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Abstract

HIV was first described in Kenya in 1984–1985. Currently, Kenya has an estimated HIV-1 prevalence of 6.2%.
With the introduction of antiretroviral drugs, the survival of most HIV patients has been prolonged markedly.
However, this is greatly threatened by increasing rates of antiretroviral dug resistance, which may eventually
lead to suboptimal treatment outcomes. The objective of this study was to characterize currently occurring
antiretroviral drug resistance mutations among drug-naive patients visiting two referral hospitals in Kenya.
Using polymerase chain reaction, the HIV protease gene was amplified from blood samples of 63 study
participants. The sequences were used to determine HIV-1 subtype and presence/prevalence of mutations
associated with resistance to protease inhibitors. Finally, the protease gene was variably measured using
Shannon entropy analysis. Analysis of frequency of HIV-1 subtypes revealed subtype A to be the predominant
subtype, while the analysis of drug resistance mutations revealed the presence of four minor drug resistance
mutations associated weakly with resistance to protease inhibitors. Among these mutations, L33I was the most
prevalent mutation. Shannon entropy analysis revealed high genomic variability, especially in region spanning
nucleotides 1–55, 113–170, and 205–240. This study warrants the need for dedicated efforts to improve
compliance to antiretroviral therapy and reduce transmitted resistance rates, which will greatly ensure the
therapeutic efficacy of antiretroviral drugs.

Introduction

Human immunodeficiency virus (HIV) is responsible
for 34 million infections worldwide, and approximately

25 million deaths in the past three decades.1 Sub-Saharan
Africa accounts for the largest global burden of HIV/AIDS
with an estimated 1.8 million new infections and 1.8 million
deaths in 2011, which is approximately 69% of the total
global HIV/AIDS burden.2 Currently, Kenya has an esti-
mated HIV-1 prevalence of 7.7% with a country population
of about 40 million people.3

With the introduction of antiretroviral drugs, the survival
of most HIV patients has been prolonged markedly. How-
ever, this is greatly threatened by increasing rates of anti-
retroviral dug resistance, which may eventually lead to
suboptimal treatment outcomes.4 Development of resistance
is aggravated by the fact that HIV replicates very rapidly and

its reverse transcriptase lacks proofreading capabilities fa-
cilitating the occurrence of a large number of mutations.5 The
prevalence of HIV-1 primary resistance varies from place to
place and over time. In places that initiated antiretroviral
therapy programs in the early 1990s,6,7 high rates of resis-
tance have been reported as compared to most countries in
developing world that scaled antiretroviral programs 10 years
later.8

With continued use of antiretroviral agents, the emergence of
resistance mutations is likely to occur. These viral mutants can
be further transmitted to newly infected patients and can affect
treatment outcomes.4,9 Previous studies from Kenya show an
increasing prevalence of transmitted antiretroviral drug resis-
tance in newly infected patients,10,11 advocating the need to
monitor patterns of HIV-1 drug resistance in drug-treated and
drug-naive patients to determine patterns of antiretroviral re-
sistant mutations and to tailor the treatment accordingly.
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The purpose of this study was to determine the prevalence
of antiretroviral drug resistance mutations in a cohort of drug-
naive HIV-1-positive adult patients visiting Aga Khan Uni-
versity Hospital and Thika Level 5 Hospital in Nairobi and
Thika, Kenya, respectively. The study aimed to determine
drug resistance mutations against protease inhibitors, which
are among the most commonly used antiretroviral drugs in
the country.

Materials and Methods

Study design and patients profile

This study was conducted on 121 drug-naive HIV-positive
patients, aged 18 years or above, recruited prospectively at
the Aga Khan University Hospital, Nairobi, Kenya and Thika
Level 5 Hospital, Thika, Kenya, using a convenient sampling
strategy. None of the patients reported having received an-
tiretroviral therapy. A written informed consent was obtained
from all study participants prior to carrying out any study
procedures. Additionally, a questionnaire was used to obtain
demographics and relevant clinical information from the
study participants.

Sample collecting, RNA extracting, viral load,
and CD4 counts

Viral genotyping was performed on patients with a viral
load of more than 1,000 viral copies per ml. Approximately
8–10 ml of blood sample was collected from each patient, and
plasma was separated from each blood sample and stored as
2-ml aliquots in microtubes. Viral RNA extraction was done
from plasma using the Qiagen’s QIAamp Viral RNA Mini
Kit according to the manufacturer’s instructions.

Viral loads were determined at the Aga Khan Laboratory,
Nairobi (SANAS 15189 Accredited) using the Nuclisens
EasyQ real-time assay (version 2.0 BioMerieux, France)
according to the manufacturer’s instructions, while CD4
counts of the participants, carried out within 90 days of the
day of sampling, were obtained from the patent’s record.

RNA reverse transcription

RNA reverse transcription and first polymerase chain
reaction (PCR) were done using the QIAGEN One-Step RT-
PCR Kit, which contains a blend of Sensiscript and Omnis-
cript reverse transcriptases and HotStarTaq DNA polymerase
in a one-tube setup. This reduces extra pipetting steps and
also reduces the risk of contamination. A 1,030-base pair part
of the pol gene containing the reverse transcriptase (1–330)
and protease genes (1–99) was amplified using a nested PCR
strategy. The primers used in the first round of PCR were
Nyupol 7 (5¢-GGGAATTTTCTTCAGAGCAG-3¢) and
Nyupol 8 (5¢-TCTTCTGTCAATGGCCATTGT-3¢) for the
protease gene. For the second round of amplification, primers
Nyupol 9 (5¢-TCCTTAACTTCCCTCAAATCACT-3¢) and
Nyupol 10 (5¢-CTGGCACGGTTTCAATAGGACT-3¢) were
used for the protease gene.

The following reagents and volumes were used in the first
round of PCR reactions: first one-step PCR reaction, 5· PCR
buffer 5 ll (also includes magnesium chloride), deox-
ynucleotides 1 ll containing 400 lM each deoxynucleotides,
transcriptase gene; for each a volume of 0.3 ll at a final
concentration of 0.6 lM was used for each reaction tube. In

addition, there was an enzyme mix at 1 ll (Sensiscript and
Omniscript Reverse Transcriptases, HotStarTaq DNA poly-
merase), a reaction tube having a final concentration of 5–10
units of the enzyme, Q Buffer to enhance PCR reactions in G-
C-rich templates at a volume of 1 ll, water 11.4 ll, and an
HIV-1 RNA template (minimum concentration of 1–2 pg for
each reaction tube) to a total reaction volume of 25 ll.

The following reagents and volumes were used in the
second round of PCR reactions: 2 ll of 10· PCR buffer
(without magnesium chloride), 2 ll of 200 lM deox-
ynucleotides, 2.8 ll of 25 mM magnesium chloride (MgCl2),
0.4 ll of Nyupol 9 and Nyupol 10, primers, 0.2 ll of Taq
polymerase, 10.2 ll water, and 2 ll of the Onestep PCR re-
action products, in a total reaction volume was 20 ll.

The conditions used for reverse transcription included
heating the reagents at 50�C for 30 min and deactivating the
reverse transcriptase by heating to 95�C for 15 min. This
heating step also activates the first PCR HotStarTaq DNA
Polymerase to start the amplification.

The thermocycling conditions used for protease amplification
in the first round were denaturation at 95�C for 10 min, followed
by 35 cycles of denaturation at 95�C for 30 s, annealing at 55�C
for 30 s, and extension at 72�C for 1 min, with a final extension
at 72�C for 15 min. The thermocycling conditions used for
protease amplification in the second round were denaturation at
95�C for 10 min, followed by 35 cycles of denaturation at 95�C
for 30 s, annealing at 55�C for 30 s, and extension at 72�C for
1 min, with a final extension at 72�C for 15 min.

The amplified products were purified using the QiaQuick
purification kit from Qiagen according to the manufacturer’s
instructions. The purified products were electrophoresed on
1.5% agarose gel, stained by ethidium bromide, and visual-
ized under ultraviolet light.

PCR products of protease and reverse transcriptase genes
were sequenced from Nyumbani Diagnostic Laboratory
(NDL), Kenya, using primers Nyupol 9 and Nyupol 10 for
protease.

The protease sequences were submitted to GenBank,
where they were assigned the following accession numbers:
KM376155–KM376216 and KM463084–KM463086.

Sequence alignment and HIV-1 subtyping

The sequences obtained were aligned using MEGA6 soft-
ware.12 The alignments were cleaned to remove nonnucleotide
characters. HIV-1 subtyping was performed using the NCBI
genotyping tool 9 (www.ncbi.nlm.nih.gov/pmc/articles/
PMC441557/) and REGA subtyping software version 2.0.13,14

Determination of drug resistance mutations
and analysis of genomic variability

The presence of drug resistance mutations and the impact of
these mutations on antiretroviral therapy were assessed using
the Stanford HIV Resistance Database (http://hivdb.stanford
.edu/). The significant mutations were assessed using the In-
ternational Antiviral Society-U.S mutation list using the version
updated in March 2013.15

To evaluate the genomic variability, Shannon entropy
analysis was performed using an online tool available at the
Los Alamos National Laboratory (LANL) HIV Sequence
Database: www.hiv.lanl.gov/content/ sequence/ENTROPY/
entropy_one.html.
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Results

Subject profile

Out of 121 patients, the protease gene could be amplified
for only 63 samples. The protease sequences were amplified
from other samples as well, but possibly owing to sequencing
error or analysis, or circulating quasispecies of the virus in the
study cohort, the sequences had stop codons, deletions, etc.,
that rendered them unsuitable for further analysis. Therefore,
data from these 63 patients were used for further analyses.
Among these 63 study subjects, 24 were males and 39 were
females, aged between 22 and 70 years (mean 35). All par-
ticipants were Kenyan citizens. Twenty participants reported
that their partners had a concordant HIV status, while 21
reported a discordant HIV status from their partners; the rest
of the participants were not aware of the HIV status of their
partners (Table 1). At the time of their first visit, most of the
study participants were in the chronic phase of HIV infection.

Disease stage, viral loads, and CD4 counts

Approximately 58 (94%) participants were classified as
WHO stage I, three (6.5%) were classified as WHO stage II,

two (3.1%) were classified as WHO stage III, and none was
classified as WHO stage IV (Table 1).

Out of 63 participants, 13 had viral loads of more than
100,000 copies/ml, while the majority of the participants
(n = 47) had viral loads in the range of 1,000–100,000 copies/
ml (Fig. 1A). The records for CD4 counts showed that the
patients had CD4 counts ranging from 3 · 103/ml to
1,130 · 103/ml; only three participants had CD4 counts less
than 100 · 103/ml (Fig. 1b).

HIV-1 subtypes

Analysis of the frequency of HIV-1 subtypes revealed
subtype A to be the predominant subtype (prevalence 63%),
followed by subtypes D and C with prevalences of 22% and
10%, respectively (Fig. 1c).

Protease drug resistance mutations
and genomic variability

The analysis of drug resistance mutations revealed the
presence of four minor drug resistance mutations (classified
according to the Stanford drug resistance database) associated

Table 1. Profile of Study Participants

Parameters
Number of

participants Percentage

Age
Mean age in

years (age range)
35 (22–70)

Gender
Male 24 38
Female 39 62

Marital status
Married 39 62
Divorced 2 3
Separated 8 13
Single 14 22

Nationality
Kenyan 63 100

Partner’s HIV status
Concordant HV status 20 32
Discordant HIV status 21 33
Don’t know 22 35

Partner on antiretroviral therapy
Yes 16 25
No 5 8
Don’t know 42 67

Sexual preferences
Heterosexual 60 95
Homosexual 1 2
Bisexual 0 0
Abstaining 2 3
Undeclared 0 0

WHO staging
Stage 1 58 92
Stage 2 3 5
Stage 3 2 3
Stage 4 0 0

The details are presented for 63 treatment-naive patients from
whom the protease gene was successfully amplified.

FIG. 1. Details of the patient’s viral load, CD4 count, and
infecting HIV-1 subtype. The figure shows the distribution
of participants on the basis of (A) viral loads and (B) CD4
count. (C) Prevalence of HIV-1 subtype in the study cohort.
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weakly with resistance to protease inhibitors (Table 2). The
most prevalent mutation was L33I, which was observed in
22% of the samples. Additionally, one patient each exhibited
the K43T, T74S, and A71T mutations. In addition to minor
mutations, several other minor protease drug resistance mu-
tations were also observed. Of these, L89M, M36I, H69K,
I64V, L63P, and V771 were highly prevalent (Table 2).

To analyze variability in treatment-naive protease gene
sequences Shannon entropy analysis was performed. The
analysis revealed that certain regions of protease exhibited
high genomic variability, especially in regions spanning

nucleotides 1–18, 28–57, 63–67, 74–80, 82–89, 98–115,
120–140, 145–160, and 205–235 (Fig. 2, gray highlighted
areas).

Discussion

In this study, in a cohort of treatment-naive HIV-1-positive
patients from Nairobi and Thika, we determined the preva-
lence of HIV-1 subtypes and the presence of transmitted
mutations in protease genes associated with resistance to
protease inhibitors (PI).

Table 2. Details of the Drug Resistance Mutations Present in Study Participants

Mutations Number of patients (%) Mutation classification
Association with resistance

to protease inhibitors

L33I 14 (22) *+Minor/Nonpolymorphic *ATV/RTV
T74S 1 (2) *+Minor/Polymorphic +NFV
A71T 1 (2) *+Minor/Polymorphic *ATV/RTV/IDV/LPV/NFV/SQV
K43T 1 (2) *+Minor/Nonpolymorphic *TPV
R41K 55 (87) +Other/Polymorphic None
M36I 50 (79) +Other or *Minor/Polymorphic *ATV/RTV/IDV/NFV/TPV
H69K 45 (71) +Other or *Minor/Polymorphic *TPV/RTV
L89M 43 (68) +Other or *Minor/Polymorphic *TPV/RTV
E35D 28 (44) +Other/Polymorphic None
L63A 13 (21) +Other/Polymorphic None
L63P 13 (21) +Other or *Minor/Polymorphic *LPV/RTV
I64V 11 (17) +Other or *Minor/Polymorphic *ATV/RTV
V77I 10 (16) +Other or *Minor/Polymorphic *IDV/RTV/NFV/SQV
I62V 7 (11) +Other or *Minor/Polymorphic *ATV/RTV/SQV
I93L 7 (11) +Other or *Minor/Polymorphic *ATV/RTV
V82I 4 (6) +Other or *Minor/Highly polymorphic *ATV/RTV
L89I 3 (5) +Other or *Minor/Polymorphic *TPV/RTV
L33V 2 (3) +Other or *Minor/Polymorphic *ATV/RTV
H69R 2 (3) +Other or *Minor/Polymorphic *TPV/RTV
I64L 2 (3) +Other or *Minor/Polymorphic *ATV/RTV
E34Q 1 (2) +Other or *Minor/Polymorphic *ATV/RTV

The table presents the prevalence of different drug resistance mutations observed in the study participants. In the mutation classification
column, + indicates mutations that are classified as minor or other drug resistance mutations by the Stanford drug resistance database, while
* indicates mutations that are classified as minor drug resistance mutations by the International AIDS Society.15 In the association with
resistance to protease inhibitors column, + shows the association of a mutation with resistance to a particular drug, as indicated in the
Stanford drug resistance database, while * shows the association of a mutation with a particular drug, as indicated by the International AIDS
Society.15 The abbreviations of the antiretroviral drugs are as follows: atazanavir (ATV), ritonavir (RTV), nelfinavir (NFV), indinavir
(IDV), lopinavir (LPV), saquinavir (SQV), and tipranavir (TPV).

FIG. 2. Analysis of genetic variability in protease sequences. To analyze the variability in the protease gene, we
performed Shannon entropy analysis on patient-derived protease sequences. The Shannon entropy analysis revealed that the
region of protease spanning nucleotides 1–18, 28–57, 63–67, 74–80, 82–89, 98–115, 120–140, 145–160, and 205–235
exhibited high genomic variability (highlighted gray). The high entropy areas highlighted in dark gray show the region of
protease (spanning nucleotides 1–90; HBX2 amino acids 20–50) where certain major PI resistance mutations tend to occur
more frequently.
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The majority of study participants in the cohort were females
representing 61.9% of all study participants. This is consistent
with recent national surveys that have shown that there are
more HIV-1 infections in females than males.16 The majority of
the participants (95%) were in heterosexual relationships. This
is consistent with previous reports in which heterosexual
transmission has been shown to be the most common mode of
HIV-1 transmission in sub-Saharan Africa.17

In this study 20% of all couples reported having discordant
HIV status. This figure is higher than reported in other
studies.18,19 This might be due to (1) reporting bias, since
actual testing was not done to confirm the reported serostatus
or/and (2) the small sample size employed in this study as
compared to other previous studies.

Analysis of HIV subtypes in the cohort revealed subtype A
to be the most prevalent subtype, infecting 63% of all study
participants. This is consistent with previous reports on HIV
subtypes in Kenya, where subtype A has been shown to be the
most common HIV subtype.20–23 The second most common
viral subtype was D with a prevalence of 22%. This is also
consistent with previous studies, where subtype D has been
reported to be the second most prevalent subtype in Kenya
(www.hiv.lanl.gov/).

The WHO guidelines for antiretroviral therapy in Kenya
suggest a combination of three drugs from at least two different
classes. This may be two nucleoside reverse transcriptase in-
hibitors (NRTIs) + nonnucleoside reverse transcriptase inhib-
itors (NNRTI) or two NRTIs + PI/r (ritonavir boosted PI).24

Additionally, in Kenya, the PI lopinavir/ritonavir is given to
adults and children as part of the standardized national
second-line antiretroviral drug regimen.24 A study conducted
to explore the coverage of antiretroviral therapy in HIV-
infected patients residing in 39 low-income and middle-
income countries (LMIC), including Kenya, reported that the
majority of adults (98%) from LMIC were receiving first-line
regimens, while only 2% of patients were receiving second-
line regimens. Among the 2% of individuals on second-line
treatment, lopinavir boosted with low-dose ritonavir (LPV/r)
was the predominant protease inhibitor, received by 95% of
adults.25

Analysis of the drug resistance mutations showed the
presence of several minor mutations weakly associated with
resistance to one or more PIs. Among the minor drug-resistant
mutations, L33I was most prevalent, present in 22% of pa-
tients. L33I is a relatively nonpolymorphic PI-selected muta-
tion that is weakly associated with resistance to atazanavir and
ritonavir.15 The other minor mutations found to be prevalent in
the cohort were M36I, H69K, L89M, I64V, and L63P. These
mutations were found in 17–79% of the patients, and are
weakly associated with resistance to one or more PIs, includ-
ing atazanavir, ritonavir, tipranavir, nelfinavir, and indinavir.15

Since these patients were treatment naive, these mutant
viruses are most likely to be transmitted to them from their
partners. This is supported by an important observation that
among the HIV concordant couples, 80% of their partners
were on antiretroviral therapy; this can provide a window of
transmitting a virus containing resistance mutations, espe-
cially if the partners are not compliant with their anti-
retroviral therapy and are still having unprotected sex, which
contributes to the burden of transmitted HIV-1 resistance.

Minor mutations generally emerge later than major mu-
tations.15 Since most of the patients in our cohort did not

present during the acute phase of HIV infection, it might be
possible that these patients have also acquired major muta-
tions from their partners, but in the absence of drug pressures
the major mutations have reverted to wild-type muta-
tions.26,27 The minor mutations, in this case, might represent
the footprint mutations acquired from the transmitted virus.28

The minor mutations have no major effect on drug resis-
tance by themselves, but if a major mutation occurs in the
presence of minor mutations, resistance to PIs may be dras-
tically increased.29–31 To obtain an estimate of the probability
of the future cooccurrence of major–minor mutations, we
performed Shannon entropy analysis, which measures the
probability of acquiring mutations in a given set of genomic
sequences.22 This analysis revealed that certain regions of
protease gene sequences in our study cohort exhibited high
entropy, indicating a higher probability of the later occur-
rence of mutations. The region 1–90 (HBX2 amino acids 20–
50), which contained five high entropy patches (Fig. 2, red
highlighted area), with the possibility of acquiring further
mutations, is especially interesting in this case, since certain
major PI resistance mutations tend to occur in this region, for
example, mutations D30N, M46I/N, I47V, and I50V, which
are responsible for conferring resistance against indinavir,
nelfinavir, fosamprenavir, ritonavir, etc.15 It is possible that
any major PI resistance mutation that might occur in the
genetic background of the minor mutations discussed above
will augment the effect of the major PI resistance mutation.

This study suggests that in Kenyan HIV patients there is an
increased prevalence of transmitted mutations associated
with resistance to PIs. Our results also show that there is a
high probability that these patients will acquire major PI
resistance mutations at a later point in time, leading to the
full-fledged development of drug resistance. This calls for
dedicated efforts to improve compliance to antiretroviral
therapy in Kenya, which will go a long way to ensuring the
therapeutic efficacy of ARVs. Some of the recommended
efforts include effective supply chain systems that ensure a
constant supply of drugs to patients, careful choice of ARVs,
consistent follow-up and strengthening of adherence patterns,
and robust monitoring of viral loading to identify early
treatment failure.
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