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Abstract

The World Health Organization (WHO) recommends periodic surveillance of transmitted drug resistance (TDR)
in communities in which antiretroviral therapy (ART) has been scaled-up for greater than 3 years. We conducted
a survey of TDR mutations among newly detected HIV-infected antiretroviral (ARV)-naive pregnant women.
From May 2010 to March 2012, 38 ARV-naive pregnant women were recruited in three hospitals in Jos, Plateau
state, north central Nigeria. Eligible subjects were recruited using a modified version of the binomial sequential
sampling technique recommended by WHO. HIV-1 genotyping was performed and HIV-1 drug resistance
mutations were characterized according to the WHO 2009 surveillance drug resistance mutation (SDRM) list.
HIV subtypes were determined by phylogenetic analysis. The women’s median age was 25.5 years; the median
CD4 + cell count was 317 cells/ll and the median viral load of 16 was 261 copies/ml. Of the 38 samples tested, 34
(89%) were successfully genotyped. The SDRM rate was < 5% for all ART drug classes, with 1/34 (2.9%) for
NRTIs/NNRTIs and none for protease inhibitors 0/31 (0%). The specific SDRMs detected were M41L for
nucleoside reverse transcriptase inhibitors (NRTIs) and G190A for nonnucleoside reverse transcriptase inhibitors
(NNRTIs). HIV-1 subtypes detected were CRF02_AG (38.2%), G¢ (41.2%), G (14.7%), CRF06-CPX (2.9%), and a
unique AG recombinant form (2.9%). The single ARV-native pregnant woman with SDRMs was infected with
HIV-1 subtype G¢. Access to ART has been available in the Jos area for over 8 years. The prevalence of TDR
lower than 5% suggests proper ART administration, although continued surveillance is warranted.

Introduction

Effective use of antiretroviral drugs for therapy
(ART) markedly reduces the morbidity and mortality

associated with HIV infection.1,2 In addition, the appropriate
use of a combination of antiretroviral drugs (ARVs) in both
breastfeeding and nonbreastfeeding populations has resulted
in reductions of mother-to-child transmission rates from 15%
to 45% to less than 2%.3–5 However, the rapid scale-up of ART
in resource-limited countries is not without its challenges in-
cluding inadequate capacity for treatment monitoring, lim-
ited options of ARV drug choices for those failing therapy,
intermittent interruptions in drug supply, treatment adher-
ence problems, and emerging HIV genetic diversity.6–8 These
are factors that could fuel the emergence of HIV drug resis-
tance. It is feared that HIV-infected individuals may transmit

drug-resistant viruses to others in the society and infants may
acquire resistant virus from their infected mothers at birth and
during breastfeeding.9,10 The periodic surveillance of the
prevalence, pattern, and trends of HIV transmitted drug re-
sistance and the identification of circulating subtypes are
therefore recommended so that timely interventions can be
implemented as needed.11 This practice will help in ensuring
that the efficacy of antiretroviral drugs used for ART, pre-
vention of mother-to-child transmission (PMTCT), treatment
for prevention, and preexposure and postexposure prophy-
laxis are preserved.

The population of Nigeria is about 162 million people,
with an estimated 3.3 million people living with HIV/
AIDS.12 The number of HIV/AIDS-related deaths in the
country is estimated at 217,000.2,12 In Jos, Nigeria, the site of
this study, only a small number of HIV-infected patients
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could afford to purchase ARV drugs in the late 1990s. In
2002, the federal government rolled-out ART to 10,000
adult patients and 5,000 HIV-positive children in 25 ter-
tiary Health Institutions in the six geopolitical regions of
the country and subsequent expansion of ART services
has continued to date with support from the President’s
Emergency Plan For AIDS Relief (PEPFAR), Global Fund,
and other international funders, thus increasing the critical
mass of HIV-infected patients receiving ARVs to about
400,000; yet, an estimated 1.5 million eligible patients are
still in need.12 Jos University Teaching Hospital ( JUTH)
located in Plateau state was one of the federal hospitals
designated to provide ART. Plateau state has a population
of *3.2 million and to date it is estimated that over 20,000
HIV-positive patients have been enrolled on ART in gov-
ernment, faith-based, and private health institutions.12

The use of single dose nevirapine (sdNVP) intervention for
PMTCT in labor for mother and infants, which is known to
be associated with the rapid emergence of drug resis-
tance, also started in Nigeria within the same period of ART
scale-up.9,12,13 Compared to other countries with high
burdens of HIV, studies reporting HIV genotypes and drug
resistance in Nigeria are few and there is a dearth of in-
formation in this challenging area of HIV infection con-
trol.14–16 Studies that have surveyed drug resistance among
antiretroviral-naive patients in Nigeria have reported low
rates of < 5%.14,16,17 This is comparable to similar reports
from other sub-Sahara African countries.18–20 However, a
recent report from Kampala, Uganda described a dramatic
increase from 0% to 8.6% in transmitted drug resistance
within 10 years of the introduction of ART.21 This finding
further justifies the need for vigilance in areas where ART
has been rolled out.

WHO has recommended a simple and cost-effective
protocol for determining the prevalence of TDR in resource-
limited settings.11,22 This employs the use of a binomial
sequential sampling technique to obtain 34–47 samples for
genotyping from ARV-naive primigravid women less than
25 years old who are newly detected as HIV infected at
antenatal enrollment or during national sentinel surveil-
lance surveys. The prevalence of transmitted drug resis-
tance (TDR) mutations among the women is determined
and classified for each drug or drug class as < 5%, 5–15%,
and > 15%.11,22 However, recent reports have indicated that
the methodology may lack sensitivity for newly infected
individuals and revisions to the protocol are ongoing.23,24

Questions have also been raised about the rationale for
limiting the age of ARV-naive pregnant women required
for the survey to less than 25 years, especially in urban
settings where people tend to marry much later in life due
to educational and career pursuits compared to rural set-
tings.24 Other studies have found that the practice of using
subjects less than 25 years old underestimates TDR in
communities where ART has been rolled-out for upward of
3 years. Revision of the WHO criteria to include older
pregnant women who are ARV naive and the use of labo-
ratory-based assays for selecting recently infected subjects
for testing have been proposed.19,25,26 We report the results
of our study aimed at determining the prevalence and
pattern of HIV TDR mutations and subtypes among HIV-
infected ART-naive pregnant women detected during an-
tenatal enrollment in Jos, north central Nigeria.

Materials and Methods

The study was conducted at JUTH, a federal government
tertiary health institution, Our Lady of Apostles (OLA) Hos-
pital, a faith-based hospital, and SOLAT Women’s Hospital, a
private health facility. All three hospitals have been supported
for prevention, care, and treatment services by the Harvard
PEPFAR program and its successor in 2012, the AIDS
Prevention Initiative in Nigeria (APIN) PEPFAR program.
The hospitals were chosen to ensure the inclusion of women
across the different social economic strata in the Jos commu-
nity. From May 2010 to March 2012, 38 ART-naive pregnant
women newly detected as HIV infected at antenatal visits in
the three hospitals were recruited for enrollment.

The recruitment of study subjects followed a modified
version of the binomial sequential sampling technique re-
commended by WHO along with one additional modifica-
tion. The first criteria recommended by WHO included newly
diagnosed HIV infection, the primigravid status of the preg-
nant woman, ARV-naı̈ve, and age £ 30 years. The second
criteria involved a combination of laboratory results including
a positive Aware BED EIA HIV-1 incidence test-Calypte
capture enzyme immunoassay (BED-CEIA) with CD4 + cell
count greater than 200 cells/ll and a plasma viral load greater
than 400 copies/ml. Therefore, the second criteria allowed
HIV-1-infected ARV-naive pregnant women who were older
than 30 year or were multigravid to also be included in the
study.18,25 All the pregnant women were interviewed by clinic
staff in order to verify that there was no prior exposure to
ARVs. All eligible women provided written informed consent
prior to study enrollment. Institutional ethical review board
approvals from the Ethics Committee at JUTH and the
Human Subject Committee at the Harvard School of Public
Health were obtained for the study.

The Nigerian National rapid HIV test serial algorithm was
implemented for HIV diagnosis using a provider initiated
opt-out option approach at antenatal clinic enrollment.27

Whole blood sample was collected and plasma tested for HIV
antibodies with rapid HIV test kits including Determine
(Alere Medical Co., Japan) followed by Unigold (Trinity Bio-
tech PLC, Ireland) with Statpak (Chembio Diagnostic Sys-
tems, New York) as the tiebreaker assay for resolving
discordant results. Enumeration of CD4 + cells was performed
using the flow cytometry technique (Partec Cyflow, Munster,
Germany). The plasma portion of the sample was separated
after centrifugation and stored at - 80�C for viral load and
HIV genotyping. Viral load determinations were performed
using Roche Amplicor version 1.5 (Roche Diagnostics, New-
ark, NJ). The Aware BED Enzyme Immunoassay was per-
formed according to the manufacturer’s instructions (Calypte
Biomedical Corporation, Portland, OR).

The ViroSeq v 2.0 HIV-1 Genotyping system (Abbott Mo-
lecular, Des Plains, IL) was used to reverse transcribe and
amplify a 1.8-kb region of the pol gene that spans the entire
protease (PR) gene and approximately two-third of the re-
verse transcriptase (RT) gene. Sequence was obtained with
ABI Genetic Analyser 3130xl (Applied Biosystems, Foster
City, CA). Sequences were edited and compared with that of a
reference HXB2 subtype B. Using the manufacturer’s software
and the Stanford University drug resistance algorithm data-
base online, the lists of mutations and polymorphisms were
generated. HIV-1 transmitted drug resistance mutations were
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further characterized according to the WHO 2009 surveillance
drug resistance mutation (SDRM) list.23 Phylogenetic analysis
for determining HIV-1 subtype was performed by aligning
the viral sequences along with the reference sequences ob-
tained from Los Alamos repository using Clustal X (www
.softedia.com). NJPlot (www.soft82.com) was used to visu-
alize the phylogenetic reconstruction and neighbor-joining
trees were used to classify them by subtype. The data ob-
tained from this study were analyzed and calculated in pro-
portions using EPI Info 7 (www.cdc.gov/epiinfo).

Results

During the period of the study, a total of 8,357 pregnant
women were tested for HIV at antenatal enrollment at the
three hospitals and 364 (4.4%) were found to be HIV positive.
Thirty eight ARV-naive pregnant women met the study cri-
teria and were recruited for HIV-1 genotyping. Of the 38
samples obtained, 34 (89%) were successfully amplified and
genotyped. The median age, CD4 + cell count, and viral load
were 25.5 years (IQR 23–28 years), 317 cells/ll (IQR 204–917
cells/ll), and 16,261 copies/ml (5,271–110,007) copies/ml),
respectively (Table 1). Two HIV-1 SDRMs were detected in-
cluding the nucleoside reverse transcriptase inhibitor (NRTI)
mutation (M41L) and nonnucleoside reverse transcriptase in-
hibitor (NNRTI) mutation (G190A) in only one out of the 34
genotyped samples. The only SDRMs found were in an ARV-
naive primigravid, 27-year-old woman (Table 2). The woman
was interviewed and her medical records reviewed to confirm
that she had no prior ARV use. The TDR mutation rates were
< 5% by ARV drug class: 1 of 34 (2.9%) for NRTIs/NNRTIs and
0 of 34 (0%) for protease inhibitors (PIs) (Table 2). Other minor
mutations or polymorphisms that were detected but not clas-
sified on the 2009 WHO SDRM list were PI mutations L10V
(1/34; 2.9%), L10I (2/34; 5.9%), V11I (1/34; 2.9%), and the
NNRTI mutations A71T (1/34; 2.9%) and A98G (2/34; 5.9%).

The HIV-1 subtypes classified by phylogenetic analysis are
as shown in Figs. 1 and 2. The G and G¢ subtypes were the
most prevalence subtypes with 19 of 34 (55.9%), subtype G
accounting for 14% (5/34) of the subtotal while G¢, a unique
variant of G prevalent in Nigeria,28 accounted for 41.2 % (14/
34). Other subtypes included CRF02_AG (13/34, 38.2%),
CRF06_cpx (1/34; 2.9%), and a unique AG recombinant form
(1/34; 2.9%). In general, the majority of the mutations (7/9;
77.8%) found in this study (i.e., G190A, A98Gx2, M41L, V11I,
and L10Ix2) were associated with subtype G (G¢: 5 of 9 and G:
2 of 9). The subtype G¢-infected individual harbored the two
SDRMs, G190A and M41L (Table 2).

Discussion

This survey revealed a low prevalence of WHO SDRM of
< 5% among 34 ARV-naive, newly diagnosed HIV-infected
pregnant women evaluated in Jos, north central Nigeria.
There were no SDRMs detected against PIs and only one
SDRM (2.9%, 1/34) was found for NRTIs (M41L) and one
SRDRM for NNRTIs (G190A) in the 34 (2.9%, 1/34) ARV-
naive pregnant women evaluated.

This finding suggests that generalized use of ARVs in the
HIV treatment programs in Jos and its surrounding commu-
nities for over 8 years has been optimal and does not appear to
have promoted the emergence of TDR to a concerning level.
Although this finding is encouraging, caution is required in its
interpretation and generalization of the result. HIV trans-
mitted drug resistance results obtained by population survey
methods are location and site specific and it may not be rep-
resentative of the entire state or nation. This means that
location and community specific surveys are preferred for a
better understanding of TDR prevention and control. While
our findings are similar to recent survey reports emerging
from some sub-Saharan African countries such as Botswana,
Malawi, Zimbabwe, Kenya, and South Africa, higher rates

Table 1. Characteristics of Antiretroviral-Naive Pregnant Women

Age (years) CD4 count (cells/ml) Viral load (copies/ml)

Group Median IQR Median IQR Median IQR

£ 25 years (n = 19) 24.5 22–25 386 233–457 16,881 6,172–30,986
26–30 years (n = 14) 28.5 27.5–28.5 361 137–561 36,528 4,136–219,679
BED-CEIA + Multiassaya: CD4 + VL (n = 5) 33.0 32–37.5 290 224–313 5,182 2,041–170,928
Amplified and genotyped plasma samples (n = 34) 25.5 20–38 317 204–917 16,261 5,271–110,007

aMultiassay = CD4 > 200 cells/ll + viral load > 400 copies/ml.
BED-CEIA, BED capture enzyme immunoassay; IQR, interquartile range.

Table 2. HIV-1 Drug Resistance Mutations by Patient Group

Number of Number of

WHO surveillance drug
resistance mutation detected

Sample group samples (%) WHO SDRM (%) NRTI NNRTI PI

ARV naive primigravid £ 25 years 18 (52.9) 0 (0) 0 0 0
ARV naive primigravid 26–30 years 11 (32.4) 1 (2.9) M41L G190A 0
Recent infection detected by BED and multiassays 5 (14.7) 0 (0) 0 0 0
Total 34 (100) 1 (2.9) 1 1 0

SDRM, surveillance drug resistance mutation; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, nonnucleoside reverse
transcriptase inhibitor; PI, protease inhibitor; ARV, antiretroviral.
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ranging from 8% to 12% have been reported for Yaoundé in
Cameroun, Dar es Salaam in Tanzania, and Kampala in
Uganda, respectively.18–21,29,30 TDR rates as high as 6%–23%
have been reported in Europe and the United States among
recent and acute HIV-infected patients.31,32 The highest rates
of TDR in Europe and the United States were recorded during
the early years of ART when mono and dual ART regimens
with zidovudine were used. With the advent of HAART and
improved options of ARVs accompanied by HIV drug resis-
tance testing to guide antiretroviral regimen selection, the

prevalence rates of TDR are stable and beginning to decline in
North America and Europe.32–34

Much of our knowledge regarding ARV efficacy and drug
resistance is based on HIV-1 subtype B, the subtype preva-
lence in the western world, i.e., North America, Western
Europe, Japan, and Australia. However, a disproportionate
burden of HIV is found in low-income and middle-income
countries where non-B subtypes predominate. The HIV-1
subtypes that have been reported in Nigeria include
CRF02_AG, G, G¢ CRF06_cpx, and A.14–16,28,35 In an analysis

FIG. 1. Phylogenetic tree of HIV-1 subtypes detected in antiretroviral (ARV)-naive pregnant women in Jos, north central Nigeria.
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of HIV sequences obtained from 338 HIV patients failing first
line regimen in four Harvard/APIN PEPFAR sites across
Nigeria, a relationships between subtypes and emergence of
drug resistance mutations and polymorphic forms was re-
ported.15 While many of the major drug resistance mutations
observed were similar to what would be found in HIV-1
subtype B infections, there were subtype-specific differences
for both NRTI and NNRTI major mutations.15 In their study,
HIV-1 subtype A patients showed a 42.5-fold increased risk
for the L210W mutation. Patients infected with subtype G
patients had an increased risk for A98G and V106I, whereas
subtype CRF02_AG patients had an increased risk for V90I
and a decreased risk for A98G.15 The clinical relevance of
these findings deserves further study.

In our study, the only two SDRM mutations (M41L and
G190A) detected were found in a patient infected with sub-
type G¢. Apart from the two SDRM detected, other minor
mutations or polymorphisms included A98G for NNRTIs and
V11I, L10I, L10V, and A71T for PIs. It is worth noting that
the majority of these mutations (7/9; 77.8%) were found in
patients infected with HIV-1 subtype G including G¢. Only a
minority of the PI non-SDRMs, L10V and A71T (2/9; 22.2%),
was associated with CRF02_AG. The relevance of these
findings and possible future impact of these mutations on
these patients as they receive ART or PMTCT interventions
are currently not known, but are worthy of further study.
Current concepts support the notion that naturally occurring
polymorphisms among different non-subtype B subtypes can
affect HIV-1 susceptibility to antiretroviral drugs, the mag-
nitude of resistance conferred by major mutations, and the
propensity to acquire some resistance mutations.36 This can be
further elucidated by studying the treatment outcomes of
patients infected with viruses with wild-type minor muta-
tions or polymorphisms.

Best practice guidelines in ART recommend HIV geno-
typing for HIV-infected patients before the initiation of
ART.37 While this may be the norm in most high-income
countries, the prohibitive cost of the HIV genotyping
assay has made this impossible in resource-limited settings.
As a result, WHO developed a simple and cost-effective

population-based surveillance approach to assess the TDR
threat to patients initiating ART.11,22,23 This population ap-
proach has been critical to early surveillance efforts, but re-
cent reports are suggesting a review and modification of the
protocol to address issues arising from its current use. In this
study, the only subject found to harbor the two transmitted
drug resistance mutations was a 27-year-old ARV-naive
pregnant woman who would have been excluded from the
study based on age if WHO criteria (i.e., < 25 years) were the
only selection criteria used. Higher rates of TDR among
ARV-naive pregnant women older than 25 years have also
been reported in Tanzania.26 In addition, it is often chal-
lenging to determine the actual age of pregnant women
among the unschooled subpopulations often found in
resource-limited settings. Furthermore, urban women’s
desire for tertiary education and career pursuit before mar-
riage may be contributing to the older age of marriage and
child-bearing. The use of newly diagnosed HIV-infected
subjects does not necessarily equate to recent infections. It is
also known that some TDR mutants may revert to wild type
and, as such, may not be detected in recently infected
patients.36 The use of laboratory-based assays to identify
recently HIV-infected individuals, irrespective of age, has
been suggested as an alternative surveillance strategy but it
may not be cost effective.24

We noted some limitations and challenges in our study. It
was difficult to obtaining the WHO required sample size of
34–47 eligible pregnant women during the study period; this
population has demonstrated declining HIV prevalence and
incidence in recent years.38 We therefore modified the WHO
criteria using the BED-early infection assay for five women in
order to obtain the 38. Despite these limitations, the results we
obtained provide local and relevant evidence of the low
prevalence of TDR in Jos, north central Nigeria. Concerted
efforts should be made through government and other
stakeholders to provide continuous funding and involvement
to ensure that the current robust and effective HIV and ART
programs are maintained. This will increase the probability
that the low TDR prevalence described in our study can be
sustained.

Sequence Data

The sequences of the data reported in this article have
been submitted to the GenBank Sequence Database under the
following accession numbers: KC755236–KC755269.
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