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Abstract:

Background: Human Immunodeficiency Virus type 1 (HIV-1) is the prototype immunodeficiency virus; it is highly virulent
and is the cause of AIDS in most parts of the world. AIDS-related deaths have drastically reduced with antiretroviral
treatment, even though access to therapy is not universal especially in low-income countries. In recent times, HIV research
has been augmented, but as yet, the prospects of an AIDS cure and an effective immunizing agent are still uncertain. There
is a great diversity in HIV-1 strains circulating globally as evidenced by phylogenetic analyses. Detailed studies show an
intricate pattern of recombination between subtypes with further proof of sub-subtypes in circulation. In Kenya, the
prevalent subtype of HIV-1 in circulation is subtype A-1. With the devolution of the health docket from the national to the
county government, there is the need to reorient HIV research to the county level to equip county medical staff with current
and accurate data on the efficacy of antiretroviral therapy. The main focus of this research was to establish the genetic
diversity and antiretroviral drug resistance of HIV-1 isolates from Kirinyaga County, Kenya. HIV-1 genetic diversity
compounded with the problem of drug resistance have a great implication on treatment, spread, and HIV-1 viral evolution.
Methodology: A cross-sectional molecular epidemiological study using purposive sampling was used to select sixty HIV-
positive blood samples from patients in Kerugoya County Hospital in Kirinyaga County. HIV-1 proviral DNA was extracted
from genomic DNA and amplified using specific primers for the HIV genomic pol region encoding the enzyme reverse
transcriptase, and the amplicons sequenced. Resistance mutations were inferred from the Stanford database on HIV drug
resistance.

Results: Sequence analysis established that subtype Al was the most predominant in the County accounting for
66.67%(22/33), followed by subtypes D at 12.12%(4/33) and C at 9.09%(3/33) each. Four of the samples were found to be
recombinants accounting for 12.12% of all the samples sequenced. 12.12%(4/33) of the samples had major drug resistance
mutations to reverse transcriptase inhibitor drugs. There were Minor mutations and polymorphisms in all the 33 isolates
analyzed for subtypes and mutations.

Conclusions: The study has shown that HIV-1 subtype Al dominates Kirinyaga County population while HIV drug
resistance is significant (12.12%) in the population. Information on subtypes and DRMs generated from this study will help
in updating the HIV surveillance data generated annually by the Kenya Medical Research Institute together with other
Research Institutes carrying out HIV-1 research and monitoring. The data can also be useful in advising on policy for
diagnosis and development of HIV-1 vaccines in the country.
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1. Background

The control of infectious diseases largely depends on the understanding of the pathogens’ genetic make-up, genetic diversity and their
evolution over time. HIV-1 has four groups, M, N, O, and P, each of which has its origin from distinct zoonotic transmission events
from Simian Immuno-Deficiency Virus (SIV) strains found in apes (Leoz, et al., 2015). HIV-1 group M is responsible for the
pandemic and is currently divided into nine clades or subtype classes, namely, subtypes A, B, C, D, F, G, H, J, and K. Subtypes A and
F are further sub-divided into distinct sub-clades known as Al and A2, and F1 and F2 respectively (Worobey, et al., 2008; Leoz, et al.,
2015). In addition, there are inter-subtype recombinants referred to as circulating recombinant forms (CRFs) and unique recombinant
forms (URFs). The Los Alamos National Laboratory HIV database presently recognizes 72 CRFs together with numerous URFs
(Tongo, et al., 2015). The most predominant subtype in Kenya is subtypes A with differences in the predominance of subtypes C, D,
and CRFs (Dowling, et al., 2002; Lihana, et al., 2006; Khamadi, et al., 2009; Hue", et al., 2012; Adungo, et al., 2014). A greater
percentage of recombinants are A-containing recombinant strains such as A1C, A1D, A1G, A2D (Dowling, et al., 2002; Khamadi S. ,
2005; Lihana, et al., 2006; Kageha, et al., 2012).

Highly active antiretroviral therapy (HAART) has considerably minimized the number of people dying from AIDS in recent years
(Broder, 2010). However, this has also led to the emergence of drug resistant strains due to selective pressure of antiretroviral (ARV)
drugs and the high mutation rate of HIV (Vandamme A. , 2009). The emergence of resistance-associated mutations remains a major
cause for treatment failure (Jochmans, 2008). Between 2003 and 2010, drug resistance prevalence in poor resource settings rose to
reach a peak of 6.6 percent in the year 2009 (WHO, 2012). There is a clear indication that the levels of resistance to NNRTI in Africa
is increasing. The prevalence of NNRTI resistance among recently infected persons reached 3.4% in 2009 (WHO, 2012; Hamers,
Sigaloff, Kityo, Mugyenyi, & de Wit, 2013). There are three main mechanisms which HIV uses to generate genetic diversity namely,
retroviral recombination, mutation, and hypermutation (Smyth, Davenporte, & Mak, 2012; Vandamme, et al., 2011). In retroviruses,
introduction of most mutations occurs during reverse transcription. RT makes transcription errors without the ability to proofread
(Smyth, Davenporte, & Mak, 2012). In every replication cycle, RT causes approximately one error per genome (Kerina, Babill, &
Muller, 2013). Genetic recombination on the other hand occurs when there is dual infection with at least two genetically diverse HIV
strains coexisting in the same cell arising from a co-infection or a superinfection (Kerina, Babill, & Muller, 2013; Redd, Quinn, &
Tobian, 2013; Smyth, Davenporte, & Mak, 2012).Recombination shuffles mutations within a quasispecies with the result of rapidly
assembling beneficial genetic combinations or effectively removing mutations that compromise viral fitness. Genetic recombination is
an evolutionary strategy that enables survival of viruses with superior fitness in a dynamic environment(Smyth, Davenporte, & Mak,
2012; Kerina, Babill, & Muller, 2013). Hypermutations are mediated by mutagenic host cell factors such as APOBEC3G. The
APOBEC3G is a host cytidine deaminase incorporated by the virion that generates Guanine to Adenine hypermutations by
deaminating cytosine to uracil. This hinders elongation by inhibiting reverse transcription in viruses with a defective Vif gene (Smyth,
Davenporte, & Mak, 2012; Engelman & Cherepanov, 2012). NRTIs are administered in an inactive form and must first be
metabolised by host cellular kinases to their respective 5'-triphosphate active form (Sarafianos, et al., 2009). NRTIs block HIV by
terminating reverse transcription. This is by mimicking natural dNTPs allowing them to be integrated by reverse transcriptase into the
viral DNA. Since NRTIs lack the 3’-hydroxyl group, their incorporation into the chain terminates elongation(Engelman &
Cherepanov, 2012). There are two mechanisms through which NRTI resistance develops. One way is through inhibition and
consequently reduced NRTTI incorporation for dNTPs, while the other involves increased elimination of the integrated nucleoside
analogue monophosphate (NA-MP) by unblocking the primer thus terminating DNA chain extension as in the case of AZT (Shafer &
Schapiro, HIV-1 Drug Resistance Mutations: An Updated Framework for the Second Decade of HAART, 2008). NNRTIs unlike
NRTIs, non-competitively inhibit reverse transcription without interfering with dNTP binding. Unlike NRTIs, NNRTIs manifest their
pharmacological action without intracellular stimulation (Sarafianos, et al., 2009). They do not bind to the reverse transcriptase
enzyme’s active site but instead bind to the allosteric hydrophobic site or nucleotide binding site which is about 10 A away from the
polymerase active site where they stop transcription by blocking the addition of more nucleotides and the polymerization of the
double-stranded DNA (Grobler, et al., 2007; Sarafianos, et al., 2009; Das & Arnold, 2013). They normally lack the 3'-OH group or
have an altered sugar moiety. They normally bind to the allosteric hydrophobic NNRTI-binding pocket (NBP) near the active site
causing conformation changes. This causes a blockage that disrupts the substrate alignment in the formation the phosphodiester bond
(Rittinger, Divita, & Goody, 1995).

Accurate and updated information on HIV subtypes distribution is crucial in the development of vaccines since vaccine immunogen
sequences should have a close match to the sequences of the virus in circulation in the targeted population (Hemelaar, Gouws, Ghys,
& Osmanov, 2011). Pol sequence data from genotypic resistance tests is used for HIV-1 subtyping and also to screen for drug
resistance mutations (DRMs). This data may also be helpful in conducting phylogeographic analysis to enlighten more on the origin
and distribution of the diverse HIV strains (Rusine, et al., 2012).

2. Methods

2.1. Participants

The study was carried out in Kirinyaga County in central Kenya and was based atthe County Hospital. The hospital serves patients
from the entire County. Samples were collected from confirmed HIV positive clients attending the County Hospital and who were
already on antiretroviral therapy. The clients were both male and female HIV patients of eighteen years and above voluntarily
attending the comprehensive care clinic at the hospital and voluntarily submit blood samples for testing to the laboratory. This was a
cross-sectional study where purposive sampling was used to get sixty (60) HIV positive blood samples using the formula; N=Z’P (1-
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P) DId’ (Fisher et al., 1998). The amount of whole blood collected was 3 ml per person. The samples were tested by rapid HIV
diagnostic kits and confirmed to be antibody positive for HIV before they were put in airtight EDTA tubes and transported to the
research centre in cool boxes at room temperature.

Baseline characteristics of participants is as summarized in tablel below. Thirty-three samples out of the 60 collected were
successfully amplified, sequenced and analysed. Of the 33 isolates, 19 were from females and 14 were from males. The Median CD4
countof all the subjects was 398 cells/ul (CD4 range 75 - 773 cells/ul) with that of females being 361cells/ul and that of males’
366.5cells/ul. The median age of all subjects was 39 years.

Characteristic Gender
All Female Male
N=33 (n=19) (n=14)
Age (Years)
Mean (Range) 39(18-70) 37(18-70) 39.5(18-63)
CD4- T cell count (Cells/mm”) | 398(75-773) | 361(75-773) | 366.5(87-696)
Mean (Range)
Range 10 6 4
<300
301-400 7 4 3
401-500 4 2 2
>500 12 7 5

Table 1: Baseline Characteristics of participants

2.2. Proviral HIV DNA Extraction from PBMCs

Briefly, the pellet of PBMCs was dissolved by pipetting in five hundred microlitres of a genomic DNA extraction reagent called
DNAzol (Gibco BRL®). Vortexing was not done as this shears and destroys the genomic DNA. The dissolved pellet was then mixed
gently with two volumes of chilled (4°C) absolute ethanol without vortexing. Using chilled ethanol increases the efficacy of
precipitation of DNA from the solution. The mixture was then spun for 15 minutes at 12000 rpm in a microfuge maintained at 4°C to
obtain a pellet. 1000 pl of 70 percent ethanol was added to the pellet and thoroughly vortexed (the pelleted DNA can be vortexed at
this stage without shearing). The 70% ethanol acts as a wash solution. The pellet was then isolated by spinning for 15 minutes at
12000 rpm in a microfuge maintained at 4°C. The pellet was then dried at room temperature in a safety cabinet. The DNA pellet was
then dissolved in distilled DNAse and RNAse free water and Store at -30°C till further use (Khamadi S. , 2005).

2.3. Polymerase Chain Reaction (PCR Jand Sequencing

The Protocol described by Lihana et al. (2009) was adopted. The starting template was proviral DNA extracted from PBMCs. A
master mix was made containing 2 mM MgCl, 0.8mM dNTPs, 0.5 units Taq polymerase, 1x Buffer, 2ng of each primer and the DNA
Template. A region of the pol-RT gene corresponding to nucleotides 2480 to 3180 of HIV-1 HXB2 was amplified by nested
Polymerase Chain Reaction (PCR) using primer sets, RT18 (5’ GGAAACCAAAAATGATAGGGGGAATTGGAGG-3’) and KS104
(5’-TGACTTGCCCAATTTAGTTTTCCCACTAA-3’) in the first round, and KS101
(5’GTAGGACCTACACCTGTTCAACATAATTGGAAG-3’)

and KS102 (5’-CCCATCCAAAGAAATGGAGGAGGTTCTTTCTGATG-3’) in the second round. Amplification conditions were as
follows; a hold at of 95 ° C for 2 minutes, 35 cycles of 95 ° C for 30 seconds, 55 ° C for 30 seconds, and 72 ° C for 1 minute and a final
extension at 72 ° C for 10 minute (Lihana, et al., 2009).

The PCR products were then sequenced using the Sanger (Dideoxynucleotide chain termination) method.

2.4. Data Analysis

The generated sequences were assembled, aligned and edited using Geneious v8.1. The National Centre for Biotechnology
Information (NCBI) subtyping program  (http://www.ncbi.nih.gov/projects/genotyping/formpage.cgi), the HIV Blast tool
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), the REGA HIV-1 Subtyping Tool version 3.0
(http://hivdb.stanford.edu/RegaSubtyping/stanford-hiv/typingtool/ (Pefia, et al., 2013), the Recombinant Identification Program
(http://www.hiv.lanl.gov/cgi-bin/RIP3/RIP.cgi(Siepel, Halpern, Macken, & Korber, 1995), the jpHMM (jumping profile Hidden
Markov Model online submission tool; http://jphmm.gobics.de/ and the SCUEAL Subtyping DataMonkey tool
(http://www.datamonkey.org/dataupload_scueal.php (Pond, et al., 2009) were used for initial rapid subtype screening. Confirmation
was done by phylogenetic analysis using reference sequences from The Los Alamos website (http://www.hiv.lanl.gov/cgi). The
reference sequences were selected by a two-step procedure involving preliminary identification by HIV BLAST searches and
verification using Neighbor-Joining tree analyses. Sequence alignment was done using ClustalW method. The Neighbor-Joining
method (Saitou & Nei, 1987) was used to infer the evolutionary history of the isolates while computation of the evolutionary distances
was done using the Kimura 2-parameter method (Kimura, 1980). Evolutionary analyses were conducted in Molecular Evolutionary
Genetics  Analysis  software version 7, MEGA7 (Kumar, Stecher, & Tamura, 2015) and Geneious V8.1
(http://www.geneious.com(Kearse, et al., 2012)
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Reverse transcriptase nucleotide sequences generated (707bps) were translated into the respective amino acids (235 per sequence).
The sequences were then submitted to the Stanford database on HIV drug resistance (http://hivdb.stanford.edu) for evaluation and
identification of mutations as well as interpretation of resistance. The Stanford algorithm infers HIV drug resistance against 20 FDA-
approved ARV drugs. These include four NNRTIs, seven NRTIs, one integrase inhibitor and eight protease inhibitors (PIs). Each
HIV-1 DRM is given a drug penalty score and a remark by the HIV database system. Addition of the scores for each mutation
associated with resistance to that drug gives the total score for the drug. The program then classifies HIV drug resistance at five levels
based on the total drug score. The levels are susceptible, potential low-level, low-level, intermediate or high-level drug resistance. The
2013 International AIDS Society-USA (IAS-USA) guidelines were used to define antiretroviral resistance-associated mutations for
Reverse Transcriptase Inhibitors (RTI) (Johnson, et al., 2013)

3. Results

3.1. Subtypes and Recombinants

There was general concordance between the four tools used in 25/33 (76%) of all sequences. The other 8/33 sequences showed
subtype discordance with at least one of the tools. This was probably due to use of different reference sequences by the programs in
subtyping. However, all the programs identified subtype Al as the most common comprising 58% of samples by SCUEAL, 67% by
REGA, 70% by jpHMM and 67% by RIP. The next subtypes in terms of occurrence were C and D with values ranging from 9 to 15%.
SCUEAL, jpHMM and RIP tools were capable of determining recombinant subtypes while REGA classified the detected
recombinants as complex. SCUEAL identified one case of subtype A3 and one case of recombinant CRF-19. These subtypes were
ignored as artefacts since they were detected by only one tool and have previously not been reported in Kenya (Lihana, Ssemwanga,
Abimiku, & Ndembi, 2012). CRF-19 is predominant in Cuba (Delatorre & Bello, 2013) and to a lesser extent, in Central and West
Africa while subtype A3 is predominant in Central and West Africa (Lihana, Ssemwanga, Abimiku, & Ndembi, 2012). Inter-subtype
recombinants detected by the various tools included A1-C, Al1-D, A2-D, A1G, and CRF-19-like. Table 2 outlines the subtyping results
of the four online tools used.

SCUEAL? REGA" jpHMM® RIP*
Subtypes n %0 n %0 n %0 n %0
Al 19 58 22 67 23 70 22 67
A3 1 3
C 3 9 4 12 4 12 4 12
D 3 9 4 12 4 12 5 15
Al1C 1 3
A1D 2 6 2 6
A2D 1 3 1 3
A1G 1 3 1 3
CRF19 1 3
Complex 1 3 3 9
Total (N) 33 33 33 33

Table 2: Subtype Designation by SCUEAL, REGA, jpHMM and RIP Tools

a SCUEAL Subtyping DataMonkey tool (Pond, et al., 2009); http://www.datamonkey.org/dataupload_scueal.php ). SCUEAL subtype
designations of A or ancestral A were called A1, based on the phylogenetic clustering.

b REGA HIV-1 Subtyping Tool version 3.0 (Pefia, et al., 2013); http://hivdb.stanford.edu/RegaSubtyping/stanford-hiv/typingtool/)

¢ jpHMM (jumping profile Hidden Markov Model online submission tool; (Schultz, et al., 2006); http://jphmm.gobics.de/;)

d Recombinant Identification Program (Siepel, Halpern, Macken, & Korber, 1995); http://www.hiv.lanl.gov/cgi-bin/RIP3/RIP.cgi)
The subtypes were then confirmed through phylogenetic analysis using MEGA7 software (Kumar, Stecher, & Tamura, 2015)and
Geneious v8.1(http://www.geneious.com) (Kearse, et al., 2012). The two programs were used for comparison purposes. The
phylogenetic trees drawn using the two programs were found to be essentially similar in their output. Reference sequences for
subtypes A, C, D, G and recombinants AIC, AlID, A2D and AIG from the Los Alamos HIV sequence database
(http://www.hiv.lanl.gov/) were used.All the pure subtypes detected clustered together with Kenyan reference strains. One
recombinant (Ker80 subtype A1D) clustered with Ugandan strains. Samples that were found to be HIV-1 subtype Al showed further
diverse sub-type clustering in the Neighbour-Joining tree suggesting a divergence in the HIV-1 subtype Al among the study
participants. All the recombinants were related to subtype A (Figure 1 and 2)

In figure 1, evolutionary analyses were conducted in MEGA7 while inFigure 2, the analysis was done using Geneious v8.17. The
Neighbor-Joining method (Saitou & Nei, 1987) was used to infer the evolutionary history and construct a phylogenetic tree. The
reliability of the tree was estimated by 1000 bootstrap replications in both cases. Kimura two-parameter method was applied to
compute the evolutionary distances (Kimura, 1980) and are in the units of the number of base substitutions per site. Both analyses
involved 46 nucleotide sequences. The study strains have the prefix Ker. The sequences were gap stripped prior to tree construction
(data not shown).
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Figure 1: Evolutionary relationships of the study sequences together with 13 references.

Evolutionary analyses were conducted in MEGA7 (Kumar, Stecher, & Tamura, 2015)
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Figure 2: Phylogenetic Neighbor-Joining consensus tree diagram of the 33 sequences together with the reference sequences.
Image created using Biomatter’s Geneious version 8.1. (Available from http://www.geneious.com)(Kearse, et al., 2012)

Sequence alignment and phylogenetic analysis showed that a majority of the isolates belonged to subtype Al (22/33, 66.67%),
followed by subtypes D (4/33, 12.12%) and C (3/33, 9.09%). There were three cases each of recombinants A1D, A2D and A1C
accounting for 3.03%of the samples in each case. One recombinant case could not be classified into any of the known circulating
recombinant forms (table 3 and figure 3). Figure 4 shows the comparison of subtype prevalence in other parts of the country
compared with the results of the present study.
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Occurrence Frequency
Subtype n=33 %

Al 22 66.66667

D 4 12.12121

C 3 9.090909

A1D 1 3.030303

A2D 1 3.030303

Al1C 1 3.030303
Unknown Recombinant 1 3.030303

(URF)

Table 3: HIV Subtypes Distribution in the Study Population
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Figure 3: Pie chart of HIV-1 group M subtypes isolated from the study participants
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Figure 4: Comparison of HIV subtype prevalence in different parts of Kenya. The data used was obtained from the following

publications; Central (Kageha, et al., 2012), Western (Adungo, et al., 2014), North-Rift (Kiptoo, et al., 2008), Nairobi (Lihana, et al.,
2006), Northern Kenya (Khamadi S. , 2005) and Coast (Hue’, et al., 2012).
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3.2. Drug Resistance Mutations

Of the 33 samples analysed, 4(12.12%) showed mutations conferring resistance to reverse transcriptase inhibitors (RTIs) indicating an
HIV-1 drug resistance occurrence rate of 12.12% among the samples sequenced and analysed. The samples showing RTI resistance -
associated mutations, were all infected with HIV- 1 subtype Al and were all female (Table 4). The fact that they were all female may
not be significant due to the small sample size. The reverse transcriptase inhibitor-associated major mutations M1841, K70R, A98G,
V106I, E138A, and G190A, were detected. M1841I and K70R conferred resistance to NRTI while A98G, V1061, E138A and G190A
conferred resistance to NNRTI (Table 4). A98G and V1061 mutations occurred together in isolate Ker61 while K70R and G190A
mutations occurred together in isolate Ker24 (Table 4).

High-level resistance to NRTIs, emtricitabine (FTC) and lamivudine (3TC) was identified in one isolate with intermediate to low level
resistance to zidovudine (AZT) and stavudine (d4T) as a result of M184I mutation (Table 4). In the other case of NRTI resistance,
mutation K70R conferred resistance to zidovudine (AZT) and stavudine (d4T) but susceptible to lamivudine (3TC) (Table 4).
Mutation G190A in isolate Ker24 offered high-level resistance to NNRTI nevirapine (NVP) and low to intermediate resistance to
etravirine (ETR) rilpivirine (RPV) and efavirenz (EFV) drugs (Table 4). The other mutations against NNRTI drugs; A98G, V106I,
and E138A offered low level to intermediate resistance to NNRTI (Table 4).

Minor mutations and polymorphisms were detected in all the 33 isolates that were analysed (Table 5). K122E and V35T were present
in all (100%) of the samples. V60I, 1135T, Q174K, Q207A, T200A, R211S, V1791 and D177E occurred in over 50% of the isolates
(Table 5). Other polymorphisms observed in lower frequencies included D121H, K173S, D123N, D123S, R211K, Q207E, K173E,
K173L, S48T, E40D, K11T, K20R, K49R, D123G, F214L, G196E, K173T, S162C, T39A, T39E, E36A, 1142V, S162Y, D113E,
D121C, D121Y, E204D, E6K, 1202V, I5V, K104Q, K11Q, K166Q, Q207D, T39I, V1181 and V21I (Table 5).

Evidence of Apobec 3G/F Hypermutation was found in two samples, Kerl6 (G51R, G93R and G213R) and Ker51 (G155R and
G45R).

Patient| HIV-1 | ART at point of Major DRMs Drug Resistance inference
ID [Subtype study detected
(Sex)
NRTI NNRTI Against NRTI Against NNRTI
High Intermediate/Low High Intermediate/Low
Level Level Level Level
Kerl6| AI(F) NVP/d4T/3TC M1841 3TC ABC
FTC ddI
Ker61 | A1(F) NVP/d4T/3TC A98G EFV, ETR
V1061 NVP, RPV
Kerl7| AI(F) NVP/d4T/3TC E138A ETR
RPV
Ker24 | A1(F) NVP/d4T/3TC K70R G190A ABC, AZT NVP EFV
d4T, ddI, ETR
TDF RPV

Table 4: Major Drug Resistant Mutations Detected Among the HIV Isolates

Drugs whose efficacy was compromised and were part of patient's regimen are highlighted in bold type.
Table 5 shows the minor mutations detected per isolate while Table 6 gives the frequency of the minor mutations detected among the
33 isolates.
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Ker03

V35T, T39A, E40D, V601, K104Q, V118I, D121C, K122E, I135T, 1142V, T165V, G196E, T200A, E204D, Q207E,
R211K, F214L

Ker07

V35T, T39L, D123N, V60I, 1135T, K122E, 1142V, K173S, D177E, Q174K, Q207A, T200A, V1791, R211S

Kerl1l

Q207A, K122E, V35T, T39I, S48T, D121H, V601, 1135T, D123S, S162Y, K173S, R211S, Q207A, T200A, Q174K

Kerl2

V601, Q174K, R211S, Q207A, V1791, K223Q, K122E, K173L, I135T, V35T, D123N, D177E, T200A

Kerl4

V1791, V60l, ISV, V35T, 1135T, D123S, Q174K, K173A, ,R211S, Q207A, K122E, D177E,

Kerl5

K173T, Q174K, V35T, E36D, K122E, Q207A, D123N, V60I, 1135T, V1791, D177E, R211S, K49R

Kerl6

V35T, T39M, 150V, G51R, V60I, D86N, G93R, G112E, K122E, I135T, D123N, K173S, Q174K, V1791, G196E, Q207A,
T200A, G213R

Kerl7

V35T, S68G, K122E, D123N, T39A, E40D, V60I, I135T, K173S, D177E, Q174K, 1178V, V1791, G196E, Q207A, T200A,
F214L

Kerl8

K122E, D123G, Q207E, A158S, E36A, T39E, V35T, S48T, K173A, R211K

Ker23

V601, V35T, K102Q, D123S, K122E, S162C, K173Q, D177E, Q207A, R211K

Ker24

E6K, K32T, V35T, N57T, K122E, V601, I1135T, K166Q, K173T, D177E, Q174K, 1178L, T200A, V1791, R211S, Q207A

Ker32

T200A,V601I, D121Y, K11Q, , R211S, K122E, V35T, D123G, K173L, I135T, D177E, Q174K, Q207A, V1791

Ker34

T200A, D121H, I5V, K20R, V601, V35T, I1135T, D123S, K173S, D177E, Q174K, V1791, R2118S, Q207A, K122E

Ker35

V35T, 1135T, K173T, T39L, K122E, D123G, , Q174K, Q207A, E224A, V1791, D177E, T200A,

Ker37

V35T, K43M, V60M, K104N, S105L, D113E, V118F, D123S, K122E, S162C, D177E, Q174K, Q207A, T200A, V1791,
F214L

Kerd6

E6K, V35T, E40D, K49R, K122E, V601, D123E, I135T, K166Q, D177E, Q174K, 1178M, T2001, Q207D, R211S

Ker51

T1651, K173S, T200A, 1202V, Q207A, K122E, V601, V35T, V211, G45R, I135T, D123N, G155R, V1791, D177E,

Ker54

V1791, DI177E, V35T, D123N, Q174E, , Q207E, R211K, K122E, V601

Ker58

R211S, Q207A, K11Q, T39A, K122E, D121H, V601, K173S, D177E, V35T, K20R, I135T, T139A

Ker60

K11T, V35T, T39A, V601, V1181, D177E, D121H, R211S, Q207A, K173L, 1135T, Q174K, K122E

Ker61

. DI77E, 1202V V35T, V211, T200A, V1791, K20R, T39R, Q207N, R211S K43E, V601, S162Y,D121Y, K122E, K173S,
Q174K

Ker62

V35T, K20R, E36D, V601, V118L, K122E, D121H, D123S, S162C, L168F, K173A, D177E, Q174K, G196E, T200A,
Q207D, R211N

Ker65

K11T, V35T, K43R, S48E, K122E, D121H, V601, 1135T, 1142V, K173L, D177E, Q174K, T200A, R211S, Q207A, F214L

Ker66

E36A, V35T, T39E, S48T, K122E, D123N, K173A, D177E, T200A, Q207E, R211K

Ker67

K11T, V35T, T39N, K122E, D121H, I135T, S162C, Q174R, V1791, DI177E, Q207E, R211K

Ker69

K20R, E36A, V35T, T39E, S48T, K122E, V60I, D123G, 1135V, K166R, K173T, D177E, T200A, Q207K, R211K

Ker72

V601, V35T, D113E, K122E, D121H, I135T, D123N, K173S, D177E, Q174K, R211S, Q207A, K220T

Ker80

V35T, K49R, V601, K104Q, K122E, K173L, D177E, Q174K, R211S, Q207A

Ker84

KI11T, V35T, K43N, DI21H, V60L, D123S, K122E, 1135T, S162Y, K173L, D177E, Q174K, T200A, V1791, R211S,
Q207A

Ker85

V601, V35T, K122E, D121H, 1135T, D123S, K173S, D177E, Q174K, V1791, R211S, Q207A

Ker88

E6D, K321, V35T, T39K, K49R, V601, R83K, D121C, K122E, K173E, Q207E, R211K

Ker89

E6Q, KI1T, V35T, S48T, K49R, K122E, D121H, V60L 1135T, E169D, K173S, DI177E, Q174K, T200A, V1791, R211S,
Q207A

Ker95

V35T, T39E, S48T, VOOF, K104R, K122E, K173A, T200A, 1202M, Q207E

Table 5: Minor Mutations Detected Per Isolate
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Mutation Frequency Percentage Mutation | Frequency Percentage

KI122E 33 100 E6D 1 3.030303
V35T 33 100 E6Q 1 3.030303
V601 27 81.81818 G112E 1 3.030303
1135T 22 66.66667 G155R 1 3.030303
Q174K 22 66.66667 G213R 1 3.030303
Q207A 22 66.66667 G45R 1 3.030303
T200A 20 60.60606 G5I1R 1 3.030303
R211S 18 54.54545 G93R 1 3.030303
V1791 18 54.54545 1135V 1 3.030303
D177E 17 51.51515 1178L 1 3.030303
DI21H 11 33.33333 1178M 1 3.030303
K173S 11 33.33333 1178V 1 3.030303
DI123N 9 27.27273 1202M 1 3.030303
D123S 8 24.24242 150V 1 3.030303
R211K 8 24.24242 K102Q 1 3.030303
Q207E 7 21.21212 K104N 1 3.030303
K173E 6 18.18182 K104R 1 3.030303
K173L 6 18.18182 K166R 1 3.030303
S48T 6 18.18182 K173Q 1 3.030303
E40D 5 15.15152 K220T 1 3.030303
KI11T 5 15.15152 K223Q 1 3.030303
K20R 5 15.15152 K321 1 3.030303
K49R 5 15.15152 K32T 1 3.030303
DI123G 4 12.12121 K43E 1 3.030303
F214L 4 12.12121 K43M 1 3.030303
G196E 4 12.12121 K43N 1 3.030303
K173T 4 12.12121 K43R 1 3.030303
S162C 4 12.12121 L168F 1 3.030303
T39A 4 12.12121 N57T 1 3.030303
T39E 4 12.12121 Q174E 1 3.030303
E36A 3 9.090909 Q174R 1 3.030303
1142V 3 9.090909 Q207K 1 3.030303
S162Y 3 9.090909 Q207N 1 3.030303
D113E 2 6.060606 R21IN 1 3.030303
DI21C 2 6.060606 R83K 1 3.030303
DI21Y 2 6.060606 S105L 1 3.030303
E204D 2 6.060606 S48E 1 3.030303
E6K 2 6.060606 S68G 1 3.030303
1202V 2 6.060606 T139A 1 3.030303
15V 2 6.060606 T1651 1 3.030303
K104Q 2 6.060606 T165V 1 3.030303
K11Q 2 6.060606 T200I 1 3.030303
K166Q 2 6.060606 T39K 1 3.030303
Q207D 2 6.060606 T39L 1 3.030303
T391 2 6.060606 T39M 1 3.030303
V1181 2 6.060606 T39N 1 3.030303
V211 2 6.060606 T39R 1 3.030303
A158S 1 3.030303 V118F 1 3.030303
D123E 1 3.030303 VI118L 1 3.030303
D86N 1 3.030303 V60M 1 3.030303
E224A 1 3.030303 VI0F 1 3.030303

Table 6: Frequency of the Minor Mutations Detected Among the Isolates
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4.Discussion

4.1. HIV Subtype Diversity

HIV-1 subtype Al was found to be the most dominant virus in circulation within Kirinyaga County with 66.67% occurrence followed
by subtype D (12.12%) and C (9.09%). Even though this was a smaller sample size, it conforms well with findings in a study
conducted in central Kenya, where 68% of the samples analysed were subtype Al, 10% were subtype C, 12% subtype D, while the
remaining 10% were circulating recombinant forms (Kageha, et al., 2012). This is noteworthy since Kirinyaga County is found within
the wider former Central Province of Kenya. In another study conducted in North Rift Kenya on the prevalence of nevirapine-
associated resistance mutations among antenatal clinic attendees, subtype Al accounted for 71.8 % of total samples, D accounted for
12.8%, C for 10.3%, A2 for 2.6%, and G accounted for 2.6% of total samples (Kiptoo, et al., 2008). In the coastal region in Kilifi
County, a predominance of subtype Al was reported with a lower prevalence of subtypes A2, C, D, G and a number of
recombinants(Hue”, et al., 2012). Lihana et al., (2012) documents HIV-1 subtype Al as the most predominant in Kenya. He
recognizes other pure subtypes circulating in Kenya as A2, D, C, and G(Lihana, Ssemwanga, Abimiku, & Ndembi, 2012).

In this study, three inter-subtype recombinants were found, namely, A1/D, A2/D, and A1/C accounting for 9.09% of the samples
analysed. Kageha et al., (2012) in her study in central Kenya had found three recombinant types, namely; A1/D (6%), A1/G (2%) and
C/D (1%)(Kageha, et al., 2012). In a study in Nairobi region, six diverse recombinants were documented; A1/C, A1/D, G/Al, A1/A2,
C/Al, D/A1 and D/A2 accounting for 24.5% of the samples studied(Lihana, et al., 2006). Subtypes A1/C and A1/D were also found in
Western Kenya(Adungo, et al., 2014). From these studies, it is evident that a high proportion of the recombinations revolve around the
most prevalent subtype, Al. The HIV subtype's prevalence in different parts of the country as discussed above is represented in Figure
4 above.

Knowledge of subtypes can be used in determining the best drug regimens for use in the treatment of HIV. Seventy to eighty percent
of individuals with subtype C have been reported to have NVP resistant mutations such as K103N and Y181C against only 42% of
people with subtype A (Brenner, 2007). In this study, however, all the mutations detected were from clients with subtype A.
Subtyping may also be important in deciding the best stage to initiate therapy in future since some studies have determined that the
rate of disease progression may vary with subtypes. People infected with subtype A virus tend to progress to AIDS at a slower rate
than those infected with subtype D viruses in East Africa (Kaleebu, et al., 2002; Kiwanuka, et al., 2008). Patients with subtype C
viruses have a higher risk of disease than those with subtype B viruses (Wainberg M. A., 2015).

4.2. HIV Drug Resistance Mutations

Mutations that confer RTI resistance occurred in 12.12% of the patients. Of the drug resistant mutations detected in this study, M1841
and K70R compromised efficacy to NRTI while A98G, V106I, E138A and G190A compromised efficacy to NNRTI. The most
common non-B HIV transmitted drug resistance mutations (TDRM), Y188C/H/L, Y181C/I, and K103N were not detected in this
study (Singh, et al., 2014). In a study published in 2012, eight years after the start of HAART in East Africa, the estimated prevalence
of HIV-1 drug resistance had been approximated at 7.4% (4.3-12.7) (Gupta, et al., 2012). The same study reported that East Africa had
the highest rate of increase at approximately 29% per annum (95%CI; p=0.0001). Four cases or 7.5% of transcriptase inhibitor (RTI)
resistance-associated mutations were reported in three patients having NRTI resistance mutations, such as D67N, K65R, K70R,
M184V, and K219Q in a study in Nairobi. The same study also reported the detection of NNRTI resistance mutations, Y181C in one
patient and K103N in three patients (Lihana, et al., 2009).

The HIV-1 RTlacks proofreading ability and therefore is extremely error-prone resulting to many polymorphisms. Of all the
polymorphisms detected, two were notable. V1791 is a polymorphic mutation that occurred in 18 samples (54.54%). It is frequently
selected in patients receiving RPVandETR with little or no effect on NNRTI susceptibility. The other is V118l found only in two
cases (6.06%). This is a polymorphic accessory NRTI-resistance mutation that often occurs together with multiple TAMs (Thymidine
analogue mutations) such as those occurring at RT positions 41, 67, 70, 210, 215, and 219. TAMs have been shown to confer
clinically significant resistance to each of the NRTIs except 3TC (Shafer, Rationale and Uses of a Public HIV Drug-Resistance
Database, 2006; Marcelin, 2006). Additionally, other mutations not on the International AIDS Society (IAS) list have been found to be
linked to ARV drugs exposure (Cane, Green, Fearnhill, & Dunn, 2007). Populations with many minor mutations that may have
influence or no influence on the main/major ART-associated mutations do occur among both drug naive and ARV-treated populations
and may have either an inverse or a direct correlation to resistance (Saracino, et al., 2006).

Minor mutations such as E36A, S48T, K49R, V60I, T200A, V1791, Q207A/E/D, R211S/K, and F214L have been identified as
naturally occurring subtype B-associated polymorphisms (Nyombi, Holm-Hansen, Kristiansen, Bjune, & Miiller, 2008). The same
author has documented polymorphic amino acid residues in consensus sequences of subtype A such as R211S, Q207A, and V60I,
subtype C; T200A, S48T, and E36A and subtype D; V60I and K49R in RTI drug positions in Kenyan isolates as also noted in this
study.

The major reasons for selection of acquired drug resistance (ADR) in patients under treatment are suboptimal treatments and non-
adherence to medication. Acquired drug resistance is then transmitted from both untreated and treated patients carrying transmitted
drug resistance (TDR) mutations (so-called onward transmission) to ART-naive individuals (De Luca & Zazzi, 2015). The prevalence
of TDR associated with NNRTIs is on the rise especially in east and southern Africa where NNRTI regimens are very
common(Siliciano & Siliciano, 2013). The build-up of these mutations during first-line therapy is preventable through early testing
and a well-timed switch to second-line ART (Hamers, Sigaloff, Kityo, Mugyenyi, & de Wit, 2013). Strengthened adherence support
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should also be prioritised and emphasised before virologic treatment failure and treatment switch. In the case where virologic failure is
detected and confirmed, unnecessary/premature switches can be prevented by targeted HIVDR testing (Hassan, et al., 2014).
Patient-directed treatment should be guided by constant HIV-1 genotyping and assessment of drug resistance at the start and
throughout therapy. This eventually will help to decrease cases of therapy failure in the face of rising HIV-1 diversity and limited
ART options (Kiptoo, et al., 2013; Johnson, et al., 2013). Genotypic testing for drug resistance is beneficial in designing the best
treatment regimen for individual patients. The data generated can additionally be used to enrich a local HIV database that is more
focused on local strains of the virus providing information on HIV resistance mutations. This is especially important due to a
relatively lower availability of banked sequences from non-B subtype predominant areas (Wainberg & Brenner, 2010). Generating a
database on HIV drug-resistance using Kenyan strains can be of major benefit in future HIV/AIDS clinical management(Kebira &
Khamadi, 2011). Due to the high cost of genotypic resistance testing and the lack of technical capacity in low and middle income
countries such as Kenya, it is viable to invest in surveillance and monitoring of drug resistance in order to minimize the overall
negative impact of the HIV pandemic.

The growing number of resistance mutations and the high viral diversity has made the interpretation of HIV-1 sequence data more
complex (Booth, et al., 2007). This makes it rather problematic in certain instances to distinguish between transmitted drug resistance
mutations from natural polymorphisms. In this study, sampling was done after ART commencement. Hence it could not be determined
whether the mutations were primary or secondary. This is important in drug resistance surveillance to determine whether mutations
are occurring naturally or due to selective drug pressure. This information is also crucial in understanding the rate at which the virus is
evolving. Treatment histories were not entirely available for the current data set. Such information would have provided additional
insights such as how treatment history affected the genotypic variation within a phenotypic cluster.

This study has had its limitations primarily since it was self-sponsored. There were many challenges in the acquisition of reagents
which sometimes involved ordering from outside the country. The staff at KEMRI however, were most helpful assisting where they
could to ensure the completion of this study. The other major problem faced was the failure of DNA amplification probably due to
contamination of reagents or machine failure. This problem was alleviated by ordering for new primers and PCR kit, though still, the
success rate was modest. This accounts for the relatively low sample size than anticipated at the beginning of the study.Proviral DNA
was used instead of plasma RNA in this study. Although proviral DNA may not be the best representative of the circulating viral
genotype as would be the case from RNA in people who had relatively longer infection times, it has been shown that resistance
mutations on the proviral DNA can be similar to the mutations on the plasma viral sequences at the time of virological failure
(Boucher, et al., 2005). Archived viruses can become active when the ART selective pressure compromises the current plasma
population (Joos, et al., 2008). It is, therefore, important to document the proviral population as one way of monitoring the emergence
of drug resistance.

The fact that all the mutations noted in this study were all from female clients who also happened to be subtype HIV-1A could be
merely coincidental, although it is known that HIV prevalence rate is higher in women than in men in Kenya.

5. Conclusion

(i) This study has determined that HIV-1 subtype Al is the most predominant subtype in Kirinyaga County accounting for
66.67%, followed by subtypes C and D at 12.12% each.

(i) Recombinants were also detected within the County with an occurrence 0f9.09% of all the samples with one recombinant
each for A1D, A2D, and A1C.

(iii) (ii) Despite the fact that the sample size may not have been large enough to shed more light on the prevalence trend of the
various HIV-1 subtypes, the figures are clearly consistent with findings in other parts of the country.

(iv) Four out of thirty-three or 12.12% of the samples had major mutations conferring resistance to reverse transcriptase inhibitors
indicating an HIV-1 drug resistance occurrence of 12.12%. One isolate (Ker 16) had a high-level resistance to NRTIs, lamivudine
(3TC) and emtricitabine (FTC) while another (Ker24) had a mutation associated with high-level resistance to NVP. Minor mutations
and polymorphisms were detected in all the 33 isolates analysed.

6. Abbreviations

» 3TC : Lamivudine » NNRTI :Non-Nucleoside Reverse-Transcriptase
» ABC : Abacavir Inhibitor

» ARV  : Anti-retroviral » NRTI : Nucleoside Reverse-Transcriptase Inhibitor
» AZT  :Zidovudine » NVP  :Nevirapine

» CRF :Circulating Recombinant Forms » ORF  :Open Reading Frames

> d4T : Stavudine » PBMCs : Peripheral Blood Mononuclear Cells
> ddl : Didanosine » RPV  :Rilpivirine

» dNTPs : Deoxynucleoside triphosphates > RT : Reverse Transcriptase

» DRMs : Drug Resistant Mutations » TAMs :Thymidine Analogue Mutations)

» EFV  :Efavirenz » TDF  :Tenofovir

» ETR  :Etravirine » TDR  :Transmitted Drug Resistance

» HAART: Highly active antiretroviral therapy » URFs :Unique Recombinant Forms

» HIVDR : HIV Drug Resistance
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