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Abstract

The predominant circulating HIV-1 strains in South America are subtype B and B/F recombinants with different
distributions among countries. However, the emergence of other subtypes is a matter of concern and needs continuous
monitoring. We identified three different A/G recombinants in Argentina, two of them in vertically infected children
from unlinked mothers and one in an adult female. HIV-1 pol sequences from the children showed novel A/G
recombination patterns and no phylogenetic relationship with previously reported South American A/G sequences. The
third A/G recombinant was a CRF06_cpx with African origin. The detection of new or unusual subtypes is important to
avoid false-negative PCR HIV-1 early diagnosis due to detection failures and for future vaccine development.

The high genetic variability of HIV-1 has allowed the
emergence of new genomic structures around the world.

HIV-1 is divided into four groups: M, N, O, and P. The
outstanding viral diversity of HIV-1 group M is evidenced by
its wide classification, which includes nine subtypes (A to D,
F to H, J and K) and an infinite number of intersubtype re-
combinant forms. Most intersubtype recombinants reported
worldwide are unique recombinant forms (URFs). However,
those identified by full-length sequencing in three or more
epidemiologically unlinked individuals are designated as
circulating recombinant forms (CRFs). To date 61 CRFs have
been characterized, and some of them have attained consid-
erable geographic coverage and importance in the pande-
mia,1 for example, CRF01_AE in Thailand, CRF02_AG in
West Africa, and CRF12_BF in Argentina.2,3

Africa is the origin of the HIV-1 epidemic and therefore
harbors almost all the variety of HIV-1 subtypes. Recombinant
forms are responsible for almost 10% of all HIV-1 infections in
this continent, and the main recombinant forms are mosaic
structures containing subtypes A and G, including CRF02_AG
and CRF06_cpx. CRF02_AG predominates in West and West
Central Africa, accounting for > 50% of the total infections by
recombinant HIV-1 strains. CRF06_cpx is second in preva-
lence, responsible for around 6% of the infections by recom-
binant strains in Africa, and involves recombination events
between subtypes A, G, and at least another two subtypes
( J and K).4 These genetic forms were identified early in the

epidemic, and had a limited spread outside the African conti-
nent. However, the prevalence of CRF02_AG has been in-
creasing in past years in Africa and Europe, mainly in Italy
because of migrations from the sub-Saharan region.5

In South America, HIV-1 subtypes are mainly B and BF
recombinants. The number of A/G mosaic forms identified is
very small, currently reaching a total of 41 GenBank sub-
missions (2 full-length and 39 partial HIV-1 gene fragments).
The first A/G recombinants characterized as CRF02_AG by
full-length sequencing were found in a heterosexual couple
from Ecuador.6 Between 2003 and 2011, another 18
CRF02_AG strains were found in Ecuador and Brazil based
on the analysis of the HIV-1 pol genomic fragment.7,8 Since
2008, HIV-1 gene fragments similar to the CRF06_cpx strain
were found in four individuals from Venezuela,9 four from
Colombia, one from Bolivia, and one from Argentina.10

Parental HIV-1 subtypes A and G in South America are even
less frequent than A/G recombinants and up to the present
time, no full-length sequence from South American A or G
pure HIV-1 strains has been reported.

Our aim was to investigate the recombination patterns and
phylogenetic relationship of three different A/G recombinant
strains found in two vertically infected children and an adult
female from Paraguay but living in Argentina. The study was
reviewed and approved by the Ethics Committee of the
Garrahan Hospital and the Ethics Committee of the Durand
Hospital for children and adults, respectively. An HIV-1 pol
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gene fragment of around 1,100 pb encompassing the whole
p6gag, protease (PR) pol, and codons 1–220 of the reverse
transcriptase (RT) pol was amplified from plasma samples
from two epidemiologically unlinked HIV-1 vertically in-
fected infants (5707 and 4707) born in 2009 and 2013 in the
cities of Pergamino and Salto (223 and 183 km from Buenos
Aires city, respectively), and from one adult female (FFCA)
born in Paraguay.

The HIV-1 pol segment was sequenced with the auto-
mated sequencer ABI 3130 (Applied Biosystems), and se-
quences were aligned using the Gene Cutter Tool11 for
phylogenetic and recombination analyses. The phylogenetic
trees were inferred by the maximum likelihood (ML)
method with the MEGA v6.0 program, under the GTR + G12

nucleotide substitution model inferred according to the
Akaike Information Criterion (AIC) statistics obtained with
the jModelTest v0.1 program.13 Recombination breakpoints
were identified with bootscan analysis by SimPlot software
v2.514 and confirmed with the RIP tool from the Los Alamos
Database.15

The HIV-1 subtype of the newly characterized HIV-1 strains
was investigated by comparison to HIV-1 reference sequences
through phylogenetic analysis of HIV-1 pol fragments. Figure
1a shows that sequences from the adult woman (FFCA_L691)
and her partner (MMaPR_L690) formed a well-defined group
with 100% bootstrap support with the CRF06_cpx reference
strains. Clustering within the CRF06_cpx group was also ob-
served for a 680-bp V2-C5 env fragment (Supplementary Fig.
S1; Supplementary Data are available online at www.liebertpub
.com/aid). Sequences 5707_U864 and 4707_M86 branched
between or near the clades defined for subtypes G and A, with
low bootstrap support for the nodes. Therefore, they are proba-
bly A/G recombinants. The independent branching of the se-
quences confirms the lack of an epidemiologic relationship
between them. In addition, we investigated the phylogenetic
relationship of 5707_U864, 4707_M86, and FFCA_L691 with
the previously reported A, G, or A/G recombinants from South
America (Fig. 1b).

None of the sequences obtained from the vertically in-
fected children clustered with the CRF02_AG or CRF06_cpx

FIG. 1. Maximum likelihood phylogenetic trees of the HIV-1 pol region, encompassing the protease and part of the
reverse transcriptase of newly identified A/G recombinants from Argentina and subtype reference strains. Bootstrap support
values are represented at the nodes for each cluster. (a) Analysis of newly identified sequences from Argentina with the
reference sequence from the parental HIV-1 subtypes and CRF06_cpx. (b) Analysis of newly identified sequences from
Argentina with A, G, or A/G recombinants from South America and Africa. Sequences marked with lined boxes are the
newly identified sequences from Argentina in a woman (FFCA) and two children (5707 and 4707). The sequence marked
with a black square is the previously identified A/G recombinant from Argentina.10
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reference strains. 5707_U864 was phylogenetically re-
lated with a low bootstrap value (70%) to a subtype G
sequence from Venezuela, while 4707_M86 did not
show any close phylogenetic relationship with previously
reported South American A, G, or A/G recombinant
strains.

Within the CRF06_cpx group, sequence FFCA_L691 showed
greater similarity to African CRF06_cpx sequences than to
CRF06_cpx sequences from South America, in agreement with
the fact that FFCA acquired the infection through her partner
(MMaPR), an immigrant from Sierra Leone, Africa. In our
phylogenetic tree, CRF06_cpx sequences from Colombia and
Bolivia form a well-defined group with CRF06_cpx reference
strains from Africa, but sequence 06cpx.EF120338.AR.2004
previously identified in an adult female from Argentina10 bran-
ched outside the CRF06_cpx group.

To identify and characterize intersubtype recombination
breakpoints in the two newly identified pol sequences present
in children, sequences were individually analyzed for re-
combination patterns with consensus references by bootscan
analysis with SimPlot 2.5 (Fig. 2a and b). Only A and G
subtypes were present in both 5707_U864 and 4707_M86
sequences. However, recombinant breakpoints differed be-
tween them. In 4707_M86 the subtype A segment spans
approximately 413 nt from position 2114 to 2527 of HXB2
(GenBank Accession Number K03455). In 5707_U864 the
subtype A fragment is smaller (approximately 200 nt, posi-
tions 2580 to 2778). The small subtype A insertion probably
accounts for the low bootstrap support observed for
5707_U864 within the subtype G cluster in the phylogenetic
tree (Fig. 1b).

Similar results were obtained with the RIP tool, and sub-
type assignment was confirmed by phylogenetic analysis of
each segment (Fig. 3a and b). None of the sequences shared a
recombination breakpoint with CRF02_AG. The HIV-1 pol
sequence was also available from the mother of 5707, and
showed 100% identity to the one found in the child, dem-

onstrating for the first time in Argentina local transmission of
novel HIV-1 A/G recombinant strains.

In conclusion, we describe the local circulation of
three different A/G recombinants in Argentina: two novel
URFs_AG in children and a CRF06_cpx in an adult female
and her African partner.

Previously, CRF06_cpx had been identified in four South
American countries, including Argentina, where a single
CRF06_cpx was reported in an adult woman. However, this
sequence was distantly related to the CRF06_cpx strain found
in our study, which conformed a well-defined cluster together
with other CRF06_cpx strains from Africa, Colombia, and
Bolivia. Therefore, it is possible that the previously reported
CRF06_cpx strain is in reality a URF_AG that shares no
phylogenetic relationship to the novel recombinant A/G
strains described in this study.

It has been proposed that recombinants of subtypes A and
G possessing breakpoints different from CRF02_AG are
commonly generated from dual infections.16 Due to the al-
most complete absence of parental A and G subtypes in our
country, except for a few scattered cases,17 the presence of
novel recombinant forms in children from Argentina proba-
bly represents independent introductions of URFs_AG, ra-
ther than local recombination events.

Failures in HIV-1 detection by nucleic acid-based methods
are one of the biggest problems caused by unusual sub-
types,18 as we had previously reported for subtypes A and
F.19 Our test for HIV-1 diagnosis in newborns, an in-house
multiplex nested PCR, targets two HIV-1 genomic regions
(gag and env) for increased sensitivity in the detection of
unusual subtypes. However, diagnostic problems were also
observed in children infected with the A/G recombinants
reported in this study. The diagnostic PCR performed at 1
month for child 5707 tested negative due to lack of amplifi-
cation of both the gag and env gene fragments, while child
4707 tested positive with amplification of the gag fragment
alone. In both cases, HIV-1 infection was confirmed with a

FIG. 2. Bootscanning plot of (a) 4707_M86 and (b) 5707_U864 sequences from Argentina. Black curve represents
subtype G and light gray curve subtype A. Subtypes C and D were used as outgroups for 4707 and 5707, respectively. In
bootscan analyses performed with SimPlot, bootstrap values were determined in neighbor-joining trees constructed using
the Kimura two-parameter model, based on 100 resamplings, supporting branching with the consensus sequences within a
200-bp window moving in steps of 20 bases.

NOVEL A/G RECOMBINANTS IN ARGENTINA 295



plasma viral load > 100,000 RNA copies/ml (Roche Cobas
TaqMan) and amplification of the HIV-1 pol fragment used
for the HIV-1 genotypic drug resistance test.

Other implications of uncommon HIV-1 strains include (1)
reduction in the sensitivity of the detection of the p24 antigen
due to differences in viral epitope recognition by monoclonal

antibodies used in the assay,20,21 (2) potential differences in
disease progression,22 and (3) impairments of vaccine effi-
cacy in clinical trials.

Our results emphasize the importance of continuous sur-
veillance of HIV-1 genetic diversity for the early detection of
new emerging viral clades in the population and their spread,

FIG. 3. Schematic representation of the recombination pattern of (a) 4707_M86 and (b) 5707_U864. Illustrations were
obtained from the Recombinant HIV-1 Drawing Tool (www.hiv.lanl.gov/content/sequence/DRAW_CRF/recom_mapper.html).
Phylogenetic trees for the nucleotide sequences of regions with different subtypes were constructed using the maximum-
likelihood approach. Bootstrap values above 70 are shown at the branch nodes. The clusters containing the query sequences are
highlighted and the black square represents the newly identified sequences from Argentina 4707 or 5707, respectively.
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given the unknown impact on transmissibility, pathogenicity,
and relevance in future vaccine development.
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