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Significant contribution of subtype G to HIV-1
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Abstract
While abundant sequence information is available from human immunodeficiency virus type 1 (HIV-1) subtypes A, B, C and
CRF01_AE for HIV-1 vaccine design, sequences fromWest Africa are less represented. We sought to augment our understanding of
HIV-1 variants circulating in 6 Nigerian cities as a step to subsequent HIV-1 vaccine development.
The G/CRF02_AG multi-region hybridization assay (MHA) was developed to differentiate subtype G, CRF02_AG and their

recombinants from other subtypes based on 7 HIV-1 segments. Plasma from 224 HIV-1 infected volunteers enrolled in a cohort
examining HIV-1 prevalence, risk factor, and subtype from Makurdi (30), Abuja (18), Enugu (11), Kaduna (12), Tafa (95), and Ojo/
Lagos (58) was analyzed using MHA. HIV-1 genomes from 42 samples were sequenced to validate the MHA and fully explore the
recombinant structure of G and CRF02_AG variants.
The sensitivity and specificity of MHA varied between 73–100% and 90–100%, respectively. The subtype distribution as identified

by MHA among 224 samples revealed 38% CRF02_AG, 28% G, and 26% G/CRF02_AG recombinants while 8% remained
nontypeable strains. In envelope (env) gp120, 38.84% of the samples reacted to a G probe while 31.25% reacted to a CRF02
(subtype A) probe. Full genome characterization of 42 sequences revealed the complexity of Nigerian HIV-1 variants.
CRF02_AG, subtype G, and their recombinants were the major circulating HIV-1 variants in 6 Nigerian cities. High proportions of

samples reacted to a G probe in env gp120 confirms that subtype G infections are abundant and should be considered in strategies
for global HIV-1 vaccine development.
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Abbreviations: ART = anti-retroviral treatment, CRF = circulating recombinant form, env = envelope, GTR = general time
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reversible, HIVdb = HIV-1 sequence database, HMA = heteroduplex mobility assay, jpHMM = jumping profile hidden Markov model,
LANL= Los Alamos National Laboratory, MEGA =molecular evolutionary genetics analysis, MHA=multi-region hybridization assay,
ML = maximum likelihood, pol = polymerase, RT-PCR = reverse transcription polymerase chain reaction.
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1. Introduction

Twenty-five of the 35 million people globally living with human
immunodeficiency virus type 1 (HIV-1) infection in 2013 were in
Sub-Saharan Africa.[1] Nigeria, the most populous country in
Africa, was ranked second in the world for the highest HIV-1
burden.[2] The United Nations Development Program reported a
population of 174 million, with a prevalence of 3.1% HIV-1
among 15 to 49-year-old individuals in Nigeria in 2013.[3] While
recent antiretroviral treatment (ART) programs in Nigeria have
significantly increased access to ART among the general
population, incidence has not decreased substantially. HIV-1
related stigma and discrimination still pose significant obstacles
to ART uptake, a major concern given that members of the most-
at-risk populations and their partners contributed to as much as
40% of the 227,518 new infections in Nigeria in 2014.[2]

Current HIV-1 vaccines includes only subtypes A, B, C, and
circulating recombinant form (CRF) 01_AE.[4–12] Following the
demonstration that an HIV-1 vaccine tailored to a specific
subtype is possible,[5] new approaches to creating a globally
effective vaccine will need to take into accountWest AfricanHIV-
1 variants.[13] Given its large population size and number of
infected individuals, characterizing Nigerian HIV-1 variants is
important to accurately inform global vaccine development. The
Los Alamos National Laboratory (LANL) HIV-1 Sequence
Database is biased towards subtype B. There were only 1.01% of
subtype G and 2.54%of CRF02_AG, the main circulating strains
in Nigeria, deposited in LANL on 10 November 2015.
HIV-1 group M is responsible for most of global infections,

and can be further classified into 13 subtypes and 72 CRFs.[14,15]

In Nigeria, subtypes A, B, C, D, F2, G, J, and group O have been
identified along with several CRFs in varying proportions.[16–27]

However, subtypes G and CRF02_AG have been the dominant
subtypes in Nigeria and throughout West Africa within the past
decade.[14,16,19] These studies identified HIV-1 subtypes using a
variety of laboratory methods such as heteroduplex mobility
assays (HMA) and partial genome sequencing of the env, gag,
and polymerase (pol) genes.[16–27] The distribution of HIV-1
variants in Nigeria seems to differ based on geography, as
subtype G is most prevalent in the north and CRF02_AG in the
south.[20,26] Our group has also observed this general subtype
distribution and has identified subtypes in complex combinations
using MHA and full-length sequencing.[28–30] In addition, Leye
et al[31] has developed anMHA assay for HIV-1 subtypes inWest
Africa using a different approach.
Since 2008, Nigeria’s South-South geopolitical region has had

a higher HIV-1 prevalence than the North-Central region.[2,19]

These shifts in HIV-1 prevalence and subtype gradients suggest
differences in the epidemiological origins and migration patterns
for subtypes G and CRF02_AG.[32] Contemporary studies of
HIV-1 sequence variation in Nigeria are needed to better inform
HIV-1 vaccine design and HIV-1 prevention and treatment
strategies in Nigeria. In this study, we exploit our expertise in
designing, validating, and field-testing a real-time polymerase
chain reaction (PCR) genotyping assay capable of distinguishing
2

HIV-1 subtypes G, CRF02_AG, and their recombinant forms to
more accurately characterize the HIV-1 strains circulating in
Nigeria. The performance of this newly developed assay was
validated by full-length HIV-1 genomic sequencing of a subset of
samples.
2. Methods

2.1. Study populations

A prevalence, risk factor and HIV-1 subtype characterization
cohort study was conducted in Nigeria from August 2009 to
March 2012, jointly by the Emergency Plan Implementation
Committee of the NigerianMinistry of Defense HIV Programme,
the United States Military HIV Research Program, Walter Reed
Army Institute of Research, and the Department of Defense HIV
Program-Nigeria. A total of 3229 adult volunteer community
members were enrolled at 6 geographically dispersed sites:
Makurdi, Abuja, Enugu, Kaduna, Tafa, and Ojo/Lagos. Blood
samples from the 3187 participants who completed the study
were submitted for HIV testing. The site-specific HIV prevalence
ranged from 3.2% in the Enugu site to 22.8% in the Tafa site
(Makurdi 9.4%; Abuja 7.3%; Enugu 3.2%; Kaduna 4.9%; Tafa
22.8%, and Ojo/Lagos 15.7%). The overall prevalence rate was
10.2%. From 324 identified HIV-1 positive volunteers, plasma
samples from 224 were of sufficient viral titer and purity to allow
subtype characterization. These included 30 samples from
Makurdi, 18 from Abuja, 11 from Enugu, 12 from Kaduna,
95 from Tafa, and 58 from Ojo Lagos. Demographic character-
istics and HIV risk factors of the study participants will be
described elsewhere (Njoku et al, in preparation).
2.2. Subtype G, CRF02_AG probe and primer design and
testing

HIV-1 subtype G and CRF02_AG sequences from the LANL
HIV-1 sequence database (HIVdb) were aligned.[14] The highly
conserved nucleotide regions within a subtype and the most
distinct regions between subtype G and CRF02_AG were
examined across the genome to identify the sequences that
would maximize the discrimination between subtypes G and
CRF02_AG. The probes were designed to hybridize to the target
sequences based on visual inspection and using the QuickAlign
tool from theHIVdb.[14] The primers were designed to amplify all
HIV-1 subtypes and their recombinants using the same tools. The
specifics on the initial testing of primers and probes for each
region have been tested using a panel of previously characterized
HIV-1 full-genome deoxyribonucleic acid (DNA) as described
previously.[30,33–35]
2.3. HIV-1 subtype G, CRF02-AG MHA

Viral ribonucleic acid (RNA) was extracted from the plasma of
volunteers using the MagNA Pure robotic nucleic acid extraction
procedure (Roche Diagnostics, Indianapolis, IN) following the
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manufacturer’s instructions. Extracted RNA was then used in
reverse transcriptase polymerase chain reaction (reverse tran-
scriptase (RT)-PCR). The RT-PCR mix contained QIAGEN
OneStep RT-PCR 5� Buffer (Qiagen), 200mM each dNTP, 400
nM of each outer primer, 4 units of RNasin Ribonuclease
Inhibitor (Promega), 0.5mL of QIAGEN OneStep RT-PCR
EnzymeMix (Qiagen), and 10mL of the extracted RNA, resulting
in a final volume of 25mL per reaction. The thermocycle routine
was an initial hold at 50 °C for 30minutes, then 15minute at 95 °
C, followed by 30 cycles of 95 °C for 10seconds, 55 °C for 30
seconds, and 72 °C for 1minute with a final extension at 72 °C for
10minutes in an ABI 9600 thermocycler (Applied Biosystems
Inc., Forest City, CA). An aliquot of the first-round RT-PCR
product was then used for second-round PCR, also conducted in
a Taqman real-time format, incorporating universal primers and
fluorescent probes specific for subtype G and CRF02_AG. Probes
were 50-end labeled with FAM (6-carboxyfluorescein) and 30-end
labeled with black hole quencher 1. The second-round RT-PCR
mixes contained TaqMan 2� Universal PCR Master Mix
(Applied Biosystems Inc.), 400nM of each inner primer, 250
nM of fluorescent probe, and 2.5mL of the first-round PCR
product, resulting in a final volume of 12.5mL. RT-PCR
amplification was performed in a 384-well ABI PRISM
7900HT Sequence Detection System (Applied Biosystems Inc.)
using the following routine: hold at 95 °C for 10minutes, 40
cycles of 95 °C for 15seconds, and 60 °C for 1minute.
Fluorescence intensity was monitored during the reaction and

analyzed using the SDS v2.1 software (Applied Biosystems Inc.).
Results were considered positive when the threshold cycle was
lower than 35 cycles and if an exponential increase in the
normalized fluorescence intensity for over 5 consecutive cycles
was observed. For each sample, the PCR positive control of each
reaction was conducted in parallel with the other reactions to
assess whether negative RT-PCR results were due to the lack of
sample amplification or probe hybridization. This control
reaction contained 2� SybrGreen PCR Master Mix (Applied
Biosystems Inc.) and similar volumes of inner primers and
template. The identity of the ampliconswas verified usingmelting
curves (95 °C for 15seconds, 30 °C for 15seconds, and 95 °C
for 15seconds at 10% ramp rate) that distinguished the
expected PCR products from primer-dimers of lower thermal
stability.
2.4. Sequencing

Complementary DNA was synthesized from extracted plasma
RNA and subjected to a nested PCR using the method previously
described.[36] Sequence data were manually edited using
Sequencher 5.0 (Gene Codes Corporation, Ann Arbor, MI).
2.5. Phylogenetic analysis

The HIV-1 genotype was first assigned for each sequence in this
cohort using the HIV-1 Genotyping Tool at the National Center
for Biotechnology Information.[37] Phylogenetic analyses of the
sequences were performed using Molecular Evolutionary
Genetics Analysis (MEGA) 5.0.[38] Reference sequences consist-
ing of all subtype G and CRF02_AG along with relevant CRFs
circulating in Africa were retrieved from the HIVdb. Cohort and
reference sequences were aligned and manually edited. Maxi-
mum likelihood (ML) trees were constructed with the general
time reversible (GTR) substitution model and gaps treated as
partial deletion with a cutoff of 95% of site coverage. Trees were
3

visualized using CLC Genomics Workbench 7.0.4 (CLC Bio,
Cambridge, MA). Nucleotide distances among sequences were
calculated based on the GTR substitution model. Recombinant
analysis was performed using a combination of jumping profile
hiddenMarkov model,[39] visual inspections, and construction of
sub-region phylogenetic trees with bootstrap analyses to confirm
breakpoint assignments.

2.6. Ethics statement

This study was reviewed and approved by the Walter Reed Army
Institute of Research Institutional Review Board and termed
RV230.
3. Results

3.1. Development of the MHA subtype G, CRF02_AG
(MHA G, 02_AG)

The MHA was developed in two steps: probe/primer design and
testing/evaluation of the specificity of probes and primers using
HIV-1 full genome DNA derived from 42 samples in the cohort.
Seven regions between 203 and 348 nucleotides long were chosen
across the HIV-1 genome to allow for amplification of all HIV-1
subtypes and CRFs (Fig. 1). Probes for three regions, pol (RT),
pol (integrase) and tat, were designed to react with both subtype
G and CRF02_AG. The other four probes that were located in
gag, pol (RT2), vpr, and env (gp120) differentiated between
subtype G or CRF02_AG. Our own panel of 30 HIV-1 genomes
corresponding to subtypes A (n=4), B (n=4), C (n=4), D (n=4),
G (n=6), CRF01_AE (n=4), and CRF02_AG (n=4) was used to
validate probes and primers. Primers and probes are described in
Supplemental Table 1, http://links.lww.com/MD/B198.
Overall performance of the assay was evaluated against 37

HIV-1 full-genome identified in this cohort: 12 subtype G, 14
CRF02_AG, 9 G/CRF02_AG recombinants, 1 G/K recombinant,
and 1 CRF01_AE/CRF02_AG recombinant. Each region was
analyzed individually for specificity and sensitivity (Table 1). The
sensitivity to detect subtypes in the seven regions varied between
73% and 100% while the specificity was between 90% and
100%. The number of MHA reactive regions varied from 1 to 7
with the mode of 6 regions. The sensitivity of the assay with the
number of reactive regions at 4, 5, 6, and 7 were 91.07%,
82.14%, 59.38%, and 28.57%, respectively. The number of
MHA reactive regions at 4 was used as a cut-off point for subtype
designation to maximize the sensitivity of the assay.

3.2. Distribution of HIV-1 strains in Nigeria by MHA

TheMHA identified 84 (38%) CRF02_AG, 62 (28%) subtype G,
58 (26%) G/CRF02_AG recombinants and 20 (8%) nontypeable
strains out of 224 samples from 6 study sites in Nigeria. TheHIV-
1 subtype distributions differed among the study sites as shown in
Fig. 2. Among the 30 samples from Makurdi, 12 (40%) were
CRF02_AG with 7 (23%) each of subtype G and G/CRF02_AG,
and 4 (14%) were nontypeable. Abuja had 18 samples of
which were 7 (39%) CRF02_AG, 5 (28%) subtype G, 4 (22%)
G/CRF02_AG recombinants, and 2 (11%) nontypeable. Eleven
samples collected in Enugu contained 3 (27%) CRF02_AG, 4
(37%) subtype G, 2 (18%) G/CRF02_AG recombinants and
2 (18%) nontypeable. Kaduna had the highest proportion of
CRF02_AG at 8 (67%) as compared with the other study sites,
2 (17%) subtype G, and 1 each (8%) of G/CRF02_AG and
nontypeable. Tafa, the study site with the highest HIV-1
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Figure 1. MHA G, 02_AG primer/probe region locations. The 7 regions of the MHA were chosen using the LANL HIVdb. Potential regions were visually identified
and testing occurred on samples of known sequence stored at the MHRP. Regions that differentiate between subtype G and CRF02_AG contain two specific
probes for each and are designated with a red

∗
. Specific regions indicate those where a single probe identifies both subtype G and CRF02_AG. Numbers under the

identified regions indicate the center of the probe hybridization HXB2 location.
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prevalence and the largest number of samples collected (95), had
27 (28%) CRF02_AG, 34 (36%) subtype G, 29 (31%) G/
CRF02_AG recombinants, and 5 (5%) nontypeable. Fifty-eight
samples from Ojo/Lagos comprised of 27 (47%) CRF02_AG, 10
(17%) subtype G, 15 (26%) G/CRF02_AG strains, and 6 (10%)
nontypeable. Logistic regression model analysis of our data did
not reveal a link between the HIV-1 prevalence rate and subtype
distribution at each site. Interestingly, among 224 samples, 87
(38.84%) were reactive with the subtype G probe while 70
(31.25%) were reactive to the CRF02_AG (subtype A) probe in
env gp120 region.

3.3. Analysis of HIV-1 full genome

Forty-two of the 224 plasma samples were subjected to full-
genome sequencing to validate the MHA and resolve some
nontypeable samples. The demographic characteristics, risk
factor, genetic subtypes, and sample collection dates are shown
in Supplemental Table 2, http://links.lww.com/MD/B198. These
infections came from all study sites: 18 from Makurdi, 11 from
Abuja, 2 from Enugu, 1 from Kaduna, 6 from Tafa, and 4 from
Ojo/Lagos. These included 9men and 33women all of whom had
sexual exposure as their primary risk. Their ages ranged from 20
to 40 years. The median HIV-1 plasma viral load of these HIV-
infected individuals was 37,851copies/mL and ranged from 2203
to 316,940copies/mL.
AnML phylogenetic tree of the 42 sequences of interest and 94

reference sequences from subtype A, C, G, CRF02_AG,
CRF06_cpx, and CRF11_cpx identified from different parts of
the world was constructed as shown in Fig. 3. The results revealed
that these strains were 14 CRF02_AG, 12 subtype G, 2 subtype
A, 1 subtype C, 9G/CRF02 unique recombinants, 1 CRF06_cpx,
1 CRF11_cpx, 1 G/K unique recombinant, and 1 CRF02_AG/
CRF01_AE recombinant. CRF02_AG strains from Nigeria were
dispersed among all CRF02_AG strains mostly identified from
Nigeria, Cameroon, Ghana, and Senegal, except for 2 strains
(010170 and 020382) which formed their own cluster. Subtype G
4

strains from this cohort also mixed with other references
previously found in Nigeria and Cameroon within the G cluster.
Subtype A strains, 010499 and 040248, formed a monophyletic
group that clustered with subtype A references from Kenya,
Tanzania, and Rwanda. One subtype C identified from Abuja
(strain 020523) formed a cluster with other subtype C references
from India, South Africa, Kenya, Botswana, Senegal, and
Tanzania. Strain 030498 clustered with 6 previously identified
CRF06_cpx references and 1 CRF11_cpx was identified,
strain 010131, which clustered with other CRF11_cpx from
Cyprus. Breakpoint analysis and subtype assignment of 9 unique
G/CRF02_AG recombinant strains (Fig. 4) revealed that the
genome structures of these recombinants were either simple or
very complex with breakpoint(s) ranging from 1 to 8. Strains
010073 and 010145 shared two common breakpoints and their
genome structures were quite similar but not identical. Strains
010129 and 010483 also shared one breakpoint in the envelope
region. Strain 010067 was a unique recombinant containing
mostly subtype G except for a fragment of subtype K in the pol
gene (partial p51 RT and partial p15 RT) corresponding to
HXB2 number 3479 to 4066. The last unique recombinant
identified by sequencing was a recombinant between CRF02_AG
and CRF01_AE that had the last part of the genome as
CRF01_AE spanning from the middle of nef gene through 30LTR
corresponding to HXB2 number 9023 to 9496. Supplemental
Figures 1–11, http://links.lww.com/MD/B198 show the sub-trees
generated for each of the segments of the 11 recombinant species
that were analyzed.
We compared the mean nucleotide distances among the

subtype G and CRF02_AG sequences we identified to a set of
contemporary sequences from the HIVdb (Supplemental Table 3,
http://links.lww.com/MD/B198). For both subtype G and
CRF02_AG, the mean diversity calculated in gag, pol, env,
and nef genes among our sequences did not differ from that
calculated among previously sampled sequences in the HIVdb,
showing that our dataset was representative of contemporary
circulating sequences in Nigeria.
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Figure 2. Distribution of the HIV-1 subtype in Nigeria. HIV-1 subtypes were identified using the MHA G, CRF02_AG. Total number of each subtype and the
percentages for each site are noted in the pie charts surrounding the map and identified by color: Blue=subtype G; Red=CRF02_AG; Green=subtype G/CRF02
recombinant; Purple=nontypeable by MHA. HIV-1 prevalence rates and actual sample numbers per subtype, per site are shown in the chart below the map.
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4. Discussion

In this study, we have developed a rapid, RT-PCR basedMHA to
identify and distinguish between subtype G, CRF02_AG, and
6

their recombinants. This subtyping assay is very effective
in screening large-scale populations in the geographic regions
where CRF02_AG, subtype G, and their recombinant strains



Figure 3. Full-length HIV-1 ML phylogenetic tree containing the 42 Nigerian sequences from this cohort. The sequences from this cohort along with 94 reference
sequences from subtype A, C, G, CRF02_AG, CRF06_cpx, and CRF11_cpx identified from different parts of the world was constructed. Cohort sequences are
identified by colored dot: Blue=subtype G; Red=CRF02_AG; Green=subtype G/CRF02 recombinants; Maroon=subtype A; Gray=subtype C; Green in the top
left portion of the tree=CRF06_cpx and CRF11_cpx.
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co-circulate. The assay was validated using known full-genome
sequences from various pure subtypes and revealed 100% probe
specificity on subtype G and CRF02_AG. The results fromMHA
and full genome sequencing of CRF02_AG, subtype G, and
CRF02_AG/G recombinants were in agreement indicating that
the performance of the MHA G/CRF02_AG assay is as accurate
as the other MHA assays previously developed for Thailand and
East Africa by our group.[30,33] In comparison to HMA and
other partial genome sequencing techniques used in previous
studies,[16–20,26,27] this MHA G/CRF02_AG assay is more
7

powerful due to its ability to screen for the genetic subtype
across the entire HIV-1 genome.
Subtype G was reported by Peeters et al[26] to be dominant in

the north (Kano) and co-circulated at the similar proportion with
CRF02_AG in the northeastern region ofMaiduguri during 1994
to 1996. In 2002, Agwale et al,[17] reported that the overall
proportion of HIV-1 strains from 36 Nigerian states character-
ized in gp41were 54% subtype G, 45% subtype A, 0.4% subtype
C, 0.4% subtype J, and 0.4%was unclassifiable. Sankale et al,[27]

characterized the C2V3 region of env and partial gag genes from

http://www.md-journal.com


Figure 4. Analysis of cohort recombinants identified by full genome sequencing. Eleven of the 42 sequenced samples from this cohort were unique recombinant
viruses. Breakpoint analysis of the recombinants was conducted and ranged from 2 to 9 different recombinant pieces. Bootstrap values greater than 70 are labeled
inside their corresponding sequence regions. Region subtype is based on color: Blue=subtype G; Red=CRF02_AG; Gray=subtype K; Black=CRF01_AE.

Heipertz et al. Medicine (2016) 95:32 Medicine
samples collected in Ibadan and Saki, between the years 2002 and
2003 and found subtype G and CRF02_AG circulated at equal
proportions of 32% as well as 6%CRF06_cpx, 2.3% subtype A,
1% subtype C, and 1% unclassified. Recombinants involving
CRF02_AG and/or subtype G (20.7%) or other subtypes (2.3%)
were also reported. Additionally, it was observed that the
predominant strain in these two locations were different: subtype
G in Ibadan and CRF02_AG in Saki which are only 100 miles
apart.[27] The findings from our study using the MHA assay and
full-genome sequencing show that CRF02_AG and subtype G
were the main circulating strains in Nigeria, along with a
substantial number of their recombinants, a few subtype A and C,
and rare CRFs were not different from the previous findings
during 1994 to 2012.
The relative proportion of subtypes reported from this

cohort, 28% subtype G, 38% CRF02_AG, and 26% of their
recombinants along with 2 subtype A, 1 subtype C, 1
CRF06_cpx, 1 CRF11_cpx, and 1 unique recombinant form
G/K are quite different from previous reports.[16,17,19,20,26–28] In
contrast to most previous studies, our samples were collected
from a larger geographic area covering South and Central
Nigeria, and thus, are more representative of the Nigerian
epidemic. In addition, our subtype identification by full-genome
MHA can more accurately characterize subtype G/CRF02_AG
recombinants than analyses restricted to a specific gene region
which miss these recombinants. Our data also demonstrated
multiple recombinants circulating in the HIV-positive population
in Nigeria. Recombinant genomes resulted from a single
recombination event to greater than 8 events, highlighting the
global HIV epidemic complexity as indicated by the growing
numbers of CRF and unique recombinant forms in the LANL
HIVdb.[14] The similar genetic distances of subtype G and
CRF02_AG identified in this cohort and previously identified
8

sequences from the LANL HIVdb suggested that our sampling
was reflective of the diversity found in Nigeria. One of our MHA
probes was located in the env gp120 region of the HIV genome.
Fortunately, there was enough conserved nucleotide sequence in
the region allowing PCR amplification of all HIV-1 subtypes and
CRFs tested, while containing enough variance in sequence to
allow for the accurate identification of subtype G or CRF02_AG
in that region. Probe reactivity in that region indicated that only
31.25% (70 out of 224) of samples were reactive to the CRF02
(subtype A) probe in the env gp120 region. This suggests that
almost 70% of Nigerian sequences in our study are of non-
subtype A origin within env. This proves problematic as global
vaccine concepts either include the subtypes A, B, C and
CRF01_AE for insert design or mosaic inserts derived from
published sequences in databases with low West African subtype
representation.[4–13] The conventional view that West African
HIV variants are largely CRF02_AG would justify the inclusion
of subtype A sequences in a global vaccine design. However, our
findings that subtypeG and unique recombinant forms of subtype
G/CRF02_AG are a significant burden in the Nigerian epidemic
and the neighboring West African countries requires consider-
ation for future global vaccine development.
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