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HIV-1 subtype B’dictates the AIDS epidemic among paid
blood donors in the Henan and Hubei provinces of

China
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Objective: To investigate the genetic background of HIV-1 strains among infected
paid blood donors (PBD) in the Henan and Hubei provinces of China.

Methods: The polymerase chain reaction was used to amplify HIV-1 gag p17
fragments and some 5’-half or full-length viral genomes from peripheral blood mono-
nuclear cells. The HIV-1 sequences obtained were analysed using phylogenetic and
recombinant approaches.

Results: Among the total of 62 samples studied, 59 (95.2%) came from PBD. Of those
59 PBD, 45 were collected from 14 different geographical locations in Henan,
whereas the remaining 14 were from five locations in Hubei. A total of 62 HIV-1 gag
p17 fragments, three 5’-half and one full HIV-1 genome sequences were obtained.
Phylogenetic analysis of these sequences suggests that PBD from Henan and Hubei,
despite being geographically distant, harbored a group of genetically closely related
HIV-1 B’ strains. No recombinant forms have been detected in this cohort.

Conclusion: Our data indicate that the AIDS epidemic among PBD in Henan and
Hubei is caused largely by HIV-1 subtype B’, which contrasts greatly with the CB’
recombinant strains CRF-07 and CRF-08 currently dominating among the drug abusers
in other regions of China. Our report has revealed the first complete genome back-
ground of the most dominant circulating HIV-1 strain in Henan and Hubei, which is
essential for the design and development of an effective AIDS vaccine for the region.
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Introduction

The HIV-1 epidemic in China is rapidly increasing at
an irrepressible rate [1]. The Chinese Ministry of
Health estimated that the number of HIV-1 infections
has doubled between 2000 and 2001 [1,2], giving rise
to a current epidemic estimated at over one million
cases [3]. This number seems small compared with
China’s total population of 1.3 billion. However, if the
current spread of HIV-1 infection is not effectively
controlled, experts predict an increase to over 10
million infections within the next decade [3]. The
alarming rate of infections, together with the costly
expenses of effective antiviral therapy, has called for the
urgent development of preventive means to combat the
AIDS epidemic in China.

Two major risk factors are responsible for the current
HIV-1 infection in China. One is intravenous drug use
that was initially confined to the southwest province of
Yunnan around the early 1990s, but has now widely
disseminated into many other provinces through illegal
drug traffic. The other is paid blood donation in Henan
province, where many poor farmers were infected
through illegal blood collection practices without ade-
quate screening and sterilization procedures. In fact,
many of the infections occurred when contaminated
blood cells were transfused back to donors once the
plasma has been removed [1,4–6]. Over the years, such
activity has caused tens of thousands of new infections
among paid blood donors (PBD) in rural areas in
Henan, creating the tragic ‘AIDS villages’ [5].

The viral genotype found in intravenous drug users
(IDU) in Yunnan seems to be evolving over the years
[7–9], but the circulating recombinant forms (CRF) 07
and 08 are currently dominating not only in those
residing in the southwest provinces of Yunnan, Guang-
xi and Sichuan, but also in the northwest provinces of
Xinjiang and Gansu [10–17]. Although there are
scattered reports on the findings of Thai B’ genotype
among PBD in Henan and the neighboring provinces
of Hubei and Anhui [18–20], the detailed character-
istics of circulating viruses in these regions remains
unknown.

Materials and methods

Study subjects
Blood samples were collected from PBD in 2000 and
2002 in Zhongnan Hospital in Wuhan and in 302
hospital in Beijing, where infected patients attended for
treatment. Blood samples were also obtained from five
local patients of Beijing city for comparison purposes.
Our sampling procedures were anonymous and fol-
lowed the regulations of each hospital.

Amplification of HIV-1 gene fragments by
polymerase chain reaction
Genomic DNA was extracted from the peripheral
blood monoclonal cells using GenomicPrep cells and
the Tissue DNA Isolation Kit (Pharmacia, USA). A
485 base gag fragment covering the entire p17 sequence
was amplified using the polymerase chain reaction
(PCR) with nested primers using the Expand DNA
polymerase (Boehringer-Mannheim, USA). The se-
quences for the first pair of primers were: 59-
TCTCTCGACGCAGGACTCGGCTTG (sense) and
59-TCTAATACTGTATCATCTGCTCCTG (anti-
sense); for the second pairs they were: 59-TTTGACT
AGCGGAGGCTAGAAG (sense) and 59-GCTC
CTTCTGATAATGCTGAAAACATGGG (antisense).
The amplification cycles were 958C for 2 min followed
by 35 cycles of 958C for 15 s, 558C for 45 s, and 728C
for 1.5 min, plus the last extension of 728C for 8 min.
HIV-1 5’ and 3’-half genomes were amplified using
EXL DNA Polymerase (Stratagene, USA). For the 5’
half, the sequences for the first pair of primers were:
59-TGGAAGGGCTAATTTACTCCCAAAGAA
(sense) and 59-GGCTCTAATCTAGGATCTACTGG
CTCC (antisense); for the second pairs they were:
59-ATTAGCGGCCGCTGGAAGGGCTAATTTAC
TCCCAAAGAAGACAAGATATCCT (sense) and 59-
GGCTCTAATCTAGGATCTACTGGCTCCATTT
CTTG (antisense). For the 3’ half, the sequences for
the first pair of primers were: 59-GTTTTTCA
GAATCTGCTATAAGAAATGCC (sense) and 59-
CTCTAGTTACCAGAGTCACACAACAGACGGG
CACACAC (antisense); for the second pairs they were:
59-GTTTTTCAGAATCTGCTATAAGAAATGCCA
TTTTAGG (sense) and 59-AATTGCGGCCGC
GACGGGCACACACTACTTGAAGCACTCAAGG
(antisense). The amplification cycles were 928C for
2 min followed by 10 cycles of 928C for 20 s, 458C for
45 s and 688C for 9 min, 25 cycles of 928C for 20 s,
508C for 45 s and 688C for 10 min, plus the last
extension of 688C for 15 min. Amplified PCR pro-
ducts were purified using the PCR gel-purification kit
(HuaMei Company, PR China) and were subjected to
DNA sequencing directly or after cloning into a TA
vector (Invitrogen, USA) using an automated ABI 377
DNA sequencer (Applied Biosystems Inc., USA).

Phylogenetic analysis of HIV-1 sequences
To eliminate potential contamination, all the sequences
obtained were first subjected to HIV-1 BLAST search
to compare them with related reference sequences in
the HIV database (http://hiv-web.lanl.gov/content/
index) [21]. Nucleotide sequences were aligned with
the references using the ClustalX1.81 program [22],
and were further adjusted manually. The genetic
distance of the HIV-1 sequences analysed was calcu-
lated using the two-parameter model of Kimura [23].
Phylogenetic trees were generated using the neighbor-
joining method, implemented in the ClustalX1.81
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program. The branch significance was analysed by
bootstrap with 1000 replicates. The trees were printed
using the TreeView program [24]. Potential HIV-1
recombination was first analysed using an online tool
named ‘HIV Subtyping using HIV-1 BLAST’ (http://
hiv-web. lanl.gov/content/hiv-db/HTML/tools.html)
[25], and was further confirmed by the SimPlot 2.5
software, which was kindly provided by Dr Stuart C.
Ray [26].

Nucleotide sequence accession numbers
The GenBank accession numbers of the HIV-1 se-
quences reported here are AY288837-AY288897,
AY288899-AY288910, AY275555-AY27557.

Results

Characteristics and geographical distribution of
study subjects in Henan and Hubei
Our study is focused on HIV-1-infected PBD in the
Henan and Hubei provinces of China (Fig. 1). Patients
from these two provinces frequently travel to Beijing
and Wuhan or other cities to seek treatment. Of the 62
subjects studied, 59 (95%) were PBD, of whom 45

were from Henan and 14 were from Hubei. The
remaining three were infected either through vertical
transmission, sexual contact or intravenous drug use.
The age of these subjects ranged from 5 to 76 years
old. Of note is the fact that our study subjects came
from 14 geographical locations in Henan and five
locations in Hubei (Fig. 1), suggesting that the con-
tagious PBD is not limited to certain villages in Henan,
but has already extended to its neighboring province
Hubei. Approximately 50% of the patients showed
symptoms with opportunistic infection at the time of
sampling. On the basis of the questionnaires collected,
many of these individuals were probably infected be-
tween 1993 and 1996.

Molecular epidemiology of HIV-1 infection
among paid blood donors in Henan and Hubei
A total of 62 gag p17 sequences were obtained from
the 62 infected individuals. Phylogenetic analysis of
these sequences has revealed several major findings.
First, we found that all PBD studied harbored subtype
B’ viral strains regardless of their origin in Henan or
Hubei (Fig. 2). These subtype B’ sequences are closely
related to the B’ strains previously identified from the
southwest province of Yunnan and Thailand. In parti-
cular, B’ strain YN.RL42, identified in the Dehong
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Fig. 1. Maps of study areas. In the map, the two study hospitals are positioned by the little stars, one in Wuhan city of Hubei
province and the other in Beijing city.
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prefecture of Yunnan province in 1991, represents the
closest relative to the current B’ strains found in PBD
from Henan and Hubei (Fig. 2). Second, we noticed
that there were no clear patterns of geographical
clustering. Viruses found in one of the surveyed cities
or counties in Henan and Hubei were often sitting in
various locations in the tree. The average percentage of

inter-patient viral genetic distance was smaller in
Henan (4.2, range 0.6–7.9) and Hubei (4.8, 1.2–8.8)
than in Yunnan (5.6, 2.5–8.7). Third, viruses obtained
from non-PBD in the study areas were linked to their
risk background. Strains 02HNny.302-25 and
02HN302-2 were all subtype B’ because they were
infected via maternal or sexual relationships with PBD.
Strain 02HB.w3 was the only subtype C found in this
study (Fig. 2). This individual is an IDU from Xinjiang,
where CB’_CRF viruses (the gag region for analysis is
C) are dominant. Fourth, viruses found in Beijing were
quite distinct from those in PBD in that all sequences
except strain 02BJ.302-7 were typical north American
subtype B (Fig. 2), suggesting a similar source of
infection in Beijing. Strain 02BJ.302-7, however,
belongs to subtype B’ probably infected through the
infusion of subtype B’ contaminated blood products
(Fig. 2).

To confirm further the findings based on the gag p17
fragments, we sought to determine larger genome
sequence of HIV-1 strains from PBD in Henan. We
were able to amplify three 5’-half genome sequences
(4.6 kb) from three viral strains that were found from
three geographically distinct regions including Shangqiu
(sq), Shangcai (sc) and Sanmengxia (smx) (Fig. 1).
Consistent with analysis using the gag p17 fragment,
analysis using 5’-half genome sequences of 02HNsc11,
02HNsmx2, and 02HNsq4 also demonstrated their
closest genetic similarity with the early Dohong strain
B’YN.RL42 (data not shown).

No recombinant HIV-1 was found among paid
blood donors in Henan
To study the potential recombinant viruses among
PBD in Henan, we performed BootScan analysis on
the 5’-half genomes (4.6 kb) of the three Henan strains
02HNsc11, 02HNsmx2 and 02HNsq4 (Fig. 2, filled
arrows). No sequence crossover was identified when
the three viruses were analysed with consensus se-
quences of HIV-1 subtypes A, B, C, D, E, F G, H,
and J from the Los Alamos Sequence database (Fig. 3).
Furthermore, based on the full-length genome analysis
using SimPlot, 02HNsq4 is not a recombinant strain
but rather a B’ strain closely related to B’YN.RL42
(data not shown).

Discussion

In this study, we characterized the genetic background
of HIV-1 strains in the Henan and Hubei provinces
located in central China. We found that PBD from
geographically distinct regions in Henan and Hubei
harbored a group of closely related B’ HIV-1 strains.
None of the mosaic genotypes identified in Yunnan
was found in the study areas [7,9,27]. However, given
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the relative small sampling size, we cannot rule out
completely the presence of some recombinant form in
the study region. We believe that our report is the first
to demonstrate that contagious paid blood donation is
not only restricted to certain villages in Henan but has
extended to many regions in the neighboring province
of Hubei. Our results also provide the complete
genome background of the most dominant circulating
HIV-1 strain in central China, which is essential for the
design and development of an AIDS vaccine for the
affected regions.

On the basis of our results, HIV-1 subtype B’ is
probably the dominant viral subtype responsible for
infected PBD not only in Henan and Hubei but also
for many of the neighboring provinces (Anhui, Si-
chuan, Shanxi, etc.) [2–4,19,28]. This viral subtype is
significantly different from the CRF-07 and CRF-08
strains found in almost all the IDU in the southwest

provinces Yunnan and Guangxi and the northwest
province Xinjiang. Clearly, such dichotomy in subtype
distribution is closely related to the mode of transmis-
sion rather than the geographical proximity. At this
stage, it is almost impossible to predict exactly how and
when the subtype B’ virus was introduced into the
central provinces. However, given the close genetic
relationship with that found in IDU in the Dehong
prefecture of Yunnan [29], it is probable that the B’
strains found in PBD in central China originated from
Yunnan before the formation of multiple types of
mosaic HIV-1 strains became dominant [7,11,12,27].
This hypothesis is supported by the report that the first
wave of HIV-1 infection in Yunnan among IDU was
caused by the mixture of prototype B and subtype B’
strains [30], and the rapid concurrent transmission of B’
strains to central provinces such as Anhui, Hubei,
Sichuan, Shanxi and Henan within relatively the same
time period [4,9,19,28]. In the light of the current
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situation related to PBD in central provinces in China,
there is an urgent need to assess the true severity of
HIV-1 infection in China, which will be vital for
strategic planning and implementing the necessary
measures to minimize the devastating consequences of
such a tragic epidemic.
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