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Abstract

Background: To assess transmitted drug resistance (TDR) to tenofovir (TDF)/emtricitabine (FTC), using as pre-
exposure prophylaxis, among newly diagnosed human immunodeficiency virus-1 (HIV-1)-infected residents in
Shenyang city, northeast China.

Methods: Demographic and epidemiological information of all newly diagnosed HIV-1 infected residents in
Shenyang city from 2016 to 2018 were anonymously collected from the local HIV epidemic database. HIV-1 pol
sequences were amplified from RNA in cryopreserved plasma samples and sequenced directly. Viral subtypes were
inferred with phylogenetic analysis and drug resistance mutations (DRMs) were determined according to the
Stanford HIVdb algorithm. Recent HIV infection was determined with HIV Limiting Antigen avidity electro
immunoassay.

Results: A total of 2176 sequences (92.4%, 2176/2354) were obtained; 70.9% (1536/2167) were CRF01_AE, followed
by CRF07_BC (18.0%, 391/2167), subtype B (4.7%, 102/2167), other subtypes (2.6%, 56/2167), and unique
recombinant forms (3.8%, 82/2167). The prevalence of TDR was 4.9% (107/2167), among which, only 0.6% (13/2167)
was resistance to TDF/FTC. Most of these subjects had CRF01_AE strains (76.9%, 10/13), were unmarried (76.9%, 10/
13), infected through homosexual contact (92.3%, 12/13), and over 30 years old (median age: 33). The TDF/FTC
DRMs included K65R (8/13), M184I/V (5/13), and Y115F (2/13). Recent HIV infection accounted for only 23.1% (3/13).
Most cases were sporadic in the phylogenetic tree, except two CRF01_AE sequences with K65R (Bootstrap value:
99%).
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Conclusions: The prevalence of TDR to TDF/FTC is low among newly diagnosed HIV-infected cases in Shenyang,
suggesting that TDR may have little impact on the protective effect of the ongoing CROPrEP project in Shenyang
city.
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Background
Pre-exposure prophylaxis (PrEP) with antiviral drugs in
high risk populations is considered an effective way to
prevent human immunodeficiency virus (HIV) infection.
In 2012, the World Health Organization (WHO) re-
leased guidelines to help uninfected people at risk of
HIV infection use PrEP [1]. In 2012, Truvada was firstly
approved as a PrEP drug by the US Food and Drug Ad-
ministration (FDA). This compound preparation consists
of two nucleoside reverse transcription inhibitors
(NRTIs): tenofovir (TDF) and emtricitabine (FTC). Tru-
vada is currently the most widely used PrEP drug in the
world [2] and is the only recommended PrEP drug in US
Centers for Disease Control guidelines [3]. In 2015,
WHO guidelines recommended PrEP by oral adminis-
tration of antiviral drugs containing TDF (TDF + FTC,
or TDF + lamivudine [3TC], or TDF) [4]. In 2019, Des-
covy was the second PrEP drug approved by the US
FDA, and its active ingredients included FTC and teno-
fovir alafenamide (TAF, TDF prodrug) [5]. PrEP strat-
egies in high-risk populations have been approved by
many countries and regions including the United States,
Canada, the European Union, Australia, Kenya, and
South Africa [3, 6]. However, no PrEP drug has been ap-
proved in China yet.
As early as 2010, TDF was recommended as the first-

line drug of antiretroviral therapy (ART) for acquired
immunodeficiency syndrome (AIDS) by the US and
European AIDS clinical societies [7]. FTC is also the
first-line drug of ART recommended by the WHO. The
main drug resistance mutations (DRMs) to TDF/FTC in-
clude K65R and M184I/V, but the global incidence was
rather low in HIV ART-naïve patients [8]. The Stanford
drug resistance database showed the incidence of K65R
(1.6–3.0%) and M184I/V (30–63%) among eight com-
mon HIV-1 subtypes in NRTI-treated patients [8].
Therefore, the breakthrough infections caused by HIV
with DRMs from ART-failure patients may compromise
the effect of PrEP [9]. In a recent report on HIV-
infected MSM in four US cities, the rate of drug resist-
ance was as high as 30, and 16% were resistant to PrEP
drugs [10]. Different from the relatively high number of
DRMs in developed countries, the latest meta-analysis in
China showed that although acquired drug resistance
(ADR, develops because of viral replication in the pres-
ence of antiretroviral drugs [11]) for NRTI among ART-
treated patients reached 31.4%, the transmitted drug

resistance (TDR, detected among ARV drug-naive
people with no history of antiretroviral drug exposure
[11]) for NRTI among HIV ART-naïve patients was as
low as 0.7% [12]. There have been many reports about
HIV TDR in China, but none have focused on DRMs re-
lated to PrEP.
Shenyang city is the capital of Liaoning Province, the

center city of Northeast China. In recent years, men who
have sex with men (MSM) have become the population
most affected by HIV infection in Shenyang, where di-
verse HIV strains have been reported for 20 years [13,
14], and there are extensive connections with strains
among MSM throughout China [15, 16]. The TDR rate
among MSM in Shenyang was reported as 4.5–4.7% be-
fore 2015 [13, 17]. MSM represents a key HIV high-risk
population, which accounts for more than a quarter of
all new infections in China [18] and over three-quarters
of new HIV infections in Shenyang. At the end of 2018,
CROPrEP, a multicenter, real-world prospective cohort
study aiming at a comprehensive evaluation of the PrEP
feasibility in China, was started among MSM in four
metropolitan Chinese cities with moderate to high HIV
prevalence rates among MSM, including Shenyang [19].
To explore the baseline TDRs in Shenyang city, espe-
cially the TDRs that compromise the effect of TDF/FTC
before the CROPrEP project started, we retrospectively
analyzed the TDR of all newly diagnosed HIV-infected
cases in Shenyang between 2016 and 2018.

Methods
Study subjects
This study was a retrospective molecular epidemiology
study. All newly diagnosed HIV-infected residents of
Shenyang between 2016 and 2018 were included in this
study. Cryopreserved plasma samples at diagnosis of
HIV infection were available in 2354 cases (91.3%, out of
2577). Demographic information including gender, age,
marital status, education level, and HIV infection route
was also collected anonymously. The Institutional Re-
view Board of China Medical University approved this
study.

HIV pol gene amplification and sequencing
Briefly, HIV-1 RNA was extracted from 140-μl plasma
samples using QIAamp Viral RNA Mini kit (Qiagen,
Hilden, Germany), and the HIV pol region gene (HXB2:

2253–3318) was reverse transcribed and amplified with
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an in-house method. Polymerase chain reaction (PCR)
products were purified and then directly sequenced in
both directions. Amplification primers, PCR conditions,
and sequencing primers were described previously [13].

Sequences assembly, phylogenetic, and TDR analyses
The pol sequences were aligned using Vector NTI Ad-
vance 10.0 Software Contig Express Component (Invi-
trogen, Carlsbad, CA, USA). HIV-1 subtype reference
sequences were downloaded from the Los Alamos data-
base (https://www.hiv.lanl.gov). A Maximum-Likelihood
(ML) tree (GTR nucleotide substitution model) for
CRF01_AE was constructed using fast tree 2.1.8 [20]. A
bootstrap value > 90 was the criterion to determine
lineage [15]. FigTree1.4.3 (http://tree.bio.ed.ac.uk/
software/figtree) was used for phylogenetic analyses.
The assembled sequences were submitted to the Stan-

ford University HIV Drug Resistance Database (http://
hivdb.stanford.edu) to identify the DRMs. Only those
DRMs that could cause low, moderate, and high-level re-
sistance to antiretroviral drugs were recorded and
counted.

HIV-1 limiting antigen avidity detection
HIV-1 Limiting Antigen Avidity (LAg-Avidity) kits
(Maxim Biomedical, Inc., USA) were used to distinguish
recent HIV infection (RHI) from chronic HIV infection
(CHI). The tests were performed according to the kit in-
structions [21]. The normalized optical density (ODn) of
each sample = optical density (OD) value of each sam-
ple/OD value of the calibrator. If ODn > 2.0 in the
screening test, it is judged as CHI. If ODn ≤2.0, a con-
firmatory test is required. ODn > 1.5 in a confirmatory
test indicates CHI, while ≤1.5, is considered RHI [21].

Statistical analyses
All patients with PREP-related resistance mutations will
be included in the analysis. Statistics of all demographic
data including gender, age, marital status, education
level, and HIV infection route, and statistics of TDR
were performed using SPSS version 25.0 (SPSS Inc., Chi-
cago, IL). We analyzed continuous variables and categor-
ical variables. Descriptive statistics were conducted and
related factors were summarized and sorted.

Results
Demographic characteristics
A total of 2167 (92.1%, 2167/2354) sequences were ac-
quired. The overall distribution of subtypes was: 70.9%
CRF01_AE (1536/2167), 18.0% CRF07_BC (391/2167),
4.7% subtype B (102/2167), 2.6% other subtypes (56/
2167), and 3.8% unique recombinant forms (82/2167).
Among the cases whose subtype could be determined,
93.9% (2034/2167) were male with a median age of 34

years old (range: 4–90), 63.1% (1364/2167) were unmar-
ried, 49.6% (1075/2167) had a college education or
above, and 83.6% (1811/2167) were MSM.

Total TDRs and resistance to TDF/FTC
Overall, 4.9% of sequences in this study (107/2167) were
found to harbor DRMs. The DRMs to protease inhibi-
tors (PIs), NRTIs, and nonnucleoside reverse transcript-
ase inhibitors (NNRTIs) were 1.0% (21/2167), 0.5% (10/
2167), and 2.8% (61/2167), respectively. Among them,
0.6% (13/2167) of sequences were resistant to TDF/FTC,
including 10 of CRF01_AE, 2 of CRF07_BC, and 1 sub-
type B strains. The mutations included K65R (61.5%, 8/
13), M184I/V (38.5%, 5/13), and Y115F (2/13). K65R is
known to confer high-level resistance to TDF and
intermediate-level resistance to FTC, while M184I/V
confers high-level resistance to FTC and 3TC and low-
level resistance to abacavir (ABC). Y115F can confer
high-level resistance to ABC and only low-level resist-
ance to TDF (Table 1).
Among the patients resistant to TDF/FTC, 92.3% (12/

13) were male with a median age of 33 years old (range:
25–50), 76.9% (10/13) were unmarried, 46.1% (6/13) had
a college education or above, 76.9% (10/13) were MSM,
and 23.1% (3/13) were estimated to having been infected
within 6 months.

Phylogenetic relationships of TDF/FTC-resistant strains
A majority (76.9%, 10/13) of TDF/FTC resistant strains
in this study were classified as CRF01_AE, so linkage
among the TDF/FTC resistant strains was phylogenetic-
ally analyzed against the other TDF/FTC sensitive
CRF01_AE strains. In the ML tree, 95.1% (1461/1536) of
sequences could be classified as two main CRF01_AE
lineages that were described in a previous study on the
Chinese MSM population [15]. Eight TDF/FTC resistant
strains were sporadic in the ML tree without obvious ag-
gregation, but the other two CRF01_AE strains with
K65R clustered together with 99% of the bootstrap value
(Fig. 1). There was no significant correlation between
the two CRF07_BC strains and K65K/R (data not
shown).

Discussion
ART for HIV-infected patients has been effective in re-
ducing the mortality of HIV infection and preventing an
ongoing HIV epidemic in the absence of vaccines [22].
China’s Free ART Program, initiated in 2002 [23], devel-
oped from an emergency response to a standardized
treatment. At present, 17 ART drugs are provided free
by the Chinese government, including 4 NRTIs (zidovu-
dine [AZT], lamivudine [3TC], TDF and abacavir
[ABC]), 2 NNRTIs (efavirenz [EFV] and nevirapine
[NVP]), and 1 PI (lopinavir/r [LPV/r]). Stavudine (d4T)/
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AZT + 3TC +NVP/ EFV was the earliest, free, first-line
ART regimen in China in 2005 [24]. After that, TDF-
based ART regimens (combination TDF + 3TC + EFV)
were used according to the 2011 guideline of diagnosis
and treatment for AIDS in China [25]. By October 30,
2019, there were 829,628 HIV-infected patients receiving

ART, accounting for 86.6% of HIV-1 infections in China
[26]. The virological suppression rate exceeded 90%
among those on ART [27], but drug resistance inevitably
occurs with wide ART application. The situation of
HIV-1 drug resistance in China from 2001 to 2017 has
been comprehensively evaluated [12]. The prevalence

Table 1 Information of HIV-1 infected persons with TDF/FTC-related TDR in Shenyang in 2016–2018

NO. Year of
detection

Subtype Mutation Drug Resistancea Infection
stagebTDF FTC

1 2017 CRF01_AE K65R H I CHI

2 2018 CRF01_AE K65R H I CHI

3 2016 CRF01_AE K65R H I NA

4 2017 CRF01_AE K65R H I CHI

5 2018 CRF01_AE K65R H I NA

6 2016 CRF01_AE K65KR H I RHI

7 2016 CRF01_AE M184I S H NA

8 2016 CRF01_AE M184M/V S H CHI

9 2017 CRF01_AE M184M/V S H RHI

10 2018 CRF01_AE Y115F, M184V S H NA

11 2018 CRF07_BC K65K/R H I RHI

12 2017 CRF07_BC K65K/R H I CHI

13 2017 B K70K/E,Y115Y/F,M184V I H CHI
aH high-level resistance, I intermediate-level resistance, S susceptible
bRHI Recently HIV Infection, CHI Chronic HIV Infection, NA Not Available

Fig. 1 The maximum-likelihood tree was constructed based on the pol region (HXB2: 2253 to 3300 nt). HIV-1 subtype B was chosen as out-group
in the CRF01_AE rooted tree. Only the sequences located in 2 main CRF01_AE lineages (95.1%, 1461/1536) were included in this ML tree. The
strains with TDF/FTC-related PDR mutations (red) located in 2 main lineages of CRF01_AE (green)
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rates of TDR and ADR in China were about 3.0 and
44.7%, respectively, depending on the regions studied. It
is no surprise that NNRTI-related mutations increased
rapidly in China recently, and M184V/I and T215I/Y/S/
D/F were the main NRTI DRMs in ART-naïve and
ART-treated individuals, respectively [12].
In this study, we explored TDR to TDF/FTC among

all newly diagnosed HIV infections in Shenyang city
from 2016 to 2018. We found three DRMs (K65R,
M184I/V, and Y115Y/F) that caused resistance to TDF/
FTC. K65R and M184I/V were both listed in the com-
mon DRMs to TDR and ADR [12] and were believed to
be induced under the pressure of TDF and 3TC [28].
Both were widely used in first-line ART regimens [29]
and confer high-level resistance to TDF and FTC.
Y115Y/F was not a common DRM and could be selected
by ABC and TDF [28], both of which were free ART
drugs in China and confer high-level resistance to ABC
and low-level resistance to TDF. Therefore, TDR to
TDF/FTC found in this study was most likely related to
the previous application of first-line ART drugs in
China.
In this study, TDR to TDF/FTC was detected in 13

out of 2176 patients. Are there any similarities or links
among these patients? Our results showed that most
were unmarried, infected HIV through homosexual be-
havior and that three had likely been infected within 6
months. Phylogenetic analysis indicated that most TDR
strain transmission was sporadic, except for two K65R
carrying CRF01_AE strains with very close genetic dis-
tance. These findings suggest that although there is a
potential risk of TDR strain local transmission, that risk
is still low.
The most important question arising from TDR

transmission is whether PrEP will protect the individ-
uals who are exposed to HIV strains with DRMs
against TDF/FTC. Animal models have shown that
oral TDF/FTC did not reliably prevent infection with
HIV strains with K65R [30]. In humans, studies have
shown that some individuals acquired HIV strains
with DRMs against TDF and/or FTC despite consist-
ent use of adequate doses of PrEP [9, 31]. Therefore,
PrEP does not offer complete protection against HIV
infection, especially HIV strains with DRMs. The re-
sults of this study showed that the prevalence rate of
TDR to TDF/FTC was as low as 0.6% among newly
diagnosed HIV-infected cases in Shenyang, suggesting
that TDR may have little impact on the protective ef-
fect of the ongoing CROPrEP project in Shenyang city
[19]. At last, the objects of our study was not exactly
the same as the target population of the CROPrEP
project in Shenyang city, and included other HIV
high-risk population. This could be the limitation of
this study.

Conclusion
In summary, this is the first comprehensive large-scale
local investigation on the transmission of TDR strains to
TDF/FTC in China. The low prevalence and few phylo-
genetic link of HIV TDR in Shenyang suggested that the
impact of TDR on the ongoing PrEP project is very lim-
ited. However, the overall prevalence of HIV TDR was
close to 5% in Shenyang, highlighting the need for regu-
lar TDR monitoring to prevent the further spread of
HIV TDR strains.

Abbreviations
HIV: Human immunodeficiency virus; PrEP: Pre-Exposure Prophylaxis;
TDR: Transmitted Drug Resistance; MSM: Men who have sex with men;
RHI: Recent HIV infections

Acknowledgements
We are grateful for Professor Hong Shang’s contributions on study design
and manuscript writing. We also thank the medical personnel who
collaborated. We would like to thank English-speaking medical editors for
English language editing.

Authors’ contributions
ZW and BZ analyzed the data and wrote the first draft of the manuscript. BZ,
MA, and XH designed the project. WS, DX, XL, LW1, and HD collected patient
information. ZW, LW2, and WT performed the experiments. BZ and XH
edited the manuscript. All authors read, commented on, and approved the
final manuscript.

Funding
This work was supported by Mega-Projects of National Science Research for
the 13th Five-Year Plan (2018ZX10721102). The funder XH played role in the
design of the study and in a critical review of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of The First
Affiliated Hospital, China Medical University. In addition, written informed
consents were obtained from all participants.

Consent for publication
Not applicable. (This manuscript did not contain any person’s data in any
form).

Competing interests
The authors declare that they have no competing interests.

Author details
1National Clinical Research Center for Laboratory Medicine, NHC Key
Laboratory of AIDS Immunology (China Medical University), The First
Affiliated Hospital of China Medical University, No 155, Nanjing North Street,
Heping District, Shenyang 110001, Liaoning Province, China. 2Key Laboratory
of AIDS Immunology, Chinese Academy of Medical Sciences, Shenyang
110001, China. 3Key Laboratory of AIDS Immunology of Liaoning Province,
Shenyang 110001, China. 4Department of Food Safety and Nutrition,
Shenyang Center for Health Service and Administrative Law Enforcement
(Shenyang Center for Disease Control and Prevention), Shenyang 110031,
China.

Wang et al. BMC Infectious Diseases          (2021) 21:668 Page 5 of 6



Received: 12 August 2020 Accepted: 10 June 2021

References
1. In: Guidance on Pre-Exposure Oral Prophylaxis (PrEP) for Serodiscordant

Couples, Men and Transgender Women Who Have Sex with Men at High
Risk of HIV: Recommendations for Use in the Context of Demonstration
Projects. edn. Geneva; 2012.

2. Smith DK, Grant RM, Weidle PJ, Lansky A, Fenton KAJJTJotAMA: Interim
guidance: Preexposure prophylaxis for the prevention of HIV infection in
men who have sex with men. 2011;305(11):1089–91.

3. Xinyu Y. Practice and challenges of HIV pre-exposure prophylaxis and post-
exposure prophylaxis. Chi J AIDS STD. 2019;25(4):425–8.

4. In: Guideline on When to Start Antiretroviral Therapy and on Pre-Exposure
Prophylaxis for HIV. edn. Geneva; 2015.

5. Aschenbrenner DS. Descovy approved for HIV Prexposure prophylaxis. Am J
Nurs. 2020;120(2):20–1. https://doi.org/10.1097/01.NAJ.0000654292.06762.bd.

6. Hoornenborg E, Krakower DS, Prins M, Mayer KH. Pre-exposure prophylaxis
for MSM and transgender persons in early adopting countries. Aids. 2017;
31(16):2179–91. https://doi.org/10.1097/QAD.0000000000001627.

7. Thompson MA, Aberg JA, Cahn P, Montaner JS, Rizzardini G, Telenti A, et al.
Antiretroviral treatment of adult HIV infection: 2010 recommendations of
the international AIDS society-USA panel. JAMA. 2010;304(3):321–33. https://
doi.org/10.1001/jama.2010.1004.

8. Rhee SY, Kantor R, Katzenstein DA, Camacho R, Morris L, Sirivichayakul S,
et al. HIV-1 pol mutation frequency by subtype and treatment experience:
extension of the HIVseq program to seven non-B subtypes. AIDS. 2006;20(5):
643–51. https://doi.org/10.1097/01.aids.0000216363.36786.2b.

9. Gibas KM, van den Berg P, Powell VE, Krakower DS. Drug resistance during
HIV pre-exposure prophylaxis. Drugs. 2019;79(6):609–19. https://doi.org/10.1
007/s40265-019-01108-x.

10. Fogel JM, Sivay MV, Cummings V, Wilson EA, Hart S, Gamble T, et al. HIV
drug resistance in a cohort of HIV-infected MSM in the United States. Aids.
2020;34(1):91–101. https://doi.org/10.1097/QAD.0000000000002394.

11. World Health Organization. HIV drug resistance report. 2019. [R/OL]. https://
www.who.int/hiv/pub/drugresistance/hivdr-report-2019/en/. Accessed 15
Dec 2019.

12. Zuo L, Liu K, Liu H, Hu Y, Zhang Z, Qin J, et al. Trend of HIV-1 drug
resistance in China: A systematic review and meta-analysis of data
accumulated over 17 years (2001-2017). EClinicalMedicine. 2020;18:100238.
https://doi.org/10.1016/j.eclinm.2019.100238.

13. Zhao B, Han X, Dai D, Liu J, Ding H, Xu J, et al. New trends of primary drug
resistance among HIV type 1-infected men who have sex with men in
Liaoning Province, China. AIDS Res Hum Retrovir. 2011;27(10):1047–53.
https://doi.org/10.1089/aid.2010.0119.

14. Han X, Dai D, Zhao B, Liu J, Ding H, Zhang M, et al. Genetic and
epidemiologic characterization of HIV-1 infection in Liaoning Province,
China. J Acquir Immune Defic Syndr. 2010;53(Suppl 1):S27–33. https://doi.
org/10.1097/QAI.0b013e3181c7d5bf.

15. Han X, An M, Zhang M, Zhao B, Wu H, Liang S, et al. Identification of 3
distinct HIV-1 founding strains responsible for expanding epidemic among
men who have sex with men in 9 Chinese cities. J Acquir Immune Defic
Syndr. 2013;64(1):16–24. https://doi.org/10.1097/QAI.0b013e3182932210.

16. An M, Han X, Xu J, Chu Z, Jia M, Wu H, et al. Reconstituting the epidemic
history of HIV strain CRF01_AE among men who have sex with men (MSM)
in Liaoning, northeastern China: implications for the expanding epidemic
among MSM in China. J Virol. 2012;86(22):12402–6. https://doi.org/10.1128/
JVI.00262-12.

17. Zhao B, Han X, Xu J, Hu Q, Chu Z, Zhang J, et al. Increase of RT-related
transmitted drug resistance in non-CRF01_AE among HIV type 1-
infected men who have sex with men in the 7 cities of China. J Acquir
Immune Defic Syndr. 2015;68(3):250–5. https://doi.org/10.1097/QAI.
0000000000000467.

18. NCAIDS, NCSTD, CDC C. Update on the AIDS/STD epidemic in China and
main response in control and prevention in October, 2017. Chin J AIDS STD.
2018;24(2):111.

19. Wang H, Zhang Y, Mei Z, Jia Y, Leuba SI, Zhang J, et al. Protocol for a
multicenter, real-world study of HIV pre-exposure prophylaxis among men
who have sex with men in China (CROPrEP). BMC Infect Dis. 2019;19(1):721.
https://doi.org/10.1186/s12879-019-4355-y.

20. Price MN, Dehal PS, Arkin AP. FastTree 2--approximately maximum-
likelihood trees for large alignments. PLoS One. 2010;5(3):e9490.

21. Maxim Biomedical. Maxim HIV-1 Limiting Antigen Avidity EIA: Single Well
Avidity Enzyme Immunoassay for Detection of Recent HIV-1 Infection, Cat.
No. 92001; 2013. Available from: http://www.maximbio.com/img/insert/92
0013-Product-Insert.pdf.

22. Granich R, Gupta S, Suthar AB, Smyth C, Hoos D, Vitoria M, et al.
Antiretroviral therapy in prevention of HIV and TB: update on current
research efforts. Curr HIV Res. 2011;9(6):446–69. https://doi.org/10.2174/1
57016211798038597.

23. Zhang FJ, Pan J, Yu L, Wen Y, Zhao Y. Current progress of China's free
ART program. Cell Res. 2005;15(11–12):877–82. https://doi.org/10.1038/sj.
cr.7290362.

24. Chinese Medical A, Chinese Center for Disease C, Prevention. Guidelines for
diagnosis and treatment of HIV/AIDS in China (2005). Chin Med J. 2006;
119(19):1589–608.

25. Association APGSoIDCM. Guidelines for diagnosis and treatment of HIV/
AIDS in China (2011). Chin J Infect Dis. 2011;29(10):629–40.

26. BY W, MM L, XJ B. 958,000 survivors were reported in China, and the AIDS
epidemic is at a low level. 2019. http://www.xinhuanet.com/politics/201
9-12/01/c_1125295336.htm.

27. National Health Commission of the People's Republic of China: Regular
press conference: Progress in the prevention and treatment of AIDS in
China. http://ncaids.chinacdc.cn/xxgx/yqxx/201811/t20181123_197488.htm.
Accessed 19 Oct 2019.

28. Liu TF, Shafer RW. Web resources for HIV type 1 genotypic-resistance test
interpretation. Clin Infect Dis. 2006;42(11):1608–18. https://doi.org/10.1086/
503914.

29. Press NfAatmctBPsH. National free AIDS antiviral treatment manual [M];
2005. p. 12–1.

30. Cong ME, Mitchell J, Sweeney E, Bachman S, Hanson DL, Heneine W, et al.
Prophylactic efficacy of oral emtricitabine and tenofovir disoproxil fumarate
combination therapy against a tenofovir-resistant simian/human
immunodeficiency virus containing the K65R mutation in macaques. J Infect
Dis. 2013;208(3):463–7. https://doi.org/10.1093/infdis/jit189.

31. Powell VE, Gibas KM, DuBow J, Krakower DS. Update on HIV Preexposure
prophylaxis: effectiveness, drug resistance, and risk compensation. Curr
Infect Dis Rep. 2019;21(8):28. https://doi.org/10.1007/s11908-019-0685-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wang et al. BMC Infectious Diseases          (2021) 21:668 Page 6 of 6

https://doi.org/10.1097/01.NAJ.0000654292.06762.bd
https://doi.org/10.1097/QAD.0000000000001627
https://doi.org/10.1001/jama.2010.1004
https://doi.org/10.1001/jama.2010.1004
https://doi.org/10.1097/01.aids.0000216363.36786.2b
https://doi.org/10.1007/s40265-019-01108-x
https://doi.org/10.1007/s40265-019-01108-x
https://doi.org/10.1097/QAD.0000000000002394
https://www.who.int/hiv/pub/drugresistance/hivdr-report-2019/en/
https://www.who.int/hiv/pub/drugresistance/hivdr-report-2019/en/
https://doi.org/10.1016/j.eclinm.2019.100238
https://doi.org/10.1089/aid.2010.0119
https://doi.org/10.1097/QAI.0b013e3181c7d5bf
https://doi.org/10.1097/QAI.0b013e3181c7d5bf
https://doi.org/10.1097/QAI.0b013e3182932210
https://doi.org/10.1128/JVI.00262-12
https://doi.org/10.1128/JVI.00262-12
https://doi.org/10.1097/QAI.0000000000000467
https://doi.org/10.1097/QAI.0000000000000467
https://doi.org/10.1186/s12879-019-4355-y
http://www.maximbio.com/img/insert/920013-Product-Insert.pdf
http://www.maximbio.com/img/insert/920013-Product-Insert.pdf
https://doi.org/10.2174/157016211798038597
https://doi.org/10.2174/157016211798038597
https://doi.org/10.1038/sj.cr.7290362
https://doi.org/10.1038/sj.cr.7290362
http://www.xinhuanet.com/politics/2019-12/01/c_1125295336.htm
http://www.xinhuanet.com/politics/2019-12/01/c_1125295336.htm
http://ncaids.chinacdc.cn/xxgx/yqxx/201811/t20181123_197488.htm
https://doi.org/10.1086/503914
https://doi.org/10.1086/503914
https://doi.org/10.1093/infdis/jit189
https://doi.org/10.1007/s11908-019-0685-6

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study subjects
	HIV pol gene amplification and sequencing
	Sequences assembly, phylogenetic, and TDR analyses
	HIV-1 limiting antigen avidity detection
	Statistical analyses

	Results
	Demographic characteristics
	Total TDRs and resistance to TDF/FTC
	Phylogenetic relationships of TDF/FTC-resistant strains

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

