150 copies/ml). However, only 66 of the 83
(~80%) failing samples were genotyped. About 70% of the participants from genotyped
specimens or about 55% of all viremic participants harbored at least one confirmed major drug
resistance mutation from any class. The 70% prevalence rate of drug resistance mutations among
these heavily treated patients in this report is a little lower than the rate reported from some sub-
Saharan African countries: e.g. 78% in Sweto, South Africa (El-Khatib et al., 2010) and 79% in
Cote d’Ivoire (Adje-Toure et al., 2003). But an earlier study from Gabon had reported lower rate
(58%) (Vergne et al., 2002) compared to the one reported this study. The rate in the USA and
Canada, where it was reported to be over 76% (Kantor and Katzensein, 2004; Richman et al.,
2004), is more-or-less similar to the report in the other African countries (except in Gabon). With

prevalence rate of 83% of viremic patients, drug resistance in France was reported to be slightly
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higher than the African and North American reports (Costagliola et al., 2007). It seems that
prevalence of drug resistance mutation rate seen in Africa, where ART treatment has been
introduced relatively recently, is comparable to that in North America and Europe, where ARV
treatment has been in place for more than a decade-and-half. Several reasons could be attributed
for this high prevalence: presence of resistant variants circulating among drug-naive persons prior
to treatment initiation; absence of treatment outcome monitoring tests such as viral load and drug
resistance tests; suboptimal treatment due to poor adherence or poor drug absorption or some
other factor related to the genetic background. This is alarming considering the limited

therapeutic options Africans have.

In this study, the mutation rates according to drug class were: 2/66 (3%) for any major resistance
mutation against PI, 41/66 (62%) against NRTI and 45/66 (68%) against NNRTI. While any
major RT resistance for double class NRTI and NNRTI was found 40/66 (~61%), any triple class
mutation was 2/66 (3%). The low mutation rate for PI resistance must be because the majority
patients were not exposed to PI drugs; only one of the two PI resistance harboring patients was
exposed to PI drugs. While any PI resistance mutation prevalence in this study (3%) was
comparable to other reports from Africa (South Africa, 2% [El-Khatib et al., 2010]; Cote d' Ivore,
1.5% [Adje-Toure et al., 2003]), it was much lower than those reported in resource-rich countries
(USA, 40.5% [Richman et al., 2004]; Italy 19.9% |[Tozzi et al., 2006]; and France 7%
(Costagliola et al., 2007). This shows the limited availability and hence limited use of PI drugs in

African countries.

Regarding prevalence of any NRTI resistance mutations, the finding in this study (62%) was

more-or-less closer to the one reported in other African countries (South Africa, 64% [El-Khatib
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et al., 2010)]; and Cote d' Ivore, 56.3% [Adje-Toure et al., 2003]). Whereas reports from India
(90% [Kumarasamy et al., 2009]), France (74%, [Costagliola et al., 2007]), and USA (71.4%,
[Richman et al., 2004]) showed worse NRTI resistance prevalence rate than the reports from
previously mentioned African countries including from the current study. However, the report
from Italy was much lower (28.5%, [Tozzi et al., 2006]). By comparison, resource-constraint
countries, including Ethiopia in this study, showed higher NNRTI resistance mutation rates than
resource-rich countries: 68% Ethiopia (this study); 81% South Africa (El-Khatib et al., 2010);
87% Botswana (Doualla-Bell er al., 2009), and 65% India, (Kumarasamy et al., 2009). An
exception to this generalization is the report from Cote d' Ivore, where only 3.5 % of the patients
had resistance mutations for NNRTI, which may not be surprising since only one patient was
treated with NNRTI-containing regimen (Adje-Toure et al., 2003). The prevalence in the USA,
France and Italy was 25.2% (Richman et al., 2004), 44% (Costagliola et al., 2007), and 57.7%
(Tozzi et al., 2006), respectively. It seems that where PI resistance is less, NNRTI resistance is
more (e.g. in the reports above in the USA, 40.5% for PI resistance Vs 25.2% NNRTI resistance).
In general, the data show that people in resource-limited countries who were ART treated and
who already developed resistance are left with narrower future options particularly for NNRTI

use.

Specific resistance mutations against PIs, NRTIs and NNRTIs

In regards to specific resistance mutations in each class of ART drugs detected from this study,
five major PI resistance mutations at four sites occurred among two individuals: I54A (1.51%),
V82A (2.51%), N88D/S (3.03), and L9OM (1.51%). While one of these two patients was on PI

drugs, the other was not. The latter patients might have acquired the resistant variants during
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primary infection (transmitted) or could be that the variants mutated without drug exposure from

wild type or from intermediate genetic background that is prone for change.

The most common major NRTI resistance mutations observed from successfully genotyped
viremic patients were M184V/I (59.09%), T215F/Y (27.27%), K70R (15.15%), K219Q/E
(13.64%), M41L (13.63%), D67N (12.12%), and L210W (9.09%). Although all the three type I
Thymidine analog mutations occurred individually at various rates, they were found to have
occurred simultaneously in 4 (6.1%) patients. However, individual mutations also occurred in
pairs at various rates. For example, M41L and L210W co-occurred 41.22% of the time
(p=0.000); M41L and T215Y, 28.41% of the time (p=0.000); and L210W and T215Y, 32.04% of
the time (p=0.000). Moreover, two members of type II analog D67N (2/66) and K219Q (1/66)
co-occurred with the complete battery of type I analogs. This is in addition to the occurrence of
individual members of type II analogs with members of type I analogs singly or in pairs. For
example, D67N and K70R co-occurred 24% of the time (p=0.000); D67N and T215F, 22.56% of
the time (p=0.000); D67N and K219Q, 32.83% of the time (p<0.001); D67N and K219E, 11.16%
of the time (p<0.001); K70R and T215F, 16.24% of the time (p=0.001); K70R and K219Q,

38.44% of the time (p=0.000), etc.

Figures 4.2.1.A-C summarize prevalence rates of individual resistance mutations to PI (Panel A),
NRTI (Panel B), and NNRTI (Panel C) detected in this study, and compares them with those
reported from patients of various countries distributed in four continents (Africa, Latin America,
Europe and Asia). In this comparison, it can be seen that, except for Cote d' Ivore, the most
prevalent NRTI mutation in all others was M184V/I; in Cote d' Ivore, T215F/Y was the most

prevalent one (Adje-Toure et al., 2003). In all cases including in this study, M41L, D67N, K70R
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and K219Q/E were most abundant next to M184V/I and T215F/Y. K65R and F116Y were
observed at the lowest rate in all the six countries. In fact, F116Y was reported only from this
study (4.55%), France (3%) (Costagliola et al., 2007), and Cote d' Ivore (2%) (Adje-Toure et al.,
2003). There seems country-dependent variation in the prevalence of some NRTI mutations. For
example, D67N was more prevalent in Cote d' Ivore (Adje-Toure et al., 2003), France
(Costagliola et al., 2007) and India (Kumarasamy et al., 2009) compared to the other three
countries; K70R was more abundant in Cote d' Ivore than the other countries; M184V/I was more
prevalent in India (Kumarasamy et al., 2009) than the rest countries, although Ethiopia, South

Africa and France are following having more-or-less similar rate.

The leading primary NNRTTI resistance mutation in this study was K103N (34.84%) followed by
Y181C/ (18.18%), and V106A/M (each 15.15%), L190S/A (12.12%), Y188L/C/H (4.54%).
Major secondary mutations detected included L1001 (3.03%), L101E/P/H (15.15%), P225H
(9.09%). These major secondary mutations co-occurred with the primary mutations in several
occasions: e.g., K100I and Y188L, in 14.29% of the time; and K101E and G190S, in 15.37% of
the time. Minor NNRTI resistance mutations detected include A98G (15.15%), V1081 (9.09%),
and V179D (4.54%). A different study from Italy showed reduced prevalence for most NNRTI
mutations (K103N, 14.5%; V106A, 1.4%; and comparable rate for others (Y181C/I, 17.2%)
(Rosina et al., 2000). However, reports from Southern Africa region, where subtype C is
dominating like Ethiopia, have shown an elevated rate for some mutations compared to observed
in this study (e.g. K103N, 47.9%, V106A/M, 26.6%, and Y188C/L/H 13.8% in South Africa (EI-

Khatib er al., 2010); and V106A/M 30%, Y181C 23%, and G190A ~23% in Botswana (Doualla-

Bell et al., 2009).
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Figure 4.2.1. Prevalence of selected PI (Panel A), NRTI (Panel B), and NNRTI (Panel C) resistance
mutations (in %) among Ethiopia (this study), and published reports from four other countries.

Associations of NRTI major resistance mutations observed in the context of NRTI drugs used

in the treatment

The potential therapeutic consequences of NRTI resistance mutations observed in this study are
disturbing. First of all, mutations have been detected against all the regimens used both in the
starting and the current therapy. It was found out that 33/98 (~37%) of stavudine (D4T)-
containing and 32/163 (~20%) of zidovudine (AZT)-containing regimens have developed at least
one major NRTI resistance mutations in the initial regimens. The difference between these two
regimens in selecting resistance mutations was statistically significant, more D4T than AZT
selection was observed (Mean difference of 2.6875 %; SD= 3.0048; 95 CI= 1.08632-4.28868; p=
0.003). Perhaps the toxicities associated with D4T (DHHS, 2011; WHO, 2010) could have

prompted patients to escape their dose, which would leave them under suboptimal treatment. In
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the current therapy, resistance mutations were developed 18/51 (35%), 40/155 (26%), and 7/51
(14%) against DAT-, AZT-, and Tenofovire (TDF)-containing regimens, respectively. In this
case, there was no statistically significant difference in the selection rate between D4T and AZT
(Mean difference= 4.0; SD= 9.42338; 95% CI= -9.02136-1.0213; p= 0.110). In both initial and
current therapies, all M184V, thymidine analog resistance and non-thymidine alnalog resistance
mutations have occurred against these NRTI containing regimens. For example, M184V occurred
in 19/33 (58%) of D4T- and 19/32 (59%) of AZT-containing failing regimens in the initial
therapy; and 7/18 (39%) of D4T-, 26/40 (65%) of AZT-, and 5/7 (71%) TDF-containing currently
failing regimens. This may not be surprising given that Lamivudine (3TC), the drug that selects
the mutation M184V/I (Maserati et al., 2010; Whitcomb et al., 2003), was incorporated in all of
the regimens used in treating the patients. However, the phenotypic effect of this mutation might
not be as bad as its genotypic prevalence rate since published observations have shown that this
mutation also enhances susceptibility of the viral isolates to the three background NRTI drugs

used; D4T, AZT and TDF (Diallo et al., 2003; Miller et al., 2002).

Secondly, due to the rampant prevalence of thymidine analog resistance mutations, there is a
remarkably high potential to reduce the efficiency of alternative even non-thymidine analog
NRTIs such as ABC and ddl, should next-line switching become necessary. This can be seen
clearly when one considers the high prevalence rate of failing thymidine analog NRTI regimens
against individual thymidine analog resistance mutations such as M41L (11% in D4T-containing
and 10% AZT-containing), L210W (13% in AZT-containing), T215Y and T215F (17% and 6%
respectively in D4T-containing and 15% and 10% in AZT-containing), D67N and K70R (6%
each in D4T-containing, and 15% and 23% respectively in AZT-containing regimens), along with

some compensatory mutations such as T215S/1.
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This potentially restricting therapy option will further be exacerbated by wide spread abundance
of resistance mutations usually selected by non-thymidine analogs such as abacavir (ABC) and
3TC. In this regard, K65R prevalent in 9% and 6% of failing D4T- and AZT-based regimens in
the initial and current therapy respectively, is known to render the viral isolates resistant to TDF,
ABC and 3TC (Moyle, 2001; Theys and Vandamme, 2008). It has been reported in several
published results that K65R occurs in viruses treated with D4T/ddI and ddI/3TC (Boucher et al.,
2006; Hawkins et al., 2007), or TDF/3TC pairs (Maserati et al., 2010). Moreover, occurrence in
this study of other non-thymidine analog resistance mutations such as L.74V and V75T (each 6%
in D4T-containing), V751 (3% in AZT- and 14% in TDF-containing), V7/5M (3% in AZT-
containing), and F116Y (11% in D4T- and 3% in AZT-containing) regimens constricts further
the already narrow alternative next-line treatment options, because these resistance mutations are
selected by 3TC, ddI and ABC, the latter two being components of alternative first-line and part
of the second-line regimens in the Ethiopian ARV treatment options (MOH/HAPCO, 2007b).
Figures 4.2.2 summarize prevalence of individual NRTI resistance mutations in regimens
containing AZT and D4T within initial therapy (Panel A) and regimens containing AZT, D4T,

and TDF in the current therapy regimens (Panel B).
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Figure 4.2.2 Prevalence rate of NRTI resistance mutations among treatment experienced patients by NRTI
drugs they were exposed to in the starting regimens (Panel A) and current regimens (Panel B).
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Associations of NNRTI major resistance mutations observed in the context of NNRTI drugs
used in the treatment

Because of the intrinsic low genetic barrier in the RT allosteric sites to develop resistance
mutations, occurrence of high level or multi-drug resistance with only one or two mutations at
these sites is common in settings where NNRTIs are used as background drugs in the ART
combinations (Shafer and Schapiro, 2008). In this regard, the data in this study showed
disturbingly worse results for NNRTI resistance than it did for NRTI resistance (Figures 4.2.3. A
and B). In the initial therapy, 37/163 (~27%) of treated patients with NVP-containing regimens or
21/38 (~55%) of NVP-exposed patients with genotyped viral isolates harbored at least one
NNRTI resistance mutation. Similarly, 28/98 (~29%) of patients with EFV-containing regimens
or 27/28 (96%) of EFV-exposed patients with genotyped viral isolates had at least one NNRTI
resistance mutation. There was no statistically significant difference between rates of mutations
selected by NVP and EFV in the initial therapy regimens as determined by paired T-test (t=0.423;

p=0.678), although EFV selection was slightly greater than that of NVP.

The status of resistance at the time of genotyping was 35/135 (~30%) for NVP-containing (or
35/36 (97%) of patients on NVP-containing regimen with successfully genotyped viral isolates,
and 27/108 (25%) for EFV-containing (or 27/27 (100%) of patients currently on EFV-containing
therapy with successfully genotyped viral isolates. Three persons who switched to 2" line
regimen containing 3TC-TDF-kaletra with previous exposure to EFV in the 1¥-line therapy, also
harbored the mutations V179D, Y1811, and G190A. This may suggest an evidence for the high
selection power of EFV more than NVP under the setting in this study. The difference in rates of
resistance mutations selected by NPV and EFV at the time of genotyping was not statistically

significant (t=0.353; p= 0.729), although EFV selection rate was slightly greater than that of
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NVP. Another study conducted in Brazil also found no statistically significant difference in
selecting major NNRTI resistance mutations between NVP- and EFV-containing drugs
(Medeiros et al., 2007). However, the rates of resistance mutations against NNRTI drugs among
NNRTI-exposed and genotyped patients in this study was higher than reports from other similar
studies elsewhere. For example, in Iran frequency of NNRTI resistant isolates among treatment
experienced patients was 62% for NVP while it was 45% for EFV (Hamkar et al., 2010).
Similarly, the Brazilian study found that about 43% of NVP taking and 37% EFV taking patients

for whom genotyping was done harbored NNRTI resistance mutations (Medeiros ef al., 2007).

In this study, from regimens administered at the time of genotyping, NVP preferentially selected
for 14 major resistance NNRTI mutations, EFV for 15, and 12 of these selections were common
for both. Among the most frequent NNRTI resistance mutations at the time of genotyping,
K103N was selected by NVP and EFV at the rate of 52% and 44 % respectively. Other resistance
mutations selected by the two NNRTI drugs included: A98G, 24% by NVP vs 19% by EFV;
KI101E, 19% by NVP vs 7% by EFV; Y81C, 43% by NVP vs 7% by EFV; and P225H, 5% by
NVP vs 19% by EFV. There were also some mutations selected by one of the drugs but not by
the other: K101P, 10% by NVP vs 0% by EFV; V103S, 0% by NVP vs 4% by EFV; Y1811, 0%
by NVP vs 3% by EFV; G190S, 0% by NVP vs 4% by EFV; and M230L, 5% by NVP vs 0% by

EFV.

Given documented selection of most of these mutations by both drugs (Shafer and Schapiro,
2008), it is not clear why in this study some mutations were preferentially selected by one drug
but not by the other. For example, all K101P and M230L mutations were selected by NVP but

none by EFV. On the other hand, V103S, Y1811, and G190S were all selected by EFV not by
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NVP, although they were supposed to be selected by both (Shafer and Schapiro, 2008). The
reason(s) for this discrepancy is not clear. Some unknown factors might have influenced the
pattern of emergence of these resistance mutations in this study. One possibility could be
interaction within or between classes of resistance mutations. For example, researchers have
found that simultaneous emergence of some NNRTI resistance mutations such as G190S along
with the NRTI mutation T215Y could facilitate resistance to both NNRTI and NRTI drugs
(Paolucci et al., 2007 cited in Ghosn et al., 2009). Although these two mutations were not
observed in this study, such co-emerging mutations whose importance was not determined so far
might have contributed to the observed lack of selection by one drug in this study. Moreover, it
could also be possible that some of the mutations expected to appear in this study were less
abundant so that they escaped detection by the population genotyping system used, a condition

common in population genotyping (Le et al., 2009).

Another reason could be due to the background polymorphism differences between prevalent
viral isolates in Ethiopia and those from which phenotypic and genotypic data on treatment
responses were generated, mostly HIV-1 clade B genotypic background. In this regard, existence
of impact of background polymorphism on selection of drug resistance mutations has been
ascertained by several investigations. Spira and co-workers’ studies have made many
enlightening observations regarding importance of genetic background in causing different
pattern of drug resistance among HIV-1 isolates by comparing in vivo and in vitro phenotypic
and genotypic resistance patterns between subtype B and C (Spira et al., 2003). It was shown that
(1) there were many baseline polymorphisms and silent mutations within RT and PR at sites
linked to resistance to NNRTI and NRTI in clade C (most of the work was done on clade C

isolates from Ethiopia and Botswana) compared to clade B; (ii) intrinsic resistance to NVP and
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EFV was observed in the C clade without resistance to another NNRTI drug Delavirine (DLV);
(ii1) clade C viral isolates required reduced concentration of NVP (2 uM) and EFV (0.01 uM) to
develop drug resistance mutations compared to that required for clade B, 10 uM and 1 uM,
respectively, showing that clade C is more prone to develop drug resistance mutations quickly
under elevated concentration than clade B; (iv) several novel resistance mutations could develop
in clade C when isolates were re-exposed to NVP (including A98I, A98S, K103N, V106M, etc).
In addition, it was also observed that the baseline polymorphism at codon 106 in C facilitated

development of the mutation V106M that confers resistance to EFV.
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Figure 4.2.3 Prevalence rate of NNRTI resistance mutations among treatment experienced patients by
NNRTI drugs they were exposed to in the starting regimens (Panel A) and current regimens (Panel B)

Patterns of co-variations of major resistance mutations

In view of the importance of double or multiple resistance mutations in compromising
therapeutic efficacy of the ART drugs, simultaneous occurrence of two resistance mutations in
viral isolates from each individual patient was conducted using Pearson correlation. A total of 85
statistically significant pairs of positive co-variations were detected among major resistance
mutations against the three classes of ART drugs: 2 pairs within PI, 14 pairs within NNRTI, 29
pairs within NRTI, 20 pairs between PI and NRTI/NNRTI, and 30 pairs between NRTI and
NNRTI resistance mutations. In the RT region, the most frequent co-variation was observed on

members of thymidine analog resistance mutations. Strong correlations within NRTI resistance
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mutations occurred between M41L/L210W (41%), K70R/K219Q (38%), D67N/219Q (33%), and
L210/T215Y (32%), all of which happened to be thymidine analog resistance mutations. This
kind of observation was also documented previously from subtype B viral isolates by Rhee et al.

(2007).

Strong correlations within NNRTI resistance mutations were seen in V179D/Y 1811 and
V179D/M230L, each occurring 32% of their appearances, the average being 15%. This
correlation profile is different from that reported by Reuman et al. (2010) in that these authors
found Y181C to have strong correlation with G190A, H221Y, V1081, A98G, and V179F; but in
this study, Y181C had no correlation with any of its NNRTI class counter parts. They also found
that L1001 was strongly correlated with K103N and K101P; whereas in this study, L1001 was
correlated only with Y188L in only 14% of the time. Rather, the following were among notable
NRTI-NNRTTI correlations detected in this study: K65R/Y181C (9%), F116Y/V106A (100%),
M41L/A98G (11%), T215T/A98G (15%), M184V/A98G (12%), M184V/K103N (12%),
K70R/M230L (9%), etc. It is alarming to find such high level of co-variation within and between
resistance mutations of the three classes since coexistence of relevant mutations might abrogate

treatment efficacy in all the three classes of ART drugs.

4.2.4 Discussions on subtype prevalence
A total of 191 sequences from the three groups of study participants were analyzed for subtype

assignment using five genotyping systems. There was a complete concordance between these in
184 of 191 (96%) sequences at Pol. This study clearly showed that the HIV-1 isolates genotyped
in this study were overwhelmingly dominated by subtype C (183/191 [96%]) both at the PR and
RT regions. Of the remaining eight sequences, two (~1%) were unanimously assigned to subtype

B, whereas the rest six were assigned to different subtypes by the five algorithms used. However,
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the majority of the algorithms have identified the samples to have contained recombinant
sequences: Et-97-58-098 was assigned to CRFAG-02 by Stanford and phylogenetic analysis at
the Pol region; to BG by jpHHM and phylogenetic analysis at RT and PR regions separately; and
to ABG by SimPlot. In the same way, Et_97-58-063 was assigned to BC by jpHHM; 97-58-163, to BC
by jpHHM and SimPlot; and Et_97-61-421, to BC by jpHHM. However, sequence “Et_97-61-057"
should be considered as subtype C since three of the five algorithms agreed on subtype C, and the
remaining two algorithms provided no different option. Two of the remaining discrepant
sequences were also assigned recombinant forms by at least one algorithm: V1311DRZ2, BC by
jpHMM; and V1349DRZ, A1D by jpHHM , SimPlot, and separate PR and RT phylogenetic

analysis.

It was reported right from the onset of the epidemic that subtype C was the predominant HIV-1
variant in the Ethiopian epidemic (Abebe et al., 2001; 2000; 1997; de Wit et al., 2002). However,
most of these subtyping studies were carried out either by sequencing short genomic regions such
as C2-V3 (Abebe et al., 2000; de Wit et al., 2002) or V3 region alone or peptide serotyping
(Hussein et al., 2000). The finding in this study regarding the predominance of subtype C on the
PR and RT regions provides further evidence to the already available data. Nonetheless, detection
of nine non-C subtypes including two subtype B and seven containing recombinant sequences
signifies the presence of an ongoing introduction/emergence of HIV-1 subtypes not previously
documented in Ethiopia. There were also two published reports on the presence of subtype A
(Abebe et al., 1997) and D (Hussein et al., 2000), and another on a subcluster of subtype C called
C’ (Abebe et al., 2000), all of which detected from the envelop region, but not from the PR or RT

regions.
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It is true that once a particular subtype, such an expanding subtype as subtype C, sets foot in one
region, the chance that it would be displaced by another externally introduced subtype would be
difficult, if not impossible. Nonetheless, the presence of non-C subtypes in the surrounding
countries coupled with current trend of international travel and sex trade (Perrin et al., 2003)
make absence of non-C subtypes in Ethiopia unlikely. Just to cite few examples, in a recent
assessment on subtype surveillance in Western Kenya, the region that shares boundary with
Ethiopia, subtype distribution was found to be A (51.4%), D (9.4%), C (1.4%), and 4.1%
recombinants including A1/C, A1/D, A1/A2, and A2/C (Oyaro et al., 2011). Previously subtype
distribution in Northern Kenya, another region bordering Ethiopia, was C (42%), A (43%), and D
(15%) (Khamadi et al., 2004). Another study from Nairobi on pol/env paired sequencing revealed
subtype distribution of A1/A1 (65%), A/C (9%), A1/D (7%), C/D (2%), D/D (2%), A1/A2 (2%),
G/G (2%), A2/D (2%), C/C (2%), and CRF02_ AG (7%) (Lihana et al., 2009b). Similarly,
diverse subtypes were reported from the other countries surrounding Ethiopia: subtype D (50%),
C (30%), and unspecified percentages of subtypes A and B from the Sudan (Hierholzer et al.,
2002); and subtypes C (73%), CRF 02_AG (18%), D (6%), and A (3%) from Djibouti (Maslin et

al., 2005).

Thus, lack of non-C subtypes in the previous reports in Ethiopia could not be because of their
absence, but could be because of total dependence of previous subtype analyses on envelope
sequencing. In fact, few previously produced HIV-1 sequences which were available from the

Los Alamos HIV database (http://www.hiv.lanl.gov/) were analyzed along with the sequences

produced in this study using Stanford genotyping algorithm. This analysis provided evidence that
some of the earlier varaints had a subtype composition different from C at the Pol region, where

PR and RT proteins are coded: two of them belonged to subtype CRF02_AG (sequences
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C.ET.1991. and E3099G), one to subtype CRFO1_AE (sequence AC.ET.-.2_2A1), one to subtype
Al (sequence C.ET.1991.E3099G), and one to subtype D (sequence D.ET.2003.ETH_G_230). In
addition, a previously conducted near-full length sequencing result identified an A/C recombinant
in which identities of the gag and pol genes and the major parts of the env genes were of subtype
A, whereas the regions flanking V3and the V3 domain itself was of subtype C (Sherefa et al.,

1998).

These and other reports underscore the importance of using as large genomic region as possible
to make correct subtype identification of isolates, suggesting that the PR and RT regions used in
this study to characterize subtypes of Ethiopian isolates are not still sufficient. If some more
regions such as Env and LTR were also genotyped, additional subtype profiles could have been
obtained. An important concern in this subtype studies was the discordance results that different
genotyping algorithms provided for the same set of sequence data. This problem looks universal.
For example, Holguin et al. (2008a) found that Stanford, NCBI, and REGA showed discrepant
results during subtyping of five non-B viral isolates from Spain which were identified by
Phylogenetic analysis belonging to CRF06_cpx and CRF02_AG. The discordance of these three
algorithms with each other and with phylogenetic analysis was evaluated using sequences from
PR-RT regions of pure and recombinant Non-B subtypes; it was found that there were

considerable variations between them (Holguin et al., 2008b).

In addition, availability of ART and improvement in the health status of HIV-infected patients
who are on treatment coupled with reduced HIV status disclosure rate may prompt people to
engage in risky sexual behaviors, as has been documented elsewhere (Elford et al., 2002; Shafer

et al., 2011). Besides abetting prevalence of the already high HIV drug resistance (report in this
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study) through transmission of resistant variants, this risky sexual behavior surely will lead to
superinfection among the previously infected patients with HIV variants of different genetic
background, which further amplifies diversity and emergence of recombinant variants (Gross et
al., 2004). It is therefore critical to devise a strategy to regularly undertake surveillance for

tracking the distribution of new HIV-1 genetic variants in the country.

4.2.5 Discussions on overall genetic diversity
In this study, it has been found that high rate of mutations were observed in all the three groups

of participants. However, most of the mutations were of those types which are considered either
as polymorphic in non-B subtypes in spite of their proven ability to confer resistance in subtype
B, or were secondary resistance mutations which compensate for any fitness loses. For some non-
resistance mutations, the rate of prevalence seems similar between the three groups. For example,
PR mutations M36I, H69K, 193L, 115V, and R41K were highly prevalent among all the three
groups with prevalent rate ranging between 73-95%. Similarly, RT mutations V35T, KI122E,
T200A, D177E, and V245Q were highly prevalent in all the three groups with prevalence rate of

79-87%.

For some others, however, there existed notable differences in mutation prevalence between the
three groups, whether polymorphic or secondary resistance. For example, PR mutations K14R,
GI16E, E35D, and L89M were found at greater rate among recently infected drug-naive than
among the two chronically infected groups. In fact, it looks that these mutations progressively
diminished with stages of the infection, in the order of recent drug naive, chronic drug naive, and
chronic drug experienced (e.g. K14R, 24%-19%-4%; 1.8IM, 93%-81%-77%, etc.). Conversely,
some PR mutations were more prevalent in the drug-experienced group than in the two drug-

naive groups; for example, T12S (91% among drug experienced vs 76% and 39% respectively,
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among chronic naive and recent naive groups); T74S (15% among chronic drug-experienced vs
6% among chronic naive and 5% in recent naive). In certain other instances, some PR mutations
were observed to have occurred more among chronic naive participants than both recent naive
and chronic experienced (e.g. 113V, 21% in chronic naive vs 10% in recent naive and 9% in
chronic experienced; L63P, 34% in chronic naive vs 25% in recent naive and 23% in chronic
experienced; L19I/T, 54% in chronic naive vs 34% in recent naive and 35% in chronic

experienced).

Similar patterns of non-resistance or secondary resistance mutations with more elaborated
diversity differences were observed in the RT region also. For instance, chronic drug experienced
participants harbored more of the following RT mutations than chronic naive and recent naive
participants: E36A (62% in chronic experienced vs 51% in chronic naive and 54% in recent
naive); T39D (17% in chronic experienced vs 2% in chronic naive, and 8% in recent naive);
S48T (44% in chronic experienced vs 34% each in the other two groups); K70G (14% in chronic
experienced vs 0% in each of the other two groups); K173A (62% in chronic experienced vs 8%
in chronic naive and 7% in recent naive); and F214L (12% in chronic experienced vs 2% in
chronic naive and 1% in recent naive). There were also instances in which some RT mutations
were more prevalent among recently infected drug naive than the other two groups (e.g. K49R,
15% in recent naive vs 11% in chronic naive and 8% in chronic experienced; K102Q, 12% in
recent naive vs 5% in chronic naive and 2% in chronic experienced; D123G, 27% in recent naive
vs 22% in chronic naive and 2% in chronic experienced; and A158S, 54% in recent naive vs 4%

in chronic naive and 24% in chronic experienced.
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In general, more genetic diversity was observed among chronically infected drug-experienced
and recently infected drug-naive participants at the RT region compared to diversity among
chronically infected drug naive persons. Two methods were utilized in this study to measure and
compare genetic diversity between the three groups of participants, non-synonymous to
synonymous substitution ratio and measure of Shannon entropy. It is a generally accepted
assumption that synonymous substitutions (silent mutations) are neutral and that the synonymous
substitution rate therefore approximates the neutral rate of evolution, as opposed to non-
synonymous (amino acid altering) substitutions which are caused by positive selection and hence
assumed to be diversifying selection (Doron-Faigenboim et al., 2005). The non-
synonymous/synonymous ratio (expressed as o= dn/ds) is taken as measure of selective pressure
at the protein level, in which ® =1 meaning neutral mutations, ® <1 purifying selection, and o> 1
diversifying positive selection (Yang et al., 2000). The logic behind this assumption is that when
®>1, non-synonymous mutations offer fitness advantages to the protein (individual) and have

higher fixation probabilities than synonymous mutations (Yang et al., 2000).

Using SNAP software from the Los Alamos National Library website (http://www.hiv.lanl.gov/

content/sequence/SNAP/SNAP.html), the non-synonymous and synonymous substitution rates

were computed for the three groups separately and two more combined groups. It was shown that
of the three homogenous groups, recently infected drug-naive and chronically infected drug-
experienced participants had higher rate of non-synonymous to synonymous ratio. The highest
mean non-synonymous/synonymous ratio (nearly 1.3) was scored from drug-experienced
sequences (Figures 3.5.14.1A-E and 4.2.4). Amino acid diversity in the recently infected group
was greatest approximately in the entire PR and the last one-quarter of the RT, whereas in the

drug experienced participants, the greatest non-synonymous substitutions and hence greatest

253



amino acid diversities were observed in the RT region, although the PR region also showed some
degree of non-synonymous changes (Figure 3.5.14C). On the other hand, in the larger portion of
sequences analyzed for chronically infected drug-naive patients, it was the synonymous
substitutions which were dominating throughout the sequences except in the last 50 or so codons

(Figure 3.5.14B).

06 \ / Mean ds substitutions

Mean dn substitutions

N
0.2 \ / ——dn/ds

Figure 4.2.4 Overall Mean synonymous (ds) and nonsynonymous (dn) codon substitution rates and the
nonsynonymous to synonymous ratio (dn/ds).
Key: A= Recently infected drug naive; B= Chronically infected drug-naive; C= Chronically

infected drug-experienced; D= Total Drug-naive; E= Total chronically infected

Another measure of genetic diversity used was Shannon entropy, which indicates position-
specific measure of variation in sequence alignments, and which compares two sets of aligned
sequences to determine if there is variability in one set (query) relative to the other (background)
(Fraham et al., 2004). This analysis both at the nucleotide and amino acid level has revealed that

entropy level was greater among recently infected drug naive than chronically infected drug-
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naive; among chronically infected drug experienced than both recently and chronically infected
drug naive groups (Figures 3.5.15A2, B2, C2; and 4.2.5.A and B). This shows that diversity was
greatest among chronically infected drug-experienced followed by recently infected drug-naive
participants, with more-or-less stabilized genetic changes among chronically infected drug-naive
patients. This is in complete agreement with a generally accepted assumption that one or a few
HIV variants usually initiate infection, and that certain selective forces then drive rapid evolution
of viral variants within an infected person, invoke high rate of genetic diversity within the HIV

viruses (Learn et al., 2002).

Thus, these selective forces, particularly those related to the immune response, may have
encouraged emergence of escape variants among recently infected drug naive group in this study
more than among chronically infected drug naive participants, as viral escape is significantly
more rapid (higher selective advantage) in primary infection than in chronic infection (Asquith,
2008; Asquith et al., 2006). It has been further shown that viral divergence stabilizes close to
disease onset (Lemey et al., 2007), which coincides with the stage at which chronically infected
drug-naive patients in this study were found since they were seeking ARV treatment at the time
of specimen drawing. Therefore, entropy level and non-synonymous substitution rates were
higher and synonymous substitution rates lower among recently infected drug naive compared to
those among chronically infected drug-naive participants, who showed the reverse of these

parameters.

The high entropy level and non-synonymous to synonymous ratio in chronically infected drug-
experienced patients at specific sites, largely at the RT region where nearly all drug resistance

mutations were developed, showed that drug pressure (positive selection) was responsible for this
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intensified genetic diversity in this group of patients. This is clearly visible from the entropy plot
in Figures 11.2.2B2, D2, and E2, where statistically significant high entropy levels were localized
into nearly five locations in the RT regions: around 130 in the alignment (corresponding to
position 41 in the RT), positions 155-170 in the alignment (corresponding to positions 65 up to
75 in the RT), positions 200-220 in the alignment (corresponding to around 90 to 116 in the RT),
just before positions 300 in the alignment (around positions 179 to 190 in the RT), and finally at
the 3’-end of the alignment where positions 225 and 230 are located. All these locations

contained mutations developed in response to ART drug pressure.
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Figure 4.2.5A Statistically significant mean entropy rates
Background (blue), query (red), and differences (green) between the background and query pairs of

sequence alignments at nucleotide level. A, recently infected drug-naive Vs chronically infected drug-
naive; B, recently infected drug-naive Vs chronically infected drug-experienced; C, chronically infected
drug-naive Vs chronically infected drug-experienced; D, all drug-naive Vs experienced; E, recently
infected Vs all chronically infected drug-experienced.
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CHAPTER 5: CONCLUSIONS AND
RECOMMENDATIONS
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This study has addressed five important issues related to HIV infection and HIV isolates in
Ethiopia. Data from patients in this study indicated that chronically infected drug-naive and drug-
experienced persons had long duration of sero-conversion, advanced clinical staging, very high
viral RNA load, and very low CD4+ T cell count at the time of treatment initiation. These
conditions predispose patients to require longer period for virological and immunological
treatment gains. In this study, it was observed that 31% chronically infected heavily treated
patients had virological failure with mean VL of 289,128 copies/ml, 61% of whom having viral
load of WHQO’s virological failure threshold of >5000 copies/ml. In addition, the patients were in
a poor immunological status with mean CD4+ T cell count of 237 cells/uLL and poor clinical
conditions with 84% of the patients staying at WHO stages III and IV after median treatment
duration of 40 months (over three years). All these observed unfavorable treatment outcomes
indicate that treatment starts late for most patients in Ethiopia. Perhaps the recently released
WHO’s treatment guideline might improve these poor treatment outcomes, which recommends
initiating treatment for patients with baseline CD4+ T cell count of <350 cells/uL irrespective of
clinical symptoms, and for all patients in WHO stages III and IV irrespective of CD4+ T cell

count.

This study is among few conducted in Ethiopia to understand the drug resistance mutation
profiles of HIV isolates from drug-naive and the first ever from drug-experienced patients. It has
produced information with immense practical importance. In the case of treatment-naive
individuals, transmitted HIV drug resistance was found in this study below the 5% threshold for
categorizing it as low prevalence during 2005 when ART scaling-up began. However, several

issues must be taken into consideration while interpreting this conclusion. The finding in this
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study might be an underestimate of the true prevalence of transmitted drug resistance. First, the
population sequencing method used in this study may have missed important resistant variants
since those minor resistant quasispecies represented by 20% or lower population size could not
have been detected in the sequencing. Second, the serum specimen used in the genotyping
harbors only those variants currently circulating not those variant which originally infected the
persons; variants with original resistance genetic background might be found in other sanctuary
sites such as CNS, lymph nodes, and PBMC proviruses. Third, extrapolating this low prevalence
rate to the whole country is difficult since cities/towns may have had different history of ART
exposure prior to the 2005 launching of HAART scale-up. Moreover, the fact that genotyping
was done five years before and that prevalence of treatment-driven resistance is currently

increasing indicate that the low transmitted resistance prevalence might not be the reality today.

This therefore calls for establishment of regular surveillance system in Ethiopia to monitor
prevalence of transmitted drug resistance. In view of the issues raised above, such future
surveillance attempts should diversify target populations and target sampling sites, by including
more individuals from private health service institutions and more sites from at least regional
capital cities. Although allele-specific PCR, single genome sequencing, pyro-sequencing (ultra
deep sequencing), and other more sensitive methods of detection of minority resistant variants
cannot (at the moment) replace the conventional population sequencing because of the technical
difficulty and financial constraints, future surveillance of transmitted drug resistance and baseline
drug resistance testing may benefit from sequencing the proviruses from PBMC since archived
resistant variants missed from plasma/serum could be detected from the proviruses. This only
needs same primers, same amplification and sequencing protocols, except omission of the RT-

PCR part of the procedure.
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The other important finding in this study is the detection of eight PI- (L23I [3.53%], L33F
[3.53%], M46L [3.53%], G48V [1.38%], 154V [3.53%], G73A [1.38%], 184C [1.38%], and
LI90OM [3.53%]), eight NRTI- (M41L [3.53%], D67N [5.88%], L74V [3.53%], M184V/1 [2.35%],
L210W [3.53%], and T215Y [3.53%]), and six NNRTI-resistance mutations (A98G [1.38%],
L1001 [3.53%], K103N [4.71%], Y181C [3.53%], and Y188C/H [2.35%]) at baseline among
patients who were initiating ART. The worrying part of this finding is that three (3.5%)
participants already harbored type-1 Thymidine Analog Mutations (TAMs), which confer higher
level reduction in clinical response and cross resistance to ABC, ddI, and TDF. In addition,
double class resistance mutations against NRTIs and NNRTIs were prevalent in 2.4% of the
patients, which is of concern since these two drug classes are the only ARV drugs available for

initial treatment in Ethiopia, and no drug resistance testing is done before starting ART.

Regarding drug resistance mutations among treatment-experienced patients, prevalence rates of
resistance mutations were observed 70% against any class of drugs, 62% against NRTIs, 68%
against NNRTIs, and 61% double class NRTI/NNRTI resistance mutations. Prevalence of
Thymidine analog resistance mutations (both type I and II) singly (up to 27%), in pairs (up to
41%) and all type I simultaneously (6.1%), along with non-thymidine analog resistance mutations
like M184V/I, K65R and K70R are likely to narrow options for future use of NRTI drugs
because these mutations are selected by all NRTI drugs currently used as component parts of
both 1* line and 2™ line regimens in the country. Points that deserve special attention concerning
NRTI resistance mutations are that i) M184V was the most abundant NRTI resistance mutation,
which is selected largely by 3TC (This drug is the only component part of all ART combinations

administered in Ethiopia both in the 1 and 2™ line regimens.); ii) disregarding other potential
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confounding factors, more D4T-containing regimens than AZT-containing regimens were found

to have selected for NRTI resistance mutations in the setting of this study.

The most prevalent NNRTI resistance mutations in this study (K103N, Y181C/I, VIO6A/M, and
L190S/A) were those that are naturally selected by the two NNRTI drugs administered in
Ethiopia (NVP and EFV). Unlike observations from other countries and in spite of NVP’s use in
Ethiopia for prevention of mother to child transmission, EFV was found in this study to have had
slightly greater selection power than NVP for NNRI resistance mutations; about 55% of NVP-
exposed isolates to the initial therapy regimens and 97% isolates exposed to regimens used at the
time of genotyping harbored resistance mutations against NVP, while 96% of EFV-exposed
isolates to the initial therapy regimens and 100% genotyped isolates which were exposed to EFV
regimens at the time of genotyping harbored resistance mutations against EFV. The reason could
be that more patients on EFV-containing regimens may have missed their drugs because of the
toxicity problem associated with this drug. In any case, some issues about NVP- and EFV-
associated mutations observed in this study deserve further investigations to elucidate with
certainty reasons for their occurrences: i) for unknown reason(s) some NNRTI mutations were
selected by either NVP or EFV when they should have been selected by both; ii) the mutation
P225H was found in this study among isolates selected by NVP (5%) although supposed to be

selected only by EFV.

The occurrence of PI resistance mutations among all study participants (~5% among recently
infected drug-naive, ~4% among chronically infected drug-naive, and 3% among drug-
experienced) with remote possibility of prior exposure to PI drugs (except in one case among

those drug-experienced patients) might indicate that the genetic background of HIV isolates in
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Ethiopia could favor emergence of PI resistance mutations upon widespread use of these drugs in
the future. Moreover, detection of several mutations, which are considered to confer no drug
resistance, on drug resistance positions require that they be closely investigated since absence of
their involvement in drug resistance was tested (if at all) on other isolates under different genetic

background (of both patients and viral isolates).

Taken together, NRTI and NNRTI drug resistance mutation rates observed in this study are
comparable with those reported from regions of the world (like Europe and North America),
where ART has been in use for longer time than in Ethiopia. Several reasons could be behind
emergence of these high prevalence rates in Ethiopia. Among the possible causes is unavailability
of tests such as viral load and drug resistance assays that would directly monitor treatment
outcomes and hence guide the physicians on how to make individually-tailored treatment
adjustments required for each patient. In addition, considering already known interpersonal and
even sometimes intrapersonal differences in absorbing ARV drugs by patients, and given that the
pharmacodynamics of the currently used ARV drugs in Ethiopia have not been examined under
the settings of Ethiopian patients, suboptimal treatment could be one of the possible reasons for
emergence of high resistance mutation rate within shorter time since the beginning of ART scale-
up. Poor adherence because of toxicity-associated drug-holydays might have also contributed to

suboptimal treatment, and consequently to emergence of high rates of drug resistance mutations.

In general, the treatment-driven resistance mutations observed among heavily treated individuals,
together with observations from baseline and transmitted drug resistance mutations among
chronically infected drug-naive and recently infected drug-naive persons, respectively, who

participated in this study signify that: i) other treatment options (such as use of integrase
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inhibitors and fusion inhibitors) that supplement PIs, NRTI and NNRTIs may need to be
considered for use in the near-future; ii) genotypic drug resistance testing should be considered as
part-and-parcel of HIV treatment and care in the near-future, and therefore efforts should be
made to conduct the testing just before initiation of treatment, if possible, and whenever
treatment failure is detected; iii) phenotypic drug resistance assessment should be conducted on
Ethiopian isolates, at least within research facilities (if not for routine clinical use) in order to
unequivocally conclude that mutations from Ethiopian isolates occurring at resistance positions
hitherto not known to confer resistance are really non-resistance; iv) therapeutic drug monitoring
(TDM) studies be conducted to establish exposure-response relationship of each drug in the

Ethiopian setting among various target population under ARV treatment.

Unfortunately, with very few trained manpower available currently, only one sequencing
machine at EHNRI, and over a million HIV infected patients who potentially need this service,
this task would be formidably huge. It is therefore the right time now for health providing
government and private institutions, and health policy makers to make the necessary preparations
in terms of manpower development and acquisition of more sequencing machines to begin
delivering this service. Of course, several potentially hindering factors may threaten
establishment of the necessary resistance testing facilities and implementation of the testing, two
of which being availability of easy-to-use and relatively inexpensive genotyping system and
storage-friendly specimen source. These two issues have been successfully addressed in this
study, and very promising results were produced. Regarding easy-to-use and relatively
inexpensive genotyping system, the in-house genotyping system tested in this study proved to
work more than satisfactorily, with mean concordance with the commercial ViroSeq™

genotyping system of ~99% at the nucleotide level. With mean relative sensitivity of 94%, and
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relative predictive value of ~99% at the amino acid level under the Ethiopian setting, it is an ideal
genotyping system which can be used in the routine drug resistance testing instead of the more
expensive and technically more demanding ViroSeq™™. Its proven high sensitivity in this study to
amplify viral RNA from as low as 500 to > 6 million copies/ml will make this genotyping system
promising for use when drug resistance testing is expanded in Ethiopia. Parallel to working with
this already tested system, however, optimization researches have to continue to further expand
regions in the viral RNA that would be amplified and sequenced beginning from the end of gag
to end of pol (including the integrase region), whereby the potential targets for most of the

currently used ARV drugs would be addressed.

Use of DBS which was tested in this study and elsewhere as a source of specimen for drug
resistance genotyping will also prove very important when drug resistance testing becomes a
necessity. Evaluation of the performance of DBS relative to that of the conventional plasma
specimens in this study has shown a 96% concordance at the nucleotide level, and relative
sensitivity of 97% and positive predictive value of 99% at the amino acid level. With these
excellent performances, its low cost, low demand for stringent storage conditions, and
convenience for transportation under ambient temperatures, it is appropriate to expand the usage
of DBS as source of specimen under the Ethiopian settings. In addition, its usefulness in testing
drug resistance can be extended to treatment monitoring of pediatric patients, from whom
repeated and voluminous blood drawing for drug resistance testing and other treatment
monitoring laboratory tests are difficult to perform. In fact, since previous studies on DBS’s
usefulness in CD4 count and viral load testing provided good results, additional application of

DBS in monitoring drug resistance mutations will make it a multipurpose specimen.
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With regards to subtype distribution among the study participants, ~96% of the sequences tested
were of subtype C both at PR and RT genes, showing that subtype C is still the dominant clade in
Ethiopia even after two decades of the epidemic in the country. With sequences from only two
individuals (1%) identified as subtype B, the remaining 3% were subtyped at least by one
genotyping algorithm as recombinant forms at the PR and RT genes: four (2%) BCs (not the BCs
previously identified as CRFs since their mosaic genetic sequences of the latter are at other genes
unlike at the PR and RT genes in this study), one (0.5%) CRF_02AG (or BG? or ABG?), and one
(0.5%) A1D. Worth noting in this subtype assignment is that the discrepancies between the five
algorithms in assigning the mosaic sequences to specific clades were so mixed-up that it was
difficult to put them under previously known subtypes, and so is suggested here to recognize
them as unique recombinant forms (URFs) rather than providing them with specific subtype.
However, the existence of non-C subtypes in the neighboring countries and some previous
reports from Ethiopia, together with the currently available high influx of people (both Ethiopians
and expatriates) as tourists and for business purposes coupled with the flourishing sex trade in the
capital, should entail the introduction of more non-C subtypes into the country. Therefore,
molecular surveillance should continue to track subtype distribution of HIV isolates in the
country. But this should be done on larger genomic regions than just the short pol region done in
this study or env region done in many previous studies. The study sites should also incorporate

areas of the country that share borders with the neighboring countries.

Besides detecting some unique mosaic forms, this study has also recognized different patterns of
evolutionary changes in the sequenced pol region between isolates from acutely infected (recent
infection), chronically infected needing ART treatment, and chronically infected patients who

have been on ART treatment for long time. While some mutations (such as M36I, H69K, 193L,
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115V, and R41K from PR; and K122E, T200A, D177E, and V245Q from RT) were found to have
high prevalence among all the three groups, others have shown notable differences in mutation
prevalence between the three groups. The latter types of mutations included K14R, G16E, E35D,
and L89M from PR, which progressively decreased in prevalence from the highest in acutely
infected drug-naive, and chronically infected initiating ART, to the lowest in chronically infected
heavily treated patients; and conversely PR mutations like T12S and T74S progressively
decreased from the highest in chronically infected treatment-experienced patients, to the lowest
acutely infected drug-naive; the chronically infected ART initiating patients had prevalence rate
of these mutations in between. PR mutations like 113V, L19I/T, and L63P were prevalent among
isolates from advanced non-treated individuals than they were among acutely infected rug-naive
or chronically infected treated persons. Similarly, mutations of the RT such as E36A, T39D,
S48T, K70G, K173A, and F214L appeared most frequently among isolates from treated
individuals followed by isolates from non-treated patients with advanced infection, and least
from acutely infected. Some RT mutations such as K49R, K102Q, D123G, and A158S were
prevalent more among acutely infected than among advanced infections, although very much

reduced among treated individuals.

Overall, Jukes-Cantor method of diversity analysis, synonymous/non-synonymous analysis, and
test of Shannon Entropy all detected highest rate of diversity among isolates from chronically
infected patients who were on treatment followed by recently infected patients, with the least
diversity among chronically infected patients needing treatment initiation. This observation is in
a total agreement with the concept that viral isolates from individuals in advanced disease (like
those in this study who were chronically infected ART initiating patients), because the majority

of quasispecies sprouted out during acute infection became eliminated due to various selective
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pressures exerted while the long disease course was going on. Whereas diversity was enhanced
among isolates from recently infected patients due to immune pressure from the host, intensified
diversity among isolates from chronically infected patients who were on treatment was due to the
drug selective pressure, since most of the diversities observed were on positions surrounding drug

resistance sites.
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Limitations of the study

1.

Population sequencing was used in this study, which fails to detect and quantify
minorities of drug-resistant quasi-species represented below 20%. So resistance variants
which were represented in this study by a small proportion of the population might have
been missed. Thus, caution is required during interpretations of the drug resistance
mutaions from this study

The source of sequence data was the short pol region which codes only for whole PR and
the first 250 amino acids in the RT. The data generated from this short sequence will have
limited information regarding subtype profile of the isolates. It would be of great benefit
if other regions such as env, gag, and LTR were sequenced, if not the whole genome.
Some of the data were generated long time ago, and hence, may not correctly reflect the
current situation.

Some of the specimens used were of poor quality due either to storage, processing, or
transportation problems; therefore, it was difficult to repeat some ambiguous results.
Contamination during amplification and sequencing occurred in some occasions that
required omission of sequencing results; therefore, although all the necessary precautions
were made, the possibility that some sequence results in this study might contain results

from contaminant may not be nil.
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ANNEX I

INFORMED CONSENT FORM FOR PARTCIPATING IN THE STUDY OF
GENOTYPIC ANTRETROVIRAL DRUG RESISTANCE AND GENOMIC
CHARACTERIZATION

Description
As it is well known, HIV/AIDS is attacking the Ethiopian people so rampantly that millions have

already been victims of the pandemic in the past two decades. Although no complete cure or
preventive vaccine is developed so far, it has been possible to delay the progression of the disease
by treating the patients with Highly Active Antiretroviral Therapy (HAART). However, because
of its high mutation rate, the virus develops drug resistance so rapidly that it requires changing
the drug regimen accordingly in order to maintain the effectiveness of the treatment. The
presence of drug resistant HIV variants in a patient is known only by doing genotypic drug
resistance assays using venous blood drawn from the patient. Studies conducted elsewhere
revealed that with introduction of Antiretroviral drugs in a community, development and
transmission of drug resistant variants is inevitable. In addition, results from some investigations
are indicating that genotypic drug resistance properties of HIV variants may vary depending on

their subtypes.

The genotypic drug resistance properties of HIV isolates from Ethiopian patients have not been
determined thus far. Moreover, the genomes of HIV sub-types prevalent in Ethiopia are not well
characterized. We are therefore trying to fill this gap of knowledge by conducting a study. The
purpose of this study is to produce useful information regarding the drug resistance pattern of
HIV isolates from persons who are currently participating in the HAART program. In addition to
enabling to identify those first-line drugs for which resistance has already been developed, the
result of the study will also furnish important information about the genetic characteristics of the
isolates, which may contribute towards development of vaccine against HIV subtypes prevailing
in the country. Because you are a permanent client of the HAART program in this health delivery
institution, we found you to be appropriate for our study. We therefore kindly invite you to take

part in this study.
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Conditional to accepting our invitation to participate in the study, you will be asked to give small
quantity of blood (about 10 ml) from your arm, which may cause little discomfort. You will also
be asked to come back after approximately 6 months and provide smaller quantity of blood from
either the arm or the tip of the finger. You will receive no incentive for your participation.
However, you will be refunded Birr 30 (Thirty Birr) for the transport cost you may have
expended. In addition, you will be provided with CD4 count and Viral Load Test free of charge

and the results of these tests will be communicated to your physician.

Strict confidentiality will be observed regarding the information we obtain from you. Every
information will be stored in a file that does not bear your name; your name will be substituted
with a code number. The key that relates the code number with your name will be stored locked
so that no unauthorized person can get access to it. You have the right not to participate in this
study, or to terminate your participation after you started. This will by no means affect the
HAART program that you are getting from this health institution or from any other institution for

that matter.

If you have decided to take part in the study, we kindly ask you to read the following form and

put your signature at the end.

CONSENT FORM

I, whose name is written below, have decided to take part in the said study after getting the

following information explained clearly.

1. That the purposes of the study are:
a. To study the genotypic drug resistance pattern of HIV isolates from the Ethiopian
patients
b. To study subtypes and the genomic characteristics of HIV isolates from these
individuals
2. That on the first visit, I will be asked to give approximately 10 ml blood sample from my

arm, and that I will also be asked to come back for the same purpose after six month
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3. That I have the right not to take part in the study. And that I can terminate participating in
the study whenever I wish so, and that this will never affect in any way my getting HIV
treatment.

4. That I shall get no incentive for my participation in the study. However, I will be refunded
Birr 30 (thirty Birr) for the cost of transportation I will have expended. In addition, I shall
get CD4 count and Viral Load Test done free of charge.

5. That the confidentiality of any information about me will be observed strictly.

After giving thorough thoughts on the issues explained above, I hereby ascertain that I have

accepted the invitation and am willing to take part in the study.

Name of the person giving the consent:

Signature:

Date:

Name of the researcher/physician accepting the consent:

Signature:

Date:
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