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We report here the first novel HIV-1 second-generation intercirculating recombinant form 61_BC (inter-CRF61_BC), composed
of two established CRFs (CRF07_BC and CRF08_BC), in China. CRF61_BC is the first CRF found among the heterosexual popu-
lation in two different regions in China, suggesting the increasing significance of heterosexual transmission of HIV in China.
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Human immunodeficiency virus type 1 (HIV-1) exhibits an
extensive genetic diversity that is primarily driven by high

rates of mutation, recombination, and replication. HIV-1 group
M strains play a major role in the global HIV-1 epidemic and are
further classified into eleven subtypes and sub-subtypes (A1, A2,
B, C, D, F1, F2, G, H, J, and K), as well as a number of circulating
recombinant forms (CRFs) with various unique recombinant
forms (URFs). To date, 58 CRFs have been reported in the Los
Alamos National Laboratory HIV database (http://www.hiv.lanl
.gov/content/sequence/HIV/CRFs/CRFs.html). Up to now, three
CRFs have been reported for the first time in China: CRF07_BC
(1), CRF08_BC (2), and CRF57_BC (3). Our national cross-
sectional study of HIV molecular epidemiology showed that
CRF07_BC and CRF08_BC were the main predominant strains,
accounting for 55.6% of reported infections, and were mainly ep-
idemic among injecting drug user (IDU) and heterosexual popu-
lations in China in 2006 (4). Cocirculation and dual infections of
CRF07_BC and CRF08_BC among IDU and heterosexual popu-
lations in China provide the opportunities to generate various
types of new URFs and CRFs. In this study, we report the first
novel HIV-1 second-generation intercirculating recombinant
form (inter-CRF), designated CRF61_BC, composed of two es-
tablished CRFs (CRF07_BC and CRF08_BC), which were identi-
fied in the heterosexual population in two different regions in
China.

Blood plasma samples were collected from three HIV-positive
consenting subjects (strains 07CN.JL070009, 10CN.JL100010,
and 07CN.FJ070004) who were infected through heterosexual
transmission in Jilin and Fujian. The study was approved by the
institutional review board of the National Center for AIDS/STD
Control and Prevention. Near-full-length-genome (NFLG) se-
quences (�9.0 kb) were determined from plasma HIV-1 viral
RNA by single-genome amplification methods with primers that
have been described previously (5). Amplicons were purified us-
ing the QIAquick gel extraction kit (Qiagen) and sequenced di-

rectly by an ABI 3730XL sequencer using BigDye Terminator (Ap-
plied Biosystems) by Beijing (China). All sequenced data were
cleaned and assembled into contiguous sequences using the Se-
quencher program version 5.1 (Gene Codes Corporation). The
codon-aligned nucleotide sequence alignment was constructed
using the Gene Cutter online tool, available from the Los Alamos
National Laboratory HIV Sequence Database (http://www.hiv
.lanl.gov/content/sequence/GENE_CUTTER/cutter.html), and
then minor manual adjustments according to codon-aligned nu-
cleotide sequence alignment were made using BioEdit v7.0.9 (6).
Phylogenetic analyses were performed using MEGA v5.05 (7). Re-
combination analyses were performed using jpHMM, RIP, and
SimPot v.3.5.1 (8). The NFLG sequences from the three subjects
were 9,087, 9,080, and 9,024 bp in size for strains 07CN.FJ070004,
07CN.JL070009, and 10CN.JL100010, respectively. These three
strains formed a distinct monophyletic cluster between the
CRF07_BC and CRF08_BC clusters and are distantly related to all
known HIV-1 subtypes or CRFs. Recombinant analyses revealed
that these three strains were composed of CRF07_BC and
CRF08_BC. This recombinant structure is distinct from any
known CRFs reported to date. Therefore, these new recombinants
are now designated CRF61_BC. CRF61_BC comprises the fourth
CRF identified in China. Other examples known to date are
CRF07_BC, CRF08_BC, and CRF57_BC. The emergence of this
CRF suggests the presence of active transmission networks of HIV
infections among the heterosexual population in China.

Nucleotide sequence accession numbers. The sequences are
available in GenBank under the accession no. KC990124 to
KC990126.

ACKNOWLEDGMENTS

This study was supported by the National Science and Technology Major
Project for Infectious Diseases Control and Prevention (2008ZX10001-
004, 2012ZX10001-002 and 2012ZX10001-008), National Natural Sci-

Genome AnnouncementsMay/June 2013 Volume 1 Issue 3 e00326-13 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html
http://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html
http://www.hiv.lanl.gov/content/sequence/GENE_CUTTER/cutter.html
http://www.hiv.lanl.gov/content/sequence/GENE_CUTTER/cutter.html
http://www.ncbi.nlm.nih.gov/nuccore?term=KC990124
http://www.ncbi.nlm.nih.gov/nuccore?term=KC292054
http://genomea.asm.org


ence Foundation of China (81261120379), International Cooperative
grant (2009DFB30420) and SKLID Development grant (2012SKLID103).

We declare no competing financial interests.

REFERENCES
1. Su L, Graf M, Zhang Y, von Briesen H, Xing H, Köstler J, Melzl H, Wolf

H, Shao Y, Wagner R. 2000. Characterization of a virtually full-length
human immunodeficiency virus type 1 genome of a prevalent intersubtype
(C/B=) recombinant strain in China. J. Virol. 74:11367–11376.

2. Piyasirisilp S, McCutchan FE, Carr JK, Sanders-Buell E, Liu W, Chen J,
Wagner R, Wolf H, Shao Y, Lai S, Beyrer C, Yu XF. 2000. A recent
outbreak of human immunodeficiency virus type 1 infection in southern
China was initiated by two highly homogeneous, geographically separated
strains, circulating recombinant form AE and a novel BC recombinant. J.
Virol. 74:11286 –11295.

3. Li L, Chen L, Yang S, Li T, Li J, Liu Y, Jia L, Yang B, Bao Z, Li H, Wang
X, Zhuang D, Liu S, Li J. 2012. Recombination form and epidemiology of
HIV-1 unique recombinant strains identified in Yunnan, China. PLoS One
7:e46777.

4. He X, Xing H, Ruan Y, Hong K, Cheng C, Hu Y, Xin R, Wei J, Feng Y,

Hsi JH, Takebe Y, Shao Y, Group for HIV Molecular Epidemiologic
Survey. 2012. A comprehensive mapping of HIV-1 genotypes in various
risk groups and regions across China based on a nationwide molecular
epidemiologic survey . PLoS One 7:e47289. doi :10 .1371/
journal.pone.0047289.

5. Li Z, He X, Wang Z, Xing H, Li F, Yang Y, Wang Q, Takebe Y, Shao Y.
2012. Tracing the origin and history of HIV-1 subtype B= epidemic by near
full-length genome analyses. AIDS 26:877– 884.

6. Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment ed-
itor and analysis program for Windows 95/98/NT. Nucleic Acids Symp. Ser.
41:95–98.

7. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 2011.
MEGA5: molecular evolutionary genetics analysis using maximum likeli-
hood, evolutionary distance, and maximum parsimony methods. Mol.
Biol. Evol. 28:2731–2739.

8. Lole KS, Bollinger RC, Paranjape RS, Gadkari D, Kulkarni SS, Novak
NG, Ingersoll R, Sheppard HW, Ray SC. 1999. Full-length human im-
munodeficiency virus type 1 genomes from subtype C-infected serocon-
verters in India, with evidence of intersubtype recombination. J. Virol. 73:
152–160.

Li et al.

Genome Announcements2 genomea.asm.org May/June 2013 Volume 1 Issue 3 e00326-13

http://genomea.asm.org

	Genome Sequences of a Novel HIV-1 Circulating Recombinant Form (CRF61_BC) Identified among Heterosexuals in China
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


