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Abstract
In this study, we investigated drug resistance levels in human immunodeficiency virus (HIV)-1-infected patients in Suzhou 
by retrospectively analyzing this property and the characteristics of circulating HIV-1 strains collected from 2009 to 2014. 
A total of 261 HIV-1-positive plasma samples, confirmed by the Suzhou CDC, were collected and evaluated to detect HIV-1 
drug resistance genotypes using an in-house method. The pol gene fragment was amplified, and its nucleic acid sequence 
was determined by Sanger sequencing. Drug resistance mutations were then analyzed using the Stanford University HIV 
resistance database (https ://hivdb .stanf ord.edu). A total of 216 pol gene fragments were amplified and sequenced with 16.7% 
(36/216) of sequences revealing these mutations. The drug resistance rates of protease, nucleoside reverse transcriptase, and 
non-nucleoside reverse transcriptase inhibitors (NNRTIs) were 4/36 (11.1%), 2/36 (5.6%), and 30/36 (83.3%), respectively. 
Five surveillance drug resistance mutations were found in 36 sequences, of which, three were found among specimens of men 
who have sex with men. Potential low-level resistance accounted for 33% of amino acid mutations associated with NNRTIs. 
Two of the mutations, M230L and L100I, which confer a high level of resistance efavirenz (EFV) and nevirapine (NVP) 
used as NNRTIs for first-line antiretroviral therapy (ART), were detected in this study. Therefore, when HIV-1 patients in 
Suzhou are administered fist-line ART, much attention should be paid to the status of these mutations that cause resistance 
to EVP, EFV, and NVP.
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Introduction

Antiretroviral therapy (ART) is among the most effective 
methods for treating acquired immune deficiency syndrome 
(AIDS), which is caused by human immune deficiency virus 
(HIV) infection [1]. The implementation of ART can not 
only inhibit viral replication and reconstitute immune func-
tion in HIV-infected persons, but also significantly improves 
their quality of life and effectively reduces the morbidity 
and mortality of HIV-related diseases [2, 3]. Six categories 
of antiretroviral drugs have been approved by the Food and 
Drug Administration in the USA, including protease inhibi-
tors (PIs), nucleoside RT inhibitors (NRTIs), non-nucleoside 
RT inhibitors (NNRTIs), integrase strand transfer inhibitors, 
fusion Inhibitors, and HIV co-receptor antagonists [4]. The 
first-line treatment program freely offered in China is a com-
bination of two types of NRTIs with one NNRTI. Compared 
to the first-line treatment program, the recommended sec-
ond-line ART program replaces NNRTIs with PIs in addi-
tion to two NRTIs [5, 6]. However, because of the intrinsic 
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high variation of HIV and the influence of drug selection 
pressure, the emergence of HIV drug-resistant strains is 
the main limitation to effective ART treatment [7]. In a ret-
rospective study of the molecular epidemiology of HIV-1 
in Suzhou from 2009 to 2014, we previously showed that 
multiple HIV-1 subtypes are circulating mainly via sexual 
transmission, represented by CRF01_AE as the dominant 
strain [8]. Since the beginning of 2005, a free ART program 
for patients with AIDS has been conducted in Suzhou [9]. 
To investigate the drug resistance level of HIV-1 in infected 
individuals in Suzhou, it is necessary to analyze the drug 
resistance characteristics of circulating HIV-1 strains and 
understand the impact of drug resistance mutations on HIV-1 
ART. Therefore, our HIV drug resistance study might be 
helpful to formulate a reasonable and effective ART scheme 
to minimize the epidemic of HIV-1 drug-resistant strains.

Materials and methods

Patients

A retrospective study was conducted according to the prin-
ciple of informed consent. Blood samples and epidemiologi-
cal data were collected by trained investigators according 
to a unified questionnaire. Based on this, 261 HIV-1 anti-
body-positive plasma samples were obtained from hospital 
patients, men who have sex with men (MSM), blood donors, 
and detainees, collected by the Suzhou Center for Disease 
Control from 2009 to 2014. Each sample had a unique iden-
tification number. Blood samples used in the study were first 
screened by enzyme linked immunosorbent assay (ELISA) 
and then confirmed by western blotting.

Blood sample collection, transportation, 
and storage

Venous blood (8 ml) was collected in vacuum tubes with 
EDTA-K3 clotting. The blood and anticoagulant were mixed 
immediately to prevent agglutination. Samples were stored and 
transported at room temperature, and were centrifuged for 15 
min at 1500–3000 rpm/min to separate plasma within 6 h of 
collection. The plasma aliquot was stored in sterile, RNA-free,  
and polypropylene screw tubes marked with the sample  
number and separation time. The plasma was temporarily stored 
at 4 °C for 4 days and was kept below − 80 °C for long-term  
storage.

Drug resistance genotypic assay

We analyzed plasma samples by an in-house method for HIV-1 
drug resistance genotypic assays. Viral RNA was extracted 
from 140-μl plasma samples using the Qiagen QIAamp Viral 

RNA Mini kit. cDNA was synthesized by RT-PCR using 
the Takara One Step RNA PCR kit. The pol gene fragment 
(HXB2, 2147–3462nt) was amplified by nested PCR. The 
primers MAW26 (5′-TTG GAA ATG TGG AAA GGA AGGAC-
3′) and RT21 (5′-CTG TAT TTC TGC TAT TAA GTC TTT TGA 
TGG G-3′) were used for the first round of PCR, and the prim-
ers Pro-1 (5′-CAG AGC CAA CAG CCC CAC CA-3′) and RT20 
(5′-CGC CAG TTC TAG CTC TGC TTC-3′) were used for the 
second round PCR. The 1316-bp PCR fragment was then puri-
fied using a Qiagen gel extraction kit and sequenced with an 
automated ABI 377 DNA Sequencer (Applied Biosystems) as 
previously described [8]. The quality of sequences obtained by 
Sanger sequencing was preliminarily evaluated and the splic-
ing of these sequences was analyzed with the ContigExpress 
module in Vector NTI 6.0 software [10]. BioEdit 7.0 (https ://
www.mbio.ncsu.edu/BioEd it/ bioedit.html) software was used 
for nucleic acid sequence comparisons, editing, adjustment, 
and analysis. The HIV-1 drug resistance mutation level was 
divided into five types according to the following criteria: sen-
sitive susceptible (S, 0–9 points), potential low-level resistance 
(P, 10—14 points), low-level resistance (L, 15–29 points), 
intermediate resistance (I, 30–59 points), and high-level resist-
ance (H, > 60 points) (https ://hivdb .stanf ord.edu/page/relea 
se-notes #resis tance .summa ry). The edited sequences were 
pasted into the HIV resistance database of Stanford University 
(HIVDB, https ://hivdb .stanf ord.edu) to determine the site and 
type of the drug resistance mutations, and the drug resistance 
scores were automatically assigned by the HIVdb Program in 
the database. In this study, we mainly analyzed the resistance 
mutation sites related to PIs [ATV (atazanavir), DRV (daru-
navir), LPV (lopinavir), r (ritonavir)], NRTIs [abacavir, AZT 
(zidovudine), emtricitabine, 3TC (lamivudine), TDF (tenofo-
vir)], and NNRTIs [DOR (doravirine), EFV (efavirenz), ETR 
(etravirine), NVP (nevirapine), RPV (rilpivirine)], as shown 
in supplementary Table 1.

HIV‑1 subtype analysis

The subtype analysis in the study was based on the pol-
gene sequences. HIV-1 subtypes were analyzed using HIV 
BLAST online from the Los Alamos HIV Database (https ://
www.hiv.lanl.gov/conte nt/seque nce /BASIC_BLAST) com-
bined with results from the phylogenetic analysis with the 
comparison of reference subtypes.

Results

Epidemiological analysis of HIV‑1 drug resistance 
sites

A total of 216 pol gene fragments were amplified and 
sequenced from 261 HIV-1-positive plasma samples collected 
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in Suzhou from 2009 to 2014. The drug resistance sites for 
protease, nucleoside, and non-nucleoside inhibitors were 
analyzed using the HIVDB program in Stanford University’s 
HIV resistance database (supplementary Table 1). We ana-
lyzed the correlation between drug resistance sites and ethnic-
ity, age, sex, sample source, and HIV-1 subtype, as shown in 
Table 1. Most drug resistance mutation sequences were found 
in samples of 20 hospital patients, followed by 12 from the 
MSM group.] The frequency of drug resistance in the Han 
ethnicity was 16.8% (32/190), whereas it was 15.4% (4/26) 
in minorities. HIV-infected persons aged ≥ 30 years were 
associated with a frequency of drug resistance mutations of 
19.5% (22/113). The frequency of drug resistance mutations in 
females (25.6%, 10/39) was higher than that in males (14.7%, 
26/177). Drug resistance mutations occurred in the HIV-1 
subtypes CRF07/08_BC, CRF01_AE, and subtype B, with 
subtype B showing the highest frequency 52.6% (10/19).

Overview of HIV‑1 drug resistance mutations 
in Suzhou

Among the 216 sequences, 36 (16.7%) contained drug 
resistance mutations. Further, 4/36 (11.1%) sequences 

were related to PI resistance mutations and 2/36 (5.6%) 
sequences were related to NRTI resistance mutations; 
30/36 (83.3%) sequences were related to NNRTI resistance 
mutations. Two sequences associated with PI or NNRTI 
resistance mutations contained two different resistance 
mutation sites each. A total of 40 mutations comprising 
16 mutation sites were identified in these 36 sequences 
(Table 2). The drug mutations were analyzed, and the 
resistance level score was automatically assigned accord-
ing to specific drug inhibitors by the HIVDB program 
(Table 2). Susceptible and potential low-level resistance 
comprised the major types of drug resistance mutations, 
with a frequency of 70.6% (48/68) corresponding to a total 
of 68 inhibitor-related sites, particularly corresponding to 
PI- and NRTI-related mutations.

A standard list of surveillance drug resistance mutations 
(SDRMs) is used to characterize the epidemiology of trans-
mitted drug resistance [11, 12]. Five SDRMs were found in 
the identified 16 mutation sites, among which M46L and 
V82S were related to PIs in the MSM population infected 
by HIV-1 CRF01_AE, whereas L100I, P225H, and M230L 
were related to NNRTIs found in hospital patients (L100I 
and P225H) or the MSM population (M230L) infected 

Table 1  Epidemiological 
analysis of HIV-1 drug 
resistance sites in Suzhou

Minority ethnicity includes Yi, Zhuang, and Wa. Others* includes age ≤ 18 (n = 6) and unknown (n = 1). 
Others** includes physical examinee (n = 7), drug users (n = 7), voluntary counseling and testing (n = 28) 
and unknown (n = 9). Others*** includes subtype C (n = 2)

Information Number PR RT Total(%)

PIs NRTIs NNRTIs

Gender 100%
 Female(n = 39) 10 1 (0.10) 0 (0.00) 9 (0.90) 27.78
 Male (n = 177) 26 3 (0.11) 2 (0.08) 21 (0.81) 72.22

Age 100%
 19 ~ 29(n = 96) 14 2 (0.14) 0 (0.00) 12 (0.86) 38.89
 30 ~ 49(n = 82) 16 0 (0.00) 2 (0.13) 14 (0.87) 44.44
  ≥ 50(n = 31) 6 1 (0.17) 1 (0.17) 4 (0.66) 16.67
 others*(n = 7) 0 0 0 (0.00) 0 (0.00) 0

Ethnicity 100%
 Han(n = 190) 32 4 (0.13) 2 (0.06) 26 (0.81) 88.89
 Minority(n = 26) 4 0 (0.00) 0 (0.00) 4 (1.00) 11.11

Sample source 100%
 Patients(n = 81) 20 2 (0.10) 1 (0.05) 17 (0.85) 55.56
 MSM(n = 58) 12 2 (0.17) 1 (0.08) 9 (0.75) 33.33
 Detention(n = 18) 2 0 (0.00) 0 (0.00) 2 (1.00) 5.56
 Blood donor (n = 8) 2 0 (0.00) 0 (0.00) 2 (1.00) 5.56
 others**(n = 51) 0 0 (0.00) 0 (0.00) 0 (0.00) 0

Subtype 100%
 CRF 07/08-BC(n = 85) 9 0 (0.00) 0 (0.00) 9 (1.00) 25
 CRF 01-AE(n = 110) 17 4 (0.23) 2 (0.12) 11 (0.65) 47.22
 B(n = 19) 10 0 (0.00) 0 (0.00) 10 (1.00) 27.78
 others***(n = 2) 0 0 (0.00) 0 (0.00) 0 (0.00) 0
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by CRF07/08_BC. However, SDRMs in NRTIs were not 
detected.

Analysis of PI‑, NRTI‑, and NNRTI‑related drug 
resistance levels

There were six mutation sites related to PIs. The degree of 
resistance of each site to the three PIs is shown in Table 2. 
M46L and V82S, which are SDRMs, were the major resist-
ance mutations (M). M46L was a potential low-level resist-
ance mutation for ATV/r and LPV/r, whereas V82S exhib-
ited intermediate resistance to ATV/r and LPV/r. The three 
drug resistance mutations, M46V, I50M, and T74P, were 
accessory resistance mutations (A). The mutation G73R, 
which has not been well-studied, was also identified in a 
CRF01_AE-infected hospital patient.

The resistance degree analysis with respect to the three 
PIs is shown in Fig. 1a. It is shown that susceptible muta-
tions summed up to 61.1% (11/18) of total analyzed muta-
tion sites in the three PIs, whereas potential low-level resist-
ance and intermediate resistance rates were 22.2% (4/18) 

and 11.1% (2/18), respectively (Fig. 1a). No low- or high-
level resistance was detected. All mutations detected in PIs 
conferred sensitivity to DRV/r, whereas V82S resulted in 
intermediate resistance to ATV/r and LPV/r. Only two muta-
tions, A62V and T215I, were found to be related to NRTI-
related drug resistance, and their levels were all indicative 
of sensitivity to the five listed NRTIs, suggesting that the 
resistance level of NRTI-related drug mutations was very 
low in Suzhou (Table 2).

Eight drug resistance mutation sites were determined to 
be associated with NNRTIs, of which, L100I, P225H, and 
M230L were SDRMs. Among the three SDRMs, M230L 
showed high resistance to the listed NNRTIs, followed by 
L100I and P225H for the five NNRTIs. The other five drug 
resistance mutations did not affect the activity of all five 
NNRTIs. We further analyzed the occurrence of differ-
ent drug resistance levels associated with NNRTI-related 
mutations (Fig. 1b). The results revealed that potential 
low-level resistance was the most frequent resistance level, 
accounting for 32.5% (13/40) of analyzed drug resist-
ance mutations, followed by sensitivity (27.5%; 11/40), 

Table 2  Drug resistance levels and score mutations in parenthesis

UM* unusual mutation at this position that has not been well-studied, M* major resistance mutations, A* accessory resistance mutations, S* 
Sensitive susceptible, P* potential low-level resistance, L* low-level resistance, I* intermediate resistance, H* high-level resistance

Mutations Subtypes PIs

ATV/r DRV/r LPV/r

M46L (M*) CRF01_AE P* (10) S* (0) P* (10)
V82S (M*) CRF01_AE I* (30) S* (0) I* (30)
M46V (A*) CRF01_AE P* (10) S* (0) S* (0)
I50M (A*) CRF01_AE S* (0) S* (0) S* (0)
T74P (A*) CRF01_AE P* (0) S* (0) S* (0)
G73R CRF01_AE UM* S* (0) S* (0)

Mutations NRTIs

ABC AZT FTC 3TC TDF

A62V CRF01_AE S* (0) S* (0) S* (0) S* (0) S* (0)
T215-THNP CRF01_AE S* (0) L* (20) S* (0) S* (0) S* (0)

Mutations NNRTIs

DOR EFV ETR NVP RPV

M230L CRF08_BC H* (60) I * (45) I* (30) H* (60) H* (60)
L100I CRF07_BC L* (15) H* (60) I* (30) H* (60) H* (60)
P225H CRF08_BC I* (30) I* (45) S* (0) I* (45) S* (0)
V106I CRF01_AE,CRF07_BC

subtype B
L* (15) S*(0) P* (10) P* (10) P* (10)

V108I CRF01_AE,CRF07_BC P* (10) P*(10) S* (0) L* (15) S* (0)
E138Q CRF07_BC S * (0) P*(10) P*(10) P* (10) S* (0)
E138A CRF01_AE,CRF07_BC S * (0) S * (0) P*(10) S* (0) L* (15)
V179E/D CRF01_AE,CRF08_BC

subtype B
S* (0) P* (0) P* (10) P* (10) P* (10)
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intermediate resistance (15.0%; 6/40), high-level resist-
ance (15.0%; 6/40), and low-level resistance (10.0%; 4/40).

The number of NNRTI-related mutations was 32 among 
30 sequences, including two sequences containing two dif-
ferent mutation sites each. An analysis of drug resistance 
levels for each NNRTI showed that the levels of DOR-
related mutations were mostly susceptible (46.8%; 15/32) 
and low-level resistance (40.6%; 13/32). For EFV, the 
mutation levels were mostly susceptible (43.8%; 14/32) 
and potential low-level resistance (46.8%; 15/32). Analy-
sis of the resistance level of the mutations related to the 
remaining three NNRTIs, ETR, NVP, and RPV, showed 
that they were mostly potential low-level resistance 
(Fig. 2).

Discussion

Suzhou is an early HIV epidemic area in China Jiangsu 
Province with a complex epidemic situation [8]. The free 
anti-HIV treatment for AIDS was launched in early 2005 [9]. 
Studies have shown that in an untreated HIV-1-infected indi-
vidual,  104–105 single-point mutations can occur every day, 
and double-point mutations often occur [13, 14]. Under the 
combined effects of high variations in the HIV genome and 
drug selection pressure, HIV drug resistance gene mutations 
develop, leading to a drug-resistant strain [7]. The effect of 
drug resistance gene mutation sites on antiviral drugs used 
for treatment in Suzhou remains unclear. In this study, to 
identify the mutations in drug resistance genes in circulat-
ing HIV-1 strains, we retrospectively analyzed 216 pol gene 

Fig.1  Pie chart analysis of the occurrence of protease inhibitor (PI)-
related drug resistance levels (a) and non-nucleoside reverse tran-
scriptase inhibitor (NNRTI)-related drug resistance levels (b) in 
HIV-1 from infected individuals from 2009 to2014 in Suzhou, China. 

The rate was determined as follows (from Table  2): the number of 
mutation sites in each type of resistance level/total number of ana-
lyzed PI or NNRTI resistance mutation sites

Fig.2  The percentage of each 
non-nucleoside reverse tran-
scriptase inhibitor (NNRTI)-
related resistance level for DOR 
(doravirine), EFV (efavirenz), 
ETR (etravirine), NVP (nevirap-
ine), and RPV (rilpivirine)
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fragment sequences from 261 positive samples in Suzhou 
collected from 2009 to 2014.

We analyzed the drug resistance level of HIV circulat-
ing strains in Suzhou with respect to three PIs, five NRTIs, 
and five NNRTIs. Among the three types of antiretroviral 
drugs, drug resistance mutations were associated with the 
highest susceptibility to NRTIs, followed by PIs, whereas 
NNRTI resistance was not higher than 6%. Five SDRMs 
were detected in our study. M46L and V82S are related to 
PIs. Studies have shown that M46L can reduce virological 
responses [15] and cause the protease inhibitor nelfinavir 
to become ineffective [16]. Three other SDRMs, L100I, 
P225H, and M230L, are related to NNRTIs, among which 
L100I and P225H often appear in conjunction with K103N 
through synergy, thus reducing the sensitivity to NVP and 
EFV [17]. M230L often occurs alone and reduces the sen-
sitivity to all NNRTIs [18]. An analysis of the population 
distribution of SDRMs revealed three of the five SDRMs in 
the MSM population. Therefore, to effectively control the 
spread of drug-resistant strains, the MSM population should 
be given more attention in Suzhou. Further analysis of the 
subtype distribution of SDRMs revealed that SDRMs were 
subtype-specific and that PI-related SDRMs were distributed 
in the CRF01_AE strain, with NNRTI-related SDRMs dis-
tributed in the CRF07/08_BC strain. Notably, the resistance 
level of L100I and M230L was relatively high, correspond-
ing to each inhibitor of NNRTIs, indicating that first-line 
antiviral treatment should be replaced with second-line anti-
viral treatment once patients with HIV show the L100I and 
M230L mutations, which are associated with highly resist-
ance to most currently used NNRTIs.

Epidemiological analysis of drug resistance sites revealed 
that the frequency of drug resistance in the MSM population 
was high (20.7%, 12/58), confirming the view that the MSM 
population should be closely monitored for drug resistance. 
We previously found an eight-member cluster in the MSM 
population [8], but no drug-resistant strains were found in 
that cluster, indicating that the drug-resistant strains remain 
scattered in the MSM population and that no cross-trans-
mission of drug resistance mutations occurs in that cluster. 
A dynamic follow-up survey of the MSM population should 
be conducted to clarify the transmission characteristics of 
HIV-resistant strains.

Similar to the SDRMs mentioned previously herein, the 
drug resistance rate was also subtype-specific. The CRF01_
AE subtype showed a high drug resistance rate. Differences 
in the pol gene among different subtypes results in differ-
ences in the amino acid sequence of the strain, showing 
polymorphisms in the amino acid locus [19]. This poly-
morphism is the main origin of the drug resistance genetic 
barrier [20]. Therefore, exploring the subtype specificity of 
the genetic barrier with respect to ART treatment is impor-
tant to formulate targeted treatment, prevention, and control 

programs. We also found that the frequency of drug resist-
ance in women (25.6%; 10/39) was higher than that in men 
(14.7%; 26/177), which is consistent with previous findings 
[21].

Currently, the standard first-line ART for HIV-infected 
adults and adolescents in China is either TDF or AZT and 
3TC and either EFV or NVP. If there is no contraindica-
tion, TDF or EFV is preferred. Only the first-line drug 
replacement standard that meets the failure of treatment can 
be replaced with the second-line treatment plan. Based on 
our results, we found that HIV drug resistance mutations in 
Suzhou were still associated with susceptibility to 3TC and 
TDF among the five NRTIs. However, the M230L and L100I 
mutations in our study are linked to high resistance to EFV 
and NVP, and the intermediate and high-level resistance 
mutations accounted for 22.5% (9/40) of NNRTI-related 
mutations in our analysis. Above all, results indicated that 
the first-line ART therapy might still be a suitable regimen 
in the Suzhou area; however, when treating patients with 
HIV in Suzhou using first-line ART, attention should be 
paid to determine if their HIV strains carry the NNRTI-
related drug mutations. Recently, Zuo et al. systematically 
reviewed the trend in HIV-1 drug resistance in China from 
2001 to 2017 by meta-analysis [22], and they found that 
a few NRTI-associated (M184V/I) and NNRTI-associated 
(K103N/S, Y181C/I and G190A/S) SDRMs were respon-
sible for most cases of drug resistance. These data suggest 
that the current available first-line ART regimens containing 
3TC and/or EFV or NVP should be urgently amended or 
promptly switched to the second-line regimens. However, 
these SDRMs Zuo et al. found didn’t appear in our analysis.

In summary, we retrospectively analyzed HIV-1 drug 
resistance mutations in 216 patients infected with HIV in 
Suzhou using samples collected from 2009 to 2014. The 
drug resistance level of the detected mutations was still low 
or associated with susceptibility to PIs and NRTIs, but not 
to NNRTIs supplied in the free HIV ART program. Thus, 
before applying the first-line ART currently used in Suzhou, 
we should consider the specific situation of the patients and 
whether their HIV strain is resistant to NNRTIs, in addition 
to making appropriate personal treatment plans including 
second-line ART.
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