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Abstract

Broad HIV-1 genetic diversity in Cameroon provides a unique opportunity to monitor HIV-1 evolution and allows
the detection of novel strains. We have genetically characterized the HIV-1 subtypes found in 156 samples from
90 drug-naive subjects in Yaoundé, Cameroon collected from 2011 to 2013, using phylogenetic analysis of
regions in gag and pol. We identified subtypes CRF02_AG (64.9%), CRF22_01A1 (7.1%), D (4.5%), F2 (3.9%),
G (3.2%), CRF18_cpx (3.2%), CRF37_cpx (3.2%), CRF11_cpx (2.6%), CRF13_cpx (1.9%), A1 (1.3%),
CRF01_AE (1.3%), CRF09_cpx (1.3%), A2 (0.6%), and H (0.6%). Sequence data for both the gag and pol regions
were obtained from 62 subjects; for 59 of these subjects the two regions were identified as the same viral subtype
while three subjects were discordant, A1/CRF02_AG (subject MDC006), CRF02_AG/F2 (subject MDC179), and
a dual infection with CRF02_AG/F2 (subject MDC131). Longitudinal sequence data were obtained for 28 of these
62 subjects and confirmed the cross-sectional results. These data update subtype information for this area and
highlight the necessity of such studies due to the numerous circulating subtypes, the ongoing superinfection, and
the risk of emerging novel recombinant viruses.

Cameroon remains an epicenter of the HIV-1 epi-
demic and has the highest prevalence of HIV infections

in West Central Africa.1 Every HIV-1 group, subtype, and
many circulating recombinant forms (CRFs) have been
identified in Cameroonian infections; furthermore, epidemi-
ological evidence links the origins of groups M, O, N, and P
to Cameroon and/or nearby regions.2–7 The recombinant
CRF02_AG dominates the epidemic in Cameroon unlike
most areas of the world that are dominated by pure subtype
infections B and C.2,3 Many other common CRFs, including
CRF22_01A1 and CRF01_AE, have also been found to be
prevalent in Cameroon.2,3 Second generation recombinants
(SGRs), which are strains composed at least in part of one
CRF, are increasing in appearance in HIV-1 infections, many
containing portions of CFR02_AG.2,3 The increased amount

of diversity and recombination in Cameroon provides a un-
ique opportunity to study and monitor the evolution of HIV-1
strains.

Due to the propensity of the HIV-1 genome to recombine,
many novel recombinants have been discovered since the
viral subtypes were characterized. Novel recombinants and
SGRs are indicative of superinfection, which has been found
to occur with high frequency in Cameroon.8 Superinfection
occurs when a second, subsequent HIV-1 infection takes
place following seroconversion after the primary infection.8

It is not clear yet how and why some patients become su-
perinfected and others do not; however, the threat to the ep-
idemic is made clear by the production and circulation of
novel recombinants.2,3 It is important therefore to identify
and monitor the evolution of HIV-1 diversity particularly in
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regions of the world, such as Cameroon, where increased
amounts of superinfection lead to novel recombinants. Such
studies are needed to better inform vaccine design, therapy,
diagnosis, and public health intervention approaches for HIV-1
prevention.

We have collected and analyzed cross-sectional and lon-
gitudinal patient samples from Cameroon’s capital city,
Yaoundé, in order to determine the strains that are prevalent
and circulating, and to detect the formation of any unreported
unique recombinant forms (URFs). Samples from 90 drug-
naive patients were randomly selected from the collaborative
cohort shared between New York University, New York, and
the Medical Diagnostic Center (MDC), Yaoundé, Cameroon.
From 74/90 (82.2%) study subjects, we were able to analyze
longitudinal samples taken 5–11 months apart from 2011 to
2013, and 16/90 subjects (17.8%) were analyzed only cross-
sectionally from 2011 to 2012. Study subjects enrolled were
patients referred to the MDC after an HIV-positive result and/
or for gratis medical consultation and CD4 count monitoring.
The mean CD4+ cell count was 460 cells/mm3 with a range
from 92 to 1,306 cells/mm3. Information regarding age, sex,
demographics, and concurrent medical conditions was re-
corded. The median age of the study subjects was 38 years,
with a range from 21 to 63 years; 77.8% were women and
22.2% men. The most likely cause of transmission was self-
reported as 95.6% heterosexual, 1.1% homosexual, 1.1%
blood transfusion, and 2.2% did not self-report any mode of
transmission.

Plasma and peripheral blood mononuclear cells (PBMCs)
were collected using Ficoll gradient centrifugation from
whole blood. Both plasma and PBMCs were stored at -80�C.
Viral RNA was extracted from the plasma using the QIAamp
viral RNA mini kit according to the manufacturer’s protocol
(Qiagen Inc., Valencia, CA). Reverse transcription and nes-
ted polymerase chain reactions (PCRs) were performed with
the SuperScript One-Step RT-PCR system (Life Technolo-
gies, Carlsbad, CA) to isolate a portion of gag, p24, HXB2
region 1,577 to 2,040 (463 bp), and a portion of pol, p51 RT,
HXB2 region 2,584 to 4,180 (1,596 bp), using primers
HIG777, HIP202, HIgag1584, and G17 for the gag region
and NYUPOL9, RTPOL1F, RTPOL1R, RTPOL2F, and
RTPOL2R for the pol region.3 The resulting reactions were
analyzed on a 1% DNA agarose gel by electrophoresis. Re-
actions with a positive band at the appropriate size were
submitted for sequencing. For regions of pol in which over-
lapping sequences were obtained using forward and reverse
PCR products, assembled sequences were produced using
Staden Package 1.6.0. The sequences were aligned with all
known subtyped HIV-1 group M reference strains using
CLUSTAL Omega and phylogenetic trees were generated
with MEGA software using the Kimura two-parameter
method.9–12 Breakpoint analysis was performed for selected
samples by creating bootstrap plots using the SimPlot soft-
ware package, version 3.5.1.21.; bootscanning on neighbor-
joining trees used a 180-bp window moving along the
alignment with increments of 20 bp, respectively. Each se-
quence analyzed was queried against all known HIV-1 Group
M reference sequences and then queried only with sequences
indicated by MEGA and SimPlot analysis to be present.9,10,13

Sequences were successfully amplified in gag, pol, or both
regions for the 90 HIV-1-infected subjects studied. CRF02_AG
was the predominant strain comprising 64.9% of the gag and/or

pol sequences analyzed. This was followed by CRF22_01A1 at
7.1% and D at 4.5%. Numerous other subtypes and CRFs were
identified including F2 (3.9%), G (3.2%), CRF18_cpx (3.2%),
CRF37_cpx (3.2%), CRF11_cpx (2.6%), CRF13_cpx (1.9%),
A1 (1.3%), CRF01_AE (1.3%), CRF09_cpx (1.3%), A2 (0.6%),
and H (0.6%) (Fig. 1). These data report on all samples including
cross-sectional and longitudinal.

Subtype information was analyzed by region for both gag
and pol. Amplification of gag was obtained from 84/90
(93.3%) subjects, including more than one time point for 44/84
(52.4%) subjects (Supplementary Table S1; Supplementary
Data are available online at www.liebertpub.com/aid). The
cross-sectional data for the first time point available for each
subject are described in Fig. 2A and reveal that CRF02_AG
was the predominant subtype, 65.5% (55/84), followed by
CRF22_01A1 (6.0%, 5/84), D (4.8%, 4/84), F2 (3.6%, 3/84), G
(3.6%, 3/84), CRF18_cpx (3.6%, 3/84), CRF37_cpx (3.6%, 3/
84), A1 (2.4%, 2/84), CRF13_cpx (2.4%, 2/84), A2 (1.2%, 1/
84), CRF01_AE (1.2%, 1/84), CRF09_cpx (1.2%, 1/84), and
CRF11_cpx (1.2%, 1/84). Subtype identities were confirmed
for the 44 subjects from whom longitudinal samples were
obtained (Supplementary Table S1).

Sequences of the pol region were obtained for 68/90
(75.6%) of the subjects analyzed, including analysis of more
than one time point for 30/68 (41.1%) of the study subjects.
Described here is the cross-sectional data for the first time
point available for each subject (Fig. 2B). Subtypes identified
in pol were CRF02_AG (64.7%, 44/68), CRF22_01A1
(8.8%, 6/68), D (4.4%, 3/68), CRF11_cpx (4.4%, 3/68), F2
(2.9%, 2/68), G (2.9%, 2/68), CRF18_cpx (2.9%, 2/68),
CRF37_cpx (2.9%, 2/68), H (1.5%, 1/68), CRF01_AE (1.5%,
1/68), CRF09_cpx (1.5%, 1/68), and CRF13_cpx (1.5%, 1/68)
(Fig. 2B). Subtype analysis of the longitudinal samples from
the 30 subjects from whom sequential samples were obtained
also revealed the subtypes as identified in the first time point
specimen (Supplementary Table S1).

FIG. 1. Genetic diversity detected in HIV-1-infected
subjects in Yaoundé, Cameroon. Combined data of subtype
assignments for viral genetic regions gag and pol deter-
mined by phylogenetic analysis of viral sequences. The
subtypes identified were based on analysis of cross-sectional
and longitudinal samples obtained from 90 subjects.
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Analysis of the gag and pol regions from the same subject
permitted the identification of concordant or discordant sub-
type infection. A total of 62 study subjects were analyzed
successfully for both gag and pol, 21/62 (33.9%) were ana-
lyzed using at least two longitudinal samples, and 7/62
(11.3%) were analyzed with three longitudinal samples
(Supplementary Table S1). All subjects contained concordant
infections with three exceptions: subjects MDC006,
MDC179, and MDC131. Sequences from MDC006 including
the first and only time point analyzed for both regions were
found as A1 in the gag region and CRF02_AG in the pol
region. Due to the composition of the CRF02_AG this may
not be a true URF but if confirmed would therefore be an SGR
with CRF02_AG. Samples from subjects MDC179 and
MDC131 were found to have CRF02_AG in the gag region
and F2 in the pol region. This was confirmed with two se-
quential samples taken 6 months apart for MDC179 (Sup-
plementary Table S1). Sequences from subject MDC131
indicated CRF02_AG in both the gag and pol regions in the

first two samples spanning from 2011 to 2012. However,
analysis of a third time point, taken 5 months after the second
sample, revealed the pol region identity to be subtype F2
(Fig. 3). Samples from this subject (MDC131) were analyzed
longitudinally for breakpoints using SimPlot and confirmed
the presence of CRF02_AG and F2, CRF02_AGgagF2pol.
Breakpoints were not detected in these regions and these
results together suggest the subject infected with CRF02_AG
became superinfected with an F2 virus in the third time point.

These data were obtained using bulk PCR and breakpoints
were not analyzed between these regions, therefore it is not
known if a recombination event led to the CRF02_AGgag and
F2pol outcome in the third time point (Fig. 3). Further studies,
including cloning and next generation sequencing, are un-
derway to fully characterize the infections in these three
subjects and will be described elsewhere.

This study provides an updated analysis of the circulat-
ing HIV-1 subtypes in a region of the world that is most
likely and continues to be an epicenter of the virus. In
particular, Yaoundé, the capital city of Cameroon, is a city
that harbors broad human genetic diversity as a result of
human migration from other regions of the country allow-
ing for diverse human interaction and HIV-1 cross-
transmission. The last report in Cameroon was performed
by our group, which analyzed HIV-1 from Limbe samples
collected in 2010.3 Our findings agree that CRF02_AG

FIG. 2. Subtype identification by HIV-1 genomic region.
Percentage of each HIV-1 subtype and CRF identified from
sequences amplified in the (A) gag and (B) pol region of
subjects from Yaoundé, Cameroon. All identifications are
based on phylogenetic analysis of the first time point
available and data represent cross-sectional analysis.

FIG. 3. Phylogenetic tree of the MDC131 pol sequences.
MDC131-1 and MDC131-2, 1,526 bp; MDC131-3, 935 bp.
Kimura two-parameter, neighbor-joining, bootstrap method.
Bootstrap values are indicated at the branch origin.
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remains the most prevalent subtype, representing 64.9% of
the Yaoundé samples tested for gag, pol, or both. This re-
sult confirms and updates our findings from 2009 as well
and is consistent with our findings for other areas of
Cameroon.2–3,8 In addition to CRF02_AG, we also found
CRF22_01A1 to be the second most prevalent, 7.1%, and
subtype D third, 4.5%. Numerous CRFs were identified in
our study, which was the largest proportion of diversity
reported for this area. Studies such as these remain essential
to provide an assessment of current HIV-1 strains in cir-
culation.

The phylogenetic analyses also allowed us to identify
concordant infections by analyzing the two HIV-1 genomic
regions. Furthermore, longitudinal samples allowed us to
report any evidence of recombination and/or superinfection.
We were able to detect the presence of a possible superin-
fection in one subject, for which we were able to analyze
three sequential samples. The subject was infected with
CRF02_AG and F2, CRF02_AGgag, and subtype F2pol, in-
dicating a possible novel recombinant. Infection with
CRF02_AGgag and subtype F2pol was also found in an ad-
ditional subject in the first and second time points. Sequences
from these subjects when analyzed with any other reported
CRF02_AG and F2 recombinant, including those from our
previous studies and others accessed in the Los Alamos HIV
database, do not cluster with any A1F2, 02F2G, AF2G, or
02F2 strains.9 To date, no CRF has been documented con-
taining these two subtypes, although our group has previously
reported multiple subjects infected with these two viruses
including CRF02_AG in the protease region and F2 in the
envelope region in 2004.14 Superinfection with these two
subtypes was found in the gag region in two patients in 2008,
one in which CRF02_AG was the superinfecting strain of an
F2 infection and another in which F2 was the superinfecting
strain of a CRF02_AG infection.8 Taken together with our
result the possible recombination between the highly domi-
nant CRF02_AG subtype and the F2 subtype warrants further
investigation and may be due in part to an unknown mech-
anism of favoritism for these events.

Extreme genetic diversity and recombination are monu-
mental challenges for the advancement of HIV-1 vaccination,
treatment, and diagnostics. Genetic differences between
subtypes are up to 35% in the env region and even 20%
between strains of the same subtype.15 Unexplored differ-
ences may also lead to an extreme outcome in response to
vaccination strategies, which are currently being developed
and/or in future studies. Recombination not only adds to viral
diversity, it can also quickly pass drug resistance mutations
interfering with treatment leading to multidrug-resistant
viruses.16 Diagnostic tools that are equipped to detect only
known subtypes may miss positive cases due to limited
knowledge. It is imperative that we monitor the diversity of
viral subtypes, especially in an area known for high propor-
tions of genetic diversity and recombination, in order to en-
sure that our research efforts in vaccination, treatment, and
diagnostics are capable of handling the current status of the
pandemic.

Sequence Data

The genomic sequences of the gag and pol regions ana-
lyzed in this publication are available in GenBank under

accession numbers KT25444–KT255592 and KT758181–
KT758289, respectively.
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