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Little is known about the prevalence of drug-resistant mutations in HIV-1-positive individuals in
Suzhou, China. To elucidate the transmitted drug resistance (TDR) and acquired drug resistance
mutation (ADR) profiles, we collected blood specimens from 127 drug-naïve and 117 first-line drug-
treated HIV-1-infected individuals sampled from 2014 to 2016 in Suzhou. We successfully amplified
pol fragments from 100 drug-naïve and 20 drug-treated samples. We then determined the drug-
resistant mutations to protease (PR) and reverse-transcriptase (RT) inhibitors according to the
Stanford drug resistance database. Overall, 11 and 13 individuals had transmitted (drug-naïve
group) and acquired (treated group) resistance mutations, respectively. Six transmitted drug-
resistant mutations were found, including two mutations (L33F and L76V) in the protease region
and four (K70N/E and V179D/E) in the RT region. Only L76V was a major mutation, and K70N/E and
V179D/E are known to cause low-level resistance to RT inhibitors. All 13 treated participants who
had major drug resistance mutations demonstrated intermediate to high resistance to efavirenz
and nevirapine, and six had a treatment duration of less than three months. No major mutations to
RT inhibitors were found, implying that the epidemic of transmitted resistance mutations was not
significant in this area. Our results suggest that more frequent virus load and drug resistance
mutation tests should be conducted for individuals receiving antiretroviral treatment, especially for
newly treated patients. Our research provides insights into the occurrence of HIV-1 drug resistance
in Suzhou and will help to optimize the treatment strategy for this population.
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INTRODUCTION

The concept of drug resistance has been well recognized
and has become a serious concern in clinical bacteri-
ology and virology. With respect to HIV-1, the emergence
of antiviral drug resistance is inevitable, which can compro-
mise the antiviral effect in HIV-1-infected individuals.
Highly active antiretroviral therapy (HAART) has suc-
ceeded in reducing the morbidity and mortality of HIV-
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infected people, and has turned AIDS into a chronic and
controllable disease (Cohen et al., 2013; Cohen et al.,
2016). Despite this success, the widespread use of these
drugs has led to antiviral drug resistance, which is becom-
ing an issue of increasing concern attracting global
attention (Stadeli and Richman, 2013). Antiretroviral
drug resistance mutations can dominate both in the virus
quasi-species from individuals under HAART as acquired
drug resistance (ADR) mutations as well as in treatment-
naïve individuals as transmitted drug resistance (TDR)
mutations. The prevalence of TDR has been reported to
be increasing in some regions, especially in more resource-
limited settings (Gupta et al., 2012). In Europe and the
United States, drug resistance mutations of HIV-1 were
found in more than 60% of patients who had experienced
antiretroviral treatment failure (Boyd and Cooper, 2007).
Both ADR and TDR mutations can contribute to the
clinical failure of treatment and lead to a suboptimal re-
sponse to subsequent therapy (D’Aquila et al., 1995;
Wittkop et al., 2011).

There were 501,000 reported individuals who were
living with HIV-1/AIDS by the end of 2014 in China
(UNAIDS, 2015). Like many other countries, China has
spared no effort to propel HAART for HIV-1-infected
individuals. Since the National Free Antiretroviral Treat-
ment Program (NFATP) in China was established in
2003, there has been remarkable acceleration in the treat-
ment population (Zhang et al., 2007; Chen et al., 2016).
The total number of people who were receiving antiretro-
viral treatment was estimated at 295,000 until 2014. Ac-
cording to the Chinese National Free AIDS Antiretroviral
Therapy Guidelines (China CDC, 2016), the first-line
HAART regimens are mainly constituted by two nucle-
oside reverse transcriptase inhibitors (NRTIs) plus one of the
non-nucleoside reverse transcriptase inhibitors (NNRTIs):
[tenofovir (TDF) or azidothymidine (AZT)] + [lamivudine
(3TC)] + [efavirenz (EFV) or nevirapine (NVP)]. In general,
individuals that experience HAART failure are switched
to the second-line regimen comprising TDF, 3TC, and
the protease inhibitor (PI) lopinavir/ritonavir (LPV/r).
Many investigations have been conducted to detect the
presence of TDR or ADR mutations related to the ther-
apy outcome to a certain degree (Li J et al, 2016). With
respect to TDR, a previous study showed that although
several common mutations were the cause of most of the
transmitted and high-level resistance cases, the ratios
differed according to geographic region (Rhee et al.,
2015). In China, the TDR prevalence was reported to be
initially low during 2004–2005 (Liao et al., 2010), but an
increasing tendency was detected in recent years because
of extensive HAART administration (Li H et al., 2016).
After virological failure of first-line regimens, a small
proportion of individuals reverted to second-line therapy
(Wang et al., 2015), and this change might have left a

signature on the protease of the HIV-1 sequence. There-
fore, it is necessary to monitor the mutations both to pro-
tease and reverse transcriptase inhibitors (PIs and RTIs)
when conducting a survey on drug resistance. It is com-
mon knowledge that drug resistance mutations are usu-
ally transmitted from treatment non-responding patients
to treatment-naïve individuals, and some mutations can
become epidemic among the latter group. Thus, analyz-
ing the prevalence of ADR and TDR mutations will pro-
vide a clearer sense of the current situation of HIV-1 drug
resistance and serve as a guideline for developing altern-
ative treatment strategies to prevent such epidemics.

The province of Jiangsu is a severe HIV-1 epidemic
region, with over 10,000 HIV-1-infected cases reported
by the end of 2014 (Qiu et al., 2014). Previous studies
have elucidated the prevalence of TDR and ADR muta-
tions in Jiangsu using samples collected from 2009 to
2012 (Zhou et al, 2016; Guo et al, 2015). However, the
present status of drug resistance mutations in this area is
not clear. Suzhou is one of the major cities in Jiangsu
province, but there have been few investigations regard-
ing HIV-1 drug resistance in the city. In this study, we
collected 244 blood specimens that were consecutively
sampled from 2014 to 2016 in Suzhou with the aim of
elucidating the current HIV-1 drug resistance pattern
and to offer suggestions for optimizing the treatment
strategy.

MATERIALS AND METHODS

Patients and samples
Plasma samples were collected from HIV-1-positive in-
dividuals that were enrolled at the Fifth People’s Hos-
pital of Suzhou (an infectious disease hospital in Suzhou),
China, during 2014–2016 after obtaining written informed
consent. Basic epidemiological data such as gender,
transmission route, CD4 cell count, viral load of some
samples, and HIV-1/AIDS-related symptoms were re-
corded upon enrollment, samples without clear treatment
history were excluded from the study.

RNA extraction, cDNA synthesis, nested-PCR,
and sequencing of viral DNA
The plasma samples were collected and preserved in a
–80 °C freezer until analysis. QIAamp Viral RNA Mini
Kit (Qiagen, Hilden, Germany) was used to extract viral
RNA from 140 μL of plasma according to the manufacturer
protocol. cDNAs were synthesized from the total viral
RNA using PrimeScriptTM II 1st Strand cDNA Synthesis
Kit (Takara, Japan). Finally, target gene amplification
was performed using a nested PCR method to obtain two
fragments: the protease (PR, HXB2: nucleotides 2014–
3030) and reverse transcriptase (RT, nucleotides 2393–
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4672) regions in the pol gene. The PCR primers and
conditions were the same as those reported previously
(Zeng et al., 2014). The RNA extraction, cDNA synthesis,
and PCR were operated in different rooms to prevent cross-
contamination. The PCR products were sent to Sangon
Biotechnology Co. for sequencing (ABI3730). The general
primers for sequencing were designed as previously
described (Li et al., 2014).

Sequence assembly, alignment, and quality
control
Base electropherograms were visualized using Bioedit
(Hall, 1999) and then the sequences were assembled by
ContigExpress (Huang, 1992). Proper reference sequences
were retrieved from the HIV-1 database (http://www.hiv.
lanl.gov/) and aligned with the assembled sequences
using the Muscle algorithm in Mega 6.0 (Tamura et al.,
2013). All sequences were blasted for confirmation in
case of potential contamination.

Phylogenetic analysis and genotyping of HIV-1
PR and RT sequences
First, all of the sequences were analyzed using the RIP
tool in the HIV-1 database and REGA to identify their
subtypes and recombination patterns, and then a maximum-
likelihood phylogenetic tree was inferred using Mega 6.0
with 1000 bootstraps to confirm the subtypes and circu-
lating recombination forms (CRFs). Unique recombina-
tion forms (URFs) were further bootscanned using
Simplot (Lole et al., 1999).

Genotypic drug resistance analysis and
prediction of drug susceptibility
Major and minor drug resistance sites in each sequence
were determined according to the HIVdb program inte-
grated in the HIV-1 drug resistance database (http://
hivdb.stanford.edu/). The phenotype evaluation of drug
resistance-related mutations to each antiviral drug was
performed using the Stanford drug resistance algorithm.
By assigning a “drug penalty score” for each mutation
and adding it to a total score, five levels of drug resistance
were inferred: susceptible, potential low-level resistance,
low-level resistance, intermediate resistance, and high-
level resistance.

RESULTS

Clinical characteristics of the participants
As shown in Table 1, among the 244 specimens collected,
237 were obtained from male subjects, and the majority
(76.2%) became infected through having sex with a man
(MSM). These HIV-1-positive individuals were distri-
buted over a wide age range. We divided the patients into
two groups based on whether or not they were receiving

treatment: 127 were drug-naïve and 117 were treated
with first-line drugs. Of the 117 treated subjects, 98 had
a treatment duration of less than 6 months, and 19 indi-
viduals had been under treatment for more than 6 months.

We obtained a total of 120 RT sequences, 100 from
the drug-naïve subjects and 20 from the treated subjects.
The PR gene was successfully amplified, yielding 87 se-
quences from the 244 samples, including 78 sequences
from drug-naïve individuals and 9 from treated parti-
cipants. The accession numbers of the sequences ana-
lyzed in this study were KY972127–KY972246.

HIV-1 subtype distribution through phylogenetic
analysis
According to the RIP results (data not shown) and maximum-
likelihood tree based on RT fragments (Figure 1),
CRF01_AE was found to be the most prominent strain
(65.0%), followed by CRF07_BC (20.8%) (Table 1). We
identified two subtype C sequences, which were genet-
ically most closely related to the reference sequence from
Africa. The unusual close genetic distance and clinical

Table 1.  Characteristics of all study participants in Suzhou,
China

Characteristic Number

gender Male 237

Female 7
Age <30 107

30–50 103

>50 31

Unknown 3
Risk factor MSM 186

Heterosexual 52

Unknown 6
On HAART Yes 117

No 127
Drug duration 0–6 months 98

6–12 months 11

>12 months 8
Successfully sequenced Drug treated 20

Drug naive 100
Subtype CRF01_AE 78

B 1

C 2

CRF07_BC 25

CRF08_BC 1
URF 13

Tingting Li et al.
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information confirmed that these sequences were a trans
mitted pair. Furthermore, URFs accounted for a relatively
high percentage (13/120, 10.8%) of the total sequences

(Table 1). The URFs were not included in the phylogenetic
tree and were analyzed separately by Simplot (Supplemental
Figure S1). Bootscan analysis showed that their parental

 

Figure 1. Maximum-likelihood phylogenetic tree of the RT gene region from HIV-1-positive individuals. One thousand
bootstrap replicates were performed to confirm the reliability of the branching orders (bootstrap values over 70 are indic-
ated at each node). The scale bar represents 5% nucleotide sequence divergence. Samples analyzed in this study are
labeled with solid squares.
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strains were CRF01_AE, subtype B and subtype C, and
three of them showed the same breakpoints.

Drug resistance genotypes in the drug-naïve
and treated groups
Among the 100 drug-naïve individuals, 11% (11/100) har-
bored six major or accessory drug resistance mutations
(L33F, L76V, K70N/E, and V179D/E) in either the PR
or RT region at four positions (Table 2). Only L76V was
a major mutation in PR, whereas the others were accessory
mutations. Furthermore, several "other mutations" were
identified in both the PR and RT regions, including L10I/V,
V11I, K20I, and A71V/T. A71V was the most prominent
mutation identified, which mainly occurred in CRF07_BC
in our cohort. In addition, V90I and V106I were identified,
which are NNRTI-selected mutations with a very minimal
effect on drug resistance.

With regard to the 20 sequences from treated individu-
als, the first-line antiviral treatment regimens were as
follows: 15 received 3TC+TDF+EFV, two received 3TC+
AZT+NVP, one received 3TC+AZT+EFV, one received
3TC+TDF+NVP, and one patient started on a regimen of
3TC+AZT+EFV that was then changed to 3TC+TDF+EFV;
13 harbored at least one major drug resistance mutation
(Table 3). The most dominant mutation to NRTIs detec-
ted was M184V, which was found in 11 of the 13 samples,
followed by D67N, which was found in four samples.
The two frequently occurring mutations to NNRTIs were
V106M and G190A, with a proportion of 7/13 and 4/13,
respectively. All 13 participants showed relatively high

resistance to EFV and NVP, and 12 had high resistance
to 3TC, 5 individuals showed low or high resistance to
TDF, only one (CNSZ70) was highly resistance to AZT
contained in the regimen (Table 3).

Twelve of the 13 participants (except for patient CNSZ32)
that harbored major drug resistance mutations had re-
cords on viral loads after the ART start date and sample
date (Table 3). Ten had viral loads >1000 IU/mL after
the sample dates, and two had a viral load < 500 IU/mL
despite the presence of the identified drug resistance
mutations.

DISCUSSION

The goal of our study was to elucidate the drug resistance
mutation profiles of HIV-1-infected therapy-naïve and
treated individuals in Suzhou, China. Most of the HIV-1-
positive participants enrolled in the study became infected
through MSM, which is in line with a recent report show-
ing a marked uptrend of people living with HIV-1 trans-
mitted through MSM in China (UNAIDS, 2015). Drug
resistance analysis showed that the prevalence of the
TDR mutations to PIs and RTIs was 2% (2/100) and 9%
(9/100), respectively, this overall ratio of individuals
harboring at least one mutation to PIs or RTIs (11%) is
slightly higher than that reported in previous studies
conducted in China (3.8% and 4.5%) (Liao et al., 2010;
Zhao et al., 2011). Major mutations were detected in
most of the samples for which the HIV-1 fragments were
successfully amplified, and are known to cause severe
resistance to 3TC, EFV, and NVP, which were included
in the regimens of these participants.

As for the TDRs, there was one major mutation
(L76V) and one accessory mutation (L33F) to PIs identi-
fied. These mutations may represent the imprints of
HIV-1 PIs in China. L76V reduces the susceptibility to
indinavir, Lopinavir, darunavir, and fosamprenavir.
L33F is an accessory drug resistance mutation in the PR
region and, when combined with other accessory and
major mutations, it can reduce drug susceptibility to each
PI or compensate for the fitness costs caused by major
mutations. The rest were polymorphic per se, which
were also found to be related to HIV drug pressure, and
were designated as "other mutations". Among these, the
most dominant mutation to PIs was A71V, which mainly
occurs in CRF07_BC in China (the protease region of
CRF07_BC actually belongs to subtype B). After search-
ing the related literature, we found that A71V has been
frequently found in the untreated population in China (Li
et al., 2014), and the ratio was higher than the frequency
of natural polymorphism at this position. Given the fact
that PIs are not in the list of first-line antiretroviral drugs
provided by the National ART Program and their use is
relatively limited in China at present, this phenomenon

Table 2.  Transmitted drug resistance mutations profile in
drug-naïve subjects

Mutation Type Mutation
Distribution
CRF01_AE CRF07_BC URFs

PI Other L10I 1 – –

L10V 2 – 1

V11I 1 – –

K20I 1 – –

A71V – 6 –

A71T 1 – 1

Accessory L33F 1 – –

Major L76V 1 – –
RTI Other V90I – 1 –

V106I 1 – –

NRTI
K70N – – 1

K70E 1 – –

NNRTI
V179D 4 1 –
V179E 1 – 2

Tingting Li et al.
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can be explained by the epidemic of a drug-resistant
strain in China that originated from Europe or America.
Mutations to RTIs were detected at two positions (K70N/E
and V179D/E). The mutations K70N/E tend to be selec-
ted in patients receiving TDF-containing regimens and
may cause low resistance to NRTIs (TDF and 3TC).
V179D is a polymorphic accessory mutation selected by
exposure to NNRTIs (EFV and NVP); V179E is non-
polymorphic and has a similar effect as V179D.

Our surveillance of TDRs in Suzhou was somewhat
consistent with a former study in some aspects (Guo et
al., 2015), which found a total TDR frequency of 2% in
Jiangsu when using the sample collected from 2009 to
2011, and only two mutations to RTIs (V179D and K101E)
were found. It is interesting that we also detected the
V179D mutation in our sample, indicating that this muta-
tion may persist and be transmitted in this area. Many
other TDR survey studies in China have reported major
TDR mutation clusters (Zhao et al., 2015); however, no
such major mutations were detected in our study. This
might be due to the fact that the drug-naïve cases in the
present study were not newly infected, so that major
mutations (if any) would have had enough time to be
outcompeted by the wild type because of their fitness
cost when the drug pressure was removed.

By contrast, of the 117 participants who were receiv-
ing treatment, only 20 HIV-1 sequences were amplified.
Upon treatment, the virus can quickly evolve to a resist-
ance state, as evident in some of the newly treated sub-
jects. Concretely speaking, among the 98 treated indi-
viduals that had been under treatment for less than 6
months, six showed major drug resistance mutations. All
cases showed higher-level resistance to NNRTIs, which
reflects the fact that this class of drugs has a relatively
lower genetic barrier to resistance so that even one muta-
tion can be sufficient to confer high-level resistance
(Richman et al., 1994). In the 13 cases with major muta-
tions, 10 had a viral load >1000 IU/mL, indicating that
the mutations might be the cause of ineffective viral load
suppression. In fact, eight of these individuals (CNSZ16,
CNSZ70, CNSZ128, CNSZ149, CNSZ161, CNSZ235,
CNSZ265, and CNSZ365) reverted to second-line regi-
mens according to follow-up visit records from the hos-
pital (data not shown). Only one patient (CNSZ70)
showed high resistance to all drugs in the regimen; the
thymidine analog mutations M41L and T215Y detected
in this individual can confer high-level resistance to AZT
when combined. The other three cases were still suscept-
ible or showed a low resistance level to one of the drugs
(AZT or TDF) in their regimens. A single mutation that
conferred resistance to the NRTI (M184V) and NNRTI
(Y181I) in subject CNSZ16 was the cause of treatment fail-
ure. Indeed, a clinical study showed that in individuals
with virological failure, the virus sometimes developed

resistance to some but not all drugs in the regimen (Wainberg
et al., 2005). Of note, six of the 13 individuals with a treat-
ment duration of no more than three months harbored
major drug resistance mutation. These results suggest
that drug adherence, which was related to tolerance of
the drug side effects, might be a critical problem in the
early treatment process.

The main limitation of the present study is that we did
not have complete viral load information for all subjects
because of the scarcity of the sample; however, we could
deduce that the viral suppression was probably effective
among most of the treated individuals given the low suc-
cessful amplification ratio in this group, which likely
reflects a low virus copy number of HIV-1 RNA since
most individuals (83.8%, 98/117) receiving antiretroviral
drugs were newly treated. Furthermore, the amplifica-
tion rate (100/127) in the drug-naïve group was much
higher than that of the treated group, which indicates that
this distinct discrepancy was due to the difference in the
viral load.

No major TDR mutations to RTIs were found in the
study. K70N/E and V179D/E can cause low-level resist-
ance to RTIs, and V179D/E do not appear to reduce the
virological response to a first-line regimen (Mackie et
al., 2013). Based on the facts above, we might infer that
TDR in this area is not a serious problem, and that a gen-
otypic drug resistance test would not be absolutely ne-
cessary before initiating HAART. By contrast, given the
high ratio of drug resistance mutations detected in the
treatment-experienced individuals, more frequent drug
resistance tests should be performed for this population.
Based on these results, it is reasonable to expect that a
large proportion of HIV-1-infected individuals under
ART will eventually revert to a second-line drug in the
future (usually with the addition of the PI LPV/r). When
this occurs, it is necessary to take the baseline drug res-
istance mutations to PIs into account for determining an
optimal treatment strategy. In our study, the most com-
mon TDR mutations to PIs were polymorphic mutations,
whose main functions are to increase the virus replica-
tion capacity (caused by major mutations) instead of in-
creasing drug resistance. Major mutations have been
shown to persist within the host for a very long time
(Gandhi et al., 2003; Little et al., 2008; Barbour et al.,
2004), but they finally often revert to the wild type be-
cause of the fitness cost. However, this might not be the
case for polymorphic mutations because they do not im-
pair but rather rescue the fitness of the virus under drug
pressure. A previous study (Theys et al., 2012) showed
that even in the absence of drug pressure, these treat-
ment-associated polymorphisms in the PR region were
estimated to increase virus fitness. The high prevalence
of PR-related mutations detected in our study may have
affected the replication capacity, especially the mutations
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L10I/V and A71V/T, which were also reported in many
other studies (Han et al., 2007; Ye et al., 2012; Li et al.,
2014). Therefore, further research is warranted to under-
stand the impact of these mutations.

In summary, our survey provides an overview of the
current TDR and ADR mutation profile in Suzhou,
China. No major TDR mutations to a first-line regimen
were observed, whereas ADR mutations were found in
some newly treated individuals. Our results point to the
importance of continuous genotypic drug resistance
mutation monitoring in the treated HIV-1-infected popu-
lation, especially for those that are newly treated (treat-
ment duration < 3 months). The findings in this study
might help to guide ART strategies for this region and
China at large.
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