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ABSTRACT

AIDS is caused by human immunodeficiency virus (HIV) which can be divided into
two major types, HIV type 1 (HIV-1) and HIV type 2 (HIV-2). The most common HIV in
the world and also in Thailand is HIV-1. HIV type 1 can be divided into four distinct and highly
divergent groups based primarily on the analysis of genetic sequences coding for the envelope (env)
and other structural (gag, pol) proteins, including M, O , N and P. The variations of envelope proteins
of HIV-1 group M and HIV-1 group O are 30%-50%. HIV-1 group M is the most widespread which
can be recognized into several subtypes (A, B, C, D, F, G, H, J, and K). Within subtype A and F have
been further divided into Al, A2 and F1, F2, respectively. The HIV-1 subtype B and CRF01_AE are
the major subtypes circulating in Thailand.

This study aimed to analyze the genetic sequences of HIV from 675 collected clinical
samples for detecting drug resistance genotype of HIV using nucleotide sequencing. Thirty-five of the
675 random samples of the collected samples from 2009 (n=111), 2010 (n=250) and 2011 (n=314)
were selected using near full length genomic sequencing analysis. Moreover the researcher studied the
prevalence of drug resistance mutation in all samples. The results revealed that phylogenetic tree of 32
out of 35 samples was shown in subtype CRFO1_AE and the 3 remaining samples were clustered with
CRF34_01B and CRF52_01B. In HIV drug resistance mutation prevalence study, the collected
samples from 2009 showed the most drug resistance gene variation of NRTIs group in
M184V/MV/IMV/IM/I (65.5%), NNRTIs group in Y181C/CY/G/FY/I/VIHYIL (37.8%) and Pls
group in L63P (21.8%). The collected samples from 2010 revealed the most drug resistance
genotyping variation of NRTIs group in M184V/MV/IMV/IM/I (49.31%), NNRTI group in
Y181C/CYIG/FY/I/VIHY/L (34.31%), Pls group in L63P (19 %), while collected samples from 2011
showed the most drug resistance genotyping variation of NRTIs group in M184V/MV/IMV/IM/I
(58.32%), NNRTI group in Y181C/CY/G/FY/I/V/IHYI/L (33.63%) and Pls group in M46l/L/IM/LM
(2.63 %)

This study found that major subtype of HIV-1 circulated in Thailand CRFO1_AE, which
corresponds to the HIV epidemiology of Thailand and with a high percentages (8.6%) of CRF01/B
reported here from samples collected from Southern, Northern and Northeastern provinces of
Thailand. These samples might be used as preliminary data to urge for intensive molecular
epidemiological study of HIV genotype spread in Thailand.

KEY WORDS: HUMAN IMMUNODEFICIENCY VIRUS/
NUCLEOTIDE SEQUENCING/ PHYLOGENETIC TREE/ CRF01/B
RECOMBINATION
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CHAPTER |
INTRODUCTION

Since the first reported case of Acquired Immune Deficiency Syndrome
(AIDS) in 1983, there were 25 million people have been killed and 36.1 million are
living with HIV infection. In 2009, World Health Organization (WHO) reported a
global estimated number of HIV infection was about 33.4 million people and the
number of newly adults infected with HIV was approximately 2.6 million per year (3).
In Asia, 4.9 million people were infected with HIV and there were 360,000 people
newly infected with HIV each year. In Thailand, there are 530,000 people (1.3% ) of
adult infected with HIV during 2009 ( 3). Recently, the Bureau of epidemiology,
Department of Disease Control Ministry of Public Health, Thailand, reports the total
number of people who living with HIV infection, since 1984 to November 15", 2011,
were 376,690 people. Among these, 83.99% were attributed to unprotected sexual
intercourse, 4.41% were injecting drug use, 3.59% were mother-to-child transmission,
and 0.03% was receiving infected blood (4).

Human immunodeficiency virus can divide into two types, HIV-1 and
HIV-2; both types are causing clinically indistinguishable AIDS. HIV-1 viruses are
divided into 4 distinct groups based on env gene, designated group M, N, O and P (5).
The HIV-1 group M virus that dominates the AIDS pandemic can be further
subdivided into 9 subtypes. These aresubtypes A, B, C, D, F, G, H, J, and K. There are
also circulating recombinant forms or CRFs, a new hybrid virus derived from
recombination between viruses of different subtypes, of which at least 48 have been
identified. Genetic distance of different subtypes are ranging from 20-35% and 7-20%
of the same subtypes (6). The HIV-1 subtypes and CRFs pandemic are uncertain
within regions, with typically related in some countries. Subtype C is the dominant
form causing approximately 48% of HIV-infection worldwide and commonly found in
India, China, and South Africa. Subtype B is generally found in North and South
America, Europe and Australia causing 11% of HIV infection globally. Subtype A
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(12% ) and CRF02_AG (8% ) have been found in West and South Africa. Subtype
CRF01_AE (5%) is common in Southeast Asia including Thailand. Subtype G (5%) is
primarily found in West and Central Africa. Subtype D (2%) is limited to East Africa
whereas subtype F is circulated worldwide. Subtype H, J, and K have only been found
least than 1% in Central, South, and Western Africa (7).At the initial phase of HIV
epidemic in Thailand, subtype B was predominantly found in injection drug user.
However, the circulated HIV-1 strains were inconsistence; CRF01_AE became the
strain that commonly found in newly infected patient both from injecting drug use and
sexual transmission. The study of circulating strains of HIV-1 in all geographic region
of Thailand; rely on env variation, during 1995-2004 showed the 97.3% prevalence of
subtype CRF01_AEand 2.7% of subtype B. Recently, there was investigation about
HIV-1 epidemic in northern Thailand based on genotyping of pol gene reveled that
subtype CRF01_AE has been found 94.8%, subtype B 2.9%, and subtype C 0.5%. In
addition, the study of HIV-1 in Bangkok and the nearly provinces according to pol
gene exposed the emergence of 86.9% for subtype CRFO1_AE, 8.6% for subtype B,
and 4.5% were the other recombinant strains.

The critical factors that induced the spreading of HIV worldwide compose
of the diversity of the organisms themselves and also the rapid evolution from
spontaneous mutation. HIV diversity and evolutionary change are induced by 3 main
mechanisms; 1) the infection of various HIV subtypes in the population (8-10), 2) the
defect of reverse transcriptase enzyme also the efficiently recombination event (11-
14), and 3) the highly reproductive rate of HIV (15-16). Because of the variation, HIV
can evade the immune response, causing the resistant strain with sequential treatment
failure (17), and also effect disease progression (18-19).

HIV genetic variability can occur in several genes such as env, gag, pol, or
LTR. The most variable region is env gene resulting in different capability to target
and attach to specific cell types and also associate with the HIV subtype classification.
Several studies revealed that the modification in V3 loop, a part of the virion’ s
envelope glycoprotein, effect the infiltration to the target cell membrane ( 20). In
addition, different subtype influenced different disease progression and severity;
subtype D induced a faster disease progression than subtype A, for instance (21, 22).

Although genetic variation of pol gene occurs 2-3 times less than env gene, it play an
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important role in drug resistant. Isolates of subtype D exhibit a lower susceptibility to
all antiviral drugs than subtype A, B, C , and CRF01_AE (23). This drug resistant
mutation is transmittable and associate with HIV disease progression also (24). Since
HIV genes are extremely variable, it is an enormous obstacle to design an effective
vaccine against HIV. The appropriate antigen for vaccine development should be
considered about the epidemic strain in that region and also HLA subtype in the
population.

Because the elaboration of HIV diversity in Thailand is important
information that may describe the evolution and variation of HIV, this study aim to
investigate and differentiate HIV genome variation from patients admitted to Siriraj
Hospital during January 2009 to December 2011. The specimens were delivered to the
Department of Microbiology, Siriraj Hostpital for drug susceptibility testing by env,
gag, and pol sequencing. This knowledge is a guideline for the appropriate signature
and epitope for CRF01_AE vaccine improvement and reveals antiviral resistant

situation.



Nattapol Narong Obijectives / 4

CHAPTER I
OBJECTIVES

1. To investigate molecular epidemiology of human immunodeficiency
virus (HIV) among HIV infected samples sent to Siriraj Hospital from January 2009 to
December 2011.

2. To determine prevalence of drug resistance mutations of HIV-1
reverse-transcriptase (NRTI, NNRTI) and protease (P1)) genes.

3. To study the variation of env, gag and pol genes in HIV-infected

individual who receives antiretroviral therapy.
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CHAPTER 11
LITERATURE REVIEW

3.1 Discovery of HIV

In 1981, several case emergence of Kaposi's Sarcoma and Pneumocystis
among gay men in New York and California. When the Centers for Disease Control
reported the new outbreak they called it "GRID" (gay-related immune deficiency) (25)
stigmatizing the gay community as carriers of this deadly disease. However, cases
started to be seen in heterosexuals, drug addicts, and people who received blood
transfusions, proving the syndrome knew no boundaries. In 1982, The Centers for
Disease Control (CDC) establishes the term acquired immunodeficiency syndrome
(AIDS) and identifies four "risk factors": male homosexuality, intravenous drug use,
Haitian origin, and hemophilia A. From the report review that in 1983, Aids is major
outbreak in both men and women in Central Africa and the Pasteur Institute in France,
Drs. Francoise Barr-Sinoussi, Luc Montagnier, et al., isolate a new retrovirus from a
French patient with AIDS symptoms. They recovered a reverse-transcriptase
containing virus from the lympnode of a man persistent lymphadenopathy syndrome
(LAS). At the time, some physicians suspected that this syndrome was associated with
AIDS. Gallo and co-workers isolate human T-cell like leukemia virus (HTLV) (26)
from individuals with AIDS. Then, Montagnier and co-workers can show result
indicated that virus can replicate in CD4+ cells and killed CD4+ cells. In 1984, Levy
and co-workers report can identification of retroviruses they named the AIDS-
associated retroviruses (ARV). ARV recovers in different risk groups, other
symptomatic and some healthy people. After that, LAV, HTLV and ARV were
recognized as members of the same group of Retroviruses in Lentivirinae family. Soon
after the discovery of HIV-1, a separate virus type, HIV-2, was identified in western
Africa (27).
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3.2 Structure and genomes HIV-1

Human immunodeficiency viruses (HIV) belong to the genus Lentivirus
part of the Retroviridae family. It is an enveloped virus with particles that are 80-130
nm in diameter. Within capsid HIV have two copies packages of positive-sense RNA
strands in its genomes. HIV RNA genomes use reverse transcriptase molecules for
convert the RNA genome to DNA upon infection of the host. The capsid enclosed the
genome and gives the virus its helical or icosahedral. Core of HIV is cone shape that
belong to genus Lentivirus. The outer shell is viral envelope (ENV), consist of a lipid
bilayer that is acquired as the virus buds from the cell surface. Viral ENV proteins are
encode by the viral genome and often appear on the envelope as projection known a
spike. The viral envelope is a complex protein that is gp120/gp41 with an important
role in viral entry. Inside the viral ENV is a protein called p17 (matrix, MA) and
within viral core called p24 (core antigen, capsid, CA) (Figure 3.1) (28).

The HIV-1 viral genome is monomer 7 to 13 kilobases (kb) in size, with
open reading frames coding for several viral proteins (Table 3.1). Viral genomic RNA
is present as a homodimer of two identical sequence. HIV has several major genes
coding for structural proteins. Both ends of the provirus are flanked by a repeated
sequence known as the long terminal repeats (LTRs). HIV genome is consist ten
genes. Three genes providing genetic information for HIV structural components are
terms gag, pol and env. The gag and env genes encode the capsid protein (Gag) and
external glycoprotein (ENV) and pol gene encode the viral enzyme necessary for
replication. Furthermore, HIV contain seven accessory gene such as Virion Infectivity
Factor (vif), Viral Protein U (vpu), Viral Protein R (vpr), Trans-Activator of
Transcription (tat), Regulator of Virion protein expression (rev), Negative Regulatory
Factor (nef) and tev gene (It is a fusion of parts of the tat, env, and rev genes) (Figure
3.2).

The primary transcript of HIV is a full-length viral mRNA that is
translated into the Gag and Pol protein. The Gag—Pol precursor of 160 kDa is
processed by the viral protease. By proteolytic cleavage, the Gag precursor pr55 gives
rise to the smaller proteins (MA, pl17; CA, p24; proline-rich, p6; NC, p9). The Pol
precursor protein is cleaved into products consisting of the viral enzymes; protease
(PR, p10), reverse transcriptase/RNase H (RT, p66 p51), and integrase (IN, p32). The
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Env precursor (gp 160) is processed by cellular protease into the surface glycoprotein
(SU, gp120) and transmembrane glycoprotein (TM, gp41) (Figure 3.3).

Gene products of other spliced mRNA make up a variety of viral
regulartory and accessory proteins; Tat (p24), Tev (p26), Rev (pl19), Nef (p27), Vif
(p23), Vpr (p15), and Vpu (p16) that can effect HIV replication in various cell types.

gpi12o Protease
Docking Glycoprotein
Lipid
g4 Membrane
Transmembrane

Glycoprotein

gagp17

Matrix protein

Integrase

Reverse
Transcriptase

Figure 3.1: Schematic representation of HIV-1 virion (28)
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Table 3.1 Protein function from HIV-1genes

Name Size Function Localization
Gag MA pl7 Membrane anchoring, Env interaction, Virion
nuclear transport of viral core(myristylated protein)
Gag CA p24 Core capsid Virion
Gag NC p7 Nucleaocapsid, binds RNA Virion
p6 Binds Vpr
Protease p15 Gag-Pol cleavage and maturation Virion
Reverse p66
transcriptase, p55 Reverse transcription, RNase H activity Virion
RNase H (heterodimer)
Integrase DNA provirus integration Virion
Env gpl120/gp4l  External viral glycoproteins bind to CD4 receptor Plasma membrane,
virion envelope
Tat pl6/pl4 Viral transcriptional transactivator Primarily in nucleolus

/nucleus
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Table 3.1 Protein function from HIV-1genes (cont.)

Name Size Function Localization
Rev p19 RNA transport, stability and factor (phosphoprotein) Primarily in
nucleolus/ nucleus use
shuttling
between nucleolus and
cytoplasm
Vif p23 Promotes virion maturation and infectivity Cytoplasm
(cytosol membranes),
virion
Vpr pl0-15 Promotes nuclear localization of preintegration complex, Virion, nucleus
inhibits cell division, arrests infected cells at G2 /M
Vpu pl6 Promotes extracellular release of viral particles, Integral membrane
degrades CD4 in the endoplasmic reticulum (phosphoprotein) protein
Nef p27/p25 CD4 downregulation (myristylated protein) Plasma membrane,
cytoplasm
Vpx pl2-pl6 Virion protein, vpr homolologue Virion
Tev p28 Tripartite Tat-Env-Rev protein (also named Tnv) Primarily in

nucleolus/nucleus
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Figure 3.3: Processing of viral proteins (30)
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3.3 The HIV-1 Replication Cycles (Figure 3.4)

Unlike others RNA virus, HIV showed a unique life cycle that comprises
the series of events referred as the early and the late phase. The early phase start from
the initial attachment of the virus to the host cell surface, the viral envelope fuses with
the cell membrane through the integration of the viral genome within the host genome.
Then the steps from the expression of the viral genome until the production of new
virus particles that bud off from the host cell are called the late phase.

The cells mainly targeted by HIV are macrophages, CD4+ T cells and
dendritic cell. The virus particle enters the target cells by the binding of viral
enveloped gpl20 to CD4 receptor (31) on the cellular membrane leading to
conformational change of gpl120 exposing the chemokine binding domains which
allows for secondary interaction to a co-receptors, either CCR5 or CXCR4 depending
on the strains of virus. The gp41l, another glycoprotein on viral envelope spike, are
then inserted into the host membrane and undergoes significant conformational
changes that induce the fusion of the viral and cellular membrane.

After viral fusion, viral RNA and various viral enzymes are injected into
the cell. Similar to other retroviruses, HIV contains reverse transcriptase enzyme that
converts the single-stranded HIV RNA to double-stranded DNA. The newly formed
HIV DNA enters the host cell's nucleus, where the enzyme integrase facilitates the
integration of this viral DNA into the host cell’s DNA. The integrated HIV DNA is
called provirus. Provirus is replicated along with the chromosome when the cell
divides to create copies of the HIV genomic material, as well as messenger RNA
which is used to synthesis of HIV proteins. The provirus may remain inactive for
several years, producing few or no new copies of HIV and provides the latency that
enables the virus to evade host responses so effectively. Nevertheless, the HIV
proviral genome can be activated by the certain cellular transcription factors such as
NF-xB which is upregulated when T-cells become activated. This incident cause by
the cells that almost to be killed by HIV is concurrently fighting infection.

After the HIV genome is activated, the integrated provirus is transcribed
into mMRNA and be modified for the production of regulatory and structural proteins.

Nonetheless, viral genome has to be transported out of the nucleus without any
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copies of HIV’s RNA genetic material, a new virus particle is assembled.

The newly assembled virus particles bud from the surface of the cell and
taking part of the host cell membrane as the new viral envelope. The new copies of

HIV then move to infect other cells for the next replication cycle (32, 33).
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Figure 3.4: General features of the HIV-1 replication cycle (34)
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3.4 HIV-1 classification

Four types of categories should be used to refer to the major HIV-1
lineages: groups, subtypes, sub-subtypes and CRFs.

Groups will continue to refer to the very distinctive HIV-1 lineages M, N
and O Group M includes the viruses that dominate the global epidemic and the sub-
division of this group is the focus of this proposal. The groups were originally named
M for main, O for outlier, and N for Non-M-Non-O (Figure 3.5).

Subtypes will continue to refer to the major clades within group M.

Sub-subtype will be used to refer to a distinctive lineage that is very
closely related to a particular subtype lineage, and is not genetically distant enough to
justify calling a new subtype.

Circulating Recombinant Form (CRF) describes a recombinant lineage,
that plays an important role in the HIVV-1 pandemic. The CRF members must share an
identical mosaic structure, i.e., they are descended from the same recombination
event(s) and breakpoint where recombination occurred should be identified.

ShepeMBEE
) H [ @
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BF30 | \ | [~ _F
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Group N ) | . . /J-:’—’— Iy
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Figure 3.5: Phylogenetic relationships between group M, N, O and P (35)

HIV-1 can be divided into 4 distinct groups, M (main), O (outlier), N (non-M,

non-O) and P (Figure 5). Groups N and O are rare, and largely restricted to Cameroon
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and surrounding countries. The vast majority (perhaps 98%) of HIV infections
worldwide are caused by HIV-1 group M (36). The HIV-1 M group subtypes are
phylogenetically associated groups or clades of HIV-1 sequences and are labeled Al,
A2, B, C, D, F1, F2, G, H, J and K. Two of the CRF (CRF01_AE and CRF04_cpx)
were classified initially as subtypes (‘‘E’> and “‘I’’, respectively). Within A and F
subtypes, separate subclusters are distinguished, designated sub-subtypes Al , and A2,
and F1 and F2, respectively, each pair of sub-subtypes being more closely related to
each other than with other subtypes (37). HIV-1 subtypes, also called clades, are
phylogenetically linked strains of HIV-1 that are approximately the same genetic
distance from one another; in some cases, subtypes are also linked geographically or
epidemiologically. Genetic variation within a subtype can be 15 to 20%, whereas
variation between subtypes is usually 25 to 35%. Over the past decade, advances in
full-genome sequencing of HIV have led to the identification of circulating and unique
recombinant forms (CRFs and URFs, respectively) (38). The identification of these
subtypes and CRFs is important in epidemiological tracking and in the understanding
of the ever-changing epidemic. Now, four subtypes and two CRFs dominate the global
epidemic: subtypes A through D, CRF01_ AE and CRF02_ AG (28). HIV group N is
a very distinctive form of the virus that has only been identified in a few individuals in
Cameroon. Group N is sometime referred to as Not-M, Not-O, also sometimes as the
"new" group, and is also thought to have originated from a chimpanzee transmission.
Subtypes within the HIV-1 N group are not yet clearly defined. Very few isolates have
been identified and sequenced. HIVV-1 Group O, sometimes referred to as the "outlier"
group, like group M contains very diverse viruses, but is still relatively rarely found. It
is thought to have originated in a transmission to humans from wild gorilla. Incidence
of HIV-1 group P is quite low, which was reported to be found in a Cameroonian
woman living in France and patient in Cameroonian hospital at Cameroon. The group
P viral sequence, RBF168, forms a distinct HIV-1 lineage that includes SIV sequences
from western gorillas (SIVgor; Gorillagorilla gorilla), suggesting that group P
originated from gorillas (29).
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Figure 3.6: Adults and children estimated to be living with HIV, 2011 (39)

HIV-1 infection cause one of the world’s most devastating impacts. Since
the first cases reported in 1981, the cumulative total of HIV infections and deaths
exceeds 60 million and 30 million, respectively. The global estimated number of HIV
infected in 2011 was approximately 34.0 million with 1.7 million of annual deaths
(Figure 3.6) (40).

HIV-1 group M strains responsible for the vast majority of HIV infections
worldwide that include subtypes A, B, C, D, two CRF, CRF01_AE and CRF02_AG
which dominate the global epidemic. Subtype C accounted for nearly half (48%) of all
global infections concentrated in Southern and East Africa, and in India. Subtype A
which are commonly found in East Africa and in former Soviet Republics caused 12%
of infection while subtype B dominating epidemics in North American, the Caribbean,
Latin America, Western and Central Europe and Australia account for 11% of global
infection. Followed by, CRF02_AG (8%) that dominates west Africa with smaller
number in Central Africa, the Middle East and North Africa, CRFO1_AE (5%) the
major strain throughout South and Southeast Asia, Eastern Asia and a small number in
Central Africa. Subtype D (2%) is present mainly in Eastern Africa, with further

infections in Central and West Africa.
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Even the first AIDs cases were reported among men who have sex with
men and in the early infection rates of homosexual population were nearly 100%, the
cumulative cases was decreased to 42% in 2006 indicates drastically changed and the
extent to entered the heterosexual population. In a heterosexual relationship which not
related to injection drug use approximately 15% cumulative HIVV/AIDS cases were
reported from the epidemic’s beginning up to December 2006 which showed a
significant number of cases among older individuals. HIV also represent highly
prevalent among injection drug user attributes in the range of 16 to 17% of the AIDs
case each year with a peak rate of 27% in 2003.

The majority of HIV strains circulating in Southeast Asia are represented
by CRFO1_AE with an increasing number of recombinant forms with B and C
subtypes. CRFO1_AE dominates in Indonesia, Thailand, Cambodia, Laos, Myanmar,
and Viet Nam. In Malaysia, so-circulation of CR0O1_AE and subtype B has resulted in
the emergence of CRF33_01B in approximately 20% of its HIV-1 infected
individuals, now described in Indonesia (49).At the initial phase of HIV epidemic in
Thailand, subtype B was predominantly found in injection drug user (41, 42).
However, the circulated HIV-1 strains were inconsistence; CRFO1_AE became the
strain that commonly found in newly infected patient both from injecting drug use and
sexual transmission. The study of circulating strains of HIV-1 in all geographic region
of Thailand; rely on env variation, during 1995-2004 showed the 97.3% prevalence of
subtype CRFO1_AE and 2.7% of subtype B (42). Recently, there was investigation
about HIV-1 epidemic in Northern Thailand based on genotyping of pol gene revealed
that subtype CRF01_AE has been found 94.8%, subtype B 2.9%, and subtype C 0.5%
(43). In addition, the study of HIV-1 in Bangkok and the nearly provinces according to
pol gene exposed the emergence of 86.9% for subtype CRF01_AE, 8.6% for subtype
B, and 4.5% were the other recombinant strains (44). In 2011, approximately 376,690
cases were the total number of people who living with HIV infection, since 1984 to
November 2011. Among these, 83.99% attributed to unprotected sexual intercourse,
4.41% were injecting drug use, 3.59% were mother-to-child transmission, and 0.03%
was receiving infected blood. At the initial phase of HIV epidemic in Thailand,

subtype B was predominantly found in injection drug user. However, the circulated



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Microbiology) / 17

HIV-1 strains were inconsistence; CRFO1_AE became the strain that commonly found

in newly infected patient both from injecting drug use and sexual transmission.

3.5 Antiretroviral Drugs
The drugs (Table 3.2) used for treat HIVV-type 1 infection belong to four
distinct classes.

3.5.1 Nucleoside/Nucleotide Reverse Transcriptase Inhibitors (NRTIs)

The first class of antiretroviral drugs to be used in HIV disease were
NRTIs (44). NRTIs stand for nucleoside RT inhibitors. Groups of drug is triphosphate
form, compete with natural substrates and function as chain terminators. They can
divided into two categories: the thymidine derivatives and non-thymidine. The two
thymidine derivatives are zidovudine (ZDV) and stavudine (D4T). The second agent is
generally selected from among lamivudine (3TC), didanosine (ddl) and zalcitabine
(ddC). (45)

3.5.2 Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)

NNRTIs binding in a conformational change in the reverse transcriptase
that distorts the positioning of the residues that bind DNA, inhibiting polymerization.
Drug of NNRTIs are three licensed such as nevirapine (NVP), delavirdine (DLV) and
efavirenz (EFV). There are similar activity.

3.5.3 Protease Inhibitors (Pls)

HIV-1 encodes a protease (PR) that is responsible for the posttranslational
processing of the viral gag and gag—pol polyprotein gene for product the structural
proteins and enzyme of the mature viral particle. Drug of Pls are effective because
they can specifically inhibit HIV protease. Drugs can bind protease enzyme active site

that are similar to the normal HIV polyprotein substrate.

3.5.4. Entry/Fusion Inhibitors
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Drug of group designed molecule block the attachment of HIV gp120 to
either the CD4 T cell receptor or the CCR5/CXCR4 co-receptors. Enfuvirtide (ENF) is
the first in group. It action by blocking the conformational change in gp41 molecule
that allow fusion of the virus’s lipid bilayer and the cell membrane.

Thai national guideline for antiretroviral therapy in 2011 defined the
application of ART regimens for three different HIV infected groups, pediatric
infected, adults infected, and pregnant infected individuals.

The usage of antiretroviral therapy in pediatric patients should be started
as soon as HIV diagnosis is confirmed in all symptomatic individuals whose ages are
more than one year old. In case of minor symptomatic patients, initiation of ART
should rely on age-specific CD4 thresholds (Table 3.3). The first-line ART regimen
composes of two nucleoside reverse transcriptase inhibitors (NRTIs) and a non-
nucleoside reverse transcriptase inhibitor (NNRTI) (Table 3.4). Besides the most
common NRTI combination, zidovudine (ZDV) and lamivudine (3TC), stavudine
(d4T) and lamivudine (3TC) are also applicable. Since AZT has the less long-term
toxicities, it becomes the favorable drug of choice compared to stavudine. The
application of NNRTI is based on age groups, nevirapine (NVP) is preferred for
children age < 3 years, and efavirenz (EFV) for older children. Since NVP is also used
in prevention from mother to child transmission thus infants who previously exposed
to NVP may harbor NVP resistance phenotype. Therefore, the suitable regimens
should be two NRTIs and the protease inhibitor (PI) for infants, lopinavir (LPV/r). In
case of treatment failure, as indicated by >2,000 copies/ml of the viral load from a

genotypic analysis, the new treatment regimen should be apply (Figure 3.7)(70).
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Table 3.2 Antiretroviral agents used in the treatment of HIV infection (46)

Drugs

Nucleoside analogues

Mechanisms of Action

Analogues of normal nucleosides

Mechanisms of Resistance

Thymidine analogue mutations promote

Zidovudine Active as triphosphate derivatives ATP-mediated and pyrophosphate-medi-
Stavudine Incorporated into nascent viral DNA ated excision of the incorporated termi-
Lamivudine Prematurely terminate HIV DNA synthesis nator

Didanosine M184V or Q151M complex mutations impair
Zalcitabine incorporation of nucleoside analogues
Abacavir

Nucleotide analogues
Tenofovir

Nonnucleoside reverse-transcriptase
inhibitors

Same as nucleoside analogues

Bind a hydrophobic pocket of HIV type 1

reverse transcriptase

K65R impairs incorporation of tenofovir into
DNA

Thymidine analogue mutations often associ-
ated with cross-resistance to tenofovir

Mutations reduce affinity of the inhibitors for
the enzyme

Nevirapine Block polymerization of viral DNA Single mutations generally sufficient to in-
Efavirenz Inactive against HIV type 2 duce high level of resistance
Delavirdine

Protease inhibitors

Structure derived from natural peptidic

Mutations reduce affinity of the inhibitors for

Saquinavir substrates of the HIV type 1 protease the enzyme

Ritonavir Bind the active site of the protease High-level resistance requires accumulation
Indinavir of mutations

Nelfinavir

Amprenavir

Lopinavir

Fusion inhibitors

Enfuvirtide

36-Amino-acid peptide derived from the HR2
domain of glycoprotein 41

Interferes with glycoprotein 41-dependent
membrane fusion

Mutations affect HR1, a domain of glyco-
protein 41 whose interaction with HR2
promotes membrane fusion
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Table 3.3 Criteria for initiation of antiretroviral therapy among HIV-infected children

Age<lyear Age 1-5 years Age>S5years
Clinical staging criteria All CDC category B,C CDC category B,C
or WHO stage 3, 4 or WHO stage 3, 4
Immunological criteria All %CD4 <25 CD4 <350 cells/mm*

%CD4 or CD4 cell count

Table 3.4 The recommended first line regimen in Thai children

Age <3 years Age >3 years
Preferred regimens AZT+3TCHNVP AZTH3TC+EFV
Preferred regimens for
adolescents (weight >40 kg - TDF+3TCHEFV
or Tanner stage [V)
AZT+3TC+NVP
Alternative regimens d4T+3TC+NVP d4T+3TC+EFV

dAT+H3TC+NVP
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Failing Regimen

d4T/ AZT +3TC + NVP/EFV

Genotypic assay when

viral load

>2000 copies/m

New Regimen: 2NRTIs + 1 boosted PI

!

Select NRTIs: guided by genotype of RT gene

.

v

'

Low NRTI resistance
genotypes

TAMs <4 and no
Q151M, T691, K65R

A

Moderate NRTI resistance
genotypes
TAMSs > 4 or with Q151M or T69i
but no K65R,
and
able to use TDF
(Tanner IV or weight >30 kg)

Extensive NRTI resistance
genotypes
TAMs > 4 or T691
with K65R
and
not able to use TDF

¥

ddI+3TC, ddI+AZT,
ABCH3TC, or ABC+ddl

If Tanner > 4, may use
TDF+3TC, TDF+AZT,
TDF+ABC

TDF+3TC or TDF+ABC or TDF+AZT

TDF+3TC+AZT or TDF+ABC+AZT

2NRTIs

or ANRTIs

Y

A

Select one boosted PI

Preferred: LPV/r
Alternative: ATV/r

to combine

Expert consultation required.

There are two options to choose.

1. Double boosted PI regimen: use SQV/LPV/r
or IDV/LPV/r with or without 3TC

2. Single boosted PI regimen

(recycle the NRTI) ddI+ABC, ddI+3TC or ddI+
AZT plus LPV/r or ATV/r

Figure 3.7: A new or salvage regimen in children failing 2NRTI+NNRTI regimens
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Antiretroviral therapy for treatment HIV-infected adults and adolescents is
relied on patient’s symptoms and CD4+ T-cell counts (Table 3.5). The recommended
first-line treatment is non-nucleoside reverse transcriptase inhibitor (NNRTI)-based
regimens, which are NVP, an aravirenz (EFV), and ritonavir-boosted lopinavir
(LPV/r). EFV-based regimen is not recommended in the first trimester pregnancy
women or in sexually active women who are not using contraception. LPV/r is usually
applied as an alternative regimen in patients who cannot tolerate NVP and/or EFV
treatment. If the treatment cannot achieve the ultimate aim with a VL level of <50
copies/ml, the next ART regimen will be planned (Table 3.6).

Table 3.5 Indications for initiation of antiretroviral therapy (ART)

Clinical Presentation CD4+ T-cell Recommendations
counts
(cells/mm’)

AIDS-defining illness* Any value Treat

HIV-related Symptomatic**  Any value Treat

Asymptomatic <350 Treat
Asymptomatic =350 Defer treatment; follow up clinical status and monitor

CD4+ T-cell count every 6 months

Pregnancy Any value Treat, Discontinue ART after delivery if pre-treatment

CD4+ T-cell count is =350 cells/mm’

Table 3.6 Recommended second-line ART regimens for patients with treatment

failure
First regimens Recommended second regimens
2NRTIs+NNRTI Boosted PI + 2 active NRTIs indicated by genotype testing

2 NRTIs + boosted PI 1) active boosted PI + 2 active NRTIs indicated by genotype testing
2) active boosted PI + 1 NNRTI £ 1 NRTI indicated by genotype testing
3) NNRTI + 2 active NRTTIs indicated by genotype testing
This option can be used only when there are 2 active NRTIs and the patient
has never been exposed to NNRTI, or NRTI monotherapy or duotherapy.

To prevent mother-to-child transmission (MTCT) of HIV, the guidelines
are divided into 2 main aspects, treatment in HIV-infected pregnant women who have
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not been on antiretroviral treatment prior to pregnancy and treatment in HIV-infected
pregnant women who conceive while on highly active antiretroviral therapy
(HAART). For previously untreated prior to pregnancy women, a lopinavir/ritonavir
(LPV/r)-based HAART is recommended since infected pregnancy women who have
CD4 count >250 cells/mm?® may develop NVP-associated hepatotoxicity. In case of
previously treated HIV-infected pregnant women, the efficacy of the current HAART
regimen should be concerned. The best HAART regimen should provide an
undetectable plasma HIV-1 RNA level. The treatment failure is indicated with plasma
HIV-1 RNA levels >1,000 copies/ml after adhering with the current HAART for more
than six months, in that case an HIV specialist should be consulted. If the current
HAART regimen is successful and does not contain AZT or the HIV-infected pregnant
women do not experience with resistance or severe side effects from AZT, one of the
nucleoside reverse transcriptase inhibitors used should be replace with AZT. As the
woman in the first trimester is not recommending for EFV treatment, the current
HAART regimen that contains EFV should be replaced with LPV/r.

3.6 HIV drug resistance mutations (Table 3.7)

HIV drug resistance was developed because of two reasons. First, HIV
infection have high levels of virus production and turnover. HIV infection can
estimate number of productively infected cells in lymphoid tissue about 107 to 108
cells. During chronic phase, this number is stable that the balance new target cells and
their clearance. Because they have short half life (1-2 days) so this state requires a
very high rate. Second the viral population in an infected person is highly
heterogeneous. So drug resistance mutants are present prior to initiation drug therapy.
The reverse transcription of viral RNA into DNA that has error rates estimated at 1
error per 1-30,000. Most of these errors are base substitutions, but duplications,
insertions, and recombination can also occur.

The significantly increase of antiretroviral therapy (ART) led to the
development of viral resistance. Regarding to the study of Sanguansittianant et al, 369
samples from HIV-1-infected subjects in Thailand during 2009-2010 associated with

61% resistance to nucleoside analogue reverse transcriptase inhibitors (NRTI’S),



Nattapol Narong Litereture Review / 24

64.2% in nonnucleoside analogue reverse transcriptase inhibitors (NNRTI’s), and a
total of 49.6% was found in combined NRTI and NNRTI (50). ART-naive Thai
patients who had ART initiation between 2010 and 2011 showed a drug resistance-
associated mutations (DRAMS) prevalence of 17% for NNRTIs, 0.6% for NRTIs and
0.6% for protease inhibitors (PIs) (51). In addition, Thailand has been reported as the
most first-line treatment failure in Sounteast Asia with 89-95% resistance of NNRTI
and 42-58% resistance of NRTI in adults (52). In conclusion, NNRTIs have been
shown the higher resistance prevalence than NRTIs and Pls in HIV-1-infected patient
in Thailand.
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Table 3.7 HIV-1 drug resistance mutations. (24)

Mutation

Comments

Reverse transcriptase

Mutation conferring
resistance to nucleoside

Family of mutations known as thymidine analogue mutations.
Associated with resistance to most nucleoside analogues

analogues except lamivudine.

M41L In vitro, cause high level resistance to zidovudine and low
level resistance to stavudine, didanosine and abacavir.

D67N

K70R Segregate in two pathways, one comprising T215Y and
L210W and the other T215F and K219Q.

L210W

T215Y, T215F

K219Q, K219E

Pathway comprising T215Y and L210W associated with
decreased responsiveness to tenofovir.

M184V

Observed in most viruses resistant to treatment with
lamivudine. Confers high level resistance to lamivudine in
vitro. Can interfere with resistance to zidovudine and stavudine
when number of thymidine analogue mutation is small.
Increases the level resistance to didanosine and abacavir owing
thymidine analogue mutations.

Q151M Rare pathway for resistance of HIV-1 to nucleoside analogue.

F116Y In vitro, causes high level resistance to most nucleoside
analogues except lamivudine and tenofovir.

F77L

V75l

A52V

69 insertions mutations

Insertions of 2 or more amino acids (usually serines) next to
codon 69. Emerge only viruses that already have several
thymidine analogues mutations. Confer high level resistance to
all nucleoside analogue.

K65R
Y115F
L74V

Selected for by zalcitabine, abacavir and tenofovir therapy
Selected for by abacavir therapy.

Selected for by didanosine therapy usually when didanosine is
the only nucleoside analogue.

Mutations conferring resistance to NNRTIs

K103N Mutations most frequency selected for by efavirenz therapy.
Occasionally selected for by nevirapine therapy.
Confers high level resistance to all available NNRTIs.
Y181C Mutations most frequently selected by nevaripine.
Y188C Confers high level resistance to nevaripine but lower level
108l resistance to efavirenze.

Y188L unlike Y188C seen mostly with efavirenz therapy.

M.Sc. (Microbiology) / 25
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Table 3.7 HIV-1 drug resistance mutations. (cont.)

Mutations conferring resistance to NNRTIs

L1001

V106A

G190A, G190S

Mutations that accumulate during prolonged ineffective
therapy with most NNRTIs

Mutation

Comments

Protease and gag mutations

L9OM

Frequent resistance mutation, observed during failure of
therapy with most protease inhibitors.

V82A,V82l, V82F

Common resistance mutations.

Can emerge early during failure of therapy with most protease
inhibitors.

Mutations most frequently for by ritonavir and indinavir
therapy.

D30N Mutations most frequently selected for by nelfinavir therapy.
N88D, N88S D30N always first.
L10lI, L10F Mutations that can accumulate during failure of therapy with
K20R, K20M most protease inhibitors, causing gradual increases in the level
M361 of resistance.
M461, M46L
154V, 154L
AT1V, A7T1T
G73S
V771
M93L
184V Frequently found after prolonged ineffective therapy with
protease inhibitors.
Associated with high level resistance to most protease
inhibitors.
G48V Exclusive selected for by saquinavir therapy.
Associated with high level resistance to saquinavir.
L24| Emerges occasionally during failure of indinavir therapy.
Also found with lopinavir therapy.
147V, 150V Most often selected for by amprenavir therapy.
Also found with lopinavir therapy.
V321, F53L Rare mutations.
Confer high level resistance most protease inhibitors.
A431V Mutations in gag the main viral substrate of the protease.
L449F

Increase resistance and partially compensate for resistance
associated loss of viral replicative capacity.
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CHAPTER IV
MATERIALS AND METHODS

4.1 Subject

4.1.1 Ethical consideration

Mahidol University Institutional Review Board (MU-IRB) Mahidol
University, Thailand approve the study protocol. Ethical clearance for the use of
patient sample material in this study was obtained from Department of Microbiology,
Faculty of Medicine Siriraj Hospital, Mahidol University, Thailand (ethics certificate
of approval number: 304/2555(EC3) ).

4.1.2 Study population

4.1.2.1 Subjects

A total of 675 EDTA blood samples from patients who
attended for antiretroviral therapy from 5 hospitals representing Central, Southern,
Northeastern and Northern regions; Siriraj hospital, Sawanpracharak hospital,
Sappasittiparasong hospital and Suratthani hospital and the office of Disease
Prevention and Control 12 Songkhla that sent for HIV drug resistant genotype
detection at Department of Microbiology Siriraj Hospital during January 2009 to

December 2011 were collected. According to sample size calculation, 35 random

samples of the collected samples from 2009 (n=111), 2010 (n=250) and 2011 (n=314).

The demographic data of these study population are shown in tables 4.1 - 4.3.
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Year isolated 2009 2010 2011
Amount of sample 111 250 314
Average age 33.6 35.6 33.0
Male (%) 44.1 55.4 65.7
Female (%) 55.9 44.6 34.3
Viral load log'® (copies/ml) 4.90 4.95 5.10
Table 4.2 Average HIV viral load of 675 EDTA blood samples
Viral load 2009 2010 2011
(copies/mL)
<2000 1 14 21
2,000-10,000 44 104 133
10,000-50,000 29 60 75
50,000-100,000 12 41 45
>100000 21 30 40
no data 4 1 -
Table 4.3 Demographic characteristics of 35 random samples.
Year isolated 2009 2010 2011
Amount sample 6 7 22
Average age 29.33 28.57 31.63
Gender
Male (%) 33.33(2/6) 71.43(5/7)  54.54(12/22)
Female (%) 66.67(4/6) 28.57(2/7)  45.46(10/22)
Viral load log 10 (copies/ml) 5.14 4.11 4.75
Mean CD4 counts (cell/mm?) 191.9 276.84 382.97
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4.2 Sample collection and processing

RNAs were extracted according to Viroseq HIV-1 drug resistant Kit.
Briefly, 500 pl of plasma will be centrifuged at 21,000-25,000 g, 4°C for at least 1
hour. During centrifugation, HIV Viral Lysis Buffer will be thawed at room
temperature. If the buffer contains some crystals, incubate at 37°C until the precipitate
disappears then bring to room temperature. Thaw RNA diluent at 2°C-8°C, then,
prepare 70% alcohol 1 ml for each sample and keep in refrigerator at 2°C-8°C. After
centrifugation, discard aqueous phase and resuspend pellet with 600 pl of HIV Viral
Lysis Buffer. Mix thoroughly for 5-10 seconds and incubate for 10 minutes at room
temperature. Add 600 ul of isopropanol follow by centrifuge at 12,500-15,000 g for 15
minutes. Remove supernatant and add 1 ml of cold 70% alcohol. Mix thoroughly and
centrifuge at 12,500-15,000 g for 5 minutes at 4°C. Remove the supernatant as much
as possible and centrifuge 8,000 rpm forl minute. Remove the leftover supernatant by
pipetting and dry the pellet at room temperature for 5 minutes or until all 70% ethanol
be evaporated. Add RNA diluent as following table.

HIV viral load RNA diluent volume (pl)
More than 15,000 copies/ml 100
2,000-15,000 copies/ml 50
Unknown 50

Finally, resuspend pellet with RNA diluent by agitation about 10-20

seconds then centrifuge at 8,000 rpm for 10 seconds and keep at -80°C.
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4.2.1 Sample size calculation
The proper sample size will be calculated based on a simple random
sample, which can be calculated according to the following formula
n = Zuy?pg/d?
n refers to sample size in each year

Zan? refers to a confidence interval which is 1.96

p refers to an estimated proportion
q refers to 1-p
d refers to an errors in estimating the proportion

4.3 HIV viral load determination

HIV-1 RNA quantitation(HIV-VL) in plasma samples were determined by
using HIV-1 viral load assay Abbott m2000 Real Time HIV-1 (Applied Biosystems,
Foster city, California, USA), USA). Sample preparation, nucleic acid extraction for
amplification and detection were done following the manufacturer’s protocol

Briefly, the m2000 Real Time HIV-1 assay combines an automated
extraction (input volume of 0.6 ml, m2000sp apparatus), a real-time PCR
amplification of the integrase gene fragment and a noncompetitive fluorescent
detection (m2000rt instrument, dynamic range of 40 to 107 copies/ml).
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4.4 HIV-1 nucleotide sequence analysis

4.4.1 Amplification of HIV-1 gag gene

cDNA of HIV-1 gag gene will be generated by using Superscript IlI
reverse transcriptase (Invitrogen, USA). cDNA will be amplified with PrimeSTAR
GXL DNA polymerase (Takara, Japan) by nested PCR with two primer set as shown
in Table 4.4.

Table 4.4 List of primers for HIV-1 gag amplification (1)

Primer Location* Primer sequence (5°-3)

msf12b 623—649 AAATCTCTAGCAGTGGCGCCCGAACAG
RT3474R | 3453—3477 GAATCTCTCTGTTTTCTGCCAGTTC
f2nst 769—793 GCGGAGGCTAGAAGGAGAGAGATGG
SP3AS 2382—2407 CCTCCAATTCCCCCTATCATTTTTGG

* Numbering of nucleotide is related to HXB2

cDNA will be synthesized from 10 pl of extracted RNA in first master mix
which contains 1 pl of 10mM dNTP, 0.8 pl of RT3474R primer (100 pmol/ pl), 1.2 pl
DNase free water. Heat reaction at 65°C for 5 minutes and place on ice at least 1
minute. Add 7 pl of second master mix which contains 4 pl 5X first strand buffer, 1 pl
0.1M DTT, 1 pl RNase Out(400 U) (Invitrogen, USA) and 1 pl Superscript 111 reverse
transcriptase (Invitrogen, USA). Incubate at 50°C for 60 minutes, follow by 70°C for
15 minutes to stop activity of reverse transcriptase enzyme and then add 1 pl RNase H
and incubate at 37°C for 20 minutes to destroy RNA template. The size of cDNA is
3474 base pair.

For first round PCR, 0.2 pl each of RT347R primer (20 pmol/ pl) and
f2nst (20 pmol/ pl) will be used to amplified gag gene in reaction mix of 4 pl 5X
primeSTAR GXL, 1.6 pl dNTP mixture (2.5 mM each), 0.4pl primeSTAR GXL DNA
pol (1.25 U/uL) (Takara, Japan), 11.6 pl DNase free water. 2 pl cDNA will be added
to reaction and place on thermal cycler 9700 (Perkin, USA). The amplification cycle
will be programmed as following; 35 cycles of 98°C for 10 seconds, 55°C for 15

seconds, 68°C for 3 minutes and 1 cycle of 68°C for 10 minutes.
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For nested PCR, 1 ul each of f2nst primer (20 pmol/ pl) and1 pl SP3AS
primer (20 ul), will be used in reaction mix of 10 pl 5X primeSTAR GXL, 4 pl
dNTP mixture (2.5 mM each), 1pl primeSTAR GXL DNA pol (1.25 U/pL) (Takara,
Japan) and 28 ul DNase free water. Five microliters of PCR product from first round
will be added to reaction and place on thermal cycler 9700 (Perkin, USA). The
amplification cycle will be programmed as following; 35 cycles of 98°C for 10
seconds, 55°C for 15 seconds, 68°C for 3 minutes and 1 cycle of 68°C for 10
minutes. The amplified product of HIV-1 gag pol is 1600 base pairs.

4.4.2 Amplification of HIV-1 pol gene by viroseq (Celera, USA)
HIV-1 gag gene will be generated by using Viroseq HIV-1Kkit

Table 4.5 Master mix of Viroseq HIV-1 kit

Master mix 1 Reaction (ul)
HIV RT mix 8

Rnase Inhibitor 1
MuLV Reverse Transcriptase 1

DTT 100 mM 04

Final volume 10.4

cDNA will be synthesized from 10 pl of extracted RNA. Incubate RNA at
65°C for 0.5 minutes, follow by 42°C for 5 minutes and stop machine. Add master mix
(Table 4.5) 10 ul and incubate at 42°C for 60 minutes, follow by 42°C for 5 minutes.

For PCR, 29.5 ul each of HIV PCR mix, 0.5 pl of AmpliTag Gold
polymerase, 1 ul of AmpErase UNG. Add 30 pl PCR mix in cDNA tube and place on
thermal cycler 9700 (Perkin, USA). The amplification cycle will be programmed as
following; 35 cycles of 98°C for 10 seconds, 55°C for 15 seconds, 68°C for 3 minutes
and 1 cycle of 68°C for 10 minutes.
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4.4.3 Amplification of HIV-1 env gene regions

Table 4.6. List of primers for HIV-1 env amplification (48)

Primer | Location* Oligonucleotide sequences (5’-3%)

1R3B3R | 9642—9611 | ACTACTTGAAGCACTCAAGGCAAGCTTTATTG

07for7 4875—4912 | CAAATTAYAAAAATTCAAAATTTTCGGGTTTA
TTACAG

2.R3.B6 | 9607—9636 | TGAAGCACTCAAGGCAAGCTTTATTGAGGC
R

VIF1 4900—4923 | GGGTTTATTACAGGGACAGCAGAG

Low2C | 95919612 | TGAGGCTTAAGCAGTGGGTTCC

*Numbering of nucleotide is related to HXB2

All primers used for HIV-1 env amplifind was showed in Table 4.6. cDNA
will be synthesized from 10 pl of extracted RNA in first mastermix which contains 1
pl of 20mM dNTP, 0.8 ul of 1R3B3R primer (100 pmol/ ul), 1.2 ul DNase free water.
Heat reaction at 65°C for 5 minutes and place on ice at least 1 minute. Add 7 ul of
second master mix which contains 4 pl 5X first strand buffer, 1 ul 0.1M DTT, 1 pli
RNase Out (400 U) (Invitrogen, USA) and 1 pl Superscript Il reverse transcriptase
(Invitrogen, USA). Incubate at 50°C for 60 minutes, followed by 70°C for 15 minutes
to stop activity of reverse transcriptase enzyme and then add 1 pl RNase H and
incubate at 37°C for 20 minutes to destroy RNA template. The size of cDNA is 4500
base pairs.

For the first round PCR, 0.2 ul each of 07for7 primer (20 pmol/ ul) and
2R3B6R (20 pmol/ ul) will be used to amplified env gene in reaction mix of 4 pl 5X
primeSTAR GXL, 1.6 pl dNTP mixture (2.5 mM each), 0.4 pl primeSTAR GXL
DNA pol (1.25 U/pL) (Takara, Japan), 11.6 pl DNase free water. 2 pl cDNA will be
added to reaction and place on thermal cycler 9700 (Perkin, USA). The amplification
cycle will be programmed as following; 35 cycles of 98°C for 10 seconds, 60°C for 15
seconds, 68°C for 4 minutes and 1 cycle of 68°C for 10 minutes.

For nested PCR, 1 pl each of Low2C primer (20 pmol/ pl) and1 pl VIF 1
primer (20 ul), will be used in reaction mix of 10 pl 5X primeSTAR GXL, 4 pl dNTP
mixture (2.5 mM each), 1pl primeSTAR GXL DNA pol (1.25 U/uL) (Takara, Japan)
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and 28 pul DNase free water. Five microliters of PCR product from first round will be
added to reaction and place on thermal cycler 9700 (Perkin, USA). The amplification
cycle will be programmed as following; 35 cycles of 98°C for 10 seconds, 55°C for 15
seconds, 68°C for 3 minutes and 1 cycle of 68°C for 10 minutes. The amplified

product of HIV-1 gag env is 4760 base pairs.

4.4.4 PCR product detection and purification

The amplified PCR products will be detect by gel electrophoresis. 1% of
agarose gel will be used to detect DNA fragment of HIV-1 env, gag and pol gene.
Briefly, one grams of agarose gel (Biolin, Spain) will be dissolved in 0.5XTBE (Tris-
borate EDTA) and boiled until gel will be completely melted. Place at room
temperature to cool down and pour gel in casting platform with gel comb. Leave gel at
room temperature until gel will be set. Take comb off and place gel into chamber
contained 0.5XTBE buffer. Load PCR product into well by mixing 5 ul of PCR
product with 6X loading dye (Fermentus, EU). The electrophoresis will be run at
constant 150 Voltages for 1 hour or until dye marker will be on the bottom of gel.
Place gel in Gel-Red (Biotium, USA) for 5-10 minutes. The fragment will be observed
under UV transluminator. The DNA fragment of gag, env and pol genes will be 1600,
4760 and 3748 bp, respectively.

To clean up PCR product, PureLink® PCR Purification Kit (Invitrogen,
USA) will be used. Briefly, 4 volumes of Binding Buffer HC (B3) and 1 volume of
isopropanol will be added to PCR product and mixed. The mixture will be pipetted
into a PureLink Spin column with a collection tube and centrifuged the column at >
10,000 g for 1 minute. Then, the column will be reinserted into the collection tube and
added 650 pl wash buffer (W1). Centrifuge the column at >10,000 g for 1 minute and
discard the flow through. The column will be placed in the same collection tube and
centrifuged at maximum speed for 3 minutes. Later, the column will be placed into a
clean 1.7 ml elution tube then add 50 pl elution buffer to the center of the column and
incubate the column at room temperature for 1 minute. Finally, the column will be
centrifuged at maximum speed for 2 minutes. The purified DNA will be kept at -20°C

for long term storage.
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4.4.5 DNA concentration determination

Prior to start sequencing step, PCR product will be determined
concentration by using Nanodrop spectrophotometer. Two microliters of PCR product
will be used for measurement. The absorbance at 260 will be measured and convert to
concentration in terms of ng/ul. The requirement ratio of PCR product purity will be
more than 1.70 (A260/A280) and the quantity will be accepted 20-100 ng/ul.

4.4.6 HIV-1 pol gene sequencing

Protease and RT regions will be sequenced according to Viroseq HIV-1 kit
(Celera, USA). One sample will compose of 7 primer sequencings (A, B, C, D, F, G
and H). Briefly, 12 ul of each HIV SEQ MIX reagents (A, B, C, D, F, G and H primer
sequencings) will be added to Microamp 96 well plate followed by adding 8 ul of
diluted sample into wells and place plate to Thermal cycle 9700 machine. Set the
amplification cycle as follow; starting with 25 cycles of 96°C for 10 seconds, 50°C for

5 seconds, 60°C for 4 minutes. Keep plate at -20°C until precipitation step.

4.4.7 HIV-1 gag and env gene sequencing

Oligonucleotide sequencing will be performed with Sanger method. The
procedure will compose of three steps, incorporation of the target gene, extraction of
the extension product and loading the extension product. HIV-1 gag and env gene will
be sequenced by using Bigdye Terminator Cycle Sequencing ready reaction version
3.1(ABI PRISM, Perkin Elmer, Foster city, USA). Briefly, add 4 pl of 5X Bigdye
buffer, 3.2 pmol of primer, 4 ul of Bigdye terminator version 3.1, 100-500 ng/ul of
purified PCR product and add DNase free water until 20 pl. Set program for cycle
sequencing as following: 96°C for 3 minutes and 35 cycles of 96°C for 10 seconds,

50°C for 5 seconds, 60°C for 2 minutes. Keep plate at -20°C until precipitation step.

4.4.8 Purification sequencing reaction

To remove excess dyes from sequencing reaction, ethanol precipitation
will be used for purification step. Briefly, 60 ul of isopropanol and 20 pl DNaseRnase
free water will be added to each reaction. Incubate plate for 15 minutes at room

temperature in dark. Centrifuge at 2,000 g for at least 45 minutes and remove solution
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by inverting plate on tissues and centrifuge at 700 g for 1 minute. Pellet will be
resuspended by adding 20 pl of Hi Di formamide to each well and mixed. Centrifuge
at 700 g for 10-20 seconds. Plate will be covered with rubber septa after denaturing at
95°C for 2 minutes. Place a plate to 3130 Genetic Analyzers machine for sequencing.

4.4.9 HIV-1 Antiretroviral Drug Resistance Analysis

HIV-1 pol gene nucleotide sequence were anlyzed by using Viroseq
software version 2.8 (Celera, USA) and HIVVdb program in the HIV Drug Resistance
Database from Stanford University (http://hivdb.stanford.edu/)

4.4.10 Nucleotide sequence analysis

Abl. data file acquired from Genetic Analyzer were imported into the
DNA BASER and assembled into contiguous fragments. The nucleotide sequences
were finally exported as FASTA file format for further analysis.

Dataset containing sample nucleotide sequences and all reference subtypes
sequences from Los Alamos sequence database were analyzed. The Molecular
Evolutionary Genetics Analysis (MEGA) software version 7 was used for
phylogenetic analyses. Phylogenetic trees were constructed using Maximum
Likelihood method based on the Tamura-Nei model.

HIV-1 genomes recombinance detection uses jpHMM (jumping profile
Hidden Markov Model) web tool. It aligns a query sequence to pre-calculate multiple
alignments of the major HIV-1 subtypes, to predict recombination breakpoints in each
region of the sequence assigned.

RIP (Recombination identification program) tool was also used to identify
recombination in query sequence by calculating similarity to a background alignment
in a sliding window. The graphical output from the program shows the different
distance measurement between the query and various background sequences.

REGA HIV-1 Subtyping Tool. This tool is designed to use phylogenetic
methods in order to identify the subtype of a specific sequence. The sequence is

analysed for recombination using bootscanning methods.
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4.4.11 Construction of Phylogenetic Tree Using MEGA 7

After the manual inspection of alignments, Molecular Evolutionary
Genetics Analysis (MEGA) software version 7 was used for phylogenetic analyses.
Phylogenetic trees were constructed Maximum Likelihood method based on the
Tamura-Nei model.

Adjusted multiple alignment files performed by MUSCLE were imported
into MEGA v 7 where the alignment files saved in (.mas) format were converted into
MEGA format (.meg). The MEGA files (.meg) were then opened in MEGA and
Maximum Likelihood were constructed with the use of the Kimura 2 parameter

method of nucleotide substitution.
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CHAPTER V
RESULTS

5.1 Study population characterization

A total of 675 EDTA blood samples from HIV infected patients sent to
Department of Microbiology for HIV drug resistant genotype assays year 2009-2011
were used in this study. HIV drug resistant genotype assay was performed by using
Viroseq genotype assay. The samples can be divided according to year of collection as
2009 (n=111), 2010 (n=250) and 2011 (n=314). Demographic characteristics of a total
of 675 EDTA blood samples were showed in Tables 4.1 — 4.3 and figure 5.1

In 2009, 33, 39, 35 and 35 samples were collected from Bangkok,
Nakhonsawan, Suratthani and Songkhla, respectively. The average age of 2009
subjectswas 33 years and 44.1% and 55.9% of them were male and female. The
average of viral load and CD4 value of 2009 samples were log 4.90 copies/ml and
191.9cell/mm?,

In 2010, 12, 196, 31 and 11 samples were collected from Bangkok,
Nakhonsawan, Suratthani and Ubon Ratchathani, respectively. The average age of
subjects was 35.6 years and 55.4% and 44.6% of them were male and female. The
average of viral load and CD4 value of 2010 samples were log 4.95 copies/ml and
276.84 cell/mm?.

In 2011, 19, 184, 7, 15 and 89 samples were collected from Bangkok,
Nakhonsawan, Suratthani, Songkhla and Ubon Ratchathani, respectively. The average
age of subjects was 33 years and 65.7%and 34.3% of them were male and female.The
average of viral load and CD4 value of 2011 samples were log 5.10 copies/ml and
382.97 cell/mm?.

Of 675 samples, there were 610 (90.37%) samples, who received first line
drug regimen (GPO-VIR), 60(8.89%) samples received other NRTIs + NNRTI

antiretroviral drug and 5(0.74%) samples with unknown antiretroviral drugs.
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Figure 5.1 Location of sample collection in the study

5.2 HIV- 1 subtype determination by pol nucleotide sequence data

from drug resistant genotyping

HIV pol nucleotide sequences [reverse transcriptase (RT) and protease
(PR) region] resulted from Viroseq genotyping assay were submitted to Standford
database for drug resistant mutations (DRMs) determination and HIV subtyping.
These HIV subtype data was compared with phylogenetic analysis of RT and PR
nucleotide sequences, figures 5.2-5.4. The result of HIV subtype analyzed by Stanford
HIV database and phylogenetic analysis were shown in tables 5.1 and 5.2. HIV
CRF01_AE was circulating predominantly in Thailand during 2009-2011. Moreover,
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HIV subtype B was secondly found and followed by others subtype and circulating

recombinant strains including CRF02_AG and subtype C.

Table 5.1 Percentage of HIV-1 subtypes found in 675 samples analyzed by Stanford
HIV database (69) of RT and PR nucleotide sequences

HIV subtype 2009 2010 2011

B 3.6%(4/111)  4%(10/250)  3.8%(12/314)
CRFO1_AE 94.6%(105/111) 93.2%(233/250) 93.9%(295/314)
c 0%(0/111) 0%(0/250) 0.3%(1/314)
CRF01_AE/B 1.8%(2/111)  0.8%(2/250)  0.6%(2/314)
D/CRF0L_AE 0 0.8%6(2/250) 0
CRF02AG/CRFOLAE 0 0.4(1/250) 0
K/CRFOL_AE 0 0.8%(2/250)  0.6%(2/314)
D/B 0 0 0.3(1/314)
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Figure 5.2 Neighbor-joining tree analysis of (a) PR nucleotide sequences and (b) RT
nucleotide sequences of 111 samples collected in 2009. Labels filled triangle show

HIV-1 subtype reference sequences.



Nattapol Narong

'
CGe ~WL O N ©
%@ﬁ%@é’S%&é’%%,\
o, TRAEEEZEESESSs
5@ EEZERER LI TSNS o
fye %% TRERATIO0GSEIES S,
895, &, N 6, 0y Y0 % TSI SN
%0 ./)){ 00)390 2 C‘A 2 3 2 $ 52* Qg“’-’&\,
204 A by = 4/ TS
94‘:7 A < > = ¥ 5N @2‘ ‘?‘Q
2, YN AA{% LS,
0 A o °© S ¢, LS
o %625 r > S °© LS
(923\9 X G >> ¥ % 3 N > \4‘?\ Qg%
% B LA
Sty [ 3 S N D
Sy, “0 &P & N M s Y\Q‘Bb‘
S/THA/O& 9 e ) 5\‘\« ook
S1T110.%6 A& S
009 o v S 082
SITH_ZO P Sia A
SITHp; 7 o oo
SITHosy o P\ SiThez
SITHogs 335 sTvos
SITHo1g —.2° O [ SITH092
SITH102 24 43 SITH089
1 3 0 SITHO87
SITHO45 0 5
SITH109 0 0 3 5}@@@‘3
SITHO 0 0 8 01
S\‘\’HO 14 0 > gTH 516 A2
SITHS o7 2o 0 /ngf7
L RS x ° of {55 5Tt
U\E;Aﬂ i 5\’(\’\0&0 > 0 o g §/ TA%063
5\'(\’\ Q'XQ) 20 N v 2, N /77\/0 95
AN 5 9 0 S0z
X028 S ° S/ 058
ENNEEIT NG 2 v~ SR
RN A 7508
ADINeX 2 S 038
=) %\’\S\Q\QQQ‘QDQ K / );Sr &06;90
SER A 7/ SINR e
RN % /3 SN\ o K O\ 5500
5N &‘2:29 Q<° o C ~ o v d‘d}/)\ %0\; <
O NIAS § o e SOEGS
ORIV 4. N ° mul/\»x,o&
AR SN 5 ; T2’
00,
s
SSSTRS A i)l ©
ST (2R ey e e e o > 9
ST J43xE5 OE S
o~k Jd7T-TIsom® PR
Zh I g S93%® wo o
58380 ©% 0
ISR PASEY )
A
%

Figure 5.2 Neighbor-joining tree analysis of (a) PR nucleotide sequences and (b) RT

nucleotide sequences of 111 samples collected in 2009. Labels filled triangle show
HIV-1 subtype reference sequences (cont.).
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Figure 5.3 Neighbor-joining tree analysis of (a) RT nucleotide sequences and (b) PR

nucleotide sequences of 250 samples collected in 2010. Labels filled triangle show

HIV-1 subtype reference sequences.
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Figure 5.3 Neighbor-joining tree analysis of (a) RT nucleotide sequences and (b) PR

nucleotide sequences of 250 samples collected in 2010. Labels filled triangle show

HIV

1 subtype reference sequences (cont.).
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Figure 5.4 Neighbor-joining tree analysis of (a) RT nucleotide sequences and (b) PR
nucleotide sequences of 250 samples collected in 2010. Labels filled triangle show

HIV-1 subtype reference sequences.
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(b)
Figure 5.4 Neighbor-joining tree analysis of (a) RT nucleotide sequences and (b) PR
nucleotide sequences of 314 samples collected in 2011. Labels filled triangle show

HIV-1 subtype reference sequences (cont.).
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic tree

analysis of RT and PR nucleotide sequences

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH001 2009 B B B B
SITH002 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHOO3 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH004 2009 B CRFO1_AE B CRFO01_AE
SITHO05 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH006 2009 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH007 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH008 2009 CRFO1_AE CRFO1_AE K CRF01_AE
SITHO09 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO010 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO011 2009 CRFO1_AE CRFO1_AE CRF02_AG CRF01_AE
SITHO012 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO013 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITHO014 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO15 2009 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITHO016 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO017 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO018 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO19 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH020 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH021 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH022 2009 B B B B
SITH023 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO024 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH025 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO26 2009 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITHO027 2009 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH028 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO29 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH030 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO31 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH032 2009 CRFO1_AE CRFO1_AE CRF0O1_AE CRFO01_AE
SITHO33 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO34 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO035 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITHO36 2009 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITHO037 2009 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITHO38 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO39 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO040 2009 CRFO01_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITHO041 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO42 2009 CRFO01_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITHO43 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO44 2009 CRFO01_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH045 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO46 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO47 2009 CRFO01_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO48 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO049 2009 CRFO01_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITHO50 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO51 2009 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH052 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO53 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH054 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO55 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH056 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO057 2009 CRFO01_AE B CRFO01_AE B
SITHO58 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH059 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO60 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH061 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH062 2009 CRFO01_AE CRFO01_AE CRFO1_AE A2
SITHO063 2009 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH064 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO65 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH066 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO67 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH068 2009 CRFO1_AE CRFO1_AE CRF0O1_AE CRFO01_AE
SITH069 2009 CRFO1_AE CRFO1_AE A2 CRF01_AE
SITHO70 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH071 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITHO72 2009 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITHO073 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITHO074 2009 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITHO75 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO76 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO77 2009 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITHO78 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO079 2009 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITHO80 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH081 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH082 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO83 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH084 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO85 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH086 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH087 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITHO88 2009 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH089 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITHO090 2009 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH091 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO092 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH093 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH094 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO095 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH096 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITHO97 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH098 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH099 2009 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITH100 2009 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH101 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH102 2009 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH103 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH104 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH105 2009 CRFO1_AE CRFO1_AE CRF0O1_AE CRFO01_AE
SITH106 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH107 2009 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH108 2009 B B B B
SITH109 2009 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITH110 2009 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH111 2009 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH112 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH113 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH114 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH115 2010 B B B B
SITH116 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH117 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH118 2010 B B B B
SITH119 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH120 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH121 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH122 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH123 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH124 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH125 2010 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH126 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH127 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH128 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH129 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH130 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH131 2010 B B B B
SITH132 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH133 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH134 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH135 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH136 2010 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITH137 2010 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH138 2010 B B B B
SITH139 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH140 2010 CRFO01_AE CRFO01_AE CRF01_AE CRFO01_AE
SITH141 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH142 2010 CRFO1_AE CRFO1_AE CRFO01_AE A2
SITH143 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH144 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH145 2010 CRFO01_AE CRFO01_AE CRFO1_AE CRFO01_AE
SITH146 2010 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITH147 2010 CRFO01_AE CRFO01_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH148 2010 CRFO01_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH149 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH150 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH151 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH152 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH153 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH154 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH155 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH156 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH157 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH158 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH159 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH160 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH161 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH162 2010 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH163 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH164 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH165 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH166 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH167 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH168 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH169 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH170 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH171 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH172 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH173 2010 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITH174 2010 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH175 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH176 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH177 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH178 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH179 2010 CRFO1_AE CRFO1_AE CRF0O1_AE CRFO01_AE
SITH180 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH181 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH182 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH183 2010 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITH184 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH185 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH186 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH187 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH188 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH189 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH190 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH191 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH192 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH193 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH194 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH195 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH196 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH197 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH198 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH199 2010 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH200 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH201 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH202 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH203 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH204 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH205 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH206 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH207 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH208 2010 D CRFO01 AE D CRFO01 AE
SITH209 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH210 2010 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITH211 2010 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH212 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH213 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH214 2010 B B J B
SITH215 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH216 2010 CRFO1_AE CRFO1_AE CRF0O1_AE CRFO01_AE
SITH217 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH218 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH219 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH220 2010 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITH221 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; :
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH222 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH223 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH224 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH225 2010 B B B B
SITH226 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH227 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH228 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH229 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH230 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH231 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH232 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH233 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH234 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH235 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH236 2010 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH237 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH238 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH239 2010 B CRF01_AE B CRF01_AE
SITH240 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH241 2010 D CRF01_AE D CRF01_AE
SITH242 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH243 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH244 2010 CRFO01_AE CRFO01_AE CRF01_AE CRFO01_AE
SITH245 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH246 2010 CRFO01_AE CRFO01_AE CRF01_AE CRFO01_AE
SITH247 2010 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITH248 2010 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH249 2010 CRFO01_AE CRFO01_AE CRF01_AE CRFO01_AE
SITH250 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH251 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH252 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH253 2010 B CRF01_AE B CRF01_AE
SITH254 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH255 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH256 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH257 2010 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITH258 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH259 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH260 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH261 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH262 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH263 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH264 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH265 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH266 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH267 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH268 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH269 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH270 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH271 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH272 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH273 2010 CRFO1_AE CRF01_AE CRFO1_AE CRF01_AE
SITH274 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH275 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH276 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH277 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH278 2010 CRF02_AG CRF01_AE CRF02_AG CRF01 AE
SITH279 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH280 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH281 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH282 2010 CRFO01_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH283 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH284 2010 CRFO01_AE CRFO01_AE CRFO1_AE CRFO1_AE
SITH285 2010 CRFO1_AE CRFO01_AE CRFO01_AE CRFO1_AE
SITH286 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH287 2010 B B B B
SITH288 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH289 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH290 2010 CRFO1_AE CRFO1_AE CRF0O1_AE CRFO01_AE
SITH291 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
SITH292 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO1_AE
SITH293 2010 CRFO1_AE CRFO1_AE CRFO1_AE CRFO01_AE
SITH294 2010 CRFO1_AE CRF0O1_AE CRF0O1_AE CRFO1_AE
SITH295 2010 CRFO1_AE CRFO1_AE CRF01_AE CRFO01_AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; -
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH296 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH297 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH298 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH299 2010 CRFO1_AE CRFO1_AE CRFO1_AE  CRFO1_AE
SITH300 2010 CRFO1_AE CRF01_AE CRFO1_AE CRFO01_AE
SITH301 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH302 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH303 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH304 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH305 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH306 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH307 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH308 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH309 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH310 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH311 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH312 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH313 2010 K CRFO1AE K CRFO1AE
SITH314 2010 B B B B
SITH315 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH316 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH317 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH318 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH319 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH320 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH321 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH322 2010 B B B B
SITH323 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH324 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH325 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH326 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH327 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH328 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH329 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH330 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH331 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH332 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH333 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH334 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH335 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH336 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH337 2010 B B B B
SITH338 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH339 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH340 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH341 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH342 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH343 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH344 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH345 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH346 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH347 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH348 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH349 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH350 2010 B B B B
SITH351 2010 CRFO1AE K CRFO1AE K
SITH352 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH353 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH354 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH355 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH356 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH357 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH358 2010 K CRFO1AE K CRFO1AE
SITH359 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH360 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH361 2010 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH362 2011 B B B B
SITH363 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH364 2011 B B B CRF03_AB
SITH365 2011 B B B B
SITH366 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH367 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH368 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH369 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH370 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH371 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH372 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH373 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH374 2011 B B B B
SITH375 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH376 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH377 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH378 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH379 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH380 2011 CRFO1AE CRFO1AE CRFO1AE CRFO1AE
SITH381 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH382 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH383 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH384 2011 B B B B
SITH385 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH386 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH387 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH388 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH389 2011 B B B B
SITH390 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH391 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH392 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH393 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH394 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH395 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH396 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH397 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH398 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH399 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH400 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH401 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH402 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH403 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH404 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH405 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH406 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH407 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH408 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH409 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH410 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH411 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH412 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH413 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH414 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH415 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH416 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH417 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH418 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH419 2011 B CRF01_AE B CRF01_AE
SITH420 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH421 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH422 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH423 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH424 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH425 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH426 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH427 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH428 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH429 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH430 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH431 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH432 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH433 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH434 2011 K CRF01_AE K CRF01_AE
SITH435 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH436 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH437 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH438 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH439 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH440 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH441 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH442 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH443 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH444 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH445 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH446 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH447 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH448 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH449 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH450 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH451 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH452 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH453 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH454 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH455 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH456 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH457 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH458 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH459 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH460 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH461 2011 B CRF01_AE B CRF01_AE
SITH462 2011 B B B B
SITH463 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH464 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH465 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH466 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH467 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH468 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH469 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH470 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH471 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH472 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH473 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH474 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH475 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH476 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH477 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH478 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH479 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH480 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH481 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH482 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH483 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH484 2011 B B B B
SITH485 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH486 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH487 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH488 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH489 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH490 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH491 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH492 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH493 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH494 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH495 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH496 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH497 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH498 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH499 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH500 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH501 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH502 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH503 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH504 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH505 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH506 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH507 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH508 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH509 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH510 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH511 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH512 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH513 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH514 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH515 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH516 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH517 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

HIV subtype
Sample - ; .
ID Years Stanford analysis Phylogenetic tree analysis
PR RT PR RT

SITH518 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH519 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH520 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH521 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH522 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH523 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH524 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH525 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH526 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH527 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH528 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH529 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH530 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH531 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH532 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH533 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH534 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH535 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH536 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH537 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH538 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH539 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH540 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH541 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH542 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH543 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH544 2011 B B B B
SITH545 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH546 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH547 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH548 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH549 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH550 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH551 2011 B B B B
SITH552 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH553 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH554 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

Sample vy HIV subtype
ears - - -
ID Stanford analysis Phylogenetic tree analysis

SITH555 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH556 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH557 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH558 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH559 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH560 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH561 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH562 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH563 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH564 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH565 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH566 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH567 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH568 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH569 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH570 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH571 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH572 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH573 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH574 2011 D B D B
SITH575 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH576 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH577 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH578 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH579 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH580 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH581 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH582 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH583 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH584 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH585 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH586 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH587 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH588 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH589 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH590 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH591 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH592 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

Sample vy HIV subtype
ears - - -
ID Stanford analysis Phylogenetic tree analysis

SITH593 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH594 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH595 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH596 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH597 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH598 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH599 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH600 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH601 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH602 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH603 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH604 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH605 2011 CRF01_AE B CRF01_AE B
SITH606 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH607 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH608 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH609 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH610 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH611 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH612 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH613 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH614 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH615 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH616 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH617 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH618 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH619 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH620 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH621 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH622 2011 CRF01_AE CRF01_AE CRF01 AE  CRF01 AE
SITH623 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH624 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH625 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH626 2011 CRF01_AE CRF01_AE CRFO1_AE  CRF01_AE
SITH627 2011 CRF0O1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH628 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH629 2011 CRF01_AE CRF01_AE CRFO1_AE  CRF01_AE
SITH630 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

Sample vy HIV subtype
ears - - -
ID Stanford analysis Phylogenetic tree analysis

SITH631 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH632 2011 B B B B
SITH633 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH634 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH635 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH636 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH637 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH638 2011 K CRF01_AE K CRF0O1 AE
SITH639 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH640 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH641 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH642 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH643 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH644 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH645 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH646 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH647 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH648 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH649 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE
SITH650 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH651 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH652 2011 CRF01 AE CRF01 AE CRF01 AE CRFO01 AE
SITH653 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH654 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH655 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH656 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH657 2011 CRF01 AE CRFO01 AE CRFO01 AE CRFO01 AE
SITH658 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH659 2011 CRF01_AE CRF01_AE CRF01_ AE  CRF01_AE
SITH660 2011 CRFO01 AE CRFO01 AE CRF01 AE CRFO01 AE
SITH661 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH662 2011 CRF01_AE CRF01_AE CRFO1_AE  CRF01_AE
SITH663 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
SITH664 2011 CRFO1_AE CRF01_AE CRF01_AE CRFO1_AE
SITH665 2011 CRF0O1_AE CRF01_AE A2 CRFO1_AE
SITH666 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01 _AE
SITH667 2011 CRF01_AE CRF01_AE CRF01_AE CRFO1_AE
SITH668 2011 CRF01_AE CRF01_AE CRF01 AE  CRFO01 _AE
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Table 5.2 HIV-1 subtypes determined by Stanford HIV database and phylogenic

tree analysis of RT and PR nucleotide sequences (cont.)

Sample vy HIV subtype
ears - - -
ID Stanford analysis Phylogenetic tree analysis

SITH669 2011 CRF01_AE CRF01_AE CRF01_AE CRF01 _AE
SITH670 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH671 2011 CRF01_AE CRF01_AE CRFO1_AE CRF01_AE
SITH672 2011 B B B B
SITH673 2011 CRF01_AE CRF01_AE CRF01_AE  CRFO01_AE
SITH674 2011 CRF01_AE CRF01_AE CRF01_AE CRF01_AE
SITH675 2011 CRF01_AE CRF01_AE CRF01_ AE  CRFO01_AE

5.3 HIV drug resistant analysis

HIV-1 pol nucleotide sequences were analyzed by examining amino acid
mutations at the PR and RT sites associated with antiretroviral drug resistance by
using Viroseq software version 2.8 (Celera, USA) and HIVdb program in the HIV
Drug Resistance Database from Stanford University (http://hivdb.stanford.edu/).

5.3.1 Prevalence of HIV-1 drug resistance mutation codon of pol gene

A total of. HIV-1 drug resistance mutation codons of 111, 250 and 354
samples obtained from year 2009, 2010 and 2011 were analyzed, respectively.

Antiretroviral drugs, RT-inhibitors, related resistance codons was
characterized as NRTIs and NNRTIs. HIV drugs resistance associated mutations
(DRMs) against NRTIs observed were K65R, K70R/E, L74V, Y115F, M184V, M41L,
D67G, L210M, T215A, K219Q, E44A, A62V, T69N and Q1581R. Among these
mutations, M184V was the most prevalent DRMs against NRTIs. DRMs to NNRTIs
observed were L100l, K101E, K103N, V106A, E138A, V179F, Y181C, Y188L,
G190A, F227L and M230L. Among these mutations, Y181C was the most prevalent
mutation associated with resistance to NNRTIs. DRMs to Protease inhibitors
(PIs)observed were V321, M46l/L, MATI/VIA, G48VIM, I50L/V, I54F//LIVIA,
L76V, V82A/F/M, 184V, N88S and L90M. Among these mutations, V82A/F/M was
found predominantly. The most frequency of secondary mutation was found at
L89I/V/IMV/IMV.


http://hivdb.stanford.edu/
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In 2009 samples, the frequency of DRMs to NRTIs were
M184V/IMV/IMV/IM/I ~ (65.5%, 73/111), K70KR/S/T/KN/EG/G/R/W/KQ/Q/E
(31.9%, 35/111), T69N/I/DN/G/NT/AIAT/KIAGST/ST/SID (17.4%, 19/111),
T215/AIC/YIDISTIATINY/FYIVIINTICY/IF (23.4%, 26/111). The frequency of DRMs
to NNRTIs were Y181C/CYIG/FYNIVIHY/L (37.8%,42/111),
K101E/EKQ/HKNQ/DEHQ/KQPT/AE/A/EK/Q/KQ/DH/H/HN/KN/PQ/ILKQ/P/HPQ
(20.7%, 23/111), G190A/AG/S/C (22.4%, 25/111). DRMs to Pls were characterized as
major Pls drug resistance and minor Pls drug resistance mutations. The frequency of
major Pls drug resistance codon mutations were V82/A/F/IM/IM (10.5%, 17/111),
V321(0.5%,  1/111),  M46I/L/IM/LM(1%,  1/111), 147A/N(1%,  1/111),
I54F/1/L/IVIA(1%,1/111), L9OM/LM(1.4%,2/111). The frequency of minor Pl drug
resistance codon mutations were L63P(21.8%, 24/111).

In 2010 samples, the frequency of DRMs to NRTIs were
M184V/IMV/IMV/IM/1(49.31%,123/250),K70KR/S/T/KN/EG/G/R/W/KQ/Q/E
(12.62%,32/250), T69N/I/DN/G/NT/AIAT/KIAGST/ST/S/D (17.4%,44/250),
T215/A/CIY/IDISTIATINY/FYIVIINTICYIF  (14.21%,36/250). The frequency of
DRMs to NNRTIs were Y181C/CY/G/FY/IIVIHYIL (34.31%, 86/250),
K101E/EKQ/HKNQ/DEHQ/KQPT/AE/A/EK/Q/KQ/DH/H/HN/KN/PQ/ILKQ/P/HPQ
(16.6%, 42/250), G190A/AG/S/C (18.21%, 46/250). The frequency of major Pls drug
resistance codon mutations wereV82/A/F/IM/IM (1.2%,3/250), M461/L/IM/LM(1.6%,
4/250), 147A/NV(0.2%, 1/250), 154F/1/LIVIA(1%,3/250) and L9OM/LM(1%,3/250).
The frequency of minor PI drug resistance codon mutations were L63P(19%, 48250).

In 2011 samples, the frequency of DRMs to NRTIs were
M184V/MV/IMV/IM/1(58.32%,183/314),K70KR/S/T/KN/EG/G/R/W/KQ/Q/E(13.84
%,43/314), T69N/I/DN/G/NT/AIAT/IK/IAGST/ST/S/ID (14.19%, 45/314),
T215/AICIYIDISTIATINY/FYINVIITICYIF  (16.99%,53/314). The frequency of
DRMs to NNRTIs were YI181C/CY/G/FY/IIVIHY/L (33.63%,106/314),
K101E/EKQ/HKNQ/DEHQ/KQPT/AE/A/EK/Q/KQ/DH/H/HN/KN/PQ/ILKQ/P/HPQ
(15.59%, 49/314), G190A/AG/S/C (22.4%, 70/314). The frequency of major PI s drug
resistance codon mutations were V82/A/FIM/IM (2.28%,7/314),
M461/L/IM/LM(2.63%, 8/314), 147A/V(0.18%,1/314) I50L/V(0.35%, 1/314) ),
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I54F/1/L/VIA(1.93%,6/314), L76V(1.4%,4/314) and L90M/LM(0.53%,2/314). The
frequency of minor PI drug resistance codon mutations were L63P(0%, 0/314).

Frequency of DRMs to Pls, NRTIs and NNRTIs were shown in tables 5.3-
5.6

Table 5.3 Percentage of DRMs prevalence against antiretroviral drugs.

DRMs to 2009 2010 2011
Pls 7.9 6.8 8.9
NRTIs 66.1 55.2 63.7
NNRTIs 81.2 64.8 70.7
Single PI 0.6 3.2 1.9
Single NRTI 1.8 3.2 3.5
Single NNRTI 7.9 12.4 9.9
NRTIS+NNRTIs 61.3 49.2 54.5
PIs+NRTIs+NNRTIs 4.8 2.8 5.1
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Table 5.4 Percentage of DRMs prevalence to Protease Inhibitors

DRM:s to Pls 2009 |2010 | 2011
V32l 05 0 0
M461/L/IM/LM 1 1.6 2.63
147AN 1 0.2 0.18
G48V/M 0 0 0
150L/\V/ 0 0 0.35
I54F/1/L/V/IA 1 1 1.93
L76V 0 0 1.4
V82/A/FIM/IM 105 | 1.2 2.28
184V/IV 0.9 0.2 0.70
N88S 0 0.6 0
L9OM/LM 1.4 1 0.53
L1OI/IV/IVL/IL/IMIFIFLIFYIV/LV 305 |[31.6 |33.63
V11l 0 0.4 0.18
113V 0 0 0
L33I/F 2.7 2.4 3.68
1471L 1 0.2 0
F53L/Y 05 0.2 0
K43T 5 0 0
Q58E/EQ 0.9 0.2 0
L63P 218 |19 0
ATITIAVIVIIMV 1.4 3 2.63
T74S/ST 05 0.4 0.35
N83D/DN/NDT 0 0.6 0.18
185V/IV 0 0.2 0
N88H/N/D/S 05 0.2 0
L89I/V/MV/IMV 89 0.6 1.4
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Table 5.5 Percentage of DRMs prevalence to NRTIs

DRMs 2009 | 2010 | 2011
K65R/N/KR 9.1 |461 |525
K70KR/S/T/KN/EG/G/R/IW/KQ/Q/E 31.9 | 12.62 | 13.84
L74V/IL/I/LV 64 |42 156

Y115F/FY 18 |12 1.05
M184V/MV/IMV/IM/I 65.5 | 49.31 | 58.32
M41L/MT/LM 8.2 |7.81 |981
D67G/N/S/E/DG/DN/T 225 | 20.62 | 19.79
L210M/W/F/LW/T/S 12.8 | 7.41 |6.3

T215/A/CIYIDISTIATINY/FYINV/INTICYIF 23.4 | 14.21 | 16.99
K219Q/EGQR/KT/KR/KQ/D/H/KN/R/N/HQ/EK/E | 19.2 | 15.61 | 14.54
E44A/AE/ED/D 46 |22 0.8
AB2AV/IV 46 |341 |1.93
T69N/I/DN/G/NT/A/AT/IKIAGST/ST/S/D 17.4 | 13.62 | 14.19
Q151QR/KM/M 5 441 |3.68

Table 5.6 Percentage of DRMs prevalence to NNRTIs

DRMs 2009 |2010 | 2011
L100I/F 1.4 1.4 0.88
K101E/EKQ/HKNQ/DEHQ/KQPT/ 207 |166 |1559
K103N/A/T/SIKN/NS/KR/R 31 21.2 | 2557
V106A/I/M/IMV/IV 101 | 6.6 4.73
E138/A/EG/EK/AGIQ/GIK/S 7 2.6 1.58
\V/179F/T/D/DE/DN/DV/E/S 6.8 621 |8.06
Y181C/CY/GIFY/IIVIHYIL 37.8  [3431 |33.63
Y 188L/C/W/FL/HY/CY/FHLY 3.7 1.8 6.3
G190A/AG/S/C 224 |1821 |22.24
F227L/FL 1.9 2 175
M230L/LM 3.7 4 2.28
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5.4 HIV-1 nearly full-length genomic sequencing analysis.

A total of 35 samples from 675 samples were randomly selected for HIV-1
nearly full-length genomic sequencing analysis.The demographic data of these 35
samples was shown in Table 4.3. The average age of 35 samples studiedsamples was
30.62 years. The samples of this study included 54.29% (male) and 45.71% (female).
The average of HIV viral load and CD4"cells was log 4.68copies/ml and 266.91

cell/mm?3, respectively.



Table 5.7 Demographic, genotype and ART resistance mutation characteristics of 35 studied samples.

| ) CD4™  \iral HIV subtypes ART
Sa:rE)pe Gender A(\g)e dT;ar:o(;is Location E:et:lr; 5 load? sgij-l;b resistant
S e (Copies/m) NFLG  pol  mutation
AZT ddl D67N.V179

SITH438 M 18 2011 Central 353 4545 oo OLAE OLAE D,
Y181FINY

SITH496  F 25 2011 Northern 47 45,123 d‘ggc’ 0LAE 0L AE V179D
D67N.
AZT.3TC, K70KR,A98

SITH467  F 1M 2011 Northern 698 54,523 Nvp | OLAE OLAE ot el
G190S
44T 3TC. M184V 190

SITH458  F 17 2011 Northern 235 2231 oo, OLAE OLAE 9
oD
SITH436  F 19 2011 Northern 365 542,165 ,TDF,AZ 0L AE 01 AE !
Tare K219Q,K101

! E, Y181C

Northeaste AZT,ddl,

SITH587  F 49 2011 . 431 4000 S0, OLAE OLAE ;
SITHE51  F 36 2011 Nort:'neaSte 52 2223 d4£’F3JC’ 01 AE 01 AE M184\N/’K103

"MIUM [OPIYEIA ‘S3IPMS "PEIS JO "dk
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Table 5.7 Demographic, genotype and ART resistance mutation characteristics of 35 studied samples (cont.)

CD4~* Viral HIV genotypes
Sample Gender A%E Year of L ocation count load? ART ART resistant
ID (y) diagnosis (cells/ oa status® NFLG  pol mutation
mm? (copies/ml)
SITH669 F 36 2011 Northeastern 632 21,213 d4;’\?/’:)-c 01_AE 01_AE M184IX’Y181
dd1,3TC,
SITH632 M 15 2011 Northeastern o547 56,321 LPV/RT 01_AE B M184V,Y188L
Vv
AZT3T
SITH609 F 18 2011 Northeastern 285 142,489 C,LPV/IR 01_AE 01_AE -
TV
d4T,3TC M18av,
SITH663 M 34 2011 Northeastern 524 7,278 01_AE 01 _AE T215FK103RS
,EFV
, V1061V
AZT,LP
SITH613 F 23 2011 Northeastern 147 10,077 VIRTV, 01_AE 01_AE L210LS, V179
D, Y188L
TDF
SITH617 M 38 2011 Northeastern 896 5,663 04T,3TC 01_AE 01 AE M184V K103N
,NVP ,L10I
d4T,3TC M184V,K103N
SITH647 M 16 2011 Northeastern 146 166,628 NVP 01_AE 01 AE Y181C,L101V

Buouep jodeneN

¢/ synssy



Table 5.7 Demographic, genotype and ART resistance mutation characteristics of 35 studied samples (cont.)

CD4* Viral HIV genotypes _
Sample Age Yearof _ count ART ART resistant
Gender ) _ Location lIs/ load? b .
ID (Y)  diagnosis (cells status NFLG pol mutation
mm?  (copies/ml)
TDF,EFV, M184V,
SITH640 F 46 2011 Northeastern 285 22,229 01_AE 01 AE
3TC K219EK,L10l
d4T,3TC,N
SITH643 M 24 2011  Northeastern 125 77,789 VP 01_AE 01_AE -
d4T,3TC,N
SITH629 F 33 2011 Northeastern 941 23,214 VP 01_AE 01_AE V75LV,K103KN
d4T,3TC,N
SITH572  F 48 2011 Southern 4 58,562 VP 01_AE 01_AE -
AZT,3TC,
SITH582 F 35 2011 Southern 741 4,976 01_AE 01 _AE -
EFV
d4T,3TC,L D67G,K70E,k103s,
SITH299 F 15 2010 Northern 245 8,745 01_AE 01_AE
PV/IRTV V106A
AZT3TC,I T69N,V751,K103N,
SITH225 M 14 2010 Northern 344 4,563 OLAE B
DV,RTV Y181C
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Table 5.7 Demographic, genotype and ART resistance mutation characteristics of 35 studied samples (cont.)

HI1V genotypes

CD4* Viral .
Sample Age Year of Locati count oad? ART ART resistant
ocation oa
ip  Sender (y) diagnosis (cells/ status® NFLG pol mutation
mm?  (copies/ml)
d4T,3TC
SITH195 M 37 2010 Northern 745 3,194 01 _AE 01 AE -
,NVP
d4T,3TC M184V,D67N,Y 181
SITH282 F 50 2010 Northern 236 41,236 01 _AE 01 AE
,NVP C
d4T,3TC
SITH316 F 21 2010 Northern 321 6,325 01_AE 01 _AE -
,NVP
d4T,3TC
SITH349 F 46 2010 Southern 124 86,249 NP 01 _AE 01 AE -
d4T,3TC
SITH322 M 21 2010 Southern 4 341,861 NP 01_AE B |V75A,M184V,Y181l
AZT,3T
M184V,L210W,M46I
SITHO79 F 12 2009 Southern 490 2,000 C,IDV,L 01 AE 01 AE 54\
PV/RTV ’
AZT 3T
SITHO085 M 39 2009 Southern 8 8,186 01 AE 01 AE M184V K219E

C,NVP

Buouep jodeneN

v./ S)NSaY



Table 5.7 Demographic, genotype and ART resistance mutation characteristics of 35 studied samples (cont.)

CD4* Viralload® HIV genotypes ART
Sample Age  Year of . count ART .
Gender Location lls/ (log resistant
ID (y)  diagnosis (cells _ status NFLG  pol _
mm?3  copies/ml) mutation
d4T,3TC,
SITH103 F 31 2009 Southern 210 35,421 EEV 01 AE 01 AE L210F,L10V
M1841K101IL
Southern GPO-VIR
SITH106 F 48 2009 960 3,194 S 01 AE 01 AE KQ,Y181C,G1
90A
SITH610 M 44 2011 Northeastern 231 25,882 NONE 01_AE 01 _AE -
SITH642 M 37 2011 Northeastern 24 57,427 NONE 01 AE 01 AE -
SITH627 M 44 2011 Northeastern 415 1,211 NONE 01 AE 01 AE -
SITH184 F 17 2010 Northern 228 11,629 NONE 01_AE 01_AE -
SITH110 F 25 2009 Southern 361 8,105 NONE 01 AE 01 AE -

Abbreviations: F, female; M, male; ND, not done; NFLG, nearly full-length genome.

aHIV viral load was determined by Abbot m2000rt quantitative assay of all samples collected during January 2009- December 2011°.

All subjects were received ART starting on NRTI, NNRTI, major protease inhibitor resistant mutation ¢ minor protease inhibitor

resistant mutation

"MIUM [OPIYEIA ‘S3IPMS "PEIS JO "dk
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HIV-1 subtypes were determined by phylogenetic analysis of 35 nearly full-
length genomic sequences. HIV-1 nucleotide sequences covered gag, pol and env
(8,764 bp.) regions were assembled using DNA Baser and aligned sequences by MEGA
7 analysis. Phylogenetic tree analysis and statistical robustness of the Maximum
Likelihood methods were based on the Tamura-Nei model.

Sequences of reference strains belonging to different subtypes were showed
in table 5.8

Table 5.8 HIV-1 subtype reference sequences used for phylogenetic tree analysis

Reference subtype Accession number Country
01_AE U54771, KP109513 Thailand
KP718930 Cameroon
KF859741 Japan
KP411841 Sweden
Al KT152839 India
KF716486 Uganda
KP718928 Cameroon
A2 GU201516 Cameroon
AF286238 D.R.C.
AF286237 Cyprus
AB AF193276 Russia
AG KF859739 Cameroon
EU884501 Spain
B KJ849801 Brazil
KJ140263 S. Korea
K03455 France
KP109514 Thailand
C KC870038 China
JX140663 Brazil
KT022371 Kenya
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Table 5.8 HIV-1 subtype reference sequences used for phylogenetic tree analysis

(cont.).

Reference subtype Accession number Country
D KF716480, KF716479 Uganda
JX140670 Cameroon
DQ054367 S. Korea
F1 FJ771010, KJ849782 Brazil
KJ883138 Spain
F2 JX140672, AY371158, Cameroon
JX140673
G JX140676 Cameroon
JN106043 China
GU362882 Spain
H FJ711703 United Kingdom
AF190127, AF190128 Belgium
J AF082394, AF082395 Sweden
EF614151 D.RC.
K AJ249239 Cameroon
AJ249235 DRC.
CRF34 018 EF165539, EF165540, hailang
EF165541
DQ354113, AY945734, Thailand
CRF52_01B 50366664 Valaysia
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5.4.1 Phylogenetic tree of near-full-length HIV- 1 genome (gag, pol and
env).

HIV-1 nearly full-length genomic sequences from 35 samples (SITHO079,
SITHO85, SITH103, SITH110, SITH184, SITH195, SITH225, SITH282, SITH299,
SITH316, SITH322, SITH349, SITH436, SITH438, SITH458, SITH467, SITH496,
SITH572, SITH582, SITH587, SITH609, SITH610, SITH613, SITH617, SITH627,
SITH629, SITH632, SITH640, SITH642, SITH643, SITH647, SITH651, SITH663,
SITH669) were assembled with product size 8,764 bp. covered nucleotide positions 790
- 8,795 (HXB2 numbering system) and analyzed by phylogenetic tree analysis using
Maximum Likelihood method. Phylogenetic tree of these NFLG nucleotide sequences
and reference sequences were shown in Figure 5.5.

Phylogenetic tree analysis showed that all 35 samples were related to
reference subtype CRF01_AE.
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Figure 5.5 Phylogenetic tree analysis of 35
samples near-full-length HIV- 1 nucleotide
sequence (8,764 bp.). Labels fill triangle
show the patient’s sample and unfilled
triangle show HIV-1 subtype reference

sequences
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5.5 HIV-1 genotypic recombination analyzed by jpHMM online tool,

RIP and bootscanning plot

The jumping profile Hidden Markov Model (jpHMM) which is an online
subtyping and RIP (Recombinant Identification Program) recombination tool was used
for recombination analysis. All HIV-1 gag, pol and env nucleotide sequences were
analyzed by jpHMM. HIV-1 nucleotide sequences (gag, pol and env regions) from
SITH632, SITH225 and SITH322 samples revealed recombination between subtypes
CRFO01_AE and B as shown in table 5.9. All three CRF01_AE/B recombinant strains
(SITH225, SITH322 and SITH632 contained CRFO1_AE backbone with the
recombinant break point for subtype B in pol gene at nucleotide positions 2,281-3541
All 3 recombinant strains were phylogenically analyzed with other CRF01_AE/B
recombinant reference sequences as show in figure 5.6. Recombination analysis of HIV-
1 nearly full-length genomic sequences by RIP and bootscaning plot was shown in table
5.10. All three recombinant strains, SITH225, SITH322 and SITH632 were clustered
with reference CRF34_01/B and CRF52_01/B which were CRF01/B recombinant
strains from Thailand and Malaysia. SITH225, SITH322 and SITH632 samples were

collected from Northern, Southern and Northeastern parts of Thailand.


https://www.hiv.lanl.gov/content/sequence/RIP/RIP.html
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Figure 5.6 Phylogenetic tree analysis of SITH632, SITH225 and SITH322 nucleotide
sequence (8,764 bp.) comparing in the CRF_01AE/B group. Labels fill triangle show
the patient’s sample and unfilled triangle show HIV-1 subtype reference sequences
including CRF15 01B, CRF33 _01B, CRF34_01B, CRF48 01B, CRF51_01B,
CRF55_01B,CRF58 01B, CRF59 01B, CRF67_01B, CRF68_01B,CRF74_01B and
CRF76_01B
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Table 5.9 Recombination analysis of HIV-1 nearly full-length genomic sequences (gag,

pol and env genes) by jpHMM

Sample Subtype Result
SITH438 | 01_AE
‘ gag i | ———2——]
[
| I ——
SITH496 | 01_AE
T gag i ] ——2—
D@ rev 3R
| I —
SITH467 | 01_AE
‘ gag i | ———2——]
[
| I ——
SITH458 | 01_AE
D@ rev ¥R
| I —r—
SITH436 | 01_AE
T gag i ] ——2—
D@ rev 3R
| I —
SITH587 | 01_AE
‘ gag i | ———2——]
[
pol env ‘
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Table 5.9 Recombination analysis of HIV-1 nearly full-length genomic sequences (gag,
pol and env genes) by jpHMM (cont.)

Sample | Subtype Result
SITH651 | 01_AE
I gag i | ——— 2 ——]
IZ
‘ pol ‘ vpr ‘ env ‘
SITH669 | 01_AE
T gag i ] ——2—
[ J# e 31TR
| N —
SITH632 | 01_AE, : 5
B |Gl w1 ' Tl m ) b
D@ MD TR
-ol D‘ env |
ol -E
SITH609 | 01_AE
‘ gag i ] ——2
[ el o 300R
| N C—
SITH663 | 01_AE
[ Jr e 31TR
| ]
SITH613 | 01_AE
T gag i ] ——2—
[ J# e 31TR
| N —
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Table 5.9 Recombination analysis of HIV-1 nearly full-length genomic sequences (gag,

pol and env genes) by jpHMM (cont.)

Sample Subtype Result
SITH610 | 01_AE
‘ gag i | ———2——]
[
| I ——
SITH617 | 01_AE
T gag i ] ——2—
D@ rev 3R
| I —
SITH642 | 01_AE
‘ gag i | ———2——]
[
| I ——
SITH647 | 01_AE
D@ rev ¥R
| I —r—
SITH627 | 01_AE
T gag i ] ——2—
D@ rev 3R
| I —
SITH640 | 01_AE
‘ gag i | ———2——]
[
pol env ‘
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Table 5.9 Recombination analysis of HIV-1 nearly full-length genomic sequences (gag,

pol and env genes) by jpHMM (cont.)

Sample | Subtype Result
SITH643 | 01_AE
I 0ag i | ———2—
[ o
‘ pol | vpr | env ‘
SITH629 | 01_AE
T gag i ] ——2—
SO
| N —
SITH572 | 01_AE
‘ gag i | ———2——]
[ e e
| N
SITH582 | 01_AE
[ Jr e IR
| ]
SITH299 | 01_AE
T o1g i ] ——2—
[ J# e IR
| N —
SITH225 | 01_AE, ¥ m
gag vif ’—U nef
[ Iw e 31TR
T
01 -E
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Table 5.9 Recombination analysis of HIV-1 nearly full-length genomic sequences (gag,
pol and env genes) by jpHMM (cont.)

Sample | Subtype Result
SITH195 | 01_AE
I 0ag i | ———2—
[l e
‘ pol | vpr | env ‘
SITH282 | 01_AE
T 9ag i ] —2— ?ne'
[ o
‘ pol | | env ‘
SITH184 | 01_AE
I 0ag i | ———2—
[l e
‘ pol | vpr | env ‘
SITH316 | 01_AE
[ o
‘ pol | vpr | env ‘
SITH349 | 01_AE
T 9ag i ] —2— ?ne'
[ o
‘ pol | | env ‘
SITH322 | 01_AE :
Goml w3 [ R
[ o 1]
o T |
01 -B
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Table 5.9 Recombination analysis of HIV-1 nearly full-length genomic sequences (gag,

pol and env genes) by jpHMM (cont.)

Sample Subtype Result
SITHO79 | 01_AE
‘ gag i | ———2——]
(W
| pol | | |
SITHO85 | 01_AE
T gag i ] ——2—
D@ rev 3R
| pol | | |
SITH110 | 01_AE
‘ gag i | ———2——]
(W
| pol | | |
SITH103 | 01_AE
D@ rev ¥R
| pol | | |
SITH106 | 01_AE
T gag i ] ——2—
D@ rev 3R
| pol | | |







Table 5.10 Recombination analysis of HIV-1 nearly full-length genomic sequences by RIP and bootscaning plot
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| A
t : Vpu :N‘EF —| @B
] |1 oo
SITH632 o F
3 Il Rev . .] g g
Bl DN N s J
1 1 1 1 1 D J
= Pol Vir Env IR | 5 fm%
_ Approximale recombination pattern with = 70 % boolstrap confidence & REGA HIV-1 Subtyplng Tool | & NA
Vpu Mef
T i T T Tat I T T
SITH225 ] B L

o)

Rev

Pal

Vpr

Approximale recombination pattern with > 70 % hoolslrap confidence

Env

LTR

© REGAHIV-1 Subtyping Tool

00O DN
FZARCIOTMOOD >

=5
3

‘BuoteN jodeneN

88 / s)nsay



Table 5.10 Recombination analysis of HIV-1 nearly full-length genomic sequences by RIP and bootscaning plot (cont.)

Sample ID Bootscanning plot Recombination map
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SITH322 — - || Il i
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CHAPTER VII
CONCLUSION

The prevalence of HIV subtype, year 2009-2011 from four area of
Thailand was studied by using 675 samples sent for HIV drug resistant genotyping
assays at Siriraj Hospital. CRFO1_AE (2009 = 94.6%, 2010 = 93.2%, 2011 = 93.9%)
was still HIV subtype found mostly in Thailand. Moreover, HIV subtype B was
secondly found. Three CRF01/B recombinant strains, clustered with CRF34_01B and
CRF52_01B strains from Thailand and Malaysia were reported from HIV-1 nearly
full-length genomic sequencing study of randomly 35 samples.

The most prevalence drug resistance mutations of NRTIs, NRTIs and Pls
were  M184V/MV/IMV/IM/I,  Y181C/CY/G/FY/I/V/HY/L and L63P and
M461/L/IM/LM, respectively.

High percentages (8.6%) of CRFO1/B reported here from samples
collected from Southern, Northern and Northeastern provinces of Thailand might be
the preliminary data to urge for intensively molecular epidemiological study of HIV

genotype spread in Thailand.
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CHAPTER VI
DISCUSSIONS

In Thailand, the cumulative number of HIV cases reported between 1984 -
2014 was 388,621. The newly infection cases was 7,816 in 2014 which were
decreasing when comparing to 2000 (29,619 cases). The estimated number of AIDS
related death decreased by 63% between 2000 and 2010 (from 55,531 to 20,670). This
data indicated that after Thai government has provided free of charge of antiretroviral
(ART) for people who infected with HIV which called National Access to
Antiretroviral Programs for People who have AIDS or NAPHA, the number of death
patients were decreasing. The coverage of antiretroviral treatment was increasing by
64.6% in 2010, 80.3% in 2013 and decreasing by 61% in 2014.

At the initial phase of HIV epidemic in Thailand, subtype B was
predominantly found in injection drug user. However, the circulated HIV-1 strains
were inconsistence; CRFO1_AE became the strain that commonly found in newly
infected patient both from injecting drug use and sexual transmission. The study of
circulating strains of HIV-1 in all geographic region of Thailand; rely on env variation,
during 1995-2004 showed the 97.3% prevalence of subtype CRF01_AE and 2.7% of
subtype B. Recently, there was investigation about HIV-1 epidemic in northern
Thailand based on genotyping of pol gene reveled that subtype CRFO1_AE has been
found 94.8%, subtype B 2.9%, and subtype C 0.5%. In addition, the study of HIV-1 in
Bangkok and the nearly provinces according to pol gene exposed the emergence of
86.9% for subtype CRFO1_AE, 8.6% for subtype B, and 4.5% were the other
recombinant strains.

In this study, total of 35 samples from 675 samples were randomly
selected for HIV-1 nearly full-length genomic sequencing study. A total of 675 plasma
samples from year 2009-2011 sent to laboratory for HIV drug resistant genotyping

assay were collected for the study. Most samples were collected derived from
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antiretroviral treated HIV infected patients from four area of Thailand. The analysis of
pol gene demonstrated that the majority circulating subtypes during 2009-2011 were
CRFO1_AE (94%) which were concordance to other studies (53, 54, 55). Subtype B
was found secondly and followed by other subtypes such as subtype C, CRFO1_AE/B,
CRF02_AG, and other recombinant strains. Subtypes CRFO1_AE and B C the most
globally subtypes, common form Myanmar (68).

Nucleotide sequences covered HIV gag, pol and env (8,764 bp.) regions,
nearly full-length HIVV-1 genomic sequences, analysis of 35 samples showed that all
sequences were CRF01_AE linked to CRFO1_AE reference sequences from Thailand.
There were 3 recombinant strains (8.6%) between subtypes CRF01_AE and B with
CRFO1_AE backbone in gag & env genes and B sequences in pol gene at position
2267-3519. There was a report of CRF01_AE/B indicating that this recombinant virus
was heterosexually transmitted in northern Thailand from Kwanjai et.al in 2004 and
HIV CRF01/B recombinants were reported globally including CRF15 01B,
CRF33_01B, CRF34_01B, CRF48_01B, CRF51_01B, CRF55 01B, CRF58 01B,
CRF59 01B, CRF67_01B, CRF68_01B, CRF74_01B and CRF76_01B. CRF15 01B
was first reported from Thailand that sequence show subtype CRFO1_AE with only
the env region being derived from subtype B (56). CRF33_01B was first reported from
Malaysia that two short subtype B segments were inserted into the gag-RT region in a
backbone of CRFO1_AE (57). CRF34_01B was first reported from Thailand that
sequence show subtype CRFO1_AE, but with segments pol and gp41 showed subtype
B (58). CRF48 01B was first reported from Malaysia (59). CRF51 _01B was first
reported from Thailand that two short subtype B segments were inserted into a
backbone of CRF_01AE (60). CRF55 01B was first reported from China that
separated from MSM patients (61). CRF58_01B was first reported from Malaysia that
that separated from IV drug users (62). CRF59_01B was first reported from China that
comprised of CRFO1_AE and subtype B, with two recombination breakpoints in the
pol and vpu-env regions (63). CRF67_01B was first reported from China that
separated from MSM patients (64). CRF68_01B was first reported from China (65).
CRF74_01B was first reported from Malaysia that were composed of CRF01_AE and
subtype B', with eight breakpoints dispersed in the gag-pol and nef regions (66).
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CRF76_01B was first reported from Japan that were composed of CRFO1_AE and
subtype B with seven breakpoints in the gag, pol, vif, and env regions (67). All 3
samples were compared to other CRFO1B recombinant strains from HIV database.
They were clustered with CRF34_01B and CRF52_01B from Thailand and Malaysia.
(Sanders-Buell et al. 2007 and Liu et al. 2012.)

The result of drug resistant showed that DRMs to NNRTIs resistant was
found predominantly followed by DRMs to NRTIs. The prevalence of DRMs to
NNRTIs (72.23%) and NRTIs (61.67%) year 2009-2011 were concordance to study of
Sanguansittianant et al and other countries but higher than the study of Sangkanuparph
etal. (58, 49, 50, 51, 52, 53, 54,55). Moreover, this study showed prevalence of DRMs
to Pls at 1.9%. Among DRMs to NRTIs, M184V was found the most common
(57.71%) which conferred to 3TC or FTC resistant. The prevalence of Q151M which
confer to broad NRTIs cross resistant was 13.09%. During 2009-2011; DRMs to ABC,
AZT, DAT, ddl and TDF were continuously decreasing but only DRMs to 3TC and
FTC were still stable with high rate of resistant. The most commonly detected of
DRMs to NNRTIs included K101E (17.63%), K103N (25.92%), Y181C (35.25%),
G190A (20.95%) and F227C/L (1.88%) which were concordance to previous studies
(55, 56, 53, 57), similar to what has been described in subtype B infection. For Pls, the
prevalence of DRMs to Pls during 2009-2011 was 5.7%. The lack of increasing DRMs
to during 2009-2011, may be resulted from introduction of protease inhibitor with
combination therapy. Among DRMs to Pls, the most commonly observed mutation
codons during 2009-2011 were V82A (13.98%), M461 (1.74%) and 154M (1.31%).
V82A and M461 mutation codons were detected at higher percentages than previous
studies (55, 56). Moreover, the frequency of L90M during 2009-2011 was found less
compared to other studies (58, 55). All other DRMs to protease inhibitors showed
increasing frequency rate during 2009-2011. HIV-1 drug resistance mutation related
with subtype of non - B subtype has rarely reported resistance on basic single drug
(NRTI backbones) but had reported for specific drug class.the. NNRTI resistance-
associated mutation V106M is more common in subtype C than subtype B viruses.
NRTIs resistance combinations of thymidine analogue mutations (TAMS) such as

codon M41L and T215Y the most common in subtypes B treated with zidovudine.
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This study was found that major subtype of HIV-1 is subtype CRFO1_AE
and B, which corresponding the HIV epidemiology of Thailand. The resulting of
molecular epidemiology of HIV-1 and DRMs frequency is also important to the
development of drugs useful for the selection of drug therapies. In each of these areas,
and intracking the evolution of the HIV-1 pandemic, differences among subtypes

continue to play an important role.
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Solutions

1.05TBE
10X TBE Buffer Liquid
Distill water
2. 1.0% agarose gel
0.5x TBE
Agarose base
3. Gel Red gel stain mixture
DNAse RNAse free water
1% NaCl
Gel RED™ (Biotium)

4. Deoxynucleotide triphosphate (10 mM dNTPs) mixture

dATP
dCTP
dGTP
dTTP
5. 6X loading dye
Bromophenol
Sucrose
1M Tris HCL
Distill water
6. Phosphate buffer saline (PBS)
KCI
NaCl
NaHPO4
KH2PO4

50 mi
950 mi
100 mi
1.0 g
90 mi
10 mi
30 pl
100 ul
100 pl
100 pl
100 ul
025 ¢
50 g
1 mi
100 mi
0.2 g
8 g
1.44 g
0.24 g
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Add all components in 800 ml of distilled water and adjust pH to 7.4 with
1M HCI. Add distilled water to 1,000 ml and autoclave at 121 °C for 20 minutes
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