
Critical amino acid resid
ues and potential N-linked
glycosylation sites contribute to circulating
recombinant form 01_AE pathogenesis in

Northeast China

Qing-Hai Lia,M, Bing Shaob,M, Jin Lic,M, Jia-Ye Wangd, Bo Songe,

Yuan-Long Line, Qing-Qing Huoe, Si-Yu Liue,

Fu-Xiang Wange,f and Shu-Lin Liua
aSystemomics Cen
Pharmaceutics of
College of Jilin M
Harbin Medical U
Harbin, and fDepa

Correspondence t
Medical Universit

E-mail: wangfuxia
�

Qing-Hai Li, Bin

Received: 18 Sept

DOI:10.1097/QAD

ISSN 0269-9370 Cop
terms of the Creativ
share the work prov
Objective: The current study aimed to understand epidemiological feature and critical
factors associated with pathogenesis of circulating recombinant form (CRF) 01_AE
strains in Northeast China.

Design: Compared analysis was made between CRF01_AE and non-CRF01_AE sam-
ples to understand the pathogenicity features of CRF01_AE. Further analyses between
CRF01_AE samples with high or low CD4þ cell counts and between samples with
different coreceptor usages were done to explore the possible factors correlating to the
pathogenesis of CRF01_AE viruses.

Methods: The genotypes of newly identified strains were determined by phylogenetic
analyses using Mega 6.06. Coreceptor usage was predicted by Geno2Pheno algorithm.
Potential N-linked glycosylation site (PNGS) number was calculated using the online N-
glycosite software. The properties of amino acid sequences were analyzed by the online
ProtParam tool.

Results: CRF01_AE become the main HIV-1 genotype since 2010. Compared with non-
CRF01_AE group, the CRF01_AE group showed a higher proportion of samples with
CD4þ cell count less than 200 cells/ml. Shorter amino acid length, fewer PNGSs and the
presence of a basic motif R/KNXT or NR/KT in V4 correlated to a lower CD4þ cell count,
and existence or coexistence of Thr12, Arg13, Val21 and Lys33, presence of more than 4
of net charges and lack of the PNGS within V3 favored to the X4/R5X4 coreceptor usage
of CRF01_AE viruses.

Conclusion: CRF01_AE has dominated HIV-1 genotype in Northeast China. Infection
with CRF01_AE exhibited a fast disease progression, which may be associated with
specific amino acid residues and PNGSs in V3 and V4 regions as well as amino acid
length of V4 region. Copyright � 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction

The wide and fast transmission of circulating recombi-
nant form (CRF) 01_AE strain played a critical role in
diversity and complexity of HIV-1 infection in China.
CRF01_AE strain was introduced into China in late
1980s [1]. The national HIV-1 epidemiology surveil-
lance showed the prevalence of CRF01_AE increased
from 9.6% of HIV-1 infections [2] during 1996–1998 to
42.5% during 2007–2015 [3]. The rapid transmission of
CRF01_AE further complicated the HIV-1 epidemic
situation in China [4–8]. Nowadays, CRF01_AE strains
have formed several stable transmission clusters in
different regions of China, and one cluster was epidemic
in Northeast China (Heilongjiang, Jilin and Liaoning
provinces) [1,9]. This CRF01_AE cluster dominated the
subtype in this region [5,6,10], and showed a tendency
for a longer growth period compared with the other
CRF01_AE clusters in China [1]. Therefore, under-
standing the factors associated with CRF01_AE trans-
mission and pathogenesis is urgently required for the
control and prevention of this subtype infection
in China.

Several studies have demonstrated that patients infected
with CRF01_AE viruses commonly had a lower baseline
CD4þ cell count [11,12] and a higher frequency of
CXCR4 (X4) tropic virus [13,14], and experienced a
more rapid disease progression [15,16] than those infected
with non-CRF01_AE viruses. These features may
contribute to the quick spread of CRF01_AE strains
in China. However, the underlying molecular mecha-
nisms were largely unknown.

In the current study, we summarized the molecular
epidemiology of HIV-1 infections in Jilin province of the
Northeast China and found that CRF01_AE was still the
dominant genotype, and specific basic amino acids and
potential N-linked glycosylation sites (PNGSs) in
variable regions V3 and V4 of envelope (Env)
glycoprotein were closely associated with the pathogen-
esis of CRF01_AE strains.
Methods

The study participants and ethical approval
The information of 310 HIV-1-infected individuals was
collected and analyzed in this study. Ninety-six antiviral
treatment-naive individuals were first diagnosed as HIV-1
seropositive between October 2015 and May 2016 at the
Changchun Infectious Disease Hospital. A written
informed consent was obtained from each participant.
The information of other 214 HIV-1 infected Jilin
individuals was obtained from the Los Alamos National
Laboratory (LANL) HIV database (http://www.hiv.
lanl.gov/content/index).
HIV-1 infection status measure
Fiebig stages were determined by measurement of viral
loads by real-time PCR and HIV-1 specific antibodies by
EIA and Western Blot as previously described [17]. The
recent and long-term infections of 96 newly identified
participants were determined by the Limiting-Antigen
Avidity (LAg-Avidity) assays using the HIV-1 LAg-Avidity
EIA kit (Beijing Kinghawk Pharmaceutical Co., Ltd,
Beijing, China) as previously described [18]. The
normalized optical density (ODn) cutoff of 1.5 was used
to distinguish recent from long-term HIV infection.
Samples with final ODn ranging from 0.4 to 1.5 (including
1.5) were classified as recent infections, while those with
values above 1.5 were classified as long-term infections.
The recent infection indicated individuals acquired HIV
infection within a mean time period of 130 days.

HIV-1 genomic RNA extraction, gene
amplification and sequencing of the newly
isolated samples
Five milliliters of whole peripheral blood was collected
from each participant, and then the plasma was separated
for HIV-1 genotyping. Viral genomic RNA was
extracted as previously described [19] and subjected to
reverse transcription–polymerase chain reaction. The gag
p17-p24 (HXB2: nt836–1507) and env C2–C4 (HXB2:
nt7002–7541) genes were amplified by nested PCR
reactions as previously described [6,7]. The purified PCR
products were subjected to direct sequencing.

Genotyping of the newly identified HIV-1 viruses
The gag and env genes were aligned separately using
Clustal W. A phylogenetic tree was constructed with the
HIV-1 gag or env reference sequences obtained from the
LANL HIV database in Mega 6.06 software (Arizona
State University, Arizona, USA) using the neighbor-
joining method based on Kimura two-parameter model
and 1000 bootstrap replicate test. The subtype of HIV-1
samples was determined by the distribution of both gag
and env genes in the phylogenetic trees. The samples with
discordant gag and env genotypes were considered as
unique recombinant form viruses. The subtype of the
samples which lacked the env gene sequences was
determined based on the gag gene alone.

HIV-1 envelope V3–V4 amino acid sequence
analysis
HIV-1 tropism was assessed using the online software
Geno2pheno (coreceptor) (http://coreceptor.geno2phe-
no.org/index.php) [20] with 5% as the significance level
(cutoff) of false positive rate (FPR) (referred as G2P5
hereinafter) [21]. The HIV-1 strain was considered as
CXCR4 tropism (X4) or CCR5/CXCR4 (R5X4) dual-
tropism when the FPR was lower than 5%. The numbers of
PNGSs in V3, C3 and V4 regions were analyzed using the
N-glycosite tool at the LANL database (http://www.hiv.
lanl.gov/content/sequence/GLYCOSITE/glycosite.html).
The amino acid length, number of positively and negatively

http://www.hiv.lanl.gov/content/index
http://www.hiv.lanl.gov/content/index
http://coreceptor.geno2pheno.org/index.php
http://coreceptor.geno2pheno.org/index.php
http://www.hiv.lanl.gov/content/sequence/GLYCOSITE/glycosite.html
http://www.hiv.lanl.gov/content/sequence/GLYCOSITE/glycosite.html
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charged amino acid residues were analyzed using online
ProtParam tool (https://web.expasy.org/protparam/).

Genbank accession numbers of nucleotide
sequences
The nucleotide sequences identified in this study were
submitted to GenBank with accession numbers of
MH119979-MH120074 for the HIV-1 gag p17-p24 genes
and MH120075-MH120165 for the env C2–C4 genes.

Statistical analysis
Data were analyzed using GraphPad software version 5.01
(GraphPad Software, Inc, La Jolla, California, USA).
Difference between the means was evaluated by the
Student’s t test with a two-tailed 95% confidence interval.
Difference in proportions or rates between two groups
was assessed by the Fish’s exact test. Pearson’s correlation
coefficient was used for linear relation determination
between two parameters. A P value less than 0.05 was
considered as significant.
Results

Circulating recombinant form 01_AE
predominated the HIV-1 genotype in Jilin
A total of 310 samples were collected, including the 96
newly isolated samples in this study and 214 samples (one
sequence per patient) obtained from the LANL database
(Tables S1–S4, http://links.lww.com/QAD/B462). As
shown in Table S2, http://links.lww.com/QAD/B462,
29.2% (28/96) of samples had plasma CD4þ cell counts
less than 200 cells/ml, including 75.0% (21/28) of samples
were at Fiebig stages III or IV of disease. With the LAg-
Avidity assays, we found 34.4% (33/96) of samples were
long-term infections and 65.6% (63/96) were recent
infections. Among the long-term infections, 63.6% (21/
33) were at Fiebig stages III or IV of disease.

Before 2007, subtype B (39/39) was the absolutely
dominant HIV-1 genotype. During 2010–2012,
CRF01_AE become the predominant genotype, account-
ing for 53.5% (92/172) of the HIV-1 infections. During
2015–2016, CRF01_AE still was the main genotype,
responsible for 66.7% of infections (Fig. S1, http://
links.lww.com/QAD/B462, Table S1, http://links.lww.
com/QAD/B462). Among the CRF01_AE infected
cases, 76.3% (119/156) were identified in the MSM
population. These data indicated that CRF01_AE strain
has dominated the HIV-1 genotype in Jilin, especially
among the MSM population.

Circulating recombinant form 01_AE-infected
individuals had a lower plasma CD4R cell count
and a higher proportion of predicted X4/R5X4
tropic virus
We compared the CD4þ cell count and the proportion
of X4/C5X4-tropic virus in CRF01_AE and
non-CRF01_AE samples. Because the CD4þ cell count
information of the Jilin reference samples from database
was lacked, the analysis on the CD4þ cell counts was
conducted among the newly diagnosed samples (n¼ 96).
No significant difference was observed between the mean
CD4þ cell counts of CRF01_AE and non-CRF01_AE
groups in all, recently or long-term infected samples.
Among all the samples, the proportion of samples with
CD4þ cell count less than 200 in CRF01_AE group
(39.1%, 25/64) was significantly higher than that in non-
CRF01_AE group (13.0%, 3/23, P¼ 0.0356). Among
the recent infections or long-term infections, no
difference between the two groups was observed (Fig. 1a).

A total of 187 viruses with available full-length env V3–V4
sequences, including 91 sequences identified in this study
and 96 sequences from LANL HIV database, were
predicted using G2P5 [21]. Thirty-one samples were
predicted as X4 tropic or R5X4 dual-tropic (X4/R5X4),
including 28 CRF01_AE and 3 non-CRF01_AE samples.
The frequency of the predicted X4/R5X4 virus in
CRF01_AE (22.4%, 28/125) was higher than that in non-
CRF01_AE (4.8%, 3/62, P¼ 0.0016) (Fig. 1b).

Circulating recombinant form 01_AE viruses had
shorter lengths, fewer potential N-linked
glycosylation sites and more positively and
negatively charged amino acid residues in V4
region
Considering that Env plays crucial role in viral binding to
and entry into target cells, we then analyzed on the
difference of Env properties between CRF01_AE and
non-CRF01_AE viruses. Compared with non-
CRF01_AE, CRF01_AE viruses showed a shorter length
in V4 amino acid sequences, fewer PNGSs in V4, fewer net
and positive charges in V3, and more negative charges in
V3, more positive and negative charges in V4 (Fig. 1c–f).

The FPR value significantly negatively correlated to the
numbers of net, positive charges in V3 and the numbers of
positive and negative charges in V4, and positively
correlated to the numbers of PNGS in V3 and V4 and the
amino acid length of V4 (Fig. S2, http://links.lww.com/
QAD/B462).

These findings outlined the differences between
CRF01_AE and non-CRF01_AE Env sequences,
especially in V3 and V4 regions, which prompted us
to wonder what feature of V3 and V4 sequences
contributed to CRF01_AE pathogenesis and epidemic
in Northeast China.

Bigger length, more potential N-linked
glycosylation site and a motif R/KNXT or NR/KT
in V4 correlated to low plasma CD4R cell counts
in circulating recombinant form 01_AE samples
We divided CRF01_AE samples with available CD4þ cell
count information into high CD4þ (CD4hi, CD4þ cell

https://web.expasy.org/protparam/
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
http://links.lww.com/QAD/B462
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Fig. 1. Compared analyses between circulating recombinant form 01_AE and noncirculating recombinant form 01_AE infected
samples. The differences in CD4þ cell count in all samples and recent and long-term infections (a), false positive rate in coreceptor
usage prediction by Geno2Pheno method (b) and length of amino acids (c), number of potential N-linked glycosylation sites (d)
and numbers of net, positive and negative charges in V3, C3 and V4 regions (e and f) were shown. Data were shown as mean� SD.
count �200, n¼ 34) and low CD4þ (CD4lo, CD4þ cell
count <200, n¼ 25) groups. The amino acid length and
the PNGS number between V4 regions of CD4lo and
CD4hi groups were not significantly different (Fig. 2a
and b). The CD4þ cell count significantly negatively
correlated with the amino acid length but did not
correlate with PNGS number (Fig. 2c and d).

The V4 amino acid sequences in both CD4hi and CD4lo
groups were highly conserved in N and C terminals, but
highly variable from position 393–413 (according to
HXB2 numbering). The diversity in sequence of this area
also leaded to diversity in the V4 amino acid length.
Significantly, within this highly variable area, the CD4lo
group showed a higher frequency of a basic amino acid
residue arginine (R) or lysine (K) just before or after the
N397 residue (R/KNXT or NR/KT) (where X is
any amino acid except Proline) than the CD4hi group
(8/25 versus 3/34, P¼ 0.0404).

Basic amino acid substitution and lack of
potential N-linked glycosylation site in V3
contributed to X4/R5X4 coreceptor usage of
circulating recombinant form 01_AE viruses
To explore the factor associated with coreceptor usage of
CRF01_AE viruses, we divided the 125 CRF01_AE Env
sequences (including 62 sequences identified in this study
and 63 sequences from LANL HIV database) into two
sets, predicted R5-tropic (n¼ 97) and predicted
X4/R5X4-tropic (n¼ 28). As expected, the predicted
X4/R5X4 V3 sequences contained more net charges
than the predicted R5 V3 sequences, which was mainly
due to the more positively charged residues in the
predicted X4/R5X4 V3 rather than the difference on the
negative charge number (Fig. 3a and b). Compared with
R5 V3, the predicted X4/R5X4 V3 sequence was less
common to have 1–3 net positive charges, and more
common to contain more than 4 of net positive charges.
Two sets showed a similar proportion of sequences with 4
net positive charges.

The V3 region was quite conserved in the amino acid
length (35 residues) among the predicted R5 and
X4/R5X4 viruses, but the sequence was highly variable.
The amino acid substitution frequently occurred in V3
region, as shown in Table 1. When comparing the amino
acid composition in each position between predicted R5
and X4/R5X4 V3 sequences, we found specific
substitutions at several positions. The amino acid residues
around the glycine-proline-glycine-glutamine crown
motif exhibited a higher diversity in the two sets.
Compared with R5 sequences, the predicted X4/R5X4
sequences in this area preferred to contain a higher
frequency of threonine (T) and valine (V) in the position
12 and 21, respectively (Tables 1 and 2).

Considering that more net positive charges had been found
in the predicted X4/R5X4 V3, we also analyzed the
substitutions at charged amino acid residues. Indeed, the
predicted X4/R5X4 V3 sequences had higher proportions
of argenine (R) and lycine (K) in the position 13 and 33,
respectively, compared with the predicted R5 V3
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Fig. 2. Compared analyses between circulating recombinant form 01_AE groups with high and low CD4R cell counts.
Circulating recombinant form 01_AE sequences were divided into high CD4þ (CD4hi, �200 cells/ml) and low CD4þ (CD4lo,
<200 cells/ml) groups according to the CD4þ cell counts of the patients. The differences in length of amino acids (a) and numbers
of potential N-linked glycosylation sites (b) in V3, C3 and V4 regions were analyzed. Correlation analyses between CD4þ cell
count and amino acid length (c) and potential N-linked glycosylation site number (d) in V4 were also done. Data were shown as
mean� SD. r, correlation coefficient.
sequences. Significantly, combination substitutions includ-
ing T12 and/or V21 as well as at least one basic amino
acid residue (R13 or K32) seemed more common in the
X4/R5X4 sequences than the R5 sequences (Tables 1 and
2). At other positions with positively or negatively charged
amino acid residues, such as R3, R9, R24, R32 and
asparticacid (D) at the position 30, no significant difference
on the frequencies of predominant residues between the
two sets was found (Table 1).

Generally, there is only one PNGS within HIV-1 Env V3
region at the position of 6–8. In this study, 12.8% (16/
125) of CRF01_AE V3 sequences did not contain this
PNGS, and the predicted X4/R5X4 V3 showed higher
frequencies to lack this PNGS than the R5 sequences
(Fig. 3c). Correlation analyses showed that the numbers
of net and positive charges in V3 inversely correlated to
the FPR value, and PNGS number in V3 positively
correlated to the FPR value (Fig. 3d–f).

These results suggested that there were different amino
acid variation patterns in the predicted R5 and X4/R5X4
tropic V3 regions, and that specific amino acid residues
and the lack of the PNGS in V3 may contribute to X4/
R5X4 coreceptor usage of CRF01_AE virus in
Northeast China.
Discussion

In this study, we described the HIV-1 epidemic status in
Jilin province, the Northeast China. The CRF01_AE
strain has dominated the HIV-1 genotype since 2010
[5,22]. In the current study, we found that CRF01_AE
still was the major genotype during 2015–2016,
indicating CRF01_AE strain might have some epidemic
advantages over non-CRF01_AE. Previous studies
reported that patients infected with CRF01_AE viruses
commonly harbored a lower baseline CD4þ cell count,
fast CD4þ cell decline and a higher frequency of X4
tropic virus than those infected with non-CRF01_AE
viruses in China and Singapore [10–16,23]. Another
studies found the Chinese MSM cohort in which
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Fig. 3. Compared analyses between circulating recombinant form 01_AE groups harboring CCR5 and CXCR4/dual tropic
viruses. The viral tropism was predicted by the online Geno2Pheno tool with a 5% cutoff of the false positive rate. The differences
in numbers of net (a), positive and negative charges (b) and potential N-linked glycosylation sites (c) in V3, C3 and V4 between
CCR5 (R5, false positive rate�5%) and CXCR4/dual (X4/R5X4, false positive rate<5%) viruses were shown. Correlation analyses
between false positive rate value and the numbers of net charges (d), positive charges (e) and potential N-linked glycosylation sites
(f) in V3 region were also done. Data were shown as mean� SD. r, correlation coefficient.
CRF01_AE infection accounted for 53% showed a faster
CD4þ cell decline than the European MSM cohort [24]
and the low baseline CD4þ cell count and fast CD4þ cell
decline rate were associated with rapid progression [25].
Therefore, to better control HIV-1 infections in China,
finding out and elucidating the factors contributing to the
rapid transmission and high pathogenicity of CRF01_AE
strains is very required.

One interesting observation in this study was that
compared with non-CRF01_AE viruses, CRF01_AE
viruses contained shorter amino acid lengths and fewer
PNGSs in V4 region. A recent study on the HIV-1 sexual
transmission pairs reported that the recipient partner
tended to harbor a shorter V1–V4 region, fewer PNGSs
than the transmitted partner [26], indicating that a short
length and fewer PNGSs in V1–V4 may facilitate HIV-1
transmission and establishment of new infection in the
recipients [27,28]. More significantly, we found the
shorter lengths and fewer PNGSs in V4 were associated
with the lower FPR value in Geno2Pheno prediction,
indicating that these virological characteristics of V4
region may contribute to the coreceptor usage of
CRF01_AE virus. This may be a new potential
mechanism for the rapid transmission and high pathoge-
nicity of CRF01_AE virus in Northeast China.

Another observation was that, the CD4þ cell count
significantly negatively correlated with the V4 amino acid
length in CRF01_AE samples. A retrospective
investigation showed that following infection, HIV-1
subtype B viruses adapt to host immune responses through
increased length and/or addition of PNGSs in V1V2
region [29]. Another study showed that CRF07_BC
viruses in Xinjiang of China tended to increase the length
and PNGS number in V4 region over time within IDU
transmission [30]. The observations from previous studies
and ours supported the notion that when the stable
infection has been established, the length of variable region
in HIV-1 Env begin to increase to escapes from surveillance
of host humoral immunity [28,30,31]. This may be another
potential mechanism for the rapid transmission and high
pathogenicity of CRF01_AE in Northeast China.

It is widely accepted that the switch of coreceptor usage
from CCR5 into CXCR4 or mix (R5X4 dual tropic)
indicates disease progression. And the infection by
CRF01_AE is commonly featured with a fast disease
progression. Therefore, it is required to determine the
tropism of CRF01_AE viruses for the early and correct
choice of CCR5 antagonists in the treatment of HIV-1
infection. Geno2Pheno (FPR¼ 10%, G2P10) has been
recommended to HIV-1 genotyping in Europe in 2012
[32]. In recent years, G2P10 alone [10,15] or in
combination with WebPSSM x4r5 [11,14] were widely
used in tropism prediction of CRF01_AE in China.
However, some studies reported that G2P10 and
WebPSSM seemed to overestimate CXCR4-usage for
CRF01_AE [33], and G2P5 had a better concordance
between genotype and phenotype tropism [21,33,34] and
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Table 2. Specific amino acid residues in the predicted R5 and X4/
R5X4 V3 regions.

Residues in V3a R5, n¼97 X4/R5X4, n¼28 P value

T12 12 (12.4%) 11 (39.3%) 0.0040
R13 31 (32.0%) 18 (64.3%) 0.0037
V21 15 (15.5%) 14 (50.0%) 0.0005
K33 22 (22.7%) 21 (75.0%) <0.0001
T12þR13 6 (6.2%) 11 (39.3%) <0.0001
T12þK33 6 (6.2%) 10 (35.7%) 0.0002
R13þV21 6 (6.2%) 13 (46.4%) <0.0001
R13þK33 17 (17.5%) 16 (57.1%) 0.0001
V21þK33 3 (3.1%) 13 (46.4%) <0.0001
T12þR13þV21 1 (1.0%) 7 (25.0%) 0.0001
T12þR13þK33 5 (5.2%) 10 (35.7%) 0.0001
T12þV21þK33 2 (2.1%) 7 (25.0%) 0.0004
R13þV21þK33 2 (2.1%) 12 (42.9%) <0.0001
T12þR13þV21þK33 1 (1.0%) 7 (25.0%) 0.0001

K, lycine; R, argenine; R5, CCR5 tropic virus; R5X4, CCR5 and CXCR4
dual-tropic virus; T, threomine; V, valine; X4, CXCR4 tropic virus.
aAmino acid residues were numbered according to the HXB2 V3
sequence.
seemed to be a suitable algorithm to predict the
coreceptor usage of CRF01_AE viruses [21]. In this
study, WebPSSM x4r5 showed 100% of concordance
with G2P5 in the prediction of subtype B and
CRF07_BC/CRF08_BC/C, but had only 42.9% of
concordance in the prediction of CRF01_AE (data not
shown). Thus, G2P5 alone was utilized in the current
study. The proportion of the predicted X4/R5X4 tropic
CRF01_AE (22.4%) in our study was slightly lower than
the observations in Shanghai (27.8%, combination of
G2P10 with WebPSSM) [14] and Liaoning (30.5%,
G2P10 alone) [10] of China, mainly because of the more
restrict threshold of the algorithm used here.

The previous investigations and the current study
demonstrated that CFR01_AE strains epidemic in China
contained a higher proportion of X4 or R5X4 tropic
viruses than non-CRF01_AE strains. However, the
molecular mechanism associated with the switch from
CCR5 to CXCR4 among Chinese CRF01_AE strains is
largely unknown. In the current study, we found more
than four of net charges and lack of the PNGS in V3 were
independently associated with the X4/R5X4 coreceptor
usage of CRF01_AE in Northeast China, in line with the
recent findings in France and Japan [34,35].

It is widely recognized that the amino acid residue
substitutions with arginine or lycine in the position 11, 25
or both confer the CXCR4 usage of subtype B viruses (i.e.
the 11/15 rule) [36]. However, our study and the previous
investigations showed the 11/25 rule did not work in the
determination of CRF01_AE tropism, because these
positions in CRF01_AE commonly occupied by
uncharged amino acid residues [21]. Recent studies in
France showed that several specific substitutions including
S5Y, N7K, S11R, T12V, T12F, Q18R, I27T and S32R
in V3 region were dominant among CXCR4-using
CRF01_AE strains [37], and S11R was independently
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associated with CXCR4 switch [38]. However, we did not
find these substitutions contributing to the CXCR4 usage
in our study, which may be due to the diversity of
CRF01_AE V3 region in different geographical areas. But,
we indeed found four amino acid residues preferred to
exist on predicted X4/R5X4 V3 region, including I12T,
S/N13R, A21Vand Q33K. A multicenter Cohort Study
in America also reported that the mutations A21V and
Q33K (A323V and Q336K in the article) in V3 emerged
from 4.10 to 5.67 years after HIV-1 infection, and both
mutations led to CXCR4 tropism switch of subtype C
virus [39]. And A21V mutation (A19V in that study) leaded
to a decreased affinity of HIV-1 Env gp120 for CCR5N
terminus [40]. To our knowledge, our study was the
first report of the amino acid substitutions for the predicted
X4/R5X4 usage of CRF01_AE strains in China.
Although we still did not clear the exact mechanism of
such residues for viral tropism choice, our findings provide
new genetic markers for monitoring the prevalence of
X4/R5X4 tropic CRF01_AE strains and guiding the
usage of CCR5 antagonists in Northeast China.

The limitations in this study were obvious. First, although
we had made great efforts to collect samples from clinical
monitoring sites and LANL database, the size of the
samples in this study was small. We still believe that a large
sample size will further confirm our findings. Second, we
found the several factors associated with the low CD4þ

cell count after CRF01_AE infection, but did not yet
know the excise effects of them on viral transmission and
pathogenesis. We hope this study could provide some
interesting clues to understand CRF01_AE strains
epidemic in Northeast China and even in the whole
China. Extensive studies are still needed to explore and
clear the detailed pathogenesis of CRF01_AE in future.
Another weakness of this study was that the coreceptor
usage of the new CRF01_AE isolates was determined
only based on the genotypic prediction and phenotype
confirmation assay lacked. But, we believe that this study
could bring some new points to learn the pathogenesis of
CRF01_AE viruses in Northeast China.

In summary, CRF01_AE has dominated HIV-1 genotype
in Northeast China. Specific amino acid residues and
PNGS in V3 and V4 regions as well as amino acid
length of V4 region were associated with the X4/R5X4
coreceptor usage and low CD4þ cell count after
CRF01_AE infection. These findings provided valuable
information for monitoring epidemic situation of
CRF01_AE infection in China and the correct choice
of CCR5 antagonists in early treatment.
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