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Abstract

Background: HIV infection in Cameroon is characterized by a great viral diversity with all HIV-1 groups (M, N, O,
and P) and HIV-2 in circulation. HIV group determination is very important if tailored viral load analysis and
treatments are to be applied. In our laboratory, HIV viral load is carried out using two platforms; Biocentric and
Abbott depending on the HIV group identified. Biocentric which quantifies HIV-1 group M is a cheap and open
system useful in resource limited settings. The objective of this study was to compare the viral load analyses of
serologically group-indeterminate HIV samples using the two platforms with the view of reducing cost.

Methods: Consecutive samples received between March and May 2014, and between August and September 2014
in our laboratory for HIV viral load analysis were included. All these samples were analyzed for their HIV groups
using an in-house ELISA serotyping test. All HIV-1 group M samples were quantified using the Biocentric test while
all other known atypical samples (HIV-1 groups N, O and P) were analyzed using the Abbott technique. HIV group-
indeterminate samples (by serotyping) were quantified with both techniques.

Results: Among the 6355 plasma samples received, HIV-1 group M was identified in 6026 (94.82%) cases; HIV-1 group
O, in 20 (0.31%); HIV-1 group M +O, in 3 (0.05%) and HIV-2, in 3 (0.05%) case. HIV-group indeterminate samples
represented about 4.76% (303/6355) and only 231 of them were available for analysis by Abbott Real-Time HIV-1 and
Generic HIV Viral Load techniques. Results showed that 188 (81.39%) samples had undetectable viral load in both
techniques. All the detectable samples showed high viral load, with a mean of 4.5 log copies/ml (range 2.1–6.5) for
Abbott Real-Time and 4.5 log copies/ml (range 2–6.4) for Generic HIV Viral Load. The mean viral load difference
between the two techniques was 0.03 log10 copies/ml and a good correlation was obtained (r2 = 0.89; P < 0.001).

Conclusion: Our results suggest that cheaper and open techniques such as Biocentric could be useful alternatives for
HIV viral load follow-up quantification in resource limited settings like Cameroon; even with its high viral diversity.
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Background
Human immunodeficiency virus (HIV) infection is a
major public health problem in the world, particularly in
sub-Saharan Africa where the majority of patients live.
An outstanding characteristic of the virus is its genetic
variability which has been attributed to high rates of mu-
tation [1], recombination and viral turnover [2]. To date,
HIV is divided into two types: HIV-1 and HIV-2. HIV-1
has been subdivided into four phylogenetically distinct
groups: M for major (or main), O for outlier, N for non-
M/non-O (or new) and P [3, 4], while HIV-2 is subdi-
vided into nine groups: A-I [5]. According to the demo-
graphic health survey (DHS) 2011, the seroprevalence of
HIV is estimated at 4.3% in Cameroon [6]. This infection
is marked by a great genetic diversity with the co-
circulation of all types and groups (HIV-1 M-P and
HIV-2). This diversity has been shown to impact on the
diagnosis (possibility of false negative results) [7], on
treatment; (some studies described that HIV-1 O were
naturally resistant to the non-nucleoside reverse tran-
scriptase inhibitor because of the presence of Y181C
mutation in the RT gene [8]) and on follow-up of pa-
tients. Therefore, diagnostic techniques (screening and
molecular biology), follow-up and treatment options are
really dependent on the type and/or group of HIV. HIV-
1 O for example has a broader diversity than HIV-1 M
[9] and causes great difficulty for diagnosis. The high
genetic diversity of HIV-1 also has a major impact on
the plasma quantification of HIV-1 RNA [10, 11]. HIV
group determination is very important if tailored viral
load analysis and treatments are to be applied.
In the biological follow-up of HIV infected patients,

plasma (RNA) viral load is the key parameter currently
recommended by WHO. In fact it is a good marker of
therapeutic adherence, disease progression and treat-
ment efficacy. In addition, according to recent WHO’s
recommendations, it will be used as the main thera-
peutic follow-up parameter rather than CD4 counts.
For HIV plasma viral load analyses, the Virology Depart-

ment of Centre Pasteur of Cameroon uses two platforms:
Generic HIV Viral Load assay (Biocentric, Bandol, France)
and Abbott Real-Time HIV-1 assay (Abbott Molecular,
Wiesbaden, Germany). The techniques choice is based on
the HIV-1 group harbored by the patient. Generic HIV
Viral Load assay, used for the quantification of HIV-1
group M is a cheap and open system whose usefulness has
been shown in resource limited countries like Cameroon. It
has also been shown to be applicable in the context of high
viral diversity among HIV-1 group M. Abbott Real-Time
HIV-1 assay is broader in terms of range of HIV groups
covered [10], however because of unaffordable cost of ana-
lysis, this test is less implemented in resource limited set-
tings. In order to choose an adequate and cheap HIV viral
load technique in our laboratory for each sample, HIV

types/groups determination is performed routinely using an
in-house ELISA assay as previously described [12]. In spite
of the systematic application of this discriminatory test, the
types/groups of some samples remain indeterminate. The
objective of this study was to compare the viral loads of
serologically indeterminate HIV samples using two tech-
niques: the Generic HIV Viral Load assay (Biocentric, Ban-
dol France) and the Abbott Real-Time HIV-1 assay (Abbott
Molecular, Wiesbaden Germany) with the view of reducing
cost in such genetically divergent viral populations.

Methods
Description of the study site
The Centre Pasteur of Cameroon (CPC) is one of the
reference HIV laboratories in Cameroon. It plays a cen-
tral role in evaluating HIV tests intended to be used for
routine analyses in Cameroon. As part of this role, the
CPC determined the utility a cheaper test, the Biocentric
method for HIV serological indeterminate samples. All
the data were collected in the Virology service from pa-
tients who requested HIV viral load analyses at CPC.
Two platforms are used for viral load quantification se-
lected according to HIV serotyping results: Biocentric is
specifically dedicated for HIV-1 group M quantification
while Abbott is used for other HIV-1 variants.

Serotyping
Between March and May 2014, and between August and
September 2014, 6355 consecutive samples were registered
in the Virology laboratory of Centre Pasteur of Cameroon
for viral load analysis. As a routine test, prior to all viral
load analysis in our laboratory, HIV-group serotyping was
performed on all these samples using an in-house ELISA as
previously described [12]. Briefly, this test uses HIV pep-
tides of the V3 loop and gp41/36 regions of HIV-1 groups
M, N, O and P as well as HIV-2 peptides. A first test, “two
peptides” format, explores the V3 region of HIV-1 groups
M (HIV-1 M) and O (HIV-1 O). Negative samples in the
“two peptides” assay were re-tested in a second ELISA
known as the “ten peptides” format using peptides mapping
the gp41/36 region of HIV-1 groups M, O, N and HIV-2/
SIVsm on one hand and V3 peptides of HIV-1 groups M,
O (subgroup H and consensus), N, P, and HIV-2/SIVsm on
the other hand.

Plasma HIV RNA quantification
All HIV-1 M samples identified by serotyping were quanti-
fied by the Generic HIV Viral Load assay (Biocentric,
Bandol-France), which targets a well-conserved LTR region
of HIV-1 [13]. Non-M samples (HIV-1 N, O and P) identi-
fied by serotyping were quantified by Abbott Real-Time
HIV-1 assay (Abbott molecular, Wiesbaden-Germany),
which targets a highly conserved integrase-coding region of
the pol gene [14]. For the purpose of this study, HIV
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group-indeterminate samples (by serotyping) were quanti-
fied with both techniques.

a. Generic HIV Viral Load assay (Biocentric
Bandol-France)

RNA was extracted manually from 1 mL of all HIV-1
group M plasma samples using QIAmp viral RNA mini
kit (QIAGEN, Courtaboeuf, France) according to the
manufacturer instructions. Purified RNA was eluted in
60 μL of molecular grade water. A volume of 10 μL of
RNA extracts was therefore used for quantification with
the Generic HIV Viral Load assay (Biocentric, Bandol-
France) as originally described by Rouet and collabora-
tors in the ANRS HIV quantification working group [13]
and previously reported by our team [15]. The cycling
conditions consisted of 50 °C for 10 min and 95 °C for
5 min, followed by 50 cycles of 95 °C for 15 s and 60 °C
for 1 min. Amplification and data acquisition were car-
ried out using the ABI Prism 7300 Sequence Detection
System (Applied Biosystems) and the detection cut-off
value was 60 HIV-1 RNA copies/mL.

b. Abbott Real-Time HIV-1 assay (Abbott
molecular, Wiesbaden-Germany)

This assay was performed on samples that tested HIV-1
Group O or N by serotyping. The test was run according to
the manufacturer’s instructions. Briefly, HIV-1 RNA was
extracted from 0.6 mL of plasma sample, using the Abbott
m2000sp nucleic acid extraction system. 50 μL of purified
RNA was subsequently mixed with 50 μL of Master mix
and run on the m2000rt Real-Time PCR system [14]. The
detection cut-off value was 40 HIV-1 RNA copies/mL.

Molecular characterization
For the purpose of this study, samples that were sero-
logically HIV type/group-indeterminate were quantified
by both the Abbott Real-Time HIV-1 and Generic HIV
Viral Load assays. Samples showing detectable viral
loads were further characterized using molecular tests.
Molecular tests were performed using an RT-nested

PCR targeting the pol gene (Integrase) of HIV-1 group
M and O as previously described [16]. RNA extracts ori-
ginating from samples that were detectable by only one
of the quantification techniques (Generic HIV Viral
Load and Abbott HIV-1 viral load assays) were further
analyzed using an RT-nested PCR targeting the Gp41 re-
gion of the Env gene as previously described [17]. This
PCR uses primers with a broad specificity and can amp-
lify HIV-1 (M, O, and N) as well as Simian Immunodefi-
ciency Viruses from Chimpanzees (SVIcpz). Primers
were designed on the basis of conserved gp41 (gpM–Z)
regions. The outer primers gp40F1 and gp41R1 and the

inner primers gp46F2 and gp48R2 were used with the
PCR conditions previously described [17].

Sequence and phylogenetic analyses
PCR products were sequenced by the Sanger method
using BigDye® Terminator Cycle Sequencing Ready Reac-
tion v3.1 kit (Applied Biosystems). Sequences were aligned
by CLUSTALW and phylogenetic trees were inferred
using a Kimura two-parameter substitution model and the
neighbor-joining method with 1000 bootstrapped data
sets implemented with the MEGA6.06 software [18].

Statistical analysis
We performed the correlation coefficient of Pearson to
observe association between HIV-1 viral loads obtained
with the two techniques. Furthermore, the statistical
tests of Karle Wallis were implemented to compare the
value of correlation with 0. All the statistical analyses
were performed using R software version 2.15.

Results
Serotyping
Among the 6355 plasma samples received, HIV-1 group
M was identified in 6026 (94.82%) cases, HIV-1 group O
in 20 (0.31%), HIV-1 group M+O in 3 (0.05%) and HIV-2
in 3 (0.05%) cases. HIV-group indeterminate samples rep-
resented about 4.76% (303/6355) of all samples received.

Abbott real-time HIV-1 and generic HIV viral load assays
of HIV group indeterminate samples
Because of the limitation of the volume of some plasma
samples, only 231 of the 303 types/groups indeterminate
samples were available and could be analyzed by Abbott
Real-Time HIV-1 and Generic HIV Viral Load techniques.
The results showed that 188 (81.39%) of these samples
showed undetectable viral load using both techniques. All
the remaining 43 samples were detectable with Abbott
Real-Time HIV-1 while 40 of them were also detectable
with the Generic HIV Viral Load (Table 1). All detectable
samples in both techniques showed high viral load, with a
mean of 4.5 log copies/ml (range 2.1–6.5) and 4.5 log cop-
ies/ml (range 2–6.4) for Abbott Real-Time and Generic
HIV Viral Load, respectively.
The mean viral load difference between the two tech-

niques was 0.03 log10 copies/ml which was not signifi-
cantly different. Importantly, the difference between
both assays did not increase with low or high viral loads.
A good correlation was found between the results of
both assays (Pearson correlation coefficient r2 = 0.89; P
< 0.001) as shown on Fig. 1.

Molecular characterization
Molecular characterization of HIV type/group indeter-
minate samples showed that all forty samples detectable
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by both techniques were HIV-1 group M while the three
discordant samples detected only by the Abbott Real-
Time HIV-1 technique were HIV-1 group O. Further
phylogenetic analysis of the sequences of the Gp41 re-
gion derived from the three HIV-1 group O samples,
showed that two of them belonged to HIV-1 group O
subgroup H while the last one was a member of the sub-
group T (Fig. 2).

Discusion
Plasma (RNA) viral load is the key parameter currently
recommended by WHO for the biological follow-up of
HIV infected patients because it is a good marker of thera-
peutic adherence, disease progression and treatment effi-
cacy. In our laboratory, two platforms are used for viral
load quantification selected according to HIV serotyping
results: Generic HIV Viral Load (Biocentric) is specifically
dedicated for HIV-1 group M quantification and Abbott
Real-Time (Abbott) for other HIV-1 variants. Serotyping
used for the discrimination of different HIV variants
(HIV-1 groups M, N, O and P and HIV-2), is performed
using two sets of peptides: the gp41/36 and the V3 specific
for each HIV type/group. Data have shown that the gp41/
36 peptides have an excellent sensitivity while the V3 pep-
tides have an excellent specificity for the corresponding
HIV-1 group, especially the group M peptides [19]. Simon

and collaborators demonstrated that the V3 discrimin-
ation component of the test clearly identified all the group
M samples and there was no V3 reactivity other than that
directed to the peptides mapping this group. Serotyping
could therefore be systematically performed as comple-
mentary test for all HIV-positive samples because this will
help for the choice of appropriate treatment option as well
as the platform to be used for viral load. Thus, samples
classified as HIV-1 group M in our study (6026 out of
6355 samples received) were correctly quantified by Gen-
eric HIV Viral Load (Biocentric).
Our serological data confirmed the circulation of HIV-1

(groups M, N and O), HIV-2, as well as HIV-1 M+O dual
infections. These data confirm the great genetic diversity
of HIV in Cameroon [20–22]; with HIV-1 M representing
the broad majority of HIV in circulation. It is known that
HIV-1 M is the pandemic form of HIV because it is dis-
tributed worldwide, while other variants are mostly found
in Africa, especially in Cameroon [23]. Our results showed
that 0.3% of samples were HIV-1 group O, and this is con-
sistent with the actual epidemiology of HIV-1 group O
whose prevalence is estimated at approximately 0.4–1% of
all HIV infections in Cameroon [20–22]. Among the 231
HIV type/group indeterminate samples analyzed with
both Generic HIV Viral Load and Abbott Real-Time as-
says, as high as 81.39% had undetectable viral load in both

Table 1 Viral load of HIV serotyping indeterminate samples

Abbott Real-Time HIV-1

Detectable Undetectable Total (%)

Generic HIV Viral Load Detectable 40 0 40 (17.32)

Undetectable 3 188 191 (82.68)

Total (%) 43 (18.61) 188 (81.39) 231

Plasma viral load results of the 231 HIV group indeterminate samples obtained with Abbott Real-Time HIV-1 and Generic HIV Viral Load are shown in the table.
The number of samples that were detectable by one of the two assays is shown in bold

Fig. 1 Correlation between Generic HIV viral load and Abbott Real-Time HIV-1 assays. Using the samples (n = 40) detected with both techniques, Viral
loads obtained with Abbott Real-Time HIV-1 (Y-axis) assays were plotted against values of Generic HIV viral load (X-axis). The solid line represents the
fitted regression and the Pearson correlation coefficient r2 = 0.89 (P < 0.001) confirms the good correlation between both techniques
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techniques. This could be due to the fact that most of pa-
tients received in our laboratory for HIV viral load are on
Combined Antiretroviral Therapy; and according to the
WHO 2013 recommendations which are used in the
country, viral load is performed six months after treat-
ment initiation. These undetectable VL results indicate
the absence of plasma HIV-1 RNA and reveal expected
treatment efficacy for the majority of the patients received.
It has been demonstrated that treatment can drop viral
load and antibody titers can subsequently decrease leading
to indeterminate serological tests [24] as observed with in-
determinate results in serotyping. However, PCR could be
used to confirm HIV status in such cases; we previously
described seronegative results with positive DNA PCR in
children who started treatment early [25].
We found a good concordance (98.7%) between both

techniques, and the majority of samples found to be de-
tectable with Abbott Real-time were also detectable with
Generic HIV Viral Load, with a good correlation between
viral load values (Pearson correlation coefficient r2 = 0.89;
P < 0.001). This is consistent with results obtained by
Rouet and collaborators who described the performance
of the ANRS (Agence Nationale de Recherche sur le
SIDA) second-generation long terminal repeat-based real-
time RT-PCR test, Generic HIV Viral Load, for the quanti-
fication of HIV in a context of high HIV genetic diversity
[13]. The molecular characterization showed that all 40
samples efficiently detected by both techniques were HIV-
1 group M, whereas, the three samples refractory to Gen-
eric HIV Viral Load were HIV-1 group O. This result can

be explained by the fact that Generic HIV Viral Load has
been designed for the quantification of HIV-1 group M
and has been shown to inaccurately quantify certain
strains of HIV-1 group O [13]. In the phylogenetic ana-
lysis, two of HIV-1 group O sequences were closely re-
lated and supported by a high bootstrap value (Fig. 2).
Further analyses were performed to investigate a potential
transmission pair. These two sequences displayed a
97.43% identities and they were obtained from two
women from different cities. Also, the patients were re-
ceived at different date with no epidemiological link.
Altogether, these results suggested that there is no trans-
mission pair even if the two sequences are more related to
each other than to other HIV-1 group O sequences.
Even though viral load has become the main viro-

logical marker for detecting treatment failure, this test is
not affordable in many countries especially in the re-
source limited settings. Because of inadequate laboratory
capacity and high cost of equipment, viral loads are per-
formed in the reference laboratory; samples have to be
collected in the field and shipped to reference laboratory
for testing. In this context, logistic barriers (plasma sep-
aration, storage and shipping of specimens) are major
challenges in the availability of HIV viral load in periph-
eral regions. Therefore, there is an urgent need in the
development of less costly methods such as viral load
pooling, viral load using DBS as well as point of care to
monitor patients receiving antiretroviral therapy. These
methods could be helpful for the sustainability of the
monitoring of patients; however, such strategies should

Fig. 2 Phylogenetic characterization of the discordant samples between Abbott. Real-Time HIV-1 and Generic HIV Viral Load. Phylogenetic tree
based on unambiguously aligned nucleotides from the Gp41 region (386 bp). Sequences from the three samples with discordant results on
Abbott and Biocentric platforms are shown in bold. The subgroup of reference sequences representative of HIV-1 group O is indicated in the
name of the sequence (H = head and T = tail). Two HIV-1 group M sequences, B.FR.83.HXB2 LAI IIIB BRU.K03455 and 02 AG.NG.x.IBNG.L39106 were
used as outgroups. The analysis was performed as described in Methods section (Sequence analysis)

Ngo-Malabo et al. Virology Journal  (2017) 14:224 Page 5 of 7



to be validated in each region/country in order to take
into consideration the specificity of the designated area.
Nonetheless, our study has some limitations because

the presence of non HIV-1 variants in the 188 samples
with HIV type/group indeterminate results with serotyp-
ing and undetectable viral load on both Abbott Real-
time and Generic HIV Viral Load cannot be ruled out.
Since these viral load assays could not amplify non HIV-
1 variants, nested-PCR for HIV-2 and SIV should be per-
formed on these samples.

Conclusion
In conclusion, our results suggest that a cheaper and open
technique such as Generic HIV Viral Load (Biocentric) could
be a reliable alternative for HIV viral load follow-up quantifi-
cation in the settings marked by a high viral diversity, like
Cameroon. In such settings, molecular characterization
could therefore be performed on samples originating from
patients with immuno-virological or immuno-clinical discor-
dances, in order to detect potential non-M HIV variants.
Since the price of Abbott Real-Time assy is twice the price of
the Generic assay in Cameroon, using this Biocentric plat-
form will save 450,000 US dollars at the end of the year.

Abbreviations
cART: Combined Antiretroviral Therapy; CPC: Centre Pasteur du Cameroun;
DHS: Demographic Health Survey; HIV: Human Immunodeficiency Virus;
PCR: Polymerase Chain Reaction; VL: Viral Load; WHO: World Health
Organization

Acknowledgements
We would like to thank all the patients for the data provided. All the data
presented here were anonymously analysed and reported. We also like to
thank the Centre Pasteur of Cameroon for its financial support.

Funding
This work was supported by the Centre Pasteur of Cameroon. CPC was not
involved in the study design, collection of samples, and interpretation of
data or preparation of the manuscript.

Availability of data and materials
The nucleotide sequences of HIV-1 group O described from the discordant
samples are in process for submission to GenBank.

Authors’ contributions
AK and RN designed the study; ETNM, PATN and MZ performed the
experiments; ETNM and PATN drafted the manuscript; and AK, RN, SASM, LN
and VN were involved in editing the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 11 August 2017 Accepted: 7 November 2017

References
1. Gao F, Chen Y, Levy DN, Conway JA, Kepler TB, Hui H. Unselected mutations

in the human immunodeficiency virus type 1 genome are mostly
nonsynonymous and often deleterious. J Virol. 2004;78:2426–33.

2. Levy DN, Aldrovandi GM, Kutsch O, Shaw GM. Dynamics of HIV-1 recombination
in its natural target cells. Proc Natl Acad Sci U S A. 2004;101:4204–9.

3. Plantier JC, Leoz M, Dickerson JE, De Oliveira F, Cordonnier F, Lemee V,
Damond F, Robertson DL, Simon FA. New human immunodeficiency virus
derived from gorillas. Nat Med. 2009;15:871–2.

4. Robertson DL, Anderson JP, Bradac JA, Carr JK, Foley B, Funkhouser RK, Gao
F, Hahn BH, Kalish ML, Kuiken C, Learn GH, Leitner T, McCutchan F,
Osmanov S, Peeters M, Pieniazek D, Salminen M, Sharp PM, Wolinsky S,
Korber B. HIV-1 nomenclature proposal. Science. 2000;288:55–6.

5. Ayouba A, Akoua-Koffi C, Calvignac-Spencer S, Esteban A, Locatelli S, Li H, Li
Y, Hahn BH, Delaporte E, Leendertz FH, Peeters M. Evidence for continuing
cross-species transmission of SIVsmm to humans: characterization of a new
HIV-2 lineage in rural cote d'Ivoire. AIDS. 2013;27:2488–91.

6. ORC-Macro INdlSa. Enquête Démographique et de Santé du Cameroun 2011. 2011.
7. Plantier JC, Djemai M, Lemee V, Reggiani A, Leoz M, Burc L, Vessiere A,

Rousset D, Poveda JD, Henquell C, Gautheret-Dejean A, Barin F. Census and
analysis of persistent false-negative results in serological diagnosis of
human immunodeficiency virus type 1 group O infections. J Clin Microbiol.
2009;47:2906–11.

8. Descamps D, Collin G, Letourneur F, Apetrei C, Damond F, Loussert-Ajaka I,
Simon F, Saragosti S, Brun-Vezinet F. Susceptibility of human
immunodeficiency virus type 1 group O isolates to antiretroviral agents: in
vitro phenotypic and genotypic analyses. J Virol. 1997;71:8893–8.

9. Leoz M, Feyertag F, Kfutwah A, Mauclere P, Lachenal G, Damond F, De
Oliveira F, Lemee V, Simon F, Robertson DL, Plantier JC. The two-phase
emergence of non pandemic HIV-1 group O in Cameroon. PLoS Pathog.
2015;11:e1005029.

10. Rouet F, Liegeois F, Mouinga-Ondeme A, Kania D, Viljoen J, Wambua S.
Ngo-Giang-Huong N, Menan H, Peeters M, Nerrienet E. Current challenges
to viral load testing in the context of emerging genetic diversity of HIV-1.
Expert Opin Med Diagn. 2011;5:183–202.

11. Gueudin M, Leoz M, Lemee V, De Oliveira F, Vessiere A, Kfutwah A, Plantier
JCA. New real-time quantitative PCR for diagnosis and monitoring of HIV-1
group O infection. J Clin Microbiol. 2012;50:831–6.

12. Kfutwah A, Lemee V, Ngono HV, De Oliveira F, Njouom R, Plantier JC. Field
evaluation of the Abbott ARCHITECT HIV ag/ab combo immunoassay. J Clin
Virol. 2013;58(Suppl 1):e70–5.

13. 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. 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. 2007;45:380–8.

14. Schutten M, Peters D, Back NK, Beld M, Beuselinck K, Foulongne V, Geretti
AM, Pandiani L, Tiemann C, Niesters HG. Multicenter evaluation of the new
Abbott RealTime assays for quantitative detection of human
immunodeficiency virus type 1 and hepatitis C virus RNA. J Clin Microbiol.
2007;45:1712–7.

15. Tejiokem MC, Faye A, Penda IC, Guemkam G, Ateba Ndongo F, Chewa G,
Rekacewicz C, Rousset D, Kfutwah A, Boisier P, Warszawski J. Feasibility of
early infant diagnosis of HIV in resource-limited settings: the ANRS 12140-
PEDIACAM study in Cameroon. PLoS One. 2011;6:e21840.

16. Heyndrickx l, Janssens w, Gürtler l, Zekeng l, Loussert-ajaka I, Vereecken K,
Willems B, Coppens S, Ndumbe P, Fransen K, Saman E, Alary M, Groen1 gvd.
Differential diagnosis of HIV type 1 group O and MInfection by polymerase
chain reaction and Pstl restriction analysis of the pol gene fragment. AIDS
Res Hum Retrovir. 14:973–7.

17. Yang C, Dash BC, Simon F, van der Groen G, Pieniazek D, Gao F, Hahn BH,
Lal RB. Detection of diverse variants of human immunodeficiency virus-1
groups M, N, and O and simian immunodeficiency viruses from
chimpanzees by using generic pol and env primer pairs. J Infect Dis 2000;
181:1791–1795.

Ngo-Malabo et al. Virology Journal  (2017) 14:224 Page 6 of 7



18. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: Molecular
Evolutionary Genetics Analysis version 6.0. Mol Biol Evol. 2013;30:2725–9.

19. Simon F, Souquiere S, Damond F, Kfutwah A, Makuwa M, Leroy E, Rouquet
P, Berthier JL, Rigoulet J, Lecu A, Telfer PT, Pandrea I, Plantier JC, Barre-
Sinoussi F, Roques P, Muller-Trutwin MC, Apetrei C. Synthetic peptide
strategy for the detection of and discrimination among highly divergent
primate lentiviruses. AIDS Res Hum Retrovir. 2001;17:937–52.

20. De Oliveira F, Mourez T, Vessiere A, Ngoupo PA, Alessandri-Gradt E, Simon F,
Rousset D, Plantier JC. Multiple HIV-1/M + HIV-1/O dual infections and new
HIV-1/MO inter-group recombinant forms detected in Cameroon.
Retrovirology. 2017;14:1.

21. Villabona-Arenas CJ, Domyeum J, Mouacha F, Butel C, Delaporte E, Peeters
M, Mpoudi-Ngole E, Aghokeng AF. HIV-1 group O infection in Cameroon
from 2006 to 2013: prevalence, genetic diversity, evolution and public
health challenges. Infect Genet Evol. 2015;

22. Vessiere A, Rousset D, Kfutwah A, Leoz M, Depatureaux A, Simon F, Plantier
JC. Diagnosis and monitoring of HIV-1 group O-infected patients in
Cameroun. J Acquir Immune Defic Syndr. 2010;53:107–10.

23. Peeters M, Toure-Kane C, Nkengasong JN. Genetic diversity of HIV in Africa:
impact on diagnosis, treatment, vaccine development and trials. AIDS. 2003;
17:2547–60.

24. Bannister WP, Ruiz L, Loveday C, Vella S, Zilmer K, Kjaer J, Knysz B, Phillips
AN, Mocroft A. HIV-1 subtypes and response to combination antiretroviral
therapy in Europe. Antivir Ther. 2006;11:707–15.

25. Kfutwah AK, Tejiokem MC, Ateba FN, Ndongo JA, Penda IC, Ngoupo PA,
Tchendjou P, Chewa G, Boisier P, Rouzioux C, Warszawski J, Faye A.
Seronegativation in early treated HIV-infected infants: frequency and
potential implications on care and follow-up in a resource-limited country. J
Acquir Immune Defic Syndr. 2011;58:e43–6.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ngo-Malabo et al. Virology Journal  (2017) 14:224 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Description of the study site
	Serotyping
	Plasma HIV RNA quantification
	Molecular characterization
	Sequence and phylogenetic analyses
	Statistical analysis

	Results
	Serotyping
	Abbott real-time HIV-1 and generic HIV viral load assays of HIV group indeterminate samples
	Molecular characterization

	Discusion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

