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Abstract

Background: Africa is a region hardest hit by the Human Immunodeficiency Virus (HIV)
among other continents on the globe with the highest rise of the infection in the eastern and
southern parts. Besides, the development of Pretreatment drug resistance (PDR) is becoming
an obstacle to the success of antiretroviral therapy (ART). Despite ART scale-up, there is only
limited information with regard to HIV-1 PDR in Ethiopia. Moreover, with increasing
movement of people, HIV-1 variants other than the predominant subtype C may be introduced
and intermixed from the neighboring countries. Therefore, this study was aimed to assess
HIV-1 Genetic Diversity and Pre-treatment Drug Resistance Mutations among recently
diagnosed HIV-1 Infected Antiretroviral-Naive individuals in Addis Ababa, Ethiopia.

Method: Institutional based cross-sectional study was conducted from June 2018 up to
December 2018 in Addis Ababa, Ethiopia. Plasma samples (n=72) from ART-naive study
participants were collected for sequencing of partial HIV-1 pol region covering the complete
protease (PR) and partial reverse transcriptase (RT) regions (nucleotides 2253 to 3539 of
reference strain HXB2) using in-house assay. Both Stanford University HIV drug resistance
database (Stanford HIVdb) and the International Antiviral Society-USA (IAS-USA) 2019
mutation list Algorithms were used to assess the presence of PDR mutations.

Result: From 72 eligible plasma samples, 75% (54/72) of them were successfully amplified.
Out of this, 51/54 (94.4%) were successfully sequenced and analyzed. According to the
Stanford HIVdb and 1AS-USA mutation list, 9.8% (5/51) of analyzed samples had at least one
PDR Mutation. PDR mutations to Non-Nucleoside Reverse Transcriptase Inhibitor (NNRTIS)
was the most frequently detected mutation (7.8% and 9.8%, according to Stanford HIVdb and
IAS-USA Algorithm respectively) followed by Nucleoside Reverse Transcriptase Inhibitors
(NRTISs) (1/51, 2% by both Algorithms) and Protease Inhibitors (Pls) (1/51, 2%, According to
the Stanford HIVdb only). One individual had PDR mutations that confer resistance to NNRTI
and NRTI simultaneously. In addition, a high rate of polymorphism was observed both in the
PR and RT regions. With regard to HIV-1 genetic diversity, phylogenetic analysis showed that
all 51/51 (100%) of the study participants were infected with subtype C virus.

Conclusion and Recommendations: This study presents additional evidence for increased
level of PDR and persistence HIV-1C clade homogeneity after 15 years of the rollout of ART
and 3 decades of HIV-1C circulation in Ethiopia, respectively. Therefore, routine genotypic
drug resistance testing is warranted for successful ART programs and the overall prevention
of HIV transmission in the country to support the global efforts in achieving the third 90 of
the UN target.

Keywords: HIV, Genetic diversity, HIV drug resistance, HIV Subtype



1. Introduction

1.1. Background

Human immunodeficiency virus (HIV), the etiologic agent of Acquired Immuno Deficiency
Syndrome (AIDS), is a retrovirus that belongs to the family of Retroviridae genus Lentivirus
(2). Itis arapidly evolving single-stranded positive-sense RNA Virus (1, 2) Based on genetic
characteristics and differences in the viral antigens, HIV is classified into two genetically
different types: types 1 and 2 (HIV-1, HIV-2) (3) which were both resulted due to cross-
species transmissions of the simian immunodeficiency viruses (SIVs) (4). Phylogenetic
analysis revealed that HIV -1 was evolved from chimpanzees (Pan troglodytes troglodytes)
and HIV-2 from sooty mangabey monkey (Cercocebus atys) (5). HIV-1 is the most prevalent
and pathogenic type than HIV-2 and is responsible for the vast majority of the global pandemic
(6). It can be further classified into four groups; group M (Major), O (Outlier), N (non-M,
non-0) and the most recent group P (4). In Ethiopia, HIV-1 was isolated for the first time in

1986, three years after the description of the virus in the US (7).

HIV Affects CD4 T cells (6) and causes HIV infection which is characterized by the following
stages; primary viremia, chronic or asymptomatic phase, and AIDS (8). AIDS, the most
advanced stage of HIV infection, was first described in United States (US) in 1981 (9) while
in Ethiopia it was first documented in a young man and woman in 1984 in Addis Ababa (10).
Since then, AIDS has become a worldwide epidemic, expanding in scope and magnitude
affecting different populations and geographic regions (11). To date, HIV-1 is the major cause
of AIDS in the world (12). HIV-1 shows greater genetic variability and rapid evolution which
is resulted due to the high mutation and recombination rates of the reverse transcriptase
enzyme, which lacks a proof-reading mechanism, along with high rates of viral replication
(13). This poses a challenge to HIV prevention and vaccine development (13). Although there
is no vaccine and cure for HIV, there are antiretroviral drugs for stopping viral replication to
its undetectable state (14). In Ethiopia, antiretroviral therapy (ART) provision was started in
2005 (15).



1.2. Statement of the problem and justification for the study

HIV is a major global public health issue with millions of people infected worldwide (16).
Many people have died since the start of the epidemic and it is still affecting so many people
globally (17). Africa is the most affected region among other continents in the globe with the
highest rise of the illness in the eastern and southern parts (18). Similarly, HIV/AIDS is among
the top ten diseases in Ethiopia with high morbidity and mortality rate (19). Although the
number of deaths due to the disease is decreasing due to ART scale-up, looking at the number

of people newly infected with HIV, it is surging again since 2010 (20).

HIV/ AIDS leads to stigma, which negatively influences HIV care engagement (21-23). In
children, HIV/ AIDS leads to School absenteeism due to their sick relatives, and they will be
left emotionally and physically vulnerable by the illness due to the death of one or both parents
and finally, they will become orphans. These effects lead to the decrement of human capital
investment, further causing a decline in economic growth (24, 25). Similarly, due to the costs
of illness, HIV declines the socioeconomic status of the victim (26). HIV/AIDS mortality
causes a loss of productive labor time and a drop in household income. In addition, the
morbidity associated with HIV/AIDS leads workers to be less attendant in work, which further

leads them to be less productive (26, 27).

Although ART is contributing a lot in prolonging the life of HIV infected individuals (28),
scaling up of this treatment option along with poor adherence and lack of drug resistance
testing in resource-limited settings is paralleled by an increased prevalence of pretreatment
drug resistance (PDR) (29, 30). This is becoming a significant obstacle in maintaining HIV
replication suppression and leads to a higher probability of early virological failure (31) that
further hinders the widespread use of ART (32, 33). Likewise, it is becoming a potential threat
to the long-term success of ART and is emerging as a threat to the elimination of AIDS as a
public health problem (34). Although it has been 15 years since the introduction of ART in
the country only a few studies are done with regard to PDR with the majority of them being
from the Northern part of Ethiopia (15, 35-37). However, there are only a few studies (38, 39)
available with regard to PDR in the capital city of the country. Moreover, with increasing
movement of people, HIV-1 variants other than the predominant subtype C may be introduced
and intermixed from the neighboring countries.
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Therefore, this study was aimed at generating useful information about genetic diversity and
PDR magnitude in Addis Ababa that may be utilized in alleviating the problem treatment

failure and consequently reducing the burden of the disease.



1.3. Significance of the Study

The finding of this study will provide information on the current magnitude of HIV-1 PDR,
which will guide policymakers to prepare and/or update antiretroviral therapy guidelines, and
develop effective, integrated testing for regional HIV-1 prevention and treatment programs.
Likewise, the updated knowledge of PDR also helps to guide public health resource allocation
and policy decisions with regard to treatment strategies and/or options that are currently

available.

Similarly, updated data on HIV-1 genetic diversity helps control any new viral subtype
introductions in the country. Besides, to the above-proposed implications, the result of this
study can be used as recent information for those who are interested in the area. Moreover,
understanding the genetic diversity and the magnitude of HIV-1 PDR in the population is
crucial for setting national HIV control and prevention strategies to prevent the transmission

of the virus.



2. Literature Review

2.1. HIV Epidemiology Globally

Since the start of the epidemic, 74.9 million [58.3 million—98.1 million] people have become
infected with HIV while 32.0 million [23.6 million—43.8 million] people have died from
AIDS-related illnesses (16). In 2018, there were 37.9 million [32.7 million—44.0 million]
people living with HIV globally. Among this 36.2 million [31.3 million—42.0 million] of them
are adults while 1.7 million [1.3 million—2.2 million] of them are children (<15 years). In the
same year, 1.7 million [1.4 million-2.3 million] people became newly infected with HIV and
770,000 [570,000-1.1 million] people had died from AIDS-related illnesses (16).

As the World Health Organization has reported (40), the African region is the most affected
region, with 25.7 million people living with HIV. This accounts for almost two-thirds of the
global total of HIV infected people. Among these people living with HIV in Africa, 20.6
million of them are reported from eastern and southern Africa.

In Eastern and Southern Africa, which is the home of 54% of the world’s people living with
HIV (40), there were an estimated 800,000 [620,000 — 1,000 000] new HIV infections which
account around 47% of the total global new infection and 310,000 [230,000—- 400,000] people
died from AIDS-related illness in the same year (40).

2.2. HIV Epidemiology in Ethiopia

HIV/AIDS is among the top five leading causes of age-standardized premature mortality and
death rates in Ethiopia (18). In 2018, there were an estimated 23,000 new infections and
11,000 AIDS-related deaths (40) which showed a dramatic increment from the previous year
which was 15,000 new infections and 16,000 AIDS-related deaths (20). There are an estimated
690, 000 [530 000-900 000] people living with HIV in the country (40).

According to data from the Federal HIVV/AIDS Prevention and Control Office (FHAPCO), the
current HIV prevalence in the country is 0.9%. Looking at HIV prevalence by region,
Gambella ranks first (4.8 %), followed by Addis Ababa (3.4%), Dire Dawa (2.5%), and Harari

(2.4%) (41). The prevalence is seven times higher in urban areas than in rural areas (41).



2.3. HIV-1 Structure and Genetic Diversity

An HIV virion has an icosahedral structure and measures a diameter of 120 nm (42, 43). It is
composed of two identical single strands of positive-sense RNA which measures ~ 9.8 kb in
size (1, 44) (Figure 1). In the direction, 5' to 3' the reading frame, the HIV genome contains
nine genes that encode fifteen viral proteins (44) (Figure 2). Three major genes, gag, pol and
env, code for structural proteins, enzymes and envelope proteins respectively (3, 45). The
structural proteins include; outer core membrane (MA, p17), the capsid protein (CA, p24), the
nucleocapsid (NC, p7) and a smaller, nucleic acid-stabilizing protein (3). Enzymes like
protease (PR, p12), reverse transcriptase (RT, p51) and RNase H (p15) or RT plus RNase H
(together p66) and integrase (IN, p32) encoded by the pol reading frame (3). Adjacent to the
pol gene follows the env reading frame from which the two envelope glycoproteins gp120
(surface protein, SU) and gp41 (transmembrane protein, TM) are derived (3). The remaining

genes code for regulatory (Tat, Rev) and accessory proteins (Vif, Vpr, Vpu, Nef) (44).

Nucleocapsid
protein p7 Protease

Capsid protein p24
Reverse transcriptase

Phospholipid
envelope

Integrase

Viral RNA
genome

Docking

glycoprotein gp 120 Matrix protein p17

Transmembrane
glycoprotein gp 41

Figure 1: Structure of HIV-1

(Source: https://www.123rf.com/photo_18649988_structure-of-human-immunodeficiency-

virus-hiv-illustration-for-basic-medical-education-for-clinics-
a.html?fromid=Y083blZiN3R3S2ZEWMTNiIUWNIeVI5QT09 )
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Figure 2. HIV-1 Genome organization.

Source: https://www.hiv.lanl.gov/content/sequence/HIV/MAP/landmark.html.

Based on env gene sequences, HIV-1 is classified into four distinct virus groups (M, N, O,
and P); among these groups, group M is the predominant one and it is responsible for HIV
pandemic making up more than 97 % of HIV infections worldwide (46). It contains at least 9
subtypes or “clades” A-D, F-H and J-K (A-J) (47, 48). Additionally, different subtypes can
combine genetic material to form a hybrid virus, known as a ‘circulating recombinant form’
(CRFs). Around 101 of these are known to exist (49). These subtypes have varied
geographical distribution (Figure 3). Type B is the main clade in the USA, type C in Southern
Africa, while in East Africa, A and D are the most common viral subtypes (50). In contrary to
neighboring countries, HIV-1 subtype C is the most common viral subtype in Ethiopia (51,
52). Within the Ethiopian HIV-1C, two distinct subtype C strains and/or sub-clusters

(designated main C and C”) are co-circulating in the country (53).

Each of these subtypes discussed above shows extensive variability between them (47).
Intermixing of these viral subtypes leads to the expansion of novel recombinant mosaics to

different regions (54).


https://www.hiv.lanl.gov/content/sequence/HIV/MAP/landmark.html

Figure 3: Global geographic distribution of HIV-1 subtypes and recombinant forms
(55)

2.4. HIV-1 Life Cycle, pathogenesis, and transmission

HIV replication comprises the following sequential steps: the first step is attachment of HIV-
1 envelope glycoprotein gp120 to the host cells expressing CD4 (cluster of differentiation 4)
marker and/or co-receptors such as C-C chemokine receptor type 5 (CCR5; R5) and C-X-C
chemokine receptor type 4 (CXCR4; X4) (56). This virus-cell receptor binding leads to
exposure of hydrophobic regions of viral glycoprotein gp41 and insertion of the fusion peptide
into the host cell membrane that again leads to translocation of the viral capsid into the
cytoplasm (6). HIV-1 capsid entry is another crucial step in viral replication, which further
leads to reverse transcription of viral RNA into double-stranded DNA via reverse transcriptase
enzyme. This DNA is transported via nucleopores into the cell nucleus and is incorporated
into the human host cell genome by integrase and become proviral DNA (57). This is followed
by transcription, from integrated provirus of large MRNA that translates into a large protein
inside the cytoplasm; and a genomic positive-sense RNA. The large protein is cleaved into
the component proteins with the help of the enzyme protease that comes into the host cell
along with the virion. Assembly of the newly produced viral proteins and genomic RNA occur

in the cytoplasm, and the new virus particle is released by budding from the cell surface (58).



This process will be repeated so many times and leads to the elimination of infected T
lymphocytes within days from the blood of an HIV-infected person via either cytotoxic HIV
components and/or lysis of virus-producing cells or by cytotoxic T lymphocytes (3). This
continuous loss of T helper lymphocytes results in immunodeficiency and makes it harder and
harder for the body to fight off infections and some other diseases. Opportunistic infections
or cancers take advantage of a very weak immune system and signal that the person has AIDS
(3,59).

HIV can be transmitted via the exchange of a variety of body fluids from infected individuals,
such as blood, breast milk, semen, and vaginal secretions. Individuals cannot become infected
through ordinary day-to-day contact such as kissing, hugging, shaking hands, or sharing

personal objects, food or water (59, 60).

2.5. HIV-1 Antiretroviral drugs, drug resistance, and drug resistance assay

2.5.1. HIV-1 Antiretroviral drugs
Although HIV has no cure (2), by using antiretroviral drugs it is possible to control the
replication of the virus and prolong the life of people living with HIV (11). Antiretroviral
drugs inhibit the replication of the virus and lead to alteration of key viral replication steps
(61). To date, there are 25 Food and Drug Administration (FDA) approved drugs are available
for the treatment of HIV-1 infections (62). These drugs are classified into six classes;
nucleoside analogue reverse transcriptase inhibitors (NRTIS), non-nucleoside reverse
transcriptase inhibitors (NNRTISs), protease inhibitors (PIs), entry/ fusion inhibitors (FIs), C-
C-chemokine receptor type 5 (CCR5) antagonists, and integrase strand transfer inhibitors
(INSTIs). The following figure (Figure 4) illustrates the mechanisms of how the above listed

antiretroviral drug classes work.
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Figure 4: HIV-1 life cycle and the mechanism of action of antiretroviral drugs

(Source: http://i-base.info/htb/wp-content/uploads/2017/07/Viral-lifecyle-and-drug-targets-
slide-2017-1024x729.png)

Currently, HIV-1 is treated using combination therapy of three or more active substances in a
regimen designated as highly active antiretroviral therapy (HAART) (47, 61). World Health
Organization (WHO) recommends INSTIs combined with two nucleoside reverse-
transcriptase inhibitors (NRTIs) as a first-line drug. For those individuals with a first-line
regimen failure, a boosted PI-containing regimen should be used as a second-line treatment
(63). In Ethiopia, the publicly funded ART program was started in 2005 and the number of
people using ART has increased since then (15, 64). In 2016, there were 420,000 people
receiving ART (20). Below the table (Table 1) summarizes the current treatment guidelines

in Ethiopia.
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Table 1: Currently preferred first-, second- and third-line ART regimens for
Adolescents and adults in Ethiopia

Population 1" line regimens 2" line regimens 3" line regimens
AZT+3TC + TDF+3TC + ATV P
EFVINVD or LPVir DRV/r ° + DTG {or RAL) + ABC

Adults , adolescents ,

v 21 e | ALl T3TC + ATV
Pregnant/breasitfeeding IDF+3TCHEFVANVE ar LPV/r

Waorten

DRV/r ° + DTG (or RAL) + ABC

AZT+3TC + ATV

o
or LPV/r DRV[’f + DTG {r:r.r RAL’ + TDF

MBC+3TCHEFV/NVP

(Federal Ministry of Health, 2017)

2.5.2. HIV-1 Drug resistance

Although the global scale-up of ART has led to dramatic reductions in HIVV-1 mortality and
incidence, the development of HIV-1 drug resistance poses a potential threat to the long-term
success of ART (65). Due to the high error rate and lack of proofreading ability of HIV-1
reverse transcriptase, HIV mutates easily, and this enables the virus to acquire mutations that
allow resistance to anti-HIV drugs (66). HIV-1 drug resistance can be acquired (developing
in a person receiving the antiretroviral treatment) or transmitted (occurring because a virus
with drug-resistance mutations was transmitted to a drug-naive person (67). Although both
acquired and transmitted HIV-1 drug resistance are public health concerns, PDR has the
potential to be more rapidly reverse the effectiveness of first-line antiretroviral therapy at the
population level (67).

PDR is an emerging phenomenon with important clinical and public health implications (68).
In the US, the first data on PDR was documented in 1999 and the prevalence of any PDR
mutation was 16.3% and the individuals were predominantly Men Sex with Men (68). In
Africa, PDR prevalence ranges from low (4%) in Uganda (69) to high (15.9%) in Nigeria (70).
Until recently, the prevalence of PDR was lower in Ethiopia (0—4.9 %) (38, 52, 71). However,
increments have been observed in recent reports from the northern part of the country (36, 72,

73) while there is limited data in central Ethiopia.
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2.5.2.1. Mechanisms of HIV-1 Drug Resistance
2.5.2.1.1. Mechanism of resistance to NNRTI

NNRTI drugs like Nevirapine, Efavirenz, Etravirine, Rilpivirine, etc. work by binding to an
allosteric site, a pocket near the active site of the viral RT enzyme and induce conformational
changes that subsequently result in inhibition of DNA synthesis. However, in the presence of
mutations like L100l, K101E/P, K103N/S, V106A/M, E138K, Y181l/V, Y188L/C/H,
G190A/S/E, M230L, etc., this will not happen because these mutations cause conformational
change of the pocket so that the NNRTIs will not bind to the target allosteric site anymore
(74).

2.5.2.1.2. Mechanism of resistance to NRTI

These drugs are artificial analogues of naturally occurring deoxynucleotides and due to lack
of a 3'-hydroxyl group or an altered sugar moiety, once incorporated into the growing chain
of viral DNA they result in premature chain termination (74). However, in the presence of
mutations like M41L, D67N, K70R, L210W, T215F/Y, and K219E/Q in the RT gene results
in the removal of chain terminators or nucleotide excision by pyrophosphate-dependent
hydrolysis (pyrophosphorolysis) (75). Similarly, other mutations like K65R, L74V, Q151M,
Y115F and M184V/I1 in this gene confers the RT enzyme to an ability to discriminate between
naturally occurring deoxynucleotides and artificial analogues (74).

2.5.2.1.3. Mechanism of resistance to Pls

In contrast to NNRTIs, Pls bind to the active site of the protease enzyme and inhibit the
function of the enzyme by competitively occupying and preventing the natural substrate
protein from accessing the active site. However, in the presence of the mutations like G48M,
I154M, V82A/F, L90M, etc., this competitive binding does not happen because the mutation
in the PI gene causes conformational change in the active site of this enzyme and this
subsequently results in widening of the enzyme pocket so that the Pls will not bind anymore.
Unfortunately, this widening of the active site does not have any effect on the enzyme activity
(74).
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2.5.2.2. HIV-1 Drug resistance assay

HIV-1 drug resistance testing can be performed phenotypically or genotypically (76).
Phenotypic resistance testing refers to in vitro susceptibility assays that measure ARV
susceptibility in the cell culture while genotypic resistance testing involves the sequencing of
enzyme coding regions to identify established clinically significant drug-resistant mutations
(76). The phenotypic assay is a preferred assay for the detection of new mutations that arise
in a particular HIV variant since genotypic testing can only identify documented HIV
mutations and are not able to identify new mutations (77). In addition, this assay does have a
comparable ability with old genotypic assays like population-based Sanger sequencing in
detecting mutations of minority variants (78). However, this assay is time-consuming,
expensive and not as sensitive as those recently developed advanced genotypic assays like
next-generation sequencing that can detect mutations in viral populations that are present in
less than 1 % (78-80). This makes it hard to be chosen as the preferred test by different
laboratories. On the contrary, genotypic assays are highly reproducible and highly sensitive.

In addition, genotypic resistance test results provide molecular epidemiological data (76).

In this study, we used population-based Sanger sequencing genotypic assays to detect the drug

resistance mutations.
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3. Objectives

3.1. General Objective

» To assess HIV-1 Genetic Diversity and Pre-treatment Drug Resistance Mutations

among recently diagnosed HIV-1 Infected Antiretroviral-Naive individuals in Addis

Ababa, Ethiopia

3.2. Specific Objectives

>

To determine the magnitude of pre-treatment non-nucleoside reverse-transcriptase
inhibitor-associated drug resistance mutations

To determine the magnitude of pre-treatment nucleoside reverse-transcriptase
inhibitor-associated drug resistance mutations

To determine the magnitude of pre-treatment protease inhibitor-associated drug
resistance mutations

To genetically characterize circulating HIV-1 strains
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4. Methods and Materials

4.1. Study Area and design

Institutional based cross-sectional study was conducted in Addis Ababa, which is the capital
city of Ethiopia. Based on the 2007 census conducted by the central statistical agency of
Ethiopia, Addis Ababa has a total population of 2,739,551, of whom 1,305,387 are male; and

all of the populations are urban inhabitants (81).

The study was conducted by collecting serum specimens from participants visiting Voluntary
Counseling Test (VCT) centers of the following hospitals: Alert Hospital (Kolfe), woreda 11
heath center (Nifas-Silk), Akaki health center (Akaki Kality), and Addis Ketema Health center
(Addis Ketema). These sites were selected based on previous data (HIV positive reports from
VCT) from the Addis Ababa health bureau, which showed that HIV positive results from these

sites were higher.

4.2. Study Period
The study was conducted from June 2018 up to December 2018.

4.3. Population

4.3.1. Source Population

The source population for this study were all HIV infected individuals in Addis Ababa.

4.3.2. Study Population
The study population was all ART naive HIV infected individuals visiting VCT centers who
reported their ART status as ART-naive or who were identified by caregivers as ART-naive

during the time of sample collection.

4.4. Sample size calculation and sampling methods
For a single population proportion using the following assumptions.
Where n =sample size
Z (a/ 2) (statistic for a level of confidence) =1.96, which is the upper percentile of the
standard normal distribution
P (proportion) = 4.9 %, which is the prevalence of PDR in Addis Ababa (Ph.D.

dissertation)
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d (precision) = 5 %, difference from the actual figures of source population or margin

of error.

The sample size was calculated using the following formula:

2 _ 0.049 (1-0.049)
(04 1 — 2
n= (Z E) % n =(1.99) —o— = 71.60, which is approximately 72.

4.5. Eligibility criteria

45.1. Inclusion criteria
» Being ART naive
» Age > 18 years old

4.5.2. Exclusion criteria
» Unwilling to participate

4.6. Study variables

4.6.1. Dependent variables
» HIV-1 Genetic diversity
» HIV-1PDR drug resistance

4.6.2. Independent variables
» Socio-demographic characteristics like Age, Sex, occupation, etc.
» Viral load

4.7. Operational definitions
Pretreatment drug resistance (PDR): Resistance to one or more antiretroviral drugs found

in individuals with no history of drug exposure.
Viral load: The amount or concentration of HIV-1 RNA in a sample of blood (copies/ml).
4.8. Data Collection Tools and Techniques

4.8.1. Demographic data collection
A structured questionnaire was used to collect Socio-demographic data like Age, Sex,

occupation, etc. of study participants.
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4.8.2. Blood Sample Collection and Transport
Trained medical personnel collected a blood sample (10 mL) from study participants
aseptically. Vacutainer test tubes containing ethylene diamine tetra-acetic acid (EDTA) were
used to collect the blood samples from the vein of each study participant. The sample was
labeled with appropriate patient information. Plasma was then separated from blood cells in
the 10 mL tube within two hours in the laboratory by centrifugation at the speed of 12009
(3000 rpm) for 10 to 15 minutes in accordance with the recommendation of WHO (2009). The
plasma was aliquotted into Nunc tubes of 1.5-ml capacity, and transported on the same day to

the AHRI laboratory, where it was stored at -80°C until required for molecular analysis.

4.9. Laboratory investigations

4.9.1. Viral load and RNA extraction
HIV-1 RNA extraction and viral quantification were done by Abbott Real-time HIV-1
M2000rt extraction machine (Abbott Laboratories, Abbott Park, USA) at Ethiopian Public
Health Institute (EPHI), WHO accredited National HIV laboratory in Addis Ababa. From each
participant’s plasma, 200 pL was automatically pipetted for RNA extraction. This yielded a
total of 60-uL RNA extract. From this, 50 uL was used for viral quantification procedure

while the remaining 10 pL of the elute was transported to AHRI and used for cDNA synthesis.

4.9.2. Reverse Transcription Polymerase Chain Reaction (RT-PCR)

cDNA for the partial polymerase (pol) gene including the PR/RT region was performed in a
20 microliter reaction mixture using superscript IV Reverse Transcriptase enzyme and HIVrt
primer (5’-TGTTTTACATCATTAGTGTG-3’, HXB2 location: 3630-3649). The thermal
cycling for cDNA synthesis was; 50 °C for 1 hour (36). After cDNA was synthesized, we used
Platinum Taq High Fidelity (Invitrogen, Carlsbad, CA, USA) polymerase enzyme and two in-
house outer primers (HIVpcrForl: 5’-TGATGACAGCATGTCAGGGAGTGG-3’, HXB2
location 1826-1849) and HIVpcrRevl: 5°-GGCTCTTGATAAATTTGATATGTCCATTG-
3’, HXB2 location 3555-3583) for this first-round PCR. The reaction was performed in a 50
microliter reaction mixture and the cycling conditions used were initial denaturation at 94 °C
for 2 min, 35 cycles of 30 sec at 94 °C, 1 min at 54 °C, 1 min at 72 °C followed by a final
extension for 5 min at 72 °C (36). This yields 1757 bp amplicon.
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4.9.3. Nested PCR and DNA purification

Second-round PCR was performed to re-amplify an amplicon from first-round PCR. This was
carried out using High-Fidelity Taq polymerase (Life Technologies, USA) and two inner in-
house primers: HIVpcrFor2: 5’-AGCCAACAGCCCCACCAG-3’, HXB2 location 2150—
2167) and HIVpcrRev2: 5’-CTGTATTTCTGCTATTAAGTCTTTTG-3°, HXB2 location
3514-3539). The reaction was performed in a 50 microliter reaction mixture like the first-
round PCR and the thermal cycling consisted of initial denaturation at 94 °C for 2 min, 35
cycles of 30 sec at 94 °C, 1 min at 54 °C, 1 min at 72 °C followed by a final extension for 5
min at 72 °C (36). Agarose gel electrophoresis (using 1.5% agarose gel) was then performed
to confirm the final amplified PCR product (1389 bp; Figure 5) (36). This was followed by
DNA purification using GeneJET Gel Extraction and DNA Cleanup Micro Kit (Thermo
Fisher Scientific, Inc., United States), following the manufacturer’s instruction. The Quality
and concentration of purified DNA were checked using both NanoDrop and gel
electrophoresis.

Purified DMNA MNested PCR Products
b e AL R e R R ARlEREE
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1000 BP 1000 BP s

200 BP 700 BP e

500 BP s SO0 BP se—
300 BP 300 BP =
Soas 300 BP *
200 BP 200 BP

7S BP 75 BP

Figure 5: Agarose gel electrophoresis of PCR products from eight representative
samples

(Lane 1 — 3 represents purified DNA samples while Lane 4 — 8 represents Nested PCR
products). Lane 9 and 10 are controls (i.e. Lane 9 positive control and Lane 10 Negative
control)
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4.9.4. DNA sequencing

Cycle sequencing reaction (by Sanger sequencing method) for each purified DNA sample was
performed using Big Dye Terminator Cycle Sequencing Ready Reaction mix v.3.1 (Applied
Biosystems, USA) and four in-house inner primers (HIVpcrFor2: 5°-
AGCCAACAGCCCCACCAG-3’, HXB2 location 2150-2167, HIVSeql: 5’-
GTTAAACAATGGCCATTGACAGA-3’, HXB2 location 2610-2632, HIVSeq4: 5’-
CCATCCCTGTGGAAGCACATT -3°, HXB2 location 2988-3008, HIVpcrRev2: 5’-
CTGTATTTCTGCTATTAAGTCTTTTG -3, HXB2 location, 3514-3539). The thermal
cycling consisted of initial denaturation at 96 °C for 2 min, 39 cycles of 30 sec at 96 °C, 15
sec at 56 °C, 5 min at 60 °C and a final extension for 5 min at 60 °C (36). Following Cycle
sequencing, the excess dye terminators were removed using DyeEx 2.0 Spin Kit (Qiagen,
Germany) following the manufacturer’s instruction, further dried using vacuum centrifuge,
and stored at 20°C until sequenced. These dried DNA samples were transported to the EPHI,
for further processing. Upon arrival, the DNA samples were treated with 20 pl of formamide
and subsequently processed with an automated ABI 3500 xL Genetic Analyzer (Applied
Biosystems).

4.10. Data processing and analysis

4.10.1. Data Management and Quality Assurance

The questionnaire was checked for spelling errors and completeness of the response given by
participants before data entry to ensure quality of the result. In addition, Visual inspection of
the reagent bottles and expiration date checks were performed before each laboratory work.
The lab procedures were conducted in separately designated laboratory spaces for quality
control purposes. Both positive and negative controls were used for each laboratory work.
Overall, standard operating procedures will be strictly followed to ensure the quality of the
test result and to maintain high standard of accuracy of the test result. Quality of sequence
data was checked using an online data management and quality assurance tool found in the
Stanford University HIV drug resistance database (http://Stanford HIVdb.stanford.edu).
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4.10.2. Statistical analyses
Demographic and clinical data recorded from each participant questionnaire response (age,
gender, etc.) were checked for completeness and entered into Epi data v3.1 software and
exported to SPSS version 25.0 (SPSS Inc. the United States) for analysis. Logistic regression
was used to assess the associations between PDR and demographic or virological
characteristics. A p-value < 0.05 was considered significant. Drug resistance mutations for P,

NRTI, and NNRTIs were characterized by their frequency and percentages.

4.10.3. Sequence Analysis
4.10.3.1. Sequence editing, alignment, and subtype determination
SeqAb.4 software, which was contained in the ABI PRISM® 3500 xL Genetic Analyzer
(Applied Biosystems) collects, processes, and stores the data automatically after each run.
Then sequences were exported to other computer and were first edited using chromas software

v.2.6.6 (http://technelysium.com.au/wp/chromaspro/) (Figure. 6) and Geneious prime®

v.2019.2.1 (https://www.geneious.com/academic/). Then the fragment sequences were

aligned using Geneious prime® v.2019.2.1 software (https://www.geneious.com/academic/)

(Figure. 7). Then HIV-1 subtype determination was done using the REGA HIV subtyping tool
(Leuven University, Leuven, Belgium;

https://www.genomedetective.com/app/typingtool/hiv).

4.10.3.2. Pretreatment drug resistance determination

PDR determination was performed using the Stanford Genotypic Resistance calibrated
population resistance (CPR) tool version 6.0 contained in the Stanford HIVVdb (http://Stanford
HIVdb.stanford.edu) algorithm and the 1AS-USA 2019 mutation list. Classification of PDR
level (low: < 5%, moderate: 5-15%, or high: >15%) was made based on the WHO threshold

survey protocol (82).

4.11. Ethical Approval

Ethical approval was obtained from Addis Ababa University, College of health sciences,
department of Medical Microbiology, Immunology and Parasitology research and ethical
review committee (DRERC) (Reference Number: DERC//17/18/ 02-H), and Armauer Hansen
Research Institute (AHRI)/ All Africa Leprosy Rehabilitation and Training Center (ALERT)
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ethical review committee (Protocol Number: PO16/18). Written informed consent was
obtained from adult HIV infected individuals before including them to the study. Samples

were coded in order to keep the confidentiality of the study participant.
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5. Result

5.1. Sociodemographic characteristics of study participants

Out of the 72 antiretroviral-naive, individuals who had plasma samples available for RNA
extraction, 54 were PR/RT amplified (75%); partial HIV-1 pol sequence covering the
complete PR and partial RT regions (nucleotides 2253 to 3539 of reference strain HXB2) were
amplified. Out of 54 amplified samples, 51 (94.4%) were successfully sequenced and

analyzed (Figure 6 and 7).

T L e e

Figure 6: A representative Screenshot of chromas software v.2.6.6 edited sequence
fragment

Figure 7: A representative Screenshot of Geneious prime® v.2019.2.1 software aligned
sequence that was constructed from ABI PRISM® 3500 xL Genetic Analyzer produced
overlapping fragments

‘A’ represents the final consensus sequence while ‘B’ represents each fragment
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Of those 51 studied subjects, 54.9% were female. The average age of study participants is 37
years. Most (80.4%) of the study participants reported 12 years and/or less than 12 years of
schooling as shown in the table (Table 2). With regard to viral load, 58.8 % of study
participants had > 100, 0000 copies/ml (Table 2). No significant associations were observed
between participant characteristics and Pretreatment drug resistance Mutations (PDRMs)
(Table 2).
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Table 2: Sociodemographic and virological characteristics and their bivariate analysis
of included study participants

Characteristics

Sex
Male
Female
Age Category
18-28
29-38
39-48
>49
Baseline Viral load
(Copies/ml)
2000-10000
10001-100000
>100000
Occupation
Unemployed
Employed
Marital status
Married
Single
Divorced
Widowed/widower
Educational status
No schooling
Primary
Secondary

College (diploma)
University degree

Frequency (N)

23
28

23
17

19
30

31
20

19
14
14

15
18

24

Percentage
(%)

45.1
54.9

451

33.3
15.7
5.9

3.9
37.3
58.8

60.8
31.2

37.3

27.5

27.5
7.8

15.7
254
35.3

5.9
13.7

Individuals
with PDRM

(N)

N

o M B P

L N W O

Bivariate
Analysis
P-Value

0.81

0.99
0.99
0.99

0.99
0.95

0.97

0.99
0.96
0.99

0.99
0.95
0.82
0.99



5.2.  The magnitude of Pretreatment drug resistance

According to both the Stanford HIVdb and IAS-USA algorithms, 9.8% (5/51) of analyzed
samples had at least one PDR Mutation. PDR mutations to NNRTIs were the most frequently
detected mutations (7.8% and 9.8%, according to Stanford HIVVdb and IAS-USA mutation list
respectively) followed by NRTIs (1/51, 1.96% by both criteria’s) and PIs (1/51, 1.96%,
according to the Stanford HIVVdb only). Simultaneous resistance to NNRTI and NRTI was
observed in 1/51, 1.96% patient.

NNRTISs resistance-associated mutations K103N in one patient (1.96%), Y188L and H221Y
in another patient (1.96%), K101E in one patient (1.96%), and V106A in another patient
(1.96%) were presented by both criteria. L2341, which confer major resistance to NNRTIs
was seen in one individual (1.96%) according to Stanford HIVdb only (Table 3). On the
contrary, E138A mutation, which is associated with reduced RPV and ETR susceptibility was
detected by the IAS-USA mutation list only in two individuals (3.92%) (Table 3).

Y115F and M184V PDR mutations that confer limited resistance against NRTI drugs
(abacavir, emtricitabine, lamivudine) were observed in one patient (1.96%) by both criteria
(Table 3). G75S PDR mutation that confers low-level resistance to Pl drug class
atazanavir/ritonavir was observed in another study participant which confer limited resistance
against NRTI drugs (abacavir, emtricitabine, lamivudine) according to Stanford HIVdb only
(Table 3).
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Sample
ID

AL-078
NI-033A

AL-074

AL-082

AK-135

PA-
146D

F = Female, M= Male, 2low-level resistance, *Intermediate-level drug resistance, ‘High-level drug resistance, ATV/r
= Atazanavir/ritonavir, ABC = Abacavir, FTC = Emtricitabine, 3TC = Lamivudine, DOR = Doravirine, EFV =

Efavirenz, ETR = Etravirine, NVP = Nevirapine, RPV = Rilpivirine, NRTI = nucleoside reverse transcriptase

Table 3: Pretreatment drug resistance mutations detected and their resistance pattern to
common Drugs

Age/Sex

32/F
37/F

45/M

40/M

25/F

27/F

Viral
Load
(copies/ml)

134,263
124,246

19,652

443,919

66,791

14,498

Mutations type
NNRTI Resistant to NRTIs Resistant Pls Resistant
S to to
None None G73S* ATV/r2
K103N EFV®, NVP° None None
Y188L, ETR? DORS EFV® Y115F, ABC?S, None
H221Y, NVP¢, RPV¢ M184V FTCS, 3TC®
L2341
K101E ETR? EFV?NVP®, None None
RPV®, DOR?
V106A, ETR? DORS, None None
E138A EFVb, NVP¢, RPV?
E138A ETR? RPV? None None

inhibitor; NNRTI = non-NRT]I; PI = protease inhibitor.

Mutations in bold, are PDRMs by both IAS-USA and Stanford HIVVdb algorithm; Mutation in Italics are reported by

IAS-USA only. While indicated by * only detected by Stanford HIVdb algorithm.

In addition to the above-mentioned major mutations, several additional minor drug-related

mutations and/or polymorphisms were also observed on the RT and PR sequences based on

both algorithms (Table. 5). In the current study, viruses with such minor drug-related

mutations and/or polymorphisms were present in all participants. Single accessory resistance

mutations and/or polymorphisms were present in over 15.6 % (n=8) of RT sequences with
A98S (17.6%) and V179l (3.9%) being the most frequently observed mutations while all PR

sequences harbored at least two minor Pls resistance mutations and/or polymorphisms (Table.
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5). The most frequent mutations observed in the PR sequence were H69K (100%) and M36L
(98%), followed by L89M (58.8%), 115V (25.5%), K20R (25.5%), T74S (17.6%) and L89I
(5.88%) (Table 4).

Table 4: Minor drug-resistant mutations and/or polymorphisms

Drug Class Minor drug-resistant mutations Frequency (N) Percentage (%)
and/or polymorphisms
NNRTIs A98S 9 17.64
V179l 2 3.92
K238R 1 1.96
K103R 1 1.96
K101R 1 1.96
NRTIs T69S 1 1.96
A2V 1 1.96
E44D 1 1.96
Pls M36L 51 100
H69K/S 50/1 98.04/1.96
L8IM/I 30/3 58.82/5.88
115V 13 25.49
K20R/T 13/1 25.49/1.96
164V 1 1.96
T74S/A 9/1 17.64/1.96
Va2l 1 1.96
AT1T 2 3.9
K20K/R 1 1.96
V11l 1 1.96
L10I/V 2/1 3.92/1.96
G16E 1 1.96
E35D 1 1.96
L33V 1 1.96
162V 1 1.96
K43R 1 1.96
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5.3.  HIV-1 genetic diversity
With regard to HIV-1 genetic diversity, phylogenetic analysis showed that all 51/51 (100%)
of the study participants were infected with HIV -1 subtype C virus.
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6. Discussion

Drug resistance poses a challenge for viral suppression, which in turn jeopardizes prevention
plan against HIV infection (83). In this study, we sequenced the partial pol gene from
supposedly ART naive HIV infected individuals to show the current viral diversity and the
detection rate of ARV resistance mutations in Addis Ababa, Ethiopia. The finding of this
study indicates that all of the study participants were infected with the Subtype C virus. In
agreement with previously published studies (35, 36), this study indicated the HIV-1 subtype
C virus still dominates the HIV-1 epidemic in Ethiopia. Therefore, this is the latest evidence,

which showed persistence HIV-1C clade homogeneity in the country.

WHO categorizes PDR in to three: low (<5%), moderate (5%-15%) or high (>15%) categories
(82). Based on this PDR classification, this study revealed that the prevalence of PDR 15 years
after the rollout of ART is moderate (9.8%) in the study area but with an increased level of
resistance. In contrast to this finding, low levels of PDR among pregnant women (38) and
among ART naive adult individuals (71) were reported previously from the same study area.
Similarly, a study done in Brazil among ART naive pregnant women indicated a lower PDR
detection rate (84). The absence of PDRM screening before starting ART and poor level of
adherence might have contributed to this increment of PDR in the current study. In agreement
with the finding of this study a moderate level (5.6 — 7.2 %) of PDR among HIV-1 ART-naive
individuals was reported from Northern Ethiopia (15, 35, 36). This study, combined with all
the above previously published reports in Ethiopia, showed a stable (moderate level) or slowly

increasing level of PDR 15 years after the rollout of ART in the country.
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Figure 8: Trend of PDR Magnitude over years in Ethiopia

In addition to the above previously published data’s from Ethiopia, this finding is in agreement
with studies done in India (85), Brazil (86-88), China (89), and Iran (90) which reported a

moderate magnitude of PDR among HIV-1 antiretroviral adults.

Similar to previously published studies in Ethiopia (35, 71), NNRTI-associated mutations
were the most common mutations observed relative to others (NRTI and Pl-associated) major
mutations. Despite this, the frequency of these NNRTI-associated mutations observed in this
study is higher compared to previous studies done in Ethiopia which reported lower (1.5 - 3.6
%) frequency of PDR (35, 71, 91). This might be due to the high rate transmission of viruses
harboring this mutation conferring resistance. Meanwhile, moderate (6%) frequency of
NNRTIs associated mutation were reported previously from Gonder (15) in agreement with

the frequency observed in this study (7.8%).

The lower frequency of NRTI and PI associated mutations observed in this study are in
agreement with previously conducted studies among ART naive individuals in Ethiopia (35,
36, 71, 91, 92). Likewise, similar NRTI and PI associated PDRMs were reported in other
countries like Brazil (93) and India (85).
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Mutations in the RT sequence which confer resistance to NNRTIs; K101E, K103N, and
E138A which were observed in this study had been reported previously in Ethiopia among
ART naive individuals in agreement to our study (36, 71, 91). In contrary, V106A (Mutation
in the RTs sequence that confers resistance to NNRTIs), M114V and Y115F (Mutations in
the RTs sequence that confers resistance to NRTIs) and G73S (Mutation in the PI sequence
that confers resistance to Pls) were detected for the first time (Figure. 9) among ART naive
individuals in Ethiopia. This might be due to high risky sexual exercise of individuals failing
ART (viruses with such drug resistance mutations are transmitting from individuals on ART
to healthy individuals) and/or due to the higher evolutionary rate of HIV-1C in Ethiopia and
those HIV-1 variants containing these mutations are circulating in the country. Although they
are seen for the first time among ART naive individuals in the country, these mutations were

reported among ART naive individuals from other countries (94).
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Figure 9: Comparison of major primary drug resistance mutations identified in
treatment-naive Ethiopian individuals infected with HIV-1C.

E138A mutation which is associated with a decreased response to ETR and RPV was found
in 3.9% (2/51) of the specimens according to the IAS-USA mutation list only were also

reported in Ethiopia with similar frequency (36). In agreement with the previous report from
31



Gonder (73), one individual had PDR mutations associated with two combined drug classes
(NRTIs plus NNRTIs).

With regard to minor mutations and/or polymorphisms, a high rate of polymorphic change
was observed in the PR region of sequenced specimens most frequently than the RT region in
this study. This, the so-called accessory mutations or resistance-related mutations usually may
not reflect PDR but may represent natural HIV-1 genetic variability with possible clinical
implications if present with other mutations. The most frequent minor mutations observed in
the PR sequence were H69K (100%) and M36L (98%), followed by L89M (58.8%), 115V
(25.5%), K20R (25.5%), and T74S (17.6%). These mutations with relatively the same
frequencies were reported from Ethiopia (36) and India (95). The presence of these mutations

indicates the genetic variability of the virus across the globe.
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7. Limitation and strength of the study

Since we used the population-based Sanger sequencing method, which detects only sequences
from the viral population represented by over 20% of the total population, minor variant PDR
may be missed. Therefore, the reported magnitude of PDR might be underestimated. The
strength of this study is the fact that it was able to detect ARV drug resistance mutations
among drug-naive patients after several years of previous work, which is very rarely done in

the country without transporting it to laboratories abroad.
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8. Conclusion and recommendation

In conclusion, this study presents additional evidence that the genetic diversity of HIV-1 in
Ethiopia is still dominated by the HIV-1 subtype C virus. In addition to this, the study also an
increased level of HIV-1 PDR 15 years after the rollout of ART in Ethiopia. PDRMs to
NNRTIs were the most frequent mutations observed (K103N, Y188L, H221Y, L234l, K101E,
V106A, and E138A) followed by PDRMs to NRTIs (Y115F and M184V) and Pls (G73S)
with 7.8%, 1.96%, and 1.96% mutation frequency respectively. Therefore, high follow-up and
counseling strategies warranted to those who are experiencing virological failure so as to
prevent further dissemination such viruses. In general, this study showed increased levels of
HIV-1 PDR in Ethiopia that potentially compromises the effectiveness of ARV drugs
especially those based on NNRTI regimens. This highlights the need for routine HIV-1 drug
resistance testing before ART and a broader public health action to prevent the emergence and
transmission of drug-resistant variants. In addition, consistent follow-up and strengthening of
adherence patterns, and robust monitoring of viral load to identify early treatment failure is
warranted for successful ART programs and overall prevention of HIV transmission in the

country and to support the global efforts in achieving the third 90 of the UNAIDS target.
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Annexes

Annex I: Information sheet for study participants (English Version)

Project Title: HIV-1 Genetic Diversity and Pretreatment drug resistance Mutations
among Recently diagnosed HIV-1 Infected Antiretroviral-Naive individuals in Addis
Ababa, Ethiopia

Principal Investigator: Mulugeta Kiros
Greetings,

My name is . I am a data collector in this study. 1 would like to invite you
to participate in this collaborative study between AAU and AHRI that will have a role
in improving the health of the people.

Background

HIV is a virus that causes HIV infection, which leads to the decrement of immunity against
various diseases. HIV spreads by having unprotected sex, by sharing needles, by getting
an injection with a needle, which has not been properly cleaned, or by a mother with HIV
passing the virus to her baby during pregnancy or breastfeeding. HIV infection is a serious
health problem in Addis Ababa.

Objectives of the study

The purpose of this study is to assess HIV-1 Genetic Diversity and Pretreatment drug
resistance Mutations among HIV-1 Infected Antiretroviral-Naive individuals in Addis
Ababa, Ethiopia

Duration of the study: The study will be conducted from June up to December 2018
Procedures: If you agree to participate in the study, we will interview you and ask you
questions about yourself such as age, education and marital status, occupation, etc. We will
also ask you to provide a blood sample (approximately 10 ml blood or 2 teaspoons) taken
from a vein in your arm. In addition, we will ask you to provide us information that helps
us assess questions such as what might affect the transmission of HIV between people. The
information you provide in the questionnaire and your HIV results will be kept strictly
confidential unless you and your partner both agree to share this information with one
another. We strongly encourage all participants who have a sexual partner to disclose their
HIV results to their partner and to receive couples’ counseling, but we will not disclose the
information you provide or HIV test results to a partner, family member or the community,
without direct permission from a participant. The interview and sample collection will take
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approximately 45 minutes. You can agree to participate in the study; even if you do not,
you will not lose your access to study site clinics or any other services.

Potential benefits and Risks from being in the study

Benefits: Currently, real-time phylodynamics of HIV-1 transmission networks in Addis
Ababa is unknown. Therefore, although you will not personally benefit from the study,
the result of this study will be used to halt HIV transmission in Addis Ababa.

Potential risks: There will not be any risks or discomfort in this survey, except for minor
pain or bruise at the site of the needle stick, which is common with every blood draw.

Assurance of confidentiality: Research records of your participation in this study will be
maintained by storing them in AHRI. Only authorized project personnel (approved by the
project Principal Investigators) will have access to these files. All data and medical
information collected from you will be kept confidential (no names will be included in
the study).

Participation is voluntary: Your participation in this study is voluntary. You are free to
withdraw at any time the study (interview, sample collection).

Cost of participation: The procedures used are safe. Therefore, the potential risk due to
your participation is minimal. You will not be given any payment for participating in this
study. However, if you are injured from participating in the study, treatment will be
available. If you experience any symptoms, which you feel may be related to the study,
be sure to report them immediately to the persons collecting the sample.

If there is any portion of this consent explanation sheet that you do not understand, feel
free to ask by using the following address or to the person collecting the information.

Name: Mulugeta Kiros Phone number: 0919989310

AAERC Address:  +251113481289
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Annex I1: AmG+ +AFLPTF e+HHIE PO E 38 (ARMCT $8)

PRGk CAN: NARN ANN ABA N AT ARA ARZA +ME NPF NPT AL PAMLY

o Pyt aegege P tA AT ALN NLLN APMTT P NLLN ALYTT NHY

PT ADL: ™A1 hCH

AAgRE Ny 2NAA: AL NHU MTF A aoZ8 ANAN, 15 NHU
PUNZEAMT MT ATIANT NELM$PAM- NABN ANN RLACNT AT NAUZ FNNC
NTOMTE 82U mTFTYT AL AT8 A+ AINHT ALAIAD-:

ane) ) P

AT ASA MAT PAT ARM NAF MATI® U-F PAD13FT NAF PhANA APIP PAR$TN
NAF PaQPaDm ALAN 10 AT ALA, M IPE N1LA®- PN NI FF7HT AAFTY PU R
11T NI NAPMPIRT N+HNNA TPLL NAPDIF MLIR NATT ML AS (NACTHT MPT
@LI° Nt M PNF 1H) B+AAGA: PART AN NAF NASA ANN ARTT PUPY PMT ARA
y@-:

PhGE hAT

PHU MTT AATY NABN ANN AN N AT ALA, NLZN +Me NUPF NPT AL PAMY
o eyt apkd gD Py TN AT ALM, N2AN APMTT P NLLN ARYT NHT ATIDS 1(-::

mG+k PMLEM LH: MG+ NAL ANN FUAN 2010 A.9° £NYL8A=

N®L9° +h+4 PM+1N04 +INCF

ACH NHU MTH AR AMRA+E §SLF NUPRE NAACH AL f PHIRUCT BZET PINF
U3 AANGP DH+ D PEPTFT NAPMPP PATPMEP ATLLANFAY: NAEPT PLIP N(C
AR PRI® §a™G A8 AMI® ATMESFAT: BU §a™5 (ML 10 MA, ATC MLIR 2 PAL
ayhP PAUMI L9°) PAT AR N NEZN NACH 292 AR AA MEA PATR ATHZITM
£M&mMA:  NtHnTIZIRE PACAT PINMT MLID AM-$T PAM PF8C AIC ATDP
PAYMPADYY A/ AT AMY ATMLSFAT: LU OB NAPT AL PAD-T PhT A2 R,
NCERTT NIRT ANND 2FAA PARAM-T MmPE ATETIORAN B/8FAx NAPMELd AL
PAAMY A28 AT PACATY PAT A M, @Mt ACH NA &8 220 AN+ NPT Ui
EMNLA: 1IC 17 ACH AG PACH PHBC AJC BAFTUIR @metT NEATT ANGTU
APt NEATE £FAA: AR P&EPC AIC PAD: +AFL AICT PRLAMMY IoAC
AT TE PhT AL M @MY ATRLAD-P AN ATNLFFAT: 16 1T ACH N -
ANNAL$S. &2N ACH PTRAMT ABZB mEIR PACH AT A A, Mt ATSC AJCE
AREAN MLTP AUNZHAN ATAM$IR: PAMLR AT T0G ANAND ANN 45 B4
LON8A: NHU MTF AL RA+E BFANI NLTFA ATRT MG+ NTNLENT YNI° T AL
P AMMT MIFDI® A71A% AT T T L AL
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NHLY 5+ NA+EP P LI T+ DPI° AF ALINFM PO FA +8FF

PMLITT mPIR: NHU N&LT NARN ANN PAMY ADLY1F dDhegD Py FA AT AL
ALZN APMIT P ALZN ARYTT NHF PARAR ARZE NFLIR AT I NAUF TH AGm &(
ReFC heFm&IR: NAHU ACH NHU m&H N9IA NP F NEMPa™ ATNT Mg+ Mt
NNARN ANN AL PAD-Y PhT ARM, NCEB-F ATRFF BMPTA:

APINIOP P FA +8FF: PLI° 7O NAMALNT IH NTIIFMI® AD- AT L
PLPIOLY YA PAS APNAH AT 290 PAREAN JRANT AFLNTF £FAA: NHU areh, MG+
goyge e ht R8F APNNTATE:

MADC PMNP Ui MHITOIR PACAP PmTF M N ACTIPC Y1MT PIRCIPC
MAnA PMPMMm LPTA: MG+Y PARPLNYLM A MLIR MmG+T PARLhYLe Am-
¢ 9168, PHAMFD: APTF NF AIHUY RLEPT PR PR LUPTA: MIEMI® hACH P+7T
UngRT 1h PUPY MLIR LAY ABZE aAMLP NPT MRANR EMNPA (9190 ARYT N9
Nt5+ AL heNh+Hgn):

+0F L@ NEAYVE 10 PACH NHU TG AR +ATE TA AG™A NEAYT Jan:
NMIFMI® 1H (NPA PMEP T §a™5 ANAN L) TODMF BFAL:

P+HATE h&P: NHU PTF P+ING +NGT AN+TaRT §Fa: NAHUI NACH AL
A&M&G PTLFA F8FF NMI® AIN+E §FM: NHU mTF AL NARA+EP FoII° A L4%
&P hPTTFIP:

NHU ao28 & MITMI® PAINPT N&EA NA PARLPMAMY AL 4-A NAPMPI® M L9
ATaG ANAND- Y8 10 EML g

AgR: aA7 3 NN Nah €MC: +251919989310
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Annex I11: Consent form for study participants (English Version)

Statement of participant consent

Code

Age

| have been asked to participate in this research study The principal investigator
Mulugeta Kiros has explained the study to me, how long it will last, the testing 1 will
undergo, and risks that I might take due to my participation in the study. The information
above has been read to me. | have been given an opportunity to ask questions about this
research project. All questions were answered in a way that | understand. If | have other
questions about this research, | can ask Mulugeta Kiros who is the representative of this
study.

| understand that my participation is voluntary and if I decline to participate in the study,
I will not lose any benefits or access to study site clinic services. | am signing my name
below to indicate my consent to participate in this project. | will be given a copy of the
signed consent form.

Code: Participants Address:

Signature of participant Date:

(Thumb print if non-literate)

Signature of investigator eliciting consent: Date:

Signature of principal investigator: Date:

You will receive a copy of this consent form.

Thank you in advance for participating.
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Annex IV: AmG+ +AFLPF 0+HIE PRI T T ARo)Aan, PR (AMCT $8)
NARN ANN PAMLY AR LYyt apgdgn Paq T AT AN, NEZA PMTIT P 2N ALTT
NHF

Pt+AF LM PAIR IR T AR Ak,

@ AMEP aoA P

AL,

AL NHU MTF AL ATEATE +MERAAD: MG+ NTF 1H ATRMML BT 9o 9o goLaDs,
ATLM PNYET AT NADA+L, APLIMA™T PAQTA +38% 18+ FT NMT NATRLD- A%
+LCIM-ATA = NAL PHMPAD-T ABLE AL +1NMN, 1NC:H DA DT+ DPE ATEMPP ALA
+AMRFA: AT MPRPT ATLMINT +MAAMATA: NAHU MG+ AA mPe hATE
AMS NAGR L@ AP MPP ATLINTFA +1°1CF A=

MG+ NEAYT ATELT AT ATEUR NG+ AR AAANT&ID N AT, hhA T megRge
P71 A741F ATLMAM 1N$5 A= NHU MG+ AGRA+& AT AYAPT ¢ CTP7
NFF ANPITOMAD-: PHU PNTRIRIET £4T7 PR 91ANSH £AMT A

MAMEP APALE PtAFL M A2 GAE

PAFLD &CT: o3

(PA+TLZ NPT PAE AAE)

NFRIRT+T PNL LM aRCaR, 4,C: § G N H

PPT AMIM. £C0E
St H

PHUT MY ao/8 % “1ANGR LPNAA:

NA+A+EP ATAITAT =
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Annex V. Questionnaire for study participants (English Version)

Human Immunology Virus-1 Genetic Diversity and Pre-treatment Drug Resistance
Mutations among recently diagnosed HIV-1 Infected Antiretroviral-Naive
individuals in Addis Ababa, Ethiopia

Health facility:

Name of data collector:

Date (DD/MM/YY E.C):

Instruction: Encircle a number that describes you best.

Part I: Socio-demographic characteristics

. Orthodox
. Protestant
. Catholic

S.No. | Questions Response Skip | Code
1. Code
2. Sex
3. Age (years)
4, Education status 1. No schooling
2. Primary or incomplete secondary
3. Secondary
4. Tertiary
5. Unknown
5. Marital status 1. Married
2. Single
3. Divorced
4. widowed/widower
5. other, specify
6. Religion 1. Muslim
2
3
4
5

. Others, specify
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Occupation

NogakrowhE

Unemployed
Self employed
Government employee
Employee at private enterprise
Student
Farmer

Others, specify

Part I1: Laboratory Data

S.No.

Questions

Response

Skip

Code

1.

Baseline Viral load (Copies/ml)

Thank you in advance for participating.

Name and signature of the data collector

Name

Signature

Name and signature of the principal investigator

Name

Signature
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Annex VI: Laboratory Procedure
A. cDNA Synthesis

1. Take samples out of -80°C and put it in ice.

2. Label small PCR tubes

3. Let thaw, Mix, and spin down briefly all the required reagents (no enzyme), and put

on ice.

3. Labelanew Eppendorftube and prepare enough for 1-2 samples more than you
need, plus a blank.

4. Calculate all other math and Combine the below-mentioned components in a

reaction tube (Eppendorf tube).

Component 20-pL rxn (1X)
DEPC-treated water 6

5% Superscript IV RT Buffer 4.0 yL

10 mM dNTP mix (10 mM each) 1.0 uL

100 mM DTT 1.0 pL
RNaseOUT™ RNase Inhibitor (40 U/pL) 1.0 uL

50 uM HIVrt primer 1.0 uL
Superscript IV RT 1puL

5. Add 15 pL of Master Mix to each small PCR tubes
6. Add template 5 pL RNA and put it into thermocycler and
Note: Be sure the tubes are closed completely!

7. Store the product at -20°C for a short period of time or -80°C for a longer period.
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B. PCRO1

1. Take samples out of -80 and put it in ice.
2

3

Label small PCR tubes

Let thaw, Mix, and spin down briefly all the required reagents (no enzyme), and put
on ice.

3. Labelanew Eppendorftube and prepare enough for 1-2 samples more than you
need, plus a blank.
4. Calculate all other math and Combine the below-mentioned components in a

reaction tube (Eppendorf tube).

Component 50-pL reaction (1X)
Molecular Grade water to 50 puL

10X High Fidelity PCR Buffer 5uL

50 mM MgSOy 2 uL

10 mM dNTP Mix 1puL

10 uM PCRforl primer 1uL

10 uM PCRrev1 primer 1puL

Platinum® Tagq DNA Polymerase High Fidelity (5 U/uL)

5. Add 45 puL of Master Mix to each small PCR tubes

8. Add template 5 pL template DNA form the thawed reaction 1 product (cDNA
synthesis) and put it into thermocycler and adjust it using the following cycling
condition: initial denaturation at 94 °C for 2 min, 35 cycles of 30 sec at 94 °C, 1 min
at 54 °C, 1 min at 72 °C followed by a final extension for 5 min at 72 °C.
Note: Be sure the tubes are closed completely!

9. Store the product at -20°C for a short period of time or -80°C for a longer period.



C. PCR 02

1. Take samples out of -80 and put it in ice.
2. Label small PCR tubes

3. Letthaw, Mix, and spin down briefly all the required reagents (no enzyme), and put
on ice.

3. Labelanew Eppendorftube and prepare enough for 1-2 samples more than you
need, plus a blank.
4. Calculate all other math and Combine the below-mentioned components in a

reaction tube (Eppendorf tube).

Component 50-pL reaction (1X)
Molecular Grade water to 50 uL

10X High Fidelity PCR Buffer 5uL

50 mM MgSOy 2 uL

10 mM dNTP Mix lpuL

10 uM PCRfor2 primer 1uL

10 uM PCRrev2 primer 1puL

Platinum® Tagq DNA Polymerase High Fidelity (5 U/uL) 0.2 uL

5. Add 49 pL of Master Mix to each small PCR tubes

10. Add template 1 pL template DNA from thawed PCRO1 product and put it into
thermocycler and adjust it using the following cycling condition: initial
denaturation at 94 °C for 2 min, 35 cycles of 30 sec at 94 °C, 1 min at 54 °C, 1 min at
72 °C followed by a final extension for 5 min at 72 °C.
Note: Be sure the tubes are closed completely!

11. Store the product at -20°C for a short period of time or -80°C for a longer period.
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Annex VII: Declaration
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presented for a degree in any other university and all sources of material used for the thesis
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