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A cross-sectional survey was conducted in 2008 to examine virological outcome and emergence of
drug resistance in HIV-infected patients treated according to the national guidelines in an AIDS clinic in
Cotonou, Benin. Median time on (antiretroviral therapy) ART of the 122 enrolled patients was 35
months. Viral load above 1,000 copies/ml was observed in 33 patients (27%) and 22.1% (27/122)
harbored resistant strains: viruses from four, fifteen and eight patients were resistant to one, two and
three drugs in their treatment regimen. The most frequent mutations were M184V and K103N in the
reverse transcriptase gene. The proportion of patients with drug resistant mutations did not increase
with time on ART. There seems to be a trend towards a lower prevalence of drug resistance mutations
in patients who started with protease inhibitors-based regimens as compared to (Non-Nucleoside
Reverse Transcriptase Inhibitor) NNRTI-based regimens. Further studies are necessary to evaluate if in
the absence of laboratory monitoring, the use of Pls for the first-line ART should be reconsidered to
minimize the risk of emergence of HIV drug resistance.
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INTRODUCTION

The number of people receiving antiretroviral therapy
(ART) in low- and middle- income countries has
increased significantly reaching 5.2 million in 2009
(UNAIDS, 2010). Most of the countries use the public
health approach recommended by World Health

*Corresponding author. E-mail: eric.delaporte@ird.fr. Tel: +33-
467416297. Fax: +33-467416146

Abbreviations: ART, Antiretroviral therapy; ARV, antiretroviral;
WHO, World Health organization; ANRS, Agence Nationale de
Recherche contre le SIDA; NRTIs, Nucleoside Reverse
Transcriptase Inhibitors; NNRTI, Non-Nucleoside Reverse
Transcriptase Inhibitor; Pl, Protease Inhibitor; TAMs, Thymidine
analogue mutations; PR, Protease; RT, Reverse transcriptase;
CRF, Complex Recombinant Form; URFs, Unique Recombinant
Forms.

Organization (WHO), which was initiated in 2002 and
updated in 2006 and 2010. This approach advises a
standard first-line therapy - two Nucleoside Reverse
Transcriptase Inhibitors, NRTIs, (3TC(/FTC)+AZT/TDF)
and one Non-Nucleoside Reverse Transcriptase Inhibitor,
NNRTI, (EFV/NVP) - together with treatment initiation
and switch, guided by clinical disease progression and
when possible CD4 cell counts monitoring (Gilks et al.,
2006). If resources permit, it is now recommended to use
viral load in a routine approach every 6 months or in a
targeted approach to confirm clinical or immunological
failure (WHO, 2010; Gilks et al., 2006). However,
virological monitoring is still not feasible for the majority of
patients on ART due to the absence of adequate
laboratory facilities and the high cost of testing. HIV drug
resistance genotyping is recommended at the population
level for surveillance and monitoring, with the support of
the WHO HIVResNet network of accredited laboratories



(WHO, 2010). There is thus a need to assess virological
outcomes in routine care settings in resource-limited
countries in order to evaluate the effectiveness of
antiretroviral programs, and to evaluate whether the
second-line treatment recommended by WHO would still
be effective.

Benin is a West African country with about eight million
inhabitants. The seroprevalence is relatively low, esti-
mated between 1 to 1.3% (UNAIDS, 2010). The number
of patients on ART has increased rapidly since 2004,
reaching now approximately 53% of the 29,000 people
needing ART by the end of 2009, based on WHO 2010
guidelines (UNAIDS, 2010). ART in Benin is available
since 2002 and is free of charge since 2004. The country
adopted the 2006 WHO recommendation (WHO, 2006),
But before 2006, for first line treatment, NNRTI as well as
non-boosted protease inhibitor (indinavir) regimens were
used.

Although Pl use was not recommended in the 2002
WHO guidelines (Zannou et al., 2007), others countries
like Senegal also used this approach (Vergne et al.,
2003). Clinical follow-up was scheduled at two, four and
eight weeks after ART initiation, and then every six
months. Viral load quantification is recommended yearly.
While viral load testing is technically available in Benin,
routine utilization remained marginal due to an inappro-
priate financing mechanism under the national program
and consequently proficiency decreased.

Our aim was to describe, depending on the treatment
history, the virological outcome and the emergence of
drug resistance in HIV-infected patients receiving ART in
an AIDS clinic in Cotonou, the largest city in Benin.

METHODS

In a cross-sectional survey, plasma samples were collected from
122 adult HIV-1-infected patients (>18 years) receiving ART in one
AIDS clinic of Cotonou. All patients, receiving ART for at least 12
months, were consecutively enrolled between January and March
2008 during routine follow-up visits. After informed consent was
obtained from patients, the demographic, epidemiologic, clinical
and treatment history data were retrospectively retrieved from the
medical records and anonymized for further analysis. Whole blood
was collected in EDTA tubes. After centrifugation, plasma aliquots
were stored at -80° C until viral load testing (Generic HIV VL assay,
Biocentric) with a detection limit of 300 copies/ml (Rouet et al.,
2007), and genotypic antiviral drug resistance testing (in-house
nested PCR assay (Vergne et al, 2000) were performed.
Techniques are detailed in Table 2.

RESULTS AND DISCUSSION

In this survey, the median age of the 122 adult HIV-1
infected patients was 38 years and ranged from 19 to 68
years (Table 1). The median time on ART was 35 months
(IQR 22-47, range 12-91). At the beginning of treatment,
median CD4 count was 86 cells/mm® (IQR 38-144). A
large majority of patients (103/122, 84.4%) started their
treatment with NNRTI+NRTI with, for 93/103 (76.2%), the
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combination  AZT(43/93)/D4T(50/93)+3TC+NVP(17/93)
/EFV(76/93); in 8.2% (10/103), ddl was used instead of
AZT/D4AT or 3TC, and the remaining 15.6% (19/122)
started with a non-boosted protease inhibitor (Pl) instead
of an NNRTI (18 IDV and 1 NFV). Overall, 73/122
(59.8%) patients were still on their initial ART regimen,
30.3% changed regimen once, 7.4% twice and 2.5%
three times. Median time for the first switch was 22.3
months (IQR 11.4-27.5). Main treatment changes were
switch between AZT, D4T or ddl, and between NVP or
EFV.

Major reasons of treatment switches were: toxicity,
pregnancy, stock rupture and treatment standardization.
At the time of the study, 84.3% of patients received
AZT/DAT+3TC+NVP/EFV predominantly with AZT and
EFV and 13.2% still received IDV in combination with
NRTIs. The median CD4 count reached 338 cells/mm?®
(IQR 226-430).

For 36/122 (29.5%) patients, the plasma viral load was
above 300 copies/ml (threshold of the technique), with a
median of 5.02 logy, copies/ml (106,791 copies/ml)
(Table 1). Genotypic antiviral drug resistance testing was
performed on the 33 plasma samples with HIV-1 RNA
levels equal or above 1,000 copies/ml (Table 2). For 3
samples, the 1,770 basepair pol/ fragment of the in-house
PCR protocol could not be amplified and the HIV-1 PCR
and Sequencing Procedures from the ANRS AC11
Resistance Study Group (www.hivfrenchresistance.org)
were applied to amplify the protease (PR) and the
reverse transcriptase (RT) regions separately. Finally,
only for one sample, with VL=3.13 logy, copies/ml, PCR
amplification was not successful.

The phylogenetic tree analysis (Vidal et al., 2006) of
the 32 sequences (Table 2) showed that CRF02 was
predominant (21/32, 66%) among the strains. Other HIV-
1 variants found included subtype G (n=2), sub-subtype
A3 (n=1), CRF06 (n=1) and 7 unique recombinant forms
(URFs) represented by 1 CRF37/A, 2 CRF02/CRFO06, 1
CRFO02/U; 3 clustered with two complex recombinant
strains (U/A/K) B76 and 99GR303 previously described in
Benin (Baldrich-Rubio et al., 2001) and Greece
(Paraskevis et al., 2001).

Major genotypic mutations associated with ART drug
resistance were detected in 27 patients, that is 22.1% of
the total patients and 84.4% of patients with viral load
above 1,000 copies/ml. Detailed results are shown in
Table 2. Among the 27 patients with resistant strains, 4,
15 and 8 were resistant to respectively one, two and
three drugs of the actual regimen. 4/27 strains were
resistant to drugs from the NNRTI-class only, 21 to
NRTI+NNRTI, one to NRTI+PI and one to drugs from all
three classes. Because the predominant first-line regimen
included drugs, EFV/NVP and 3TC, with low genetic
barrier to resistance, 85.2% of viral strains from patients
with antiretroviral resistance mutations were resistant to
at least two of the three drugs from their regimen, and
more than 90% were resistant to NVP/EFV and 3TC/FTC.
The proportion of patients who failed their treatment and
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Table 1. General information on the study population, virological failure and drug resistance.

Study population n 122
Female 69 56.5%
Sex
Male 53 43.5%
Median (IQR) 38 (31-45)
Age (years) Range 19-68
3TC/DDI+AZT/D4T/DDI+NVP/EFV 103 84.4%
3TC+AZT/D4AT+NVP/EFV 93 76.2%
First-line antiretroviral regime with DDI 10 8.2%
2NRTI (AZT/D4T/DDI/3TC) + 1PI (IDV or o
NFV (n=1)) 19 15.6%
CD4 counts at treatment initiation Median (IQR) cells/mm?® 86 (38-144)
CD4 counts at enroliment Median (IQR) cells/mm?® 338 (226-430)

First line ARV regime and time on ART

12-23 months on ART 3TC/DDI+AZT/D4T/DDI+NVP/EFV 32/32 100%
24-35 months on ART 3TC/DDI+AZT/D4T/DDI+NVP/EFV 41/41 100%
3TC/DDI+AZT/D4T/DDI+NVP/EFV 30/49 61%
>
2 36 months on ART 2NRTI (AZT/D4T/DDI/3TC) + 1PI (IDV or 19/49 399
NFV (n=1)
Total 49/122 40.2%
1 swith 37/49
T itch
reatment switc 5 switches 9/49
3 switches 3/49
n 36/122 29.5%
Viral load > 300 c/ml Median VL (IQR) (Log c¢/ml) 5.02 3.9-6.0
Range 2.67-7.51
12-23 months on ART 10/32 31.3%
Viral load > 300 ¢/ml and time on ART 24-35 months on ART 11/41 27.5%
= 36 months on ART 15/49 30%
Viral load > 1,000 c/ml n 33/122 27.0%
PCR amplification of samples with VL >1,000 c/ml n 32/33
Presence of at least one major drug resistance o
mutation in amplified samples n 2r/32 84.4%
NNRTI only 4/27 14.8%
Genotypic drug resistance to different drug NRTI + NNRTI 21/27 77.8%
classes NRTI + PI 1/27 3.7%
NRTI+NNRTI+PI 1/27 3.7%
p fatl ior d . 12-23 months on ART 7/32 21.9%
resence of at least one major drug resistance 24- 35 months on ART /41 200,

mutation in amplified samples and time on ART
= 36 months on ART 11/49 22.5%
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Presence of at least one major drug resistance mutation 2NRTI + 1 NNRTI 9/30 30%

in patients on 36 months ART and initial ARV regime

2NRTI + 1 PI 2/19

10.5%

with drug resistance strains are comparable to those
reported in some African countries (Barth et al., 2010)
including Togo, a neighboring country (30.8%) (Dagnra et
al.,, 2011). Results were slightly higher than the rate of
16.9% ART resistance reported after 24 months on
treatment in Cameroon (Kouanfack et al., 2009) but lower
than the rate of 58.7% of Beninese patients with
detectable viral load after 18 months of ART (Ogouyemi-
Hounto et al., 2010).

All 23 viruses with NRTI resistance harbored the
M184V/l mutation; 10 harbored also TAMs with T215Y/F
in six patients, M41L in five patients, K70R in four
patients, L210W and D67N in three patients and
K219Q/E in two patients. L74V mutation was found in two
cases. Viruses from eight patients accumulated sufficient
TAMs resulting in resistance to AZT/D4T and two
patients (7.4%) harbored viruses with mutations that
confer also resistance to ABC, a drug they never
received, recommended for second-line treatment in the
2006 but not in 2010 WHO guidelines. Possible
resistances to TDF, a drug recommended for second-line
ART by WHO in 2010, were found for four patients
including two with intermediate resistance also to ABC
related to presence of M41L, D67DN, M184V, T215Y and
L210W mutations.

Among the 26 NNRTI resistant viruses, 16 (61.5%)
harbored the K103N mutation. Three viruses were
predicted to be resistant to ETV, a new NNRTI, and two
to be possible resistant. Two resistant viruses to ETV had
mutations Y181C and H221Y and the third had V9O0l,
K101R, V179l and Y181C. A study in Malawi showed
that, when diagnosis of treatment failure is based on
clinical observations and CD4 cell counts only, extensive
NRTI and NNRTI resistance emerges, with 23% of
patients showing resistance profiles com-promising
second-line ART (Hosseinipour et al., 2009). In the
Malawi study, the predominantly acquired mutations were
K70E and K65R, associated with TDF resistance in the
absence of this drug in ART regimens. Interestingly,
these mutations were not found in our study and are
possibly related to the absence of subtype C in Benin, in
contrast to Malawi where subtype C predominates.

The two PI resistant viruses were derived from patients
who received Indinavir, one virus was resistant to NRTls
(3TC) and PI (IDV and NFV and possible resistance to
SQV/r) and the other virus, who had a treatment history
with all three classes, was resistant to NRTI (3TC/FTC,
D4T, AZT), NNRTI (EFV, NVP) and PI (IDV, FPV/r and
NFV and possible resistance to LPV/r and SQV/r). Two
others viruses showed possible resistance to SQV/r, a
drug never received by the patients, due to the

accumulation of L10M/I, 115V and K20lI.

In contrast with other studies (Johannessen et al.,
2009; Kouanfack et al., 2009), virological failure and the
proportion of patients with drug resistant mutations
reported here does not increase with ART duration: 21.9,
22 and 22.5% of patients harbored resistant HIV strains
after 12-23, 24-35 and >36 months of ART (Table 1). A
total of 49 patients were for more than 36 months on
ART: 30 patients starting on NRTI+NNRTI and,
interestingly, all the 19 patients who started their treat-
ment with a combination of two NRTIs and one PI. In this
group of patients, 15 out of the 49 had a detectable viral
load (=300 copies/ml) and this proportion was higher for
patients who started on NRTI+NNRTI regimens,
12/30(40%) versus 3/19 (15.8%) for patients on NRTI+PlI,
but the difference is not significant (Pearson's chi-square
test: p=0.07).

The same trend is observed for drug resistance, with
9/30 (30%) versus 2/19 (10.5%) for those starting with
NNRTI or Pls respectively (p=0.11). Although our data
were obtained from a limited number of patients, they
suggest that initial therapy with Pl-based regimens
resulted in lower rates of resistance in absence of
biological monitoring, which is similar to observations by
other teams (Gupta et al., 2008; Lima et al., 2008).

We used a cross-sectional approach and, only patients
still on ART were tested. We have no information about
the number of patients who are lost to follow-up and on
their virological and HIV resistance status. We have also
no information on how many patients died or decided to
stop their treatment, therefore the drug resistance level
we found is most likely a minimal estimate. Another
limitation of our study is that we have no information on
presence or not of resistance mutations at baseline.
However, in general, surveillance of transmitted HIV drug
resistance according to WHO guidelines in ART-naive
populations from Burkina-Faso, Cbte d’lvoire and
Senegal showed low prevalences (<5%) (Ayouba et al.,
2009; Bertagnolio et al, 2011). However some
exceptions can exist: in the study of Dagnra et al. (2009)
in Togo, 8 of 53 (15%) patients who are in need for
treatment and assumed to be ARV naive, already
harbored viruses with drug-resistance mutations (Dagnra
et al., 2009) or 5-15% rates were also seen in few
countries (Bertagnolio et al., 2011).

Conclusion

The virological failure (VL=1000 cp/ml) in patients
routinely followed in HIV/AIDS clinic in Cotonou, Benin,
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Table 2. Treatment history and drug resistance mutations in 33 patients on ART with virological failure (VL=1,000 c/ml)

Months Initial ART Viral load! NRTI genotypic IP genotypic

. . , o . .
on ART regimen Regimen if ART switches (log c/ml) Subtype Drug resistance mutations NNRTI genotypic mutations mutations
13 D4T,3TC,EFV  DAT, 3TC, NVP 490  URF(UAK)  STCFTC ?EB%)NVP' BFV. L7av, m1sav K101EK, Y181C, G190A
14 AZT, 3TC, EFV 362 CRF06 EFV, NVP K101E
3TCIFTC, DAT, AZT, (ABC,  M41L, D67DN, K70KR,

14 AZT,3TC,NVP  AZT, 3TC, EFV 53  CRF02 TP ERV MR i1aay. Tote K103N
16 AZT, 3TC, EFV 313 Negative PCR

URF 3TCIFTC, EFV, NVP,
18 D4T, 3TC, EFV 304 Crroaos) Sav M184V K103N L1OM, 115V, K20
19 D4T,3TC,NVP  AZT,3TC, NVP 542 CRF02 3TCIFTC, EFV, NVP M184V K103NS, V106A
19 AZT, 3TC, NVP 627  CRF02 3Tel FT%V%“TE'TA\F’ EFV. M1sav, T215FIST Y181CY, H221HY, M230LM
2 AZT, 3TC, EFV 646  CRF02 EFV, NVP K103N, P225H
27 D4T, DDI, EFV 560 A3 3TCIFTC, EFV, NVP, (ETV) M184MV K101EK, V1791, Y181C
28 D4T,3TC,NVP  DA4T, 3TC, EFV 496  CRFO2 3TCIFTC, EFV, NVP, ETV M184V K103N, Y181C, H221Y, P225HP
29 AZT, 3TC, EFV 475  CRFO2 3TCIFTC, EFV, NVP M184V K103N, M230L
29 D4T,3TC,EFV  DA4T, 3TC, NVP 511 CRF02 STCFTC, %‘t}; AZT,EFV, M184V, T215F K103N, M230L
29 AZT,3TC,EFV  AZT,3TC, NVP 302 CRFO2 .
32 D4T,3TC,EFV  DAT, 3TC, NVP 624  CRFO2 3TCIFTC, EFV, NVP M184V y188L
32 AZT, 3TC, EFV 560  CRF02 STCIFTC, ?ﬂ, AZT, EFV, M184V, T215Y K103N
35 AZT, 3TC, EFV 588  CRF02 -(sQvin) L10IL, 151V, K20!
35 AZT, 3TC, EFV 472 G 3TCIFTC, EFV, NVP M184V K101EK, K103N
35 AZT,3TC,NVP  DAT, 3TC, NVP 426  URF(UAK)  3TCIFTC,NVP,EFV,ETV  M184V, L210LW V90l, K101R, V1791, Y181C
35 D4T,3TC,EFV  DA4T, 3TC, NVP 396 URF(CRFO2U)  3TCIFTC, NVP, EFV M184V K101E, G190A
40 AZT, 3TC, EFV 642 URF (UAK) 3TCIFTC,NVP,EFV  D67DN, K70R, M184V K103N
# AZT, 3TC, EFV 600  CRFO2 3TCIFTC, EFV, NVP M184V K103N, P225H
42 AZT, 3TC, EFV 603  CRFO2 EFV, NVP K103N
42 AZT, 3TC, EFV 649  CRF02 ;
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URF

46 DAT, 3TC,EFV  AZT, 3TC, NVP 3.94 (CRF02/06) 3TC/FTC, NVP, EFV M184V G190A
3TC/FTC, IDV, NFV, K201, M461, G73S,
47 DA4T, 3TC, IDV 370  CRF02 (SQvi) M184V 184V
3TC/FTC, ABC, D4T, AZT,  M41L, D67N, M184I,
47 D4T, 3TC, EFV 6.13  CRF02 (TDF), EFV, NVP L2A0W, T215Y V106M
47 AZT, DDI, IDV 6.95  CRF02 -
3TC/FTC, D4T, AZT
DDI, 3TC DAT L NVD 1AL M41L, T6ON, K70R L101, K201, M36l
51 DDI, 3TC,EFV  AZT, 3TC, EFV oy ’ 515 G (TDF), EFV, NVP, IDV, ' g ’ L1001, K103N ’ ) ’
NFV 3TC, IDV NFV, FPVIr, (LPVIr, SQVIN L74V, M184V, K219Q 154V, A71V, L9OM
53 AZT, 3TC, NVP 469  CRF02 3TC/FTC, EFV, NVP M184V K103N, Y181C
53 DAT, 3TC,EFV  AZT, 3TC, NVP 6.36  CRF02 EFV, NVP K103N
AZT, 3TC, 3TC/FTC, DAT, AZT, M41L, M184V, L210W,
61 DAT, DDI, IDV DDI, 3TC, IDV NVP 491 URF (CRF37/A) (ABC, TDF), NVP, EFV 215y G190A
62 DDI, 3TC, EFV  AZT, 3TC, EFV 509  CRF02 STCIFTC, DAT, AZT, EFV,  MA1L, K7OR, M184V, K103N, P225H
NVP K219E
66 DAT, 3TC, EFV AZT, 3TC DDEIQA\?C’ 373  CRF02 -

AZT, Zidovudine; 3TC, lamivudine; FTC, emtricitabine; ddl , didanosine; d4T, stavudine; ABC, abacavir; TDF, tenofovir; EFV, efavirenz; NVP, nevirapine; ETV, etravirine; IDV, Indinavir; SQV, Saquinavir;
/r , boosted with ritonavir.

Drugs and resistance mutations between brackets indicate possible resistance.

1: HIV-1 RNA levels in plasma were measured using the RT-PCR test «Generic HIV VL assay» (Biocentric, Bandol, France) with a detection limit of 300 copies/ml (Rouet et al., 2007) using ABI Prism
7000 Sequence Detection System (Applied Biosystems, France).

2: Genotypic antiviral drug resistance test: amplification using in-house nested PCR assay previously described (Vergne et al., 2000) given 1,770 pol fragment. After purification, the amplified fragments
were directly sequenced using a BigDye Terminator V3.1 Cycle Sequencing kit (Applied Biosystems,France) on an Applied Biosystems 3130 XL genetic analyzer. Genetic subtypes/CRFs were determined

by phylogenetic tree analysis as previously (Vidal et al., 2006).

3: Amino acid sequences were analyzed for the presence of mutations in PR and RT genes with the drug resistance interpretation algorithm from ANRS (version July 2010).

was 27% after a median ART period of 35
months, and 22% patients harbored drug resistant
strains. Globally, 19% were resistant to two or
three drugs of their actual regimen. More than
90% of patients, with HIV resistant strains, were

resistant to NVP/EFV and 3TC/FTC. Our results
show that the strategy to monitor patients in these
clinics needs to be improved.

In Benin at Cotonou, equipment and infrastruc-
ture for viral load testing is available but is not

used routinely. In this context, the recommen-
dation will be to analyse the reasons associated
with the absence of viral load testing, because the
2010 WHO guidelines recommends now viral load
testing when possible, to control adherence and
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for early detection of virological failure in order to avoid
the accumulation of resistance mutations, which could
made the second line treatment less active. In five cases,
no drug resistance was observed, therefore a second
viral load testing after the reinforcement of adherence,
could allow to identify whether this was related to
adherence and avoid early switch to second line. An
important finding of our study is that in most cases of
drug resistance the WHO recommended second line of
treatment would be active.

The trend that initial treatment with Pl-based regimens
seems to yield less resistance over time requires further
analysis, within the context of universal access to ARV in
resource-limited countries (Adlington et al., 2009;
Harrigan et al., 2009). Moreover, the recent availability of
cheap and simple generic protease inhibitors via the
Clinton Foundation (http://www.clintonfoundation.org/)
permits to reconsider the use of Pls for the first-line ART
in resource-limited countries and need to be further
evaluated.

These results are useful for clinicians managing
patients and provide some indications on ARV program’s
effectiveness in patients still on treatment. Surveillance of
transmitted drug resistance and monitoring of ART
resistance at sentinel sites should be implemented, in
order to inform health authorities and policy makers on
the efficiency of first- and second-line ART and convey
recommendations on future ART strategies (Bennett et
al., 2008).

ACKNOWLEDGMENTS

We thank S. Eymard-Duvernay for statistical analyses.
We thank all patients that participate in this study. This
work was part of the IHC project of the International
Union against Tuberculosis and Lung Diseases, co-
financed by a grant from the European Commission
(SANTE 2004/078/547/1).

No conflict of interest to declare.

REFERENCES

Adlington R, Richens J, Shahmanesh M (2009). First-line antiretroviral
therapy in resource-limited settings: time to reconsider? J., Infect.
Dis., 199 (9):1407; author reply 1407-1408.

Ayouba A, Lien TT, Nouhin J, Vergne L, Aghokeng AF, Ngo-Giang-
Huong N, Diop H, Kane CT, Valea D, Rouet F, Joulia-Ekaza D, Toni
TD, Nerrienet E, Ngole EM, Delaporte E, Costagliola D, Peeters M,
Chaix ML (2009). Low Prevalence of HIV Type 1 Drug Resistance
Mutations in Untreated, Recently Infected Patients from Burkina
Faso, Cote d'lvoire, Senegal, Thailand, and Vietnam: The ANRS
12134 Study. AIDS Res. Hum. Retroviruses, 25(11): 1-4.

Baldrich-Rubio E, Anagonou S, Stirrups K, Lafia E, Candotti D, Lee H,
Allain JP (2001). A complex human immunodeficiency virus type 1
A/G/J recombinant virus isolated from a seronegative patient with
AIDS from Benin, West Africa. J. Gen. Virol., 82 (Pt 5): 1095-106.

Barth RE, van der Loeff MF, Schuurman R, Hoepelman Al, Wensing
AM (2010). Virological follow-up of adult patients in antiretroviral
treatment programmes in sub-Saharan Africa: a systematic review.
Lancet Infect. Dis., 10(3):155-166.

Bennett DE, Bertagnolio S, Sutherland D, Gilks CF (2008). The World

Health Organization's global strategy for prevention and assessment of
HIV drug resistance. Antivir. Ther., 13 Suppl 2: 1-13.

Bertagnolio S, Kelley K, Saadani Hassani A, Obeng-Aduasare Y,
Jordan M (2011). Surveillance of transmitted and acquired HIV drug
resistance using WHO surveys in resource-limited settings. In CROI.
18th Conference on Retroviruses and Opportunistic Infections,
Boston.

Dagnra AY, Vidal N, Mensah A, Patassi A, Aho K, Salou M, Monleau M,
Prince-David M, Singo A, Pitche P, Delaporte E, Peeters M (2011).
High prevalence of HIV-1 drug resistance among patients under first-
line antiretroviral treatment in Lomé, Togo. J. Int. AIDS. Soc., in
press.

Dagnra AY, Vidal N, Niama FR, Prince-David M, Delaporte E, Peeters
M (2009). Genetic characterization of HIV-1 strains in Togo reveals a
high genetic complexity and genotypic drug-resistance mutations in
ARV naive patients. Infect. Genet. Evol., 9: 646-652.

Gilks CF, Crowley S, Ekpini R, Gove S, Perriens J, Souteyrand Y,
Sutherland D, Vitoria M, Guerma T, De Cock K (2006). The WHO
public-health approach to antiretroviral treatment against HIV in
resource-limited settings. Lancet, 368(9534): 505-510.

Gupta R, Hill A, Sawyer AW, Pillay D (2008). Emergence of drug
resistance in HIV type 1-infected patients after receipt of first-line
highly active antiretroviral therapy: a systematic review of clinical
trials. Clin. Infect. Dis., 47(5): 712-722.

Harrigan PR, Lima VD, Montaner JS (2009). Reconsidering First-Line
Antiretroviral Therapy in Resource-Limited Settings: The Need for
Operational Research. J. Infect. Dis., 199(9): 1407; author reply
1407-1408.

Hosseinipour MC, van Oosterhout JJ, Weigel R, Phiri S, Kamwendo D,
Parkin N, Fiscus SA, Nelson JA, Eron JJ, Kumwenda J (2009). The
public health approach to identify antiretroviral therapy failure: high-
level nucleoside reverse transcriptase inhibitor resistance among
Malawians failing first-line antiretroviral therapy. AIDS., 23(9): 1127-
1134.

Johannessen A, Naman E, Kivuyo SL, Kasubi MJ, Holberg-Petersen M,
Matee MI, Gundersen SG, Bruun JN (2009). Virological efficacy and
emergence of drug resistance in adults on antiretroviral treatment in
rural Tanzania. BMC Infect. Dis., 9:108.

Kouanfack C, Montavon C, Laurent C, Aghokeng A, Kenfack A,
Bourgeois A, Koulla-Shiro S, Mpoudi Ngole E, Peeters M, Delaporte
E (2009). Low levels of antiretroviral-resistant HIV infection in a
routine clinic in Cameroon that uses the WHO Public Health
Approach to monitor antiretroviral treatment and adequacy with the
WHO recommendation for second-line treatment. Clin. Infect. Dis.,
48(1): 1318-1322.

Lima VD, Gill VS, Yip B, Hogg RS, Montaner JS, Harrigan PR (2008).
Increased resilience to the development of drug resistance with
modern boosted protease inhibitor-based highly active antiretroviral
therapy. J. Infect. Dis., 198(1): 51-58.

Ogouyemi-Hounto A, Zannou D, Metodakou D, Lafia B, Gomez V,
Akinocho E (2010). Laboratory testing including CD4 T-cell count and
determination of viral load to evaluate the impact of first line
antiretroviral treatment at 6 months in adults in Benin. Med. Trop.,
70(1): 100.

Paraskevis D, Magiorkinis E, Magiorkinis G, Anastassopoulou C,
Lazanas M, Chrysos G, Vandamme AM, and Hatzakis A (2001).
Molecular characterization of a complex, recombinant human
immunodeficiency virus type 1 (HIV-1) isolate (A/G/J/K/?): evidence
to support the existence of a novel HIV-1 subtype. J. Gen. Virol.
82(Pt 10): 2509-2514.

Rouet F, Chaix ML, Nerrienet E, Ngo-Giang-Huong N, Plantier JC,
Burgard M, Peeters M, Damond F, Ekouevi DK, Msellati P, Ferradini
L, Rukobo S, Marechal V, Schvachsa N, Wakrim L, Rafalimanana C,
Rakotoambinina B, Viard JP, Seigneurin JM, Rouzioux C (2007).
Impact of HIV-1 genetic diversity on plasma HIV-1 RNA
Quantification: usefulness of the Agence Nationale de Recherches
sur le SIDA second-generation long terminal repeat-based real-time
reverse transcriptase polymerase chain reaction test. J. Acquir.
Immune Defic. Syndr., 45(4): 380-388.

UNAIDS (2010). Global Report - UNAIDS report on the global AIDS
epidemic. In http://www.unaids.org/globalreport/Global_report.htm:
WHO press.



