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ABSTRACT

Background: Minor mutations to protease inhibitors often occur as polymorphisms in the protease gene in non-B human
immunodeficiency virus (HIV)-1 subtype among antiretroviral (ARV) treatment-naive patients. Aims: This study sought to
determine the prevalence of minor mutations occurring in the protease gene among ARV naive HIV-1 infected patients in Jos,
Nigeria. Settings and Design: We retrospectively analyzed specimen of 105 patients recruited between October 2010 and April
2011 at the HIV clinic, Jos University Teaching Hospital, Nigeria. Materials and Methods: Genotypic testing was done using
an in-house genotyping system at the Kenya Medical Research Institute HIV-Research Laboratory in Kisumu, Kenya; HIV-1
viral resistance mutations assessed using Stanford HIV drug resistance database and classified using International acquired
immunodeficiency syndrome (AIDS) Society (IAS)-USA list of mutations. In additional, viral subtypes were determined using
REGA subtyping tool v.2.0 and CD4 levels by flow cytometry. Statistical analysis: Prevalence of mutations was computed
and participants’ baseline clinical and biological properties summarized by percentages for categorical variables and mean/
median for quantitative variables. Results: Of the 105 samples, 100 were successfully amplified. HIV-1 subtypes identified
were circulating recombinant form (CRF) — CRF02_AG (48.0%), G (41.0%), CRF06_cpx (6.0%) and A1 (5.0%). The most
prevalent minor mutations among the patients occurred at positions L89M (96%), M36I (93%), K201 (77%), V821 (39%),
E35Q (29%), L63P (25%) and polymorphisms at 113V (99%), R41K (86%), H69K (86%), K14R (67%). One sample presented
with a major PI resistance mutation (Q58E). Conclusions: We found high rates of minor mutations and polymorphisms
in circulation, possibly reflecting the drug naivety of participants. In addition, there was an evidence of transmitted drug
resistance, hence targeted genetic resistance testing should be considered in national treatment guidelines.
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the morbidity and mortality caused by human
immunodeficiency virus (HIV)/acquired
immunodeficiency syndrome (AIDS) globally. The
continued success of HAART is limited by the high
rates of mutation in the HIV genome. The presence of

INTRODUCTION

he introduction of highly active antiretroviral
therapy (HAART) has remarkably reduced

o : minor mutations to protease inhibitors (PIs) is common
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among treatment-naive patients with HIV-1 infection,
but their impact on treatment outcome is not well-
understood.!"? These minor mutations are also called
secondary and accessory mutations.®! The prevalence
of these mutations varies greatly among treatment
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naive patients and is largely dependent on subtype
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diversity.**! PI mutations sometimes occur naturally
and others only develop in the presence of drug-
pressure. Minor mutations in the protease gene do not
lead to high level resistance when occurring alone, but
they either improve the viral fitness or increase the drug
resistance level in the presence of major mutations to
PIs. The database of the genetic diversity and genotypic
profile of PIs associated mutations in HIV-1 subtype B
in developed countries has been well-documented.
However, little is known about the prevalence of
minor mutations to PIs among antiretroviral (ARV)-
naive individuals harboring non-B variants in regions
with multiple circulating strains. The extremely high
genetic variation of HIV-1, coupled with fast turnover
of virions leads to rapid selection and the emergence
of drug-resistant strains and minor mutations.!®”!
In developing countries where access to treatment
has expanded rapidly in the past decade, prevalence
of resistance mutations among the untreated HIV-1
infected population is reported to be low.[®! Nigeria
has the second highest burden of HIV infection in
the world, second only to South Africa. The report
of the 2010 HIV survey showed that the North
Central Zone had the highest HIV prevalence (7.5%)
of all the six geo-political zones in the country.
Bl Given the increasing genetic diversity of HIV-1
and the expected increase in use of PIs, it is important
to characterize protease sequences from HIV-1
subtypes occurring among drug-naive populations. In
this study, the objective was to estimate the prevalence
of minor mutations and polymorphisms occurring in
the protease gene among HIV-1 infected treatment
naive patients in Jos, Nigeria.

MATERIALS AND METHODS

This study was carried out at the HIV clinic, Jos
University Teaching Hospital (JUTH), Nigeria and
some analysis at Kenya Medical Research Institute
(KEMRI) HIV-Research Laboratory in Kisumu, Kenya.
The entry point for all patients was either through
HIV counseling and testing or referred HIV positive
patients from other services within the hospital, around
the community and from other neighboring states. A
total of 105 HIV-1 infected treatment-naive patients
were recruited sequentially after obtaining informed
consent between October 2010 and April 2011. The
JUTH ethics committee approved the study protocol.
A questionnaire was used to collect basic demographic
data from each study participant. Criteria for inclusion
in this study were patients who presented with a
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positive HIV test, had no previous ARV exposure
and were aged 18 years and above. Blood samples
were collected in ethylenediaminetetraacetic acid
(EDTA)-lined containers and plasma was extracted
and cryopreserved.

The CD4" T-lymphocyte cell count was measured
using Partec CyFlow Counter® (Partec GmbH,
Munster Germany) using the “CD4* Easy Count
kit” according to manufacturer’s instructions
and as previously described.!""! Briefly, 20 ul of
EDTA-anticoagulated blood was added to 20 ul of
monoclonal antibodies and mixed thoroughly for 5
s and then incubated for 15 min at room temperature
in the dark. Following incubation, 800 ul of no lyse
dilution buffer was added to the tube and was
gently mixed for 5 s. The prepared specimen was
then analyzed using the Partec CyFlow counter for
enumeration of CD4" T-lymphocytes. Results were
available in 2 min and recorded in cells/ul. All blood
samples were processed on the same day that the
blood was drawn. Plasma specimen aliquots were
subsequently shipped in ice-parked containers to the
KEMRI HIV-Research Laboratory within a period of
48 h for HIV-1 resistance mutation analysis and
genotypic testing.

The protease region (1-99 amino acids) and part
of reverse transcriptase (RT) (1-250 amino acids)
regions of HIV-1 was sequenced using an in-house
genotypic assay as previously described.!"! Viral
ribonucleic acid (RNA) was isolated using the
viral RNA mini kit (Qiagen, Hilden, Germany) and
stored at —-80°C until use. The primer design and
modifications for this assay so as to amplify all HIV-
1 group M subtypes and circulating recombinant
forms (CRFs) of the pol gene region associated with
resistance in the protease and RT regions of the HIV-
1 genome are also described.”?! The outer primers
for a one-step reverse transcription polymerase
chain reaction (RT-PCR) were Prt-F1 (forward,
5-CCTCAAATCACTCTT TGGCARCG, nucleotides
(nt) 2253-2275 based on HIV-1 HXB2) and RT-R1
(reverse, 5-ATCCCTGCATAA ATCTGACTTGC, nt
3370-3348); the reaction conditions in the ABI GeneAmp
9,700 thermocycler included 65°C for 10 min, 50°C for
45min, 94°C for2min, 40 PCR cyclesat94°Cfor 15s,50°C
for 20 s and 72°C for 2 min, 72°C for 10 min and left at
4°Cuntil removal. The nested-PCR primers were Prt-F2
(forward, 5-CTTTGGCAACGACCCCTYGTCWCA,
nt 2265-2288) and RT-R2 4 uM (reverse,

Jan-Jun 2013 © Vol 1 © Issue 1 I



Anejo Okopi, et al.: HIV-1 protease mutations in drug-naive patients, Nigeria

5-CTTCTGTATGTCATTGACAGTCC, nt 3326-3304).
RT-PCR was performed using the RT-PRCR mixture
that contained primers (Prt-M-F1 and RT-R1 each
8 uM), superscript III one-step RT-PCR system
with Platinum Taq deoxyribonucleic acid
(DNA) polymerase high fidelity, following the
manufacturer’s protocol (Invitrogen, Carlsbad,
CA). Nested PCR was performed by utilizing the
product of the RT-PCR, which was added to primers
(Prt-F2 and RT-R2 each 8 uM), deoxynucleotide
triphosphates, GeneAmp gold buffer II,
2 mM MgCl,, AmpliTaq Gold Low Density DNA
polymerase mixture (Applied Biosystems, Foster City,
CA). After initial denaturation at 94°C for 4 min, 40
cycles of PCR were performed in a GeneAmp 97,00
thermocycler with PCR conditions of 94°C for 15 s and
55°C for 20 s following an extension at 72°C for 2 min,
72°C for 10 min and 4°C until removal.

The products from nested PCR were verified by
visually comparing the intensity of each sample’s
band to that of the DNA mass ladder’s bands of
known DNA quantity for expected size using
electrophoresis of 1.0% agarose gel stained with 0.5
ug/ml ethidium bromide and photographed under
ultraviolet transillumination. The amplified fragments
were purified using the QIAquick PCR purification
kit (Qiagen, Hilden, Germany) in QIAquick spin
columns and were directly sequenced using BigDye
Terminator v3.1 Cycle Sequencing Ready Reaction Kit
with AmpliTaq DNA polymerase on an automated
ABI 3,130xL Genetic Analyzer (Applied Biosystems).

The generated nucleotide sequences were manually
edited using Sequencher v 5.0 (Gene Codes
Corporation), which assembled the six overlapping
sequence segments from the primers used to form
a contiguous sequence. Sequences with frame shifts
or stop codons were excluded from analysis and the
quality of the generated sequences was checked using
sequence quality assessment tool.

For genetic subtype determination and phylogenetic
analyses; subtyping was performed using the REGA
subtyping tool version 2.0 utilizing HIV-1 subtype
reference sequences obtained from los Alamos
database (http://hiv-web.lanl.gov).["*!

The PI mutations were determined using protease
sequences blasted into the Stanford HIV drug
resistance database and analyzed for the presence
of major, minor mutations and polymorphisms at
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positions previously reported using the IAS-USA
algorithm." Data was first recorded on a predesigned
paper form and subsequently transferred to Microsoft
excel spread sheet. All entries were checked for
possible transcription errors and the electronic data
exported into the Epi Info software v3.5.3 (Centers
for Disease Control and Prevention, Atlanta, Georgia)
for data analysis. Baseline clinical and biological
characteristics of the study subjects were summarized
as percentages for categorical variables; and mean
+ standard deviation or median with interquartile
range (IQR) for quantitative variables. Prevalence
of mutations was computed with 95% confidence
interval.

RESULTS

Baseline characteristics
Table 1 summarizes the baseline characteristics of
these 100 patients whose specimen were successfully

Table 1: Socio-demographic and baseline
characteristics among antiretroviral treatment-
naive patients, Jos Nigeria (n = 100)

Characteristic Number (%)
Sex
Male 45 (45.0%)
Female 55 (55.0%)
Age mean (years) 36.7 £ 9777.5

Marital status

Single/separated
Married

Level of education

<6 years of education
>6 years of education
None

State of resident

Plateau state
Others

Mode of transmission
Heterosexual intercourse

31(31.0%)
69 (69.0%)

22 (12.0%)
68 (68.0%)
10 (10.0%)

67 (67.0%)
33 (33.0%)

98 (98.0%)

Blood transfusion 2 (2.0%)
WHO disease staging

| 24 (24.0%)

Il 21 (21.0%)

1} 36 (36.0%)

v 19 (19.0%)

HIV-1 sero-status of partner

Positive (+) discordant 46 (46.0%)

Negative (-) 46 (46.0%)

| do not know 8 (8.0%)
Partner/spouse on HAART

Yes 14 (14.0%)

No 86 (86.0%)

Median baseline CD4 count (cells/pul) 186 (12-737)

WHO: World Health Organization, HIV: Human immunodeficiency virus, HAART:
Highly active antiretroviral therapy
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Figure 1: Prevalence of protease accessory mutations among the antiretroviral treatment-naive patients

amplified and sequenced. Their mean age was 36.7 +
9.5 years. Females constituted 55.0% and 69.0% were
married, with the most common mode of transmission
being heterosexual contact (98.0%). The median CD4*
count of patients at baseline was 186 cell/ul (IQR 12-
737) and these were late presenters. A total of 45 (45.0%)
had early clinical disease (World Health Organization
[WHO] stages I and II) while 55.0% had advanced
disease (WHO stages III and IV). A total of 46 (46.0%)
patients were in a sero-discordant relationship and
14.0% of the partners of our subjects were on ARVs.
Out of 105 samples in the molecular analysis, 100 were
successfully amplified and sequenced. The prevalence
of HIV-1 subtypes were CRF02_AG (48%), G (41%),
CRF06_cpx (6%) and (A 5%). The most common
subtypes were CRF02_AG and G.

Prevalence of PI associated resistance mutations
One sample harbored a major (Q56E) PI mutation.
High rates of accessory PI mutations were found at the
following positions: L8IM (96%), M361 (93%), K201 (77%),
V821 (39%), E35Q (29%), L63P (25%), G16E (19%), 164M
(18%), K20IM (15%), L10LV (13%), L101 (9%), 164L.(8%),
V771V (5%), K20VI (4%), K20R (4%), K43RT (3%),
162V (3%), H69KR (2%), L8II (2%), L11LV (1%) and
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L33F (1%) [Figure 1]. The most common accessory
mutations were L8IM (96%), M36I (93%) and K20I
(77%). In addition, two unusual and rare amino acid
substitutions were found at positions L10M and L90V
[Figure 2].

Prevalence of protease-associated polymorphisms
The prevalence of natural polymorphisms in the
protease gene was high and they are represented in a
deceasing order; I13V (99%), R41K (86%) H69K (86%),
K14R (67%), E35DEQ (31%), N37TDN (26%), C67E
(26%), K70R (24%), 115V (18%), 164IML (24%), R57EK
(15%), C67GS (13%), L19P (12%), T12AS (11%), R57K
(11%), L63S (8%), G17E (8%), T12K (7%) H69R (5%),
172VT (4%),K45R (4%),113AV (3%), N37T (3%),N375(3%),
H69Q (3%), K43R (3%), E34Q (3%) and those with
2% were 113A, Q18KR, K20L, E34A, L38I, P39S,
P39G, K61N, L63AV, L63H and [72IM and those with
prevalence of 1% were L10M, T12E, I72AEKT, L0V
(2%) and Q18KR (2%) [Figure 2].

DISCUSSION

The development of mutations is an important
attribute of HIV biology. It is an inevitable drawback
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Figure 2: Prevalence of natural polymorphisms in the protease gene among the antiretroviral treatment-naive patients

of HAART efficacy and viral response in patients
under treatment and this complicates ARV regimen
options during drug initiation. The result of the
subtyping and phylogenetic analysis confirmed the
predominance of CRF02_AG and G in Nigeria as
previously reported.>'”] The increasing prevalence
of CRFO2_AG and G can be mainly associated with
the phenomenon of immigrations from neighboring
West-Central Africa known as the epicenter of the
HIV-1 pandemic.!'s2"!

The rarity of mutations to PIs is encouraging as only
one sample had major drug-resistance mutation
(Q58E), which is known to confer high-level resistance
to tipranavir/ritonavir in drug-experienced patients.
We report high rates of accessory mutations many
of which are known to confer low-level resistance
to atazanavir/ritonavir, Indinavir/ritonavir and
lopinavir/ritonavir.[?"*l Recent studies have shown
that accessory mutations do not exhibit negative
impact on therapy outcome./*?! Some of the accessory
mutations may not contribute significantly to decrease
in drug sensitivity, but are associated with an increase
in viral fitness and could influence the speed at which
resistant variants are selected during therapy.™®!
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High presence of polymorphisms was identified in
the protease gene. The most common polymorphisms
were at positions [13V (99%), R41K (86%), H69K (86%)
and K14R (67%). Majority of the polymorphisms
were found at very low frequencies. The effects of
these mutations have not been sufficiently studied
in the available variants in Nigeria, but its high
presence may pose a challenge in future. It is not
known whether non-B viruses with high prevalence
of some amino acid substitutions at positions 13,
20, 36 and 89 may have the capacity to evolve viral
fitness as compared with subtype B viruses. The need
for long-term evaluation of drug efficacies in closely
monitored human cohorts would determine fully
the clinical significance of these substitutions. This
known baseline substitutions patterns of protease
amino acid in the prevailing non-B subtype variants
may be useful in formulating policy and encouraging
epidemiological studies. As evidenced in this study;,
there exist naturally occurring mutations that may
vary in different epidemics, hence for public health
importance, drug therapy and options may need
to be adjusted to local viral resistance profiles for
optimum treatment benefits. In conclusion, the study
provides information on circulating HIV-1 genetic
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variability and resistance mutations associated with
PIs among ARV treatment naive patients at baseline.
Although the drug-naive of these study participants
was limited to self-report, which may not have been
free of reporter-bias, these results may indicate that
routine drug-resistance testing may be currently
unnecessary for every patient considered for
placement on PI-based ARV therapy. However, from
public health perspective and due to the increasing
number of HIV-1 infected individuals with decreasing
access to treatment and availability of ARVs for
infected population, these data may have important
implications in predicting the evolutionary trends of
resistant variants under drug selection. Larger studies
and continuous surveillance among drug-naive
populations are required, in order to recognize early
significant changes, which may occur in the future.
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