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Abstract

Background

The widespread use of antiretroviral therapy (ART) has led to considerable concerns

about the prevalence of transmitted drug resistance (TDR). Sexual contact, particularly

men who have sex with men (MSM) was the most prevalent form of HIV transmission in

Shijiazhuang. Hence, we conducted an epidemiological surveillance study on TDR

among newly diagnosed individuals who infected-HIV through sexual contact in from

2014–2015.

Methods

Genotypic resistance mutations were defined using the WHO-2009 surveillance list. Poten-

tial impact on antiretroviral drug was predicted according to the Stanford HIV db program

version 7.0. The role of transmission clusters in drug resistant strains was evaluated by phy-

logenetic and network analyses.

Results

In this study, 589 individuals were recruited and 542 samples were amplified and sequenced

successfully. The over prevalence of TDR was 6.1%: 1.8% to nucleoside reverse transcrip-

tase inhibitors (NRTIs), 2.0% to non- NRTIs (NNRTIs) and 2.4% to protease inhibitors (PIs),

respectively. We did not find significant differences in the TDR prevalence by demographic

and clinical characteristics (p > 0.05). Using network and phylogenetic analysis, almost

60.0% sequences were clustered together. Of these clusters, 2 included at least two individ-

uals carrying the same resistance mutation, accounting for 21.2% (7/33) individuals with

TDR. No significant difference was observed in the clustering rate between the individuals

with and without TDR.
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Conclusions

We obtained a moderate level TDR rate in studied region. These findings enhance our

understanding of HIV-1 drug resistance prevalence in Shijiazhuang, and may be helpful for

the comprehensive prevention and control of HIV-1.

Introduction

The widespread use and increased coverage of ART has reduced significantly the risk of HIV

transmission and decreased HIV-related morbidity and mortality[1]. Meanwhile, a major

drawback of the global increase in ART access is a corresponding increase in HIV drug resis-

tance, which can be transmitted to newly infected individuals. TDR of HIV has gradually

become a particular concern because it has the potential to compromise the efficacy of combi-

nation ART regimens and may lead to the failure in first-line ART [2–4].

Previous published studies on TDR investigated in different countries showed that the rates

of TDR differs between regions and time period, and the overall rate varies ranging from 0%

to 23% in treatment-naïve individuals[5–9]. Although the prevalence of TDR among treat-

ment-naïve HIV-1-infected individuals remains low in most areas of China, some recent

reports indicated moderate levels in specific regions[10–12].

Our study focuses on Shijiazhuang city, which is the capital of Hebei province, located in

north China, adjacent to Beijing and Tianjin, and Henan province. The first case of HIV-1

infection in Shijiazhuang was diagnosed in 1989, and 2347 HIV/AIDS cases had been cumula-

tively reported in this region by the end of 2015. The prevalence of HIV infection in the gen-

eral population in Shijiazhuang city remains at a relatively low level [13]. Data from the

sentinel surveillance showed that HIV epidemic among the general population was 0.04% in

2015, but it is spreading rapidly in one or more specific groups in recent years. Currently, sex-

ual contact is the most prevalent form of HIV transmission in China. According to the data of

the case registry system, the proportion of sexual transmission has been increasing in the

newly reported HIV/AIDS cases, rising from 52.3% in 2005 to 96.7% in 2015 in Shijiazhuang.

Furthermore, the trend was particularly apparent for it in men who have sex with men

(MSM), which increased from 14.3% in 2005 to 65.7% in 2015.

In China, ART is provided to patients for free through the “Four Free One Care” policy

since 2004[14]. Hebei province was also among the first group of free ART provinces in that

year. In 2015, the new guideline for ART has been changed to recommend all HIV-diagnosed

individuals to receive ART[15]. Up to now, free ART has been available in Shijiazhuang for 13

years. However, there is little data on TDR and other molecular epidemiological data about the

HIV epidemic among newly diagnosed, sexually infected individuals in this region. Therefore,

we performed an epidemiological surveillance study on TDR among individuals newly diag-

nosed of HIV-1 infected through sexual contact in Shijiazhuang and aimed to provide these

baseline resistance data to guide the choices of initial regimen so as to better clinical manage-

ment and broader disease control effort.

Materials and methods

Ethics statement

All participants provided their written informed consent to participate in this study. Ethical

approval was obtained from the local Ethics Committee at Shijiazhuang Center for Disease

Control and Prevention in Shijiazhuang city, Hebei province, China.
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Study population

Participants were enrolled if they were diagnosed as HIV seropositive for the first time and

infected through sexual contact between January 2014 and December 2015. On obtaining a

participant’s informed consent, peripheral blood sample was drawn in an EDTA-added vacu-

tainer tube. CD4+ T cell counts were detected using whole blood and plasma samples were ali-

quoted and stored at -80˚C until use. Demographic and behavioral information of participant

was collected via counselor’s face-to-face interview.

CD4+ T cells count and HIV-1 viral loads detection

Blood samples were collected within 3 months after infection had been confirmed. According

to the manufacturer’s instructions, absolute CD4+ T cell count was performed by flow cytome-

try (FC500, Beckman, USA) within 24 h after blood sample processing using the TRITEST

three-color CD4/CD8/CD3 reagent and TRUCOUNT tubes (Becton Dickinson, San Jose,

CA). Plasma HIV-1 RNA viral load was determined with NucliSens kit (Biomerieux, France)

according to the manufacture’s recommendation.

Amplification and sequencing of HIV-1 pol gene fragment

Viral RNA was extracted from 200 μl of plasma by Silica gel adsorption method (NucliSens1

EasyMag1, Biomerieux, France), according to the manufacturer’s instructions. The pol gene

fragments, containing the entire protease gene (codons 1–99) and partial reverse transcriptase

gene (codons 1–255), were amplified by nested PCR as described by Liao et al[4, 16] using

primers F1a (5’-TGAARGAITGYACTGARAGRCAGGCTAAT-3’,HXB2:2057–2085) and

RT-R1 (5’-ATCCCTGCATAAATCTGACTTGC-3’,HXB2: 3370–3348) for the first round

PCR reaction, and PRT-F2 (5’-CTTTARCTTCCCTCARATCACTCT-3’, HXB2: 2243–2266)

and RT-R2 (5’- CTTCTGTATGTCATTGACAGTCC-3’, HXB2: 3326–3304) for the second.

The PCR products were purified by using a QIAquick Gel Extraction Kit, and then directly

sequenced with ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit and ABI

3730 XL sequencer (Applied Biosystems, Foster City, CA). Sequences obtained were assembled

and edited by the analysis software, Sequencher 4.8 (Gene Codes Corporation, USA), aligned

by using BioEdit v.7.2.

Drug resistance mutations analysis

All sequences were screened utilizing Calibrated Population Resistance (CPR) tool version 6.0

available at Stanford University HIV Drug Resistance Database (http://cpr.standford.edu/cpr/

index.html), and then resistance mutations to NRTIs, NNRTIs, and PIs were defined as the

detection of at least one mutation in any drug class according to the WHO surveillance drug

resistance mutations (SDRMs) list updated in 2009[17, 18]. The overall prevalence was defined

as the percentage of patients harboring any mutations indicative TDR. To predict the suscepti-

bility to available NRTIs, NNRTIs, and PIs, sequences were analyzed using the Stanford HIV

db algorithm version 7.0[19]. Three levels of resistance were scored: high (R), intermediate (I,

intermediate and low), sensitive (S, potentially resistant and sensitive).

HIV-1 subtyping

The HIV-1 subtypes and circulating recombinant forms (CRFs) were identified by phyloge-

netic tree analysis of the pol sequences. The edited sequences were aligned with HIV-1 refer-

ence sequences available in Los Alamos database (http://www.hiv.lanl.gov). Phylogenetic trees

were constructed using the neighbor-joining method based on Kimura two-parameter model
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with 1000 bootstrap replicates, using MEGA (Molecular Evolutionary Genetic Analysis Soft-

ware, Version 6.0).

Phylogenetic analyses and network construction

To avoid the effect of homoplasy of drug resistance mutations on the phylogenetic analysis, all

43 codons associated with major DRM in PR and RT were removed from all of the sequences

within the alignment. phylogenetic sequences analysis was estimated via a maximum likeli-

hood (ML) approach with a bootstrap analyses with 1000 replicates using the general time

reversible + Gamma (GTR + γ) model of nucleotide substitution in FastTree version 2.1.

Transmission cluster were defined as those comprising virus strains from 2 or more individu-

als whose sequences clustered in phylogenetic trees with a bootstrap value� 70%. The trees

were edited and visualized using FigTree version 1.4.2.

To construct the transmission network, sequences were codon-aligned to an HXB2 refer-

ence sequence (positions 2253–3749). Forty-eight codons associated with drug resistance were

removed from the alignment. Tamura-Nei 93 (TN93) pairwise genetic distance was calculated

for all pairs of sequences. The TN93 genetic distance between two sequences�1.5% was iden-

tified as the potential transmission partners. For visualizing and analyzing network, the net-

work data were processed using software Cytoscape 3.5.2. We described characteristics of the

network, including the number of sequences (nodes), links (edges) and clusters (groups of

linked sequences) [20–23].

Statistical analysis

Categorical variables were reported in both numbers and proportions, while continuous vari-

ables were calculated as medians ± standard deviation (SD), respectively. χ2 tests and logistic

regression were used for categorical variables. A two-tailed p values less than 0.05 was consid-

ered significant. All data were analyzed using Statistical Analysis System version 9.1 (SAS Insti-

tute Inc., USA).

Results

Characteristics of the study population

All of 589 patients in the study were newly diagnosed in the year of 2014–2015 and infected

through sexual contact. Of all subjects, the majority were male (92.9%, 547/589) and MSM

(77.6%, 457/589). The patients studied were of ages ranging from 16 to 78 years with age of

36.5±13.7 years old. 96.9% individuals in this study were Han ethnicity and 82.7% were perma-

nent residents in Shijiazhuang. At enrollment, the mean baseline of CD4+ T cell counts was

328±202.3 cells/μL, and the mean of HIV viral RNA load was 4.33±0.9 log copies/mL. The pro-

portional distribution of 589 patients analyzed by sex, age, transmission routes, permanent res-

idence from sociodemographic data were presented in Table 1.

Distribution of HIV-1 subtypes

Based on RT-PCR and sequencing results, 542 (542/589) samples were amplified and

sequenced successfully and the results of subtype and genetic resistance were obtained.

Among the study subjects, CRF01_AE was found to be the most common genotype (49.5%,

268/542), followed by CRF07_BC (27.5%, 149/542) and subtype B (14.0%, 76/542, Table 1).

These three main HIV-1 subtypes accounted for 91% of infections in this risk group. Other

subtypes/CRFs included URF (unique recombinant forms, 5.7%, 31/542), CRF08_BC (0.9%,
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5/542), CRF55_01B (0.9%, 5/542) and CRF02_AG (0.7%, 4/542). In addition to these, three

CRF65_cpx and one CRF59_01B were also found.

The most prevalent genotypes among heterosexuals were CRF01_AE (37.3%, 44/118),

CRF07_BC (27.1%, 32/118), and subtype B (18.6%, 22/118), respectively. While MSM were

predominantly infected by CRF01_AE, with 52.8% (224/424) which exceeded than CRF07_BC

(27.6%, 117/424) and subtype B (12.7%, 54/424). The distribution of HIV-1 subtypes was sig-

nificant difference between heterosexuals and MSM (p<0.001).

Prevalence of transmitted drug resistance (TDR)

The overall prevalence of TDR in 2014–2015 was 6.1% (33/542; 95% confidence interval (CI):

4.1–8.1%). NRTIs, NNRTIs and PIs were identified among 1.8% (10/542; 95% CI: 0.7–3.0%),

2.0% (11/542; 95% CI: 0.8–3.2%) and 2.4% (13/542; 95% CI: 1.1–3.7%) of the patients, respec-

tively. The majority of subjects with TDR displayed a single drug class resistance mutation (32

Table 1. Cases demographics and HIV-1 subtype distribute (n = 589).

Characteristic N %

Total 589 100

Risk behavior

MSM 457 77.59

Heterosexual 132 22.41

Sex

Male 547 92.87

Female 42 7.13

permanent residence

Shijiazhuang city 487 82.68

Other 102 17.32

Age at diagnosis (years)

Mean (±SD) 36.5 (±13.7)

�45 428 72.67

>45 161 27.33

Nationality

Han 571 96.94

Other 16 2.72

CD4 cell count (cells/mm3)

�500 483 82.00

>500 106 18.00

Mean CD4 (±SD) 328 (±202.29)

HIV-1 RNA Viral load

�1000 46 7.81

>1000 527 89.47

missing 16 2.72

Mean Viral load (log10copies/mL) (±SD) 4.33(±0.94)

HIV-1 subtype

CRF01_AE 267 49.26

CRF07_BC 151 27.86

B 80 14.76

Other 44 8.12

Unable to amplify 47

https://doi.org/10.1371/journal.pone.0198005.t001
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out of 33 TDR patients). Only one individual harbored dual classes TDR (M184V and

V106M), which conferred resistance to both NRTIs and NNRTIs. No sample with triple classes

TDR mutations was found in this study (Table 2). Moreover, three patients carried 2 or more

mutations. The M46I/L, PI-associated mutation, was the most frequent mutation observed in

2.2% (12/542) of individuals, while the most commonly observed NNRTIs resistance associ-

ated mutations were K101E (0.7%) and Y181C (0.7%), followed by V106M (0.60%), and the

most prevalent resistance mutation of NRTIs was L210W(0.70%). An overview of the preva-

lence of all mutations to NRTIs, NNRTIs and PIs was shown in Fig 1A and S1 Table.

Potential impact of TDR on first-line regimen

The NRTI-associated mutations were predicted to be high-level resistant to Lamivudine (3TC,

0.6%) and Emtricitabine (FTC, 0.6%); intermediate- or low-level resistance to Stavudine (D4T,

0.9%), Azidothymidine (AZT, 0.7%), Abacavir (ABC, 0.7%), Tenofovir (TDF, 0.2%) and

Didanosine (DDI, 0.2%). Of 11 patients harboring NNRTIs mutations, all of them were fore-

casted to have intermediate or high-level resistance to Efavirenz (EFV, 2.0%) and Nevirapine

(NVP, 2.0%), followed by Ralpivirine (RPV, 1.1%) and Etravirine (ETR, 1.1%). Among PI-

related TDRs, M46I/L was predicted to low resistance to Nelfinavir (NFV, 2.2%) and I47V

coferring resisitance for FPV/r(I),IDV/r(I),LPV/r(I), TPV/r(I) and SQV/r(I). (Fig 1B).

Factors associated with TDR

Comparisons between patients infected with HIV-1 strains harboring drug resistant mutations

and those without were shown in Table 2. No differences were observed between the preva-

lence of TDR and sex, age at diagnosis, nationality, marriage status, education level, permanent

residence, Risk behavior, and occupation (all p values > 0.05). Both the mean CD4 cell count

and the logarithmic mean of viral load in TDR group were slightly lower than those in without

TDR group, although the difference was not statistically significant (p values > 0.05). In addi-

tion, no significant different prevalence of TDR were observed among CRF_01AE,

CRF_07BC, subtype B, and others subtypes (P = 0.68).

Phylogenetic and drug resistant-associated transmission networks analysis

Phylogenetic analysis showed that 325 (60.0%) of 542 sequences of this study grouped in 72

transmission clusters composed of 2 or more individuals. 15 (45.5%) out of 33 sequences with

TDR were included in 8 clusters. of which, 2 clusters included at least two individuals carrying

the same resistance mutation, the M46I/L was one of the sharing mutation, and K101E was the

other (Fig 2). The prevalence of TDR was not significantly different among individuals who

were part of clusters and who were not [4.6% (15/325) vs. 8.3% (18/217), respectively; P = 0.1].

To explore the effect of TDR on viral transmission based on the transmission network, we

also construct transmission network. Similar to the phylogenetic analysis, 57 clusters were

identified, of which 11 contained at least one individual with TDR. Among 542 individuals in

the network, 301 (55.5%) were potential transmission partners with another, and 18 (54.5%)

individuals harboring mutations of drug-resistance were included (Fig 3). No significant dif-

ference was observed in the clustering rate between the individuals with and without TDR

(P = 1.0).

Discussion

In the present study, we analyzed the HIV-1 pol gene sequences of 542 patients with newly

diagnosed HIV-1-infection through sexual contact and treatment-naïve in Shijiazhuang City

The prevalence of transmitted drug resistance in Shijiazhuang, China
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Table 2. Comparison of characteristics between newly diagnosed HIV-1-infected patients with and without drug resistance mutations.

Total TDR Wild type Univariate Multivariate

OR(95% CI) P-value OR(95% CI) P-value

Patients 542 33 509

Risk behavior 0.94 0.88

MSM 424 26 (6.1) 398 (93.4) 1 1

Heterosexual 118 7 (5.9) 111 (94.1) 0.97 (0.41–2.28) 0.92 (0.32–2.67)

Sex 0.92 0.92

Male 507 31 (6.1) 476 (93.9) 1 1

Female 35 2 (5.7) 33 (94.3) 0.93 (0.21–4.06) 0.92 (0.16–5.24)

Age at diagnosis (years) 0.5 0.95

�45 389 22 (5.7) 367 (94.3) 1 1

>45 153 11 (7.2) 142 (92.8) 1.29 (0.61–2.73) 1.03 (0.41–2.59)

Mean (±SD) 36.8±13.9 38.4±12.2 36.7±14.0 0.51a

Ethnicity 0.81 0.72

Han 527 32 (6.1) 495 (93.9) 1 1

Other 13 1 (7.7) 12 (92.3) 1.29 (0.16–10.23) 1.48 (0.17–12.88)

Education 0.56 0.53

�9 188 10 (5.3) 178 (94.7) 1 1

>9 352 23 (6.5) 329 (93.5) 1.26 (0.59–2.70) 1.31 (0.57–3.00)

Marriage Status 0.34 0.48

Single 227 11 (4.8) 216 (95.2) 1 1

Married 239 14 (5.9) 225 (94.1) 1.22 (0.54–2.75) 1.15 (0.42–3.14)

Divorced/Widowed 74 8 (10.8) 66 (89.2) 2.38 (0.92–6.16) 2.23 (0.71–6.98)

permanent residence 0.36 0.49

Shijiazhuang city 444 29 (6.5) 414 (93.5) 1 1

Other 98 4 (4.1) 94 (95.9) 0.61 (0.21–1.77) 0.68 (0.22–2.07)

Occupation 0.28 0.4

students 53 1 (1.9) 52 (98.1) 1 1

employees 343 20 (5.8) 323 (94.2) 3.22 (0.42–24.51) 2.70 (0.32–22.60)

unemployed 146 12 (8.2) 134 (91.8) 4.66 (0.59–36.72) 3.74 (0.44–31.62)

CD4+ T cell count (cells/mm3) 0.8 0.68

�500 452 27 (6.0) 425 (94) 1 1

>500 90 6 (6.7) 84 (93.3) 0.89 (0.35–2.22) 1.23 (0.46–3.28)

Mean CD4 (±SD) 320±197.5 309±182.7 321±198.6 0.75a

Viral load 0.72 0.81

�1000 27 2 (7.4) 25 (92.6) 1 1

>1000 507 30 (5.9) 477 (94.1) 0.79 (0.18–3.48) 0.88 (0.18–4.28)

Missing 8 1 (12.5) 7 (87.5) 1.79 (0.14–22.7) 1.81 (0.13–24.58)

Mean log10 Viral load (±SD) 4.42±0.88 4.18±1.10 4.43±0.86 0.12a

Subtype 1 0.58 0.68

CRF01_AE 267 16 (6.0) 252 (94) 1 1

CRF07_BC 151 9 (6.0) 140 (94) 0.99 (0.43–2.31) 0.97 (0.40–2.31)

B 80 7 (9.2) 69 (90.8) 1.50 (0.60–3.80) 1.39 (0.53–3.61)

Others� 44 1 (2.3) 43 (97.7) 0.36(0.05–2.82) 0.39 (0.05–3.14)

Data are presented as number (%) of patients, unless otherwise indicated. OR, odds ratio; CI, confidence interval; SD, standard deviation; TDR, transmitted drug

resistance; MSM, men who have sex with men.

�Others: including CRF08_BC, CRF02_AG, CRF55_01B, CRF59_01B, CRF65_cpx, CRF_AE/B and URF.

a = two sample t test

https://doi.org/10.1371/journal.pone.0198005.t002
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from 2014–2015. The studied samples represent 67.4% of 804 identified patients (data from

Shijiazhuang CDC) during this period.

Results of phylogenetic analysis illustrated the diversity of HIV-1 subtype among the stud-

ied subjects. A total of nine HIV-1 subtypes, including CRF01_AE, CRF07_BC, B, CRF08_BC,

CRF02_AG, CRF55_01B, CRF59_01B, and CRF65_cpx, and URFs, were detected. CRF01_AE,

CRF07_BC, and subtype B represented the three most common subtypes among sexual con-

tact population, similar to what has been shown in other reports [24–27]. In addition,

CRF59_01B and CRF65_cpx were firstly identified in our samples in Shijiazhuang. These find-

ing indicated the highly genetic heterogeneity and subtypes/CRFs diversity among sexual

Fig 1. The mutations by drug class and the susceptibility by resistance level. Prevalence of transmitted drug

resistance mutations by drug class (A) and predicted susceptibility to antiretroviral drugs by level of resistance (B)

among newly diagnosed, infected HIV-1 through sexual contact individuals in Shijiazhuang, 2014–15 (n = 542).

https://doi.org/10.1371/journal.pone.0198005.g001
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contact population epidemic in this city, which may facilitated the more generation of new

recombination forms and made intervention more complicated.

The overall prevalence among 2014–2015 studied samples was 6.1% in Shijiazhuang city, a

moderate level (5%-15%) according to the WHO categorization method. The TDR rate was

slightly higher than that of studies in other region in China [26, 28, 29], while lower than that

previous published studies in some industrialized countries. The higher prevalence of TDR in

developed countries may be due to the fact that the patients there have been subject to more

prolonged periods of ART in these countries[30, 31]. When examining the presence of resis-

tance by drug class, we found that there was no significant difference in the prevalence of

drug-resistant mutations among the three antiretroviral classes (NRTI, 1.8%; NNRTI, 2.0%;

and PI, 2.4%). For PIs mutations, 91.7% of M46I/L (11/12) was detected in CRF01_AE-

infected MSM in our study. Although the M46L mutation can decrease susceptibility to a

number of protease inhibitors when present with other mutations, it is also a natural polymor-

phism in CRF_01 AE. It is likely that the occurrence of M46I/L may be the characteristics of

specific viral, and may not have any particular impact on the success of current ART [32–34].

In NNRTIs class, high-level resistant to Efavirenz and Nevirapine were mainly due to the

Fig 2. The phylogenetic tree analysis based on HIV-1 pol gene sequences. Phylogenetic tree constructed based on

HIV-1 partial pol fragment (1060bp) obtained from plasma samples of 542 patients who treatment-naïve, sexually

HIV-1-infected. Forty-three codons associated with resistance mutations were remove from the alignment. The

maximum likelihood phylogenetic tree of all of available sequences was construction using GTR + Gamma nucleotide

model in FastTree package. Bootstrap with 1000 replicated was applied to evaluate the reliability of the reconstructed

tree, and bootstrap values�70 were shown at nodes on the tree. Colored branches represent sequences harboring

resistant-drug mutations and grey box indicates the identified clusters which contain at least two individuals sharing

the same mutation. Red: PIs; blue: NNRTIs; green: NRTIs; purple: dual classes.

https://doi.org/10.1371/journal.pone.0198005.g002
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mutations K103N, V106M and Y181C. For NRTIs, 0.6% of patients were predicted to be resis-

tant to Lamivudine and Emtricitabine, which is mostly attributable to the presence of M184V.

Lamivudine, Efavirenz and Nevirapine have been prescribed in the first-line regiment of ART

in China [10, 35]. We therefore considered that the emergence of these mutations may relate

to the usage of first-line regimen.

No significant differences were observed between the prevalence of TDR and demographic

characteristic, which was similar with a previous study [36, 37]. Many studies reported that the

higher prevalence of TDR among MSM compared to heterosexuals; interestingly, the opposite

results also were found in others reports [38–40]. In this study, the overall prevalence of TDR

was not significantly different between MSM and heterosexual. Since the majority of newly

diagnosed HIV-1-infected individuals were MSM (78%) in Shijiazhuang, TDR surveillance in

this group should be performed to better inform treatment decisions.

This study had a clustering rate with 60% of sequences segregating 72 clusters using phylo-

genetic analysis. with regard to the transmission of resistant variants in transmission clusters,

only 2 transmission clusters were identified that contained drug-resistant individuals having a

transmission relationship with each other. The remaining individuals carrying TDR in the net-

work were independent. There was no closely correlation between the clustering rate and the

spread of TDR. In previous study [41], the contribution of transmission cluster to the spread

has been reported at frequency of 20% in newly diagnosed patients, similar to our study

results.

Fig 3. HIV-1 clusters with evidence of transmitted drug resistance (TDR). Individuals shared a same drug

resistance mutation (DRM) with a potential transmission partner. Circles represent male and squares are female.

Colored nodes represent individual harboring resistant-drug mutations and purple edges indicate a shared DRM. Red:

PIs; blue: NNRTIs; green: NRTIs.

https://doi.org/10.1371/journal.pone.0198005.g003
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In summary, we focused on the prevalence of TDR among individuals who were newly

diagnosed and infected-HIV through sexually contact in Shijiazhuang in 2014–2015. The over-

all prevalence of TDR was 6.1%, which distributed almost equally among the three drug classes

(NRTI, NNRTI and PI) as a moderate level. Although TDR was identified in the transmission

clusters, most of TDR were independent rather than converged together. These findings

enhance our understanding of HIV-1 drug resistance prevalence and subtype distribution in

Shijiazhuang.
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