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ABSTRACT

To clarify the distribution of HIV-1 subtypes and drug resistance-related mutations, we collected and analysed serum
from pregnant women who are ARV drug-naive in Abidjan. The prevalence of HIV-1 subtypes and mutations associ-
ated with antiretroviral drug resistance among drug-naive HIV-1 infected pregnant women was investigated from
plasma of 90 young pregnant primigravida. The HIV-1 pol and env genes were amplified by using primers recognizing
conserved viral sequences and sequenced by employing BigDye chemistry. Positions 1 - 99 of the PR and 1 - 350 of the
RT genes were analyzed for mutations based on the international AIDS society USA panel. In 39 strains which both
genes were sequenced including CFR02_AG 30 (76.9%), subtype A 3 (7.7%), CFR06_cpx 2 (5.1%), CFR09 cpx 1
(2.6%), and discordant sequences suggesting the presence of a few number of recombinant involving CRF02-AG and
subtype A 3 (7.7%). None of the major drug resistance mutations was detected. The frequent minor mutations associ-
ated drug resistance observed were M361 (52%/96.3%), L101/R/V (19%/35.2%) and L63P (7%/12.9%). The M361 mu-
tation was widespread in all subtypes. Our result demonstrated first a significant level of viral heterogeneity and then
only the presence of minor resistance associated mutations. Our study emphasizes the need of HIV sentinel survey in
Cote d’lvoire and shows that pregnant women who are candidates for receiving antiretroviral drug therapies do not
contain naturally occurring or preexisting drug resistance mutations. So such drug therapies are likely to be highly ef-
fective in this setting.
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1. Introduction and mortality. However, the use of antiretroviral (ARV)
has created a major public health concern about the pos-
sible emergence of drug-resistant mutants that would
lead to treatment failure. Now that access to HIV treat-
ment is expanded, surveillance of drug-resistant strains
over time should be implemented with preference on
population groups that represent individuals who were
recently infected with HIV as recommended by WHO or
for whom data on previous ARV treatment can be col-
lected [4].

To date, the remarkable viral diversity of HIV-1 results
in the classification of the virus into types, groups, sub-
types, sub-subtypes and over circulating recombinant
forms (CRFs) [1]. Although the epidemic in the western
world is primarily due to subtype B, most of the other
subtypes and CFRs are found in Africa [2]. Subtypes A,
C and CFRO02 are predominating, but similarly to the
global distribution of HIV-1 variants, their geographic
distribution on the african continent is heterogenous and | . . .
differs from country to country and even within certain Amino acid mutations in protease (PR) and reverse
countries [3]. Highly active antiretroviral therapy (HAA- transcriptase (RT) associated with resistance to antiretro-

RT) has greatly reduced HIV/AIDS-related morbidity viral drugs are identified when sequences are compared
to the consensus pol sequence of wild-type HIVyxg2

“Sequence data: The PR and RT sequences are available in GenBank. (WWW.iasusa.org). Limited studies have been conducted
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“Corresponding author. ciated with antiretroviral drug resistance. It is imperative
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to investigate and describe mutations associated with
resistance to antiretroviral drugs in the PR and RT genes
of HIV-1 subtypes and CRF among treatment-naive
populations in SSA. Baseline information collected from
these studies will be of importance in the development of
algorithms for the interpretation of mutations conferring
antiretroviral drug resistance in different geographical
regions.

In West Africa, Cote d’lvoire has the highest HIV-1
prevalence rate (3.4%) and 60% of HIV-infected patients
are women, most of them of childbearing age [5]. In this
country, HAART has been available since 1998 through
the UNAIDS/Cote d’lvoire program of access to HIV/
AIDS treatment drugs. Moreover, in December 2009,
72,000 patients under ARV treatment were indexed in
the country whereas 368,000 others are waiting for ARV
treatment (http://www.ipsinternational.org, update 2010).
Thus, an increasing number of pregnancies is occurring
in women initiating ART. The prevalence of HIV drug
resistance mutation (HIVDRM) is scored as 5% - 6% in
untreated recently infected patients [6].

The aim of the present study was to clarify the dis-
tribution of HIV-1 subtypes and the baseline prevalence
of drug resistance-related mutations in antiretroviral
drug-naive HIV-1 pregnant women living in three dis-
tricts of Abidjan before the extensive use of antiretroviral
drug is supplemented in the country.

2. Study Population and Methods
2.1. Study Subjects and Samples

Young pregnant primigravida women (17 - 25 years) were
recruited in the antenatal clinic (ANC) sentinel surveil-
lance conducted by Retrovirus Cote d’lvoire (RETROCI)
as recommended by the WHO resistance network [4].
Women came from three districts of Abidjan: Abobo-
nord, Abobo-sud and Koumassi. Women were assumed
to have acquired infection within the last few years and
data on ART exposure were also collected.

All women underwent pre- and post-test counselling
and signed informed consent form prior to participation
in the study. Inclusion criteria were: 1) HIV-1 seroposi-
tive pregnant woman, 2) Pregnant women attending an-
tenatal clinic for a first visit, 3) Not receiving highly ac-
tive antiretroviral therapy (HAART), 4) Samples and
demographic information were collected between Sep-
tember 2004 and January 2005. HIV-1 serology was
performed on the basic of the Retrovirus Cote d’lvoire
(RETROCI) HIV testing algorithm using the three rapid
assay confirmatory strategies for the detection of anti-
bodies to HIV (www.who.int/hiv:pub). First, HIV anti-
body testing was performed by using two mixed (HIV-1
and HIV-2) rapid assays Enzynost Intergral (Dade
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Behring Marburg GmbH, Marburg, Germany), Murex
1.2.0 (Murex Biotech Ltd, Dartford, Kent, UK). Sec-
ondly Determine (Abbott Laboratories, IL, USA) was
used to discriminate HIV-1 and HIV-2. Discordant blood
samples were tested by the additional testing by using
ELISA (Vironostika ELISA test; BioMérieux, France).
The study received ethical approval from the ethics
committees of the Ivoirian National Program.

2.2. RNA Extraction, RT PCR, Secondary PCR
and Sequencing

RNA was extracted from plasma samples using Amplicor
HIV-1 monitor test (Roche, version 1.5) according to the
manufacturer’s instructions. The genetic subtypes were
identified in env and pol as previously described [3,7].
Briefly, RT PCR for the env and pol regions was per-
formed by using Expand High Fidelity PCR system
(Roche, France) with primer pair ED12/ED5 (env) and
IN3/G25REV (pol). Secondary PCR was performed by
using primer pair ES7/ES8 (env) and AV150/PolM4 (pol)
under conditions recommended by the manufacturer.
Ultrapure Water was used as a negative control in each
run. The amplified fragment of approximately 670 base
pairs (env) and 1770 base pairs (pol) were purified with
GeneClean Turbo kit (Q-Biogenic, Illkirch, France) and
were directly sequenced using Big Dye Terminator v3.1
(Applied Biosystems, France) according to the manufac-
turer’s instructions. Electrophoresis and data collections
were performed on an Applied Biosystem 3100 genetic
analyzer. The newly determined sequences were aligned
with known representatives of the different subtypes and
CFRs described in West and Central Africa by using
CLUSTAL W and minor manual adjustments were made
where necessary to accommodate reading frames. Re-
gions that could not be aligned unambiguously, due to
length or sequence variability, were omitted from the
analysis. Phylogenetic analysis using the neighbour-
joining method and reliability of the branching orders
using boostrap approach were implemented with CLU-
STAL W [8].

2.3. Drug Resistance Analysis

PT and RT resistance mutations were reported as listed
by the international AIDS society USA panel, update Fall
2010 (www.iasusa.org) and the genotypic interpretation
was performed with the ANRS AC11 algorithm, update
2011 (www.hivfrenchresistance.org).

2.4. Statistical Methods

We used Friedman test to analyse the significantly dif-
ference between groups regarding the frequency of de-
tected mutations and strains. p < 0.05 was considered as
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statistically significant.

3. Results

3.1. Baseline Characteristic of 90 HIV-1 Infected
Women

A total nine hundred and thirty six young pregnant
primigravida women were recruited. The mean age was
19 years and extremes 17 - 25 years. Ninety women were
infected by HIV-1, 42 (Abobo-nord), 26 (Koumassi) and
22 (Abobo-sud). The CD4 cells counts ranged 237 to 609
cells/mm? (Table 1).

3.2. HIV-1 Detection and Subtyping

The genes pol and env were successfully detected from
54 and 39 patients respectively. The 39 samples for
which both genes were sequenced included CFR02_AG
(76.9%), subtype A (7.7%), CFR06_cpx (5.1%), CFR09_
cpx (2.5%), and discordant sequences (7.7%) involving
CRF02-AG for pol gene and subtype A for env gene
(Table 1). The pol gene fragment sequenced alone in 15
cases were subtypes A (n = 13), CFR02_AG (n = 1) and
unclassified strain (n = 1). We isolated in Abobo-nord,
the subtype A (14.3%), CFR02_AG (71.4%) and CFR-
06_cpx (14.3%). In Abobo-sud, CFR02_AG (76.4%) and
subtype A (11.8%) were detected. In Koumassi, CFR02_
AG (80.2%), CFR06_cpx (6.6%) and CFR09_cpx (6.6%)
were identified. The recombinant CFR02_AG predomi-
nated in all districts (71.4% - 80.2%) as shown in Table 2.

3.3. Protease Inhibitor (PI)
Resistance-Associated Mutations

The amino acid mutations in protease (PR) and reverse

Table 1. Baseline characteristics of 90 ARV-naive HIV-1
infected pregnant women.

Baseline characteristics Patients (n = 90)

Age
Range 17-25
Median 20
Origin
Abobo-nord 42 (46.7%)
Koumassi 26 (28.8%)
Abobo-sud 22 (24.5%)
CD4 cells counts
Range 237 - 609
Median 355

Copyright © 2012 SciRes.

transcriptase (RT) associated with resistance to antiretro-
viral can be classified into major or primary and secondary
or accessory mutations None of the known primary mu-
tations associated with PI resistance were detected among
the PR sequences. Secondary mutations were observed.
Frequent mutations detected were retrieved at position 36
(M361, 52%/96.3%), position 10 (L10I/R/V, 19%/35.2%)
and position 63 (L63P, 7%/12.9%) (Figure 1).

3.4. Reverse Transcriptase Inhibitor (RTI)
Resistance-Associated Mutations

No mutation associated with non nucleoside reverse
transcriptase inhibitor (NNRTI) was found. No primary
mutation associated with nucleoside reverse transcriptase
inhibitor (NRTIs) was detected while three secondary
mutation associated with NRTIs resistance were ob-
served S68G (1%/1.8%), V118l (1%/1.8%) and Y115F
(1%/1.8%) as shown in Figure 1.

4. Discussion

The aim of the present study was to clarify the distribu-
tion of HIV-1 subtypes and the baseline prevalence of
drug resistance-related mutation in antiretroviral drug-
naive HIV-1. Among 90 HIV-1 strains collected in
young pregnant primigravida women, we were unable to
amplify 36 strains. The amplification failure could be
attributed to the viral diversity at primer binding sites.
Another reason that could explain this amplification fail-
ure was that the viral load could be low or undetectable.
A study on viral load could help to confirm or reject such
cause. But we disposed no materials to lead the study.

Y115F | 1.8
viis1 J1.8
S68G | 1.8

K20M/R 3.7

Mutations

Liov 3.7

L63P I 12.9
Lior/1 [ 52

m3ol [ 9.3

0 20 40 60 80 100

Frequency (%)
Figure 1. Frequency of drug mutations among 54 ARV-
naive HIV-1 infected pregnant women. The frequencies

were calculated from 54 women in whom the gene pol was
successfully detected.
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Table 2. Distribution of various HIV-1 subtypes among ARV-naive HIV-1 infected pregnant women according to the dis-

tricts.
Districts
ENV/POL subtype Total n (%)
Abobo-nord n (%) Abobo-sud n (%) Koumassi n (%)
env+/poL+
A/A 1(14.3) 2(11.8) 0 3(7.7)
CRF02_AG/CRF02_AG 5(71.4) 13 (76.4) 12 (80.2) 30 (76.9)
CFRO06_cpx/CFR06_cpx 1(14.3) 0 1(6.6) 2(5.1)
CFR09_cpx/CFR09_cpx 0 0 1(6.6) 1(2.6)
AICFR02_AG 0 2(11.8) 1(6.6) 3(7.7)
Subtotal 7 17 15 39
env-/pol+
NA/A 2 6 5 13
NA/CFR02_AG 0 1 0 1
NA/U 1 0 0 1
Subtotal 3 7 5 15
Total 10 24 20 54

The genes pol and env were successfully detected from 54 and 39 patients respectively. env+/pol+, both genes fragments sequenced. env-/pol+, only pol gene
fragment was sequenced. The number and percentage (in parentheses) of locations with each HIV-1 subtypes are indicated. NA, not available. U, unclassified.

The results obtained revealed that CFR02_AG was
highly predominant in Abidjan where a few recombinant
inter-subtypes also circulated. The results obtained are
similar to the previous studies conducted in Abidjan and
in others West Africa countries [8-11]. The results ob-
tained suggested a complex and possible changing pro-
portion of HIV subtypes contributing to the HIV epi-
demic in Abidjan. The proportion of HIV subtypes varied
significantly between the three districts of Abidjan even
though two of the districts (Abobo-nord and Abobo-sud)
are adjacent to each other (p < 0.05). The fact that the
HIV subtypes varied between different locations in Abid-
jan, suggested that HIV diversification may be ongoing.

An unclassified virus was observed in one patient from
Abobo-nord. The appearance of new variants is the result
of a co-infection and it occurs in the areas where several
variants circulate. This new variants have a significant
effect on the epidemic of the HIV infection in particular
on the tests of serological diagnostic and viral load. Fur-
ther, this may represent a significant obstacle to a vac-
cine development. Actually an efficient vaccine against
HIV, should take into account the different circulating

subtypes and recombinant forms isolated in Céte d’lvoire.

It appears necessary to characterize as soon as possible
the variants into circulation in Abidjan.

Copyright © 2012 SciRes.

HIV-1 drug resistance arises from mutations in the
genes that encode the molecular targets for the drugs, i.e.,
the RT and protease pol gene products. This viral poly-
morphism is due to the high rate of HIV-1 replication
and the low fidelity of RT [12]. The emergence of amino
acid substitutions associated with resistance to RT and
Pls has been extensively characterized [13], and these
substitutions can be classified into major and accessory
(modifying) mutations. Major mutations lead to a several
fold decrease in sensitivity to one or more antiretroviral
drugs [14]. Accessory mutations may not result in a sig-
nificant decrease in sensitivity but are associated with an
increase in viral fitness (replication capacity) [13]. Thus,
the appearance of a major mutation in a genome already
containing accessory mutations could influence the speed
with which highly resistant viruses are selected during
therapy. The results obtained suggest that any major mu-
tations conferring resistance to protease inhibitors (PIs)
were not seen. There was no evidence of major mutations
in young pregnant ART naive women with recent infec-
tion. The absence of major mutations in the studied
population was consistent with other studies that were
conducted in settings that were currently scaling up ART
in Africa [7,10,11,14,15]. These studies have reported
prevalence levels of <5%, the WHO detection threshold
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limit in antiretroviral naive populations. However, a
higher frequency of HIVDRM has recently been reported
from a large study in Rwanda, South Africa, Uganda and
Zambia where slightly more than 5% drug resistance was
identified in samples collected from 2006 through 2009
[16].

In contrast to major mutations, 96.3% of the strains
had two or more minor mutations associated with Pls
resistance; only 3.7% of strains (mainly subtype CRF02_
AG strains) had no minor mutations. M36l is the pre-
dominant minor mutation and was observed in all sub-
types, CFR02_AG (n = 8), A (n = 3), CFR09_cpx (n = 3),
CFR06_cpx (n = 2) and unclassified strain (n = 1).
Amino acid substitutions associated with PI resistance
were reported as natural non-B HIV-1 variants in treat-
ment-naive patients [17,18]. The prevalence of substitu-
tions obtained was similar to those previously described
[19]. In a previous study conducted in Abidjan, the au-
thors have detected key drug resistance mutation in re-
cently HIV-1 infected adults [9]. This difference with our
results may be explained by the fact that previous studies
concerned the general population. The proportion of re-
sistant strains in the general population did not reflect
recently transmitted resistance, as it is not known whe-
ther the HIV-positive individuals are completely ARV
naive.

The mutations leading to resistance to nucleoside re-
verse transcriptase inhibitor (NRTIs) and non nucleoside
reverse transcriptase inhibitor (NNRTIs) were well de-
fined and differ within the two classes of RT inhibitors
[13]. No NNRTI mutation was detected. No major muta-
tion conferring resistance to NRTIs was seen, but three
accessory mutation, S68G (1.8%), V118l (1.8%) and
Y115F (1.8%) were found. Selection for S68G mutation
were observed after virologic failure on tenofovir, aba-
cavir, didanosine or stavudine containing regiments and
in some cases linked with K65R selection. The S68G
mutation followed the initial selection for K65R and
M184V [20]. The V118l mutation was associated with
resistance to zidovudine when they appeared together
with E44D but the significance of V118l when it oc-
curred alone in isolation is unknown [21,22]. Several
observations suggested that S68G and V118l may repre-
sent a preexisting polymorphism [23-25]. The S68G mu-
tation was present in around 3% of untreated patients and
the prevalence of V118l in naive drug patients varied
from 2.5% to 8.3% [26]. The Y115F mutation was asso-
ciated to resistance to abacavir and did not contribute
singly to resistance to abacavir but in combination with
other mutations (K65R, L74V, M184V) enhanced NRTIs
resistance [27].

There were several limitations encountered in this
study. The women were recruited only in three districts
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of Abidjan. The prevalence of drug resistance mutations
in the study population was very low, and thus there was
no ability to estimate the frequency of transmitted drug
resistance. According to the information collected, most
of the individuals were diagnosed at an advanced stage of
infection (1 - 4 years after infection). The exact lapse of
time between the moments of infection and sample col-
lection is unknown. Therefore, the results obtained may
have been influenced by this period. Theoretically, newly
infected patients are more likely to harbour resistant HIV
strain variants than chronically treatment-naive patients.
This might be explained by the fact that wild type strains
may become predominant in the absence of selective
drug pressure, when individuals are infected with both
wild type and mutant viruses. We didn’t dispose infor-
mation concerning the viral load. However, the focus on
young, largely primigravida pregnant women was ex-
pected to identify recent infections. The younger age,
significantly higher CD4 cell numbers and low or un-
dectable viral load related to recent infection may pro-
vide some evidence for the results obtained.

5. Conclusion

The results obtained show a high viral heterogeneity and
the lack of primary mutations associated with antiretro-
viral resistance. But the minor mutations were detected
among the drug-naive pregnant women in Abidjan. The
data obtained suggested that routine resistance testing
before the initiation of therapy in this initial stage of the
treatment program may not be necessary in this setting.
Moreover, our results suggested that the HIV first line
treatment was likely to be highly effective in drug pa-
tients women and the possibility to reduce perinatal
transmission risk. As transmission of ARV resistance
mutation is an important public health and has clinical
implications, it is necessary to conduct extensive surveys
covering pregnant women in the all districts in Abidjan,
with a sufficient number of samples, to fully assess the
molecular epidemiology of HIV in Abidjan and to guide
antiretroviral treatment and vaccine strategies.
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