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Abstract

We sought to identify the prevalent subtypes and study the genetic variation of HIV-1 circulating in HIV
infections in Harbin City, China. Forty-seven samples from the env V3-V4 region were successfully sequenced
and analyzed, which involved thirty-one men who have sex with men (MSM), eight heterosexuals, seven former
plasma donors (FPD)/blood transfusion recipients (BT), and one injection drug user (IDU). In all, 46.8% of
CRF01_AE, 40.4% of subtype B, and 12.8% of CRF07_BC were identified. CRF01_AE (64.5%) was the dominant
strain in MSM, and subtype B (81.2%) was the chief strain in other infected subjects except for the MSM
population. Among all the genotypes, the B subtype possesses greater diversity of the tetramer on the tip of V3
loop than CRF07_BC and CRF01_AE, in which the peculiar GWGR was commonly found. Because nationwide
there is a trend toward the increasing presence of CRF01_AE, a consecutive surveillance campaign was nec-
essary among all HIV vulnerable populations in this locality.

Until 2011, there were 780,000 people in China infected
with HIV: 46.5% of individuals received the HIV virus

through heterosexual transmission, 17.4% through homo-
sexual transmission, 28.4% through injection drug use, and
6.6% through blood transfusion or donation.1 Among the
48,000 new infections estimated for 2011, heterosexuals ac-
counted for 52.2%, men who have sex with men (MSM) ac-
counted for 29.4%, and injection drug users (IDUs) accounted
for 18.0%.1 Compared to 2006, the proportion of reported
cases infected through homosexual and heterosexual trans-
mission in 2011 has increased from 2.5% to 13.7 % and 30.6%
to 62.2%, respectively.1 From the viewpoint of molecular
epidemiology, HIV-1 with subtype B, CRF01_AE, and
CRF07_BC were coepidemic in the population of MSM in
China.2–6 While among IDUs, CRF07_BC and CRF08_BC are
circulating widely, and subtype B¢ is dominant among former
plasma donors,5 CRF01_AE is the principal strain circulating
among heterosexuals in China.7

In recent years, MSM have been responsible for the tre-
mendous increase in the outbreak of the HIV epidemic in
China, and have attracted the attention of more and more

researchers currently working in China. It was reported based
on a recent prospective cohort study that the incidence of HIV
among MSM in Harbin increased from 1.0% in 2006 to 7.5% in
2010.8 And another study conducted in Harbin in 2011
showed that the prevalence of HIV among MSM has risen to
9.5%.9 The incidence of HIV in MSM has entered a stage of
rapid growth in Harbin. Although epidemiological surveys of
the incidence of HIV and related risk factors for HIV infection
in MSM have been carried out repeatedly in this region, mo-
lecular investigations of HIV in Harbin MSM and the other
specific high-risk groups are scarce.

To identify the circulating HIV-1 subtypes and study the
variations of genes, we conducted this study in Harbin in
2011. All study subjects signed informed consent forms for the
collection of blood samples and subsequent analyses. This
study was approved by the Medical Research Ethics Com-
mittee of the No. 4 Hospital of Harbin Medical University.

Anticoagulant peripheral blood samples were collected
and peripheral blood mononuclear cells (PBMCs) were iso-
lated using Ficoll-Hypaque density gradient centrifuga-
tion (Amersham Biosciences AB, Uppsala, Sweden) from 47

1Department of Epidemiology, Public Health College of Harbin Medical University, Harbin, China.
2Department of Infectious Diseases, Fourth Affiliated Hospital of Harbin Medical University, Harbin, China.
3Harbin Municipal Center for Disease Control and Prevention, Harbin, China.
4Center for Genome Research of Harbin Medical University, Harbin, China.
5Department of Clinical Laboratory, Second Affiliated Hospital of Harbin Medical University, Harbin, China.

AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 29, Number 9, 2013
ª Mary Ann Liebert, Inc.
DOI: 10.1089/aid.2013.0135

1260



HIV-1-positive infections confirmed by Western blot assay,
including 31 cases involving MSM, eight cases involving
heterosexuals, seven cases involving former plasma donors/
blood transfusion (FPD/BT) recipients, and one case involv-
ing IDU. They were all newly diagnosed cases and none in-
volved any antiviral drug treatment. Viral DNA was
extracted from PBMCs using the QIAamp Viral DNA Mini kit
(Qiagen, Valencia, Roche, Germany). The V3-V4 region of the
env gene fragment was amplified by two rounds of nested
polymerase chain reaction (PCR) to obtain sufficient amounts
of DNA followed by sequencing by the Beijing Invitrogen Life
Technologies Corporation.

Two sets of primers were designed. The outer primers were
5¢-TGGGATCAAAGCCTAAAGCCATGTG-3¢ and 5¢-AGTG
CTTCCTGCTGCTCCCA-3¢; the inner primers were 5¢-CTG
TTAAATGGCAGTCTAGC-3¢ and 5¢- ACTTCTCCAATTGT
CCCTCA-3¢. The first amplification round was performed at
94�C for 2 min, 55�C for 45 s, and 72�C for 1 min with one
cycle, followed by 30 cycles of 94�C for 30 s, 55�C for 30 s, and
72�C for 1 min. The total volume of the PCR system was 30 ll;
products were then kept at 4�C. The total volume of the sec-
ond round of the PCR system was amplified to 50 ll, using
inner primers with conditions similar to the first round: 94�C
for 2 min, 55�C for 45 s, and 72�C for 1.5 min with one cycle,
followed by 94�C for 30 s, 55�C for 30 s, and 72�C for 1 min for
30 cycles; products were then kept at 4�C. The successfully

obtained nucleotide sequences were aligned by using
CLUSTAL W (included in Mega 5.05 software), and the
alignments were edited manually and amino acid sequences
were deduced by BioEdit (version 7.00). Genetic distances
were computed using the Kimura two-parameter substitution
model with both transitions and transversions.

Phylogenetic analyses were performed with the neighbor-
joining statistical method based on the maximum composite
likelihood model as implemented by Mega 5.05 software with
subtyping reference sequences obtained from the Los Alamos
HIV sequence database. The reliability of the topologies
was evaluated by performing bootstrap analysis with 1,000
replicates.

FIG. 1. Phylogenetic analy-
sis of the V3-V4 region of the
env gene in HIV-1 strains
from infections in Harbin
City. The bootstrap probabil-
ity (1,000 replicates) is indi-
cated at the corresponding
nodes of the tree. The scale
bar indicates the evolutionary
distance of 5% (0.05 substi-
tutions per site). The refer-
ence sequences of subtypes
A–D, F–H, J, K, CRF01_AE,
CRF07_BC, and CRF08_BC
were obtained from the HIV
database (www.hiv.lanl.gov/).
The black solid circles, black
diamonds, and black trian-
gles of the sequences repre-
sent men who have sex with
men (MSM), heterosexuals,
and former plasma donors/
blood transfusion (FPD/BT)
recipients, respectively, and
the open box of sequence
represents intravenous drug
user (IDU) analyzed in this
study.

Table 1. Distribution of HIV-1 Subtypes Identified

Based on the V3-V4 Region of the env Gene

in Each Risk Group

CRF01_AE CRF07_BC B Total

Homosexuals 20 5 6 31
Heterosexuals 2 — 6 8
Former plasma

donors/blood
transfusion recipients

— 1 6 7

Injection drug users — — 1 1
Total 22 6 19 47
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Phylogenetic analysis demonstrated that the HIV-1 sub-
types identified among 31 MSM were as follows: 64.5% were
CRF01_AE, 19.4% were B subtypes, and 16.1% were
CRF07_BC. Among the eight heterosexual infections 25.0%
were CRF01_AE and 75.0% were subtype B. Among the seven
HIV infections through blood transfusion/donation 14.3%

CRF07_BC and 85.7% subtype B were identified. The B sub-
type was identified only in the IDU (Fig. 1). Our study
showed that CRF01_AE was the dominant strain circulating
in MSM. However, other than the MSM population, subtypes
of B were the principal strains (81.2%) in this region (Table 1). In
addition, the largest mean genetic distance was found among

FIG. 2. Deduced amino acid residues of the
V3 region derived from CRF01_AE,
CRF07_BC, and the B subtype in HIV-1
strains in Harbin City versus the reference
sequences (HXB2). The deduced amino acids
are shown by the single-letter code. Tetra-
mers on the tip of the V3 loop are indicated
on the consensus sequence by open boxes.
The dots indicate consensus of the amino
acid identified and the dashes correspond to
gaps introduced to maintain the correct
alignment.
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subtype B (12.6 – 1.1%), followed by CRF01_AE (8.9 – 0.8%);
the smallest mean genetic distance was found in CRF07_BC
(7.1 – 0.8%). It can be concluded that subtype B has the longest
epidemic time among HIV infections in this region.

The nucleotide sequences of the env V3 sequences described
in this study were translated and the corresponding putative
products were aligned and compared with the reference se-
quence HXB2 (7110–7217) available in the Los Alamos HIV
sequence database. V3 of the env gene is emphasized in this
study because of the importance of the role of this domain in
viral entry, eliciting antibodies.10 V3 of env is a cysteine-bound
loop structurally composed of 35 amino acids, with the
principal neutralizing antibody determinant (PND) located in
the crown of the V3 loop,10,11 which is constituted of the
specific tetramer (which locates the position of 15–18 of the V3
amino acid sequence). V3 in different HIV-1 subtypes has
distinct antigenic properties.10,11 In this study, the main tet-
ramers on the tip of the V3 loop in CRF01_AE and CRF07_BC
were GPGQ (15/22) and (6/6), respectively (Fig. 2), whereas
the tetramer in CRF07_BC was the most conservative in our
study. However, in subtype B, tetramer structures on the
crown of the V3 loop represented the maximum variation
compared to CRF01_AE and CRF07_BC, in which GWGR
accounted for the largest proportion (7/19) (Fig. 2).

The V3 loop of the env gene is a focus of HIV research
because this region of protein is a principal target for neu-
tralizing antibodies and a major determinant for cell tropism
and syncytium formation.11 Understanding how and why env
V3 regions differ between subtypes is necessary to assess the
genetic diversity of HIV-1 in vaccine design and to develop
anti-HIV drugs. V3 has long been a target of interest for entry-
based inhibitors because of its critical role in defining the
specificity of the interaction of env with cellular coreceptor
molecules, usually CCR5 or CXCR4, to facilitate entry into
target cells.10,11

Our study has indicated that the tetramer on the crown of
the V3 loop has greater diversity, especially for subtype B,
compared with a previous study conducted in Harbin City
published in 2007, which reported that 52.63% of the V3 tip
amino motif was GPGQ and 21.53% was GPGR among 19
HIV-1-seropositive infectors that were identified with sub-
type B¢.12 Moreover, the impact of the peculiar GWGR on the
tip of the V3 loop among the B subtypes is worth noting for
the development of profiles of HIV pathogenesis and vaccine
design. In addition, we also first determine the distribution of
the tetramer on the tip of the V3 loop on CRF01_AE and
CRF07_BC strains in this region, which were all highly con-
served in both of the strains, with GPGQ identified as the
primary epitope within them (Fig. 2).

The distribution of HIV subtypes and circulating recom-
binant forms (CRFs) has been broadly linked with geographic
location and risk groups. Subtype distribution of the global
HIV pandemic has diversified extensively through mutation
and recombination, partly driven by a combination of popu-
lation mobility, sexual mixing, and the impact of anti-
retroviral therapies.13 Monitoring the distribution of HIV-1
subtypes has important significance in determining the dy-
namics of HIV virus transmission as well as for diagnosis,
treatment, and vaccine development. Our results reveal that
the prevalence of HIV in this region has varied greatly, which
is reflected not only by the diversity of genotypes but also by
the extent of HIV gene variation.12

The CRF01_AE in MSM in this study was grouped into two
distinct clusters, similar to the results of other studies reported
in China.3,14 A previous study4 conducted in Liaoning province
indicated that one of the two CRF01_AE clusters may have
originated in the southern or southwestern provinces and then
spread to North China along the southeast coast, and the other
cluster of strains of geographic origin might have been in
Yunnan, but that the strains might have disseminated directly
into northeastern regions. However, these two clusters of
CRF01_AE strains were both transmitted into China from
Thailand. Because of the close geographic distance, we inferred
that the two distinct CRF01_AE clusters in Harbin MSM may
have been introduced from MSM in Liaoning province.

Our results, consistent with reports about MSM in other
regions in China, showed that CRF01_AE was the dominant
strain circulating in the population of MSM.3–6 Compared
with other risk groups, individuals with HIV infection in
this region were infected through injection drug use and
blood and heterosexual contact, with the dominant strain
being subtype B. The B subtype has historically been the
primary subtype in Harbin.12,15 However, the prevalence of
CRF01_AE seemingly showed an increasing trend in
MSM.2,5 The factors associated with the rapid increase of
CRF01_AE in MSM are not completely known. It has been
reported that sexual transmission with the dominant
CRF01_AE strain is a major risk factor in the current out-
break of HIV-1 in the general population of Guangdong, and
the drug-resistant variants are starting to emerge.16 How-
ever, whether the CRF01_AE strain will replace other sub-
types and further expand to the general population and then
become the dominant strain is uncertain. Ongoing surveil-
lance of the molecular epidemiology of these HIV vulnerable
populations is necessary, which will be an onerous task for
disease control and prevention personnel and for all health-
related staff.

Nucleotide Sequence Accession Numbers

The nucleotide sequences that we obtained for the V3-V4
region of env genes from each patient have been submitted to
GenBank with accession numbers KC953044–KC953090.
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