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Abstract 

Background:  In Henan, China, first-line antiretroviral treatment (ART) was implemented early in a large number 
of treatment-experienced patients who were more likely to have a drug resistance. Therefore, we investigated the 
human immunodeficiency virus (HIV)-1 drug resistance profiles among patients in Henan who experienced virologi-
cal failure to ART.

Method:  A cross-sectional survey was administered in 10 major epidemic cities from May 2010 to October 2011. 
Adult patients who experienced virological failure (virus load ≥1,000 copies/mL) with >1 year of first-line antiretrovi-
ral treatment consented to provide blood for genotype resistance testing. The clinical and demographic data were 
obtained from the patients’ medical records. Logistic regression analysis was performed to determine the factors 
associated with ≥1 significant drug resistance mutation.

Results:  We included 3,235 patients with integral information and valid genotypic resistance data. The city, age, CD4 
counts, virus load, treatment duration, and World Health Organization stage were associated with drug resistance, 
and 64.76% of patients acquired drug resistance. The nucleoside reverse transcriptase inhibitor (NRTI), non-(N)NRTI, 
and protease inhibitor resistance mutations were found in 50.26, 63.12, and 1.30% of subjects, respectively. Thymidine 
analogue mutations, NNRTI and even multidrug resistance complex were quite common in this patient cohort.

Conclusion:  Multiple and complex patterns of HIV-1 drug resistance mutations were identified among individuals 
who experienced virological failure to first-line ART in Henan, China during 2010–2011. Therefore, timely virological 
monitoring, therapy adjustments, and more varieties of drugs and individualized treatment should be immediately 
considered in this patient population.
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Background
Continuous improved antiretroviral therapy (ART) has 
been one of the most significant breakthroughs in human 

immunodeficiency virus (HIV)/acquired immune defi-
ciency syndrome (AIDS) prevention and control over the 
past 30 years because of its outstanding effect on reduc-
ing AIDS mortality and morbidity [1, 2], ameliorating 
quality of life, and preventing HIV-1 infection [3]. How-
ever, the emergence of HIV drug resistance is inevitable 
following the large-scale rollout of ART. The enhanced 
resistance to first-line antiretroviral drugs has led to 
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persistent viral replication that impairs patients’ immu-
nological and clinical status, and the accumulation of 
resistance mutations after continuing a failing regimen 
may compromise the second-line therapy [4]. To maxi-
mize the long-term effectiveness of first-line ART regi-
mens and to ensure the sustainability of ART programs, 
it is essential to minimize the further spread of HIV drug 
resistance. The World Health Organization (WHO) rec-
ommends that the scale-up of HIV ART should always be 
accompanied by a robust assessment of drug resistance 
emergence [5].

The Chinese government initiated the China Compre-
hensive AIDS Response program to provide free HIV 
treatment in 2002, which rapidly scaled up the National 
Free Antiretroviral Therapy Program. Subsequently, drug 
resistance surveillance in different areas was attempted, 
and the popularization of drug resistance monitoring 
was performed in 2010. The Henan Province has always 
drawn concern because of the extensive spread of HIV 
among former plasma donors and the earlier initiation 
of the National Free ART Program with a large num-
ber of ART patients [6, 7]. Numerous HIV drug resist-
ance studies with heterogeneous designs, defined areas, 
and methods have been performed in China with small 
populations from Henan [8–11]; however, until recently, 
few studies have illuminated the typical prevalence and 
pattern of HIV drug resistance in the Henan Province. 
Therefore, we assessed the HIV-1 drug resistance profile 
among first-line ART patients in Henan who experienced 
virological failure.

Method
Study design
The administration of ART, delivery of antiviral drugs, 
adherence education, and collection of plasma speci-
mens mainly depended on the local centers for disease 
control and prevention (CDC) and the community clin-
ics in the Henan Province. The CD4 cell counts were 
measured twice and virus load were measured once 
1 year by a local CDC and Henan CDC, and the results 
were provided to treating physicians and the national 
HIV/AIDS case reporting system. All the cases of HIV/
AIDS in China are reported via the national HIV/AIDS 
case reporting system. Records in this system include 
identity and demographic information, HIV testing 
results, the self-reported transmission route, and health 
status information. Base data for this study was derived 
from this system. For the purpose of this study, viro-
logical failure patients (defined as having an HIV virus 
load of ≥1,000 copies/mL) underwent genotypic drug 
resistance testing and the results were also provided 
to treating physicians and the national HIV/AIDS case 
reporting system.

Ethics statement
Written consent was obtained from patients to partici-
pate in the China’s routine HIV/AIDS surveillance pro-
gram and the regular administration of the national ART 
program, and parental consent was also obtained on 
behalf of the participants aged less than 18  years. Since 
the data and the samples used in this study were collected 
as a function of surveillance program above, no addi-
tional informed consent was required. This study was 
reviewed and approved by the Institutional Review Board 
of the Henan CDC.

Participants
According to the aforementioned conditions, first-line 
ART-virological failure patients (aged ≥15  years) were 
selected if the virus load was ≥1,000 copies/mL with 
>1  year of treatment from May 2010 to October 2011 
in 10 cities that held the highest HIV-1 epidemic in the 
Henan Province. The patients could not followed or 
refused to give samples were not included. The first-line 
ART regimens consisted of two nucleoside reverse tran-
scriptase inhibitors (NRTIs): (azidothymidine [AZT] or 
stavudine [D4T])  +  (didanosine [DDI] or lamivudine 
[3TC]) and one non-(N)NRTIs: (nevirapine [NVP] or efa-
virenz [EFV]). AZT, D4T, DDI, and NVP are generically 
produced in China, whereas 3TC and EFV are branded 
drugs that became available in 2005.

Laboratory tests
The CD4 cell counts were measured using flow cytom-
etry by the local CDCs. The plasma HIV-1 virus load 
was tested by the local city and Henan CDCs using the 
Abbott Real-Time HIV-1 assay (Abbott Molecular Inc., 
Des Plaines, IL, USA), NucliSENS EasyQ-EasyMag HIV-1 
assay (bioMerieux, Marcy l’Etoile, France), or Cobas 
AmpliPrep-Cobas TaqMan HIV-1 assay (Roche Diag-
nostics, Mannheim, Germany). Samples with a virus load 
of ≥1,000 copies/mL underwent HIV-1 drug resistance 
genotyping using an in-house method developed by the 
national core laboratories as described in previous stud-
ies [12, 13]. A fragment of the HIV-1 pol gene (protease, 
amino acids 1–99, and part of the reverse transcriptase 
amino acids 1–252) was bulk-sequenced from the plasma 
ribonucleic acid (RNA). The resulting fragment was ana-
lyzed for subtype, drug resistance mutations and drug 
susceptibility using the Stanford HIV Drug Resistance 
Database (http://hivdb.stanford.edu).

Data analysis
The demographic variables were analyzed using descrip-
tive statistics, and the risk factors for developing HIV 
drug resistance were analyzed using logistic regression. 
Variables associated with resistance in the univariate 
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analyses (p value <0.05) and those clinically meaningful 
were included in the multivariable regression model. The 
tests were two-sided, and a p-value <0.05 indicated sta-
tistical significance. All the statistical analyses were per-
formed using SPSS, version 19.0 (IBM Corp., Armonk, 
NY, USA).

Result
Demographic characteristics
In our study, 4,020 individuals were investigated and sam-
pled, which included 23 non-Henan, 154 dual-tested. 
Moreover, 81 patients with incomplete information and 
527 with a fragmentary sequence were excluded, leav-
ing 3,235 subjects in the final analysis (Table 1). The fol-
lowing five cities accounted for a substantially larger 
proportion: Zhumadian (22.97%), Kaifeng (19.07%), 
Shangqiu (18.89%), Zhoukou (17.25%), and Nanyang 
(11.16%) (Figure  1). Of the 3,235 patients, 63.37% were 
aged 31–50  years, 52.49% were male, 82.87% were mar-
ried, 90.11% reported former plasma donors as the route 
of HIV infection, 39.54% had WHO stage II HIV dis-
ease, 51.56% had been treated for >6 years, 27.02% have 
CD4 counts ≥350 cells/μL, 58.83% have virus load in 
between 3 and 4 log copies/ml. All the 3235 individu-
als were B subtypes. ART was initialized with AZT/
D4T + DDI + NVP/EFV in 1,428 subjects (44.14%), with 
AZT/D4T + 3TC + NVP/EFV in 1,170 (36.17%). The reg-
imen that included DDI was substituted with a regimen 
that included 3TC after 2005 when it was widely available.

Risk factors associated with genotypic human 
immunodeficiency virus drug resistance
Exploratory logistic regression analysis was performed to 
assess the factors that were significantly associated with 
resistance (Table 1). According to the univariate logistic 
regression model, eight potential factors correlated with 
HIV drug resistance. In the multivariate model, the fol-
lowing six factors had correlations: the city (patients 
in Xinyang had the highest level of drug resistances, 
79.27%); age (patients in <30 years group had the highest 
level of drug resistance, 78.65%); CD4 counts (patients in 
<50 cells/μL group had the highest level of drug resist-
ance, 71.01%); Virus load (patients in 3-4 log copies/ml 
group had the highest level of drug resistance, 67.47%); 
WHO stage (patients in WHO stage III group had the 
highest level of drug resistance, 66.63%); and treatment 
duration (patients in 5–6  years group had the highest 
level of drug resistance, 72.81%).

Pattern and frequency of predicted HIV drug resistance 
mutations
At least one significant HIV drug resistance mutation 
was identified in 2,095 (64.76%) patients, according to the 

Stanford HIV Drug Resistance Database. The frequency 
of NNRTI, NRTI, and PI resistance mutations were 63.12, 
50.26, and 1.30%, respectively. In this study, 42.60% of 
patients had both NRTI and NNRTI resistance muta-
tions, 7.67% had NRTI but not NNRTI, and 20.53% had 
NNRTI but not NRTI resistance mutations (Figure 2).

M184  V/I (35.64%) emerged as the most common 
NRTI resistance mutation, followed by thymidine ana-
logue mutations (TAMs): T215Y/F (27.17%), M41L 
(18.39%), D67  N (12.21%), K70R/E/G (10.20%), L210  W 
(10.17%), and K219E/Q (10.02%). The prevalence of 
>1 TAMs was 42.32%. Furthermore, the prevalence 
of M184  V/I  +  TAMs was 21.36%, TAMs-1 (M41L, 
L210  W, and T215Y) was 8.96%, and TAMs-2 (D67  N, 
K70R, T215F, and K219Q) was 4.61%. Fifty-one (1.58%) 
and thirteen (0.40%) patients had the K65R/N and 
Q151 M complex, respectively. Among the NNRTI resist-
ance mutations, K103 N (34.84%) was the most common 
NNRTI, followed by Y181C/V/I (22.04%) and G190A/S/E 
(18.24%) (Table 2).

Estimated susceptibility to various antiretroviral drugs
Mutational patterns were used to estimate the drug sus-
ceptibility in patients based on the Stanford University 
HIV Drug Resistance Database (Figure  3). Of the 40.93 
and 40.90% subjects in this cohort had an estimated 
resistance against 3TC and FTC; 35–37% against ABC, 
AZT, D4T, and DDI; and 26.89% against TDF. There was 
a comparatively high prevalence of an estimated resist-
ance to EFV and NVP, which reached 62–63%, and 0.62% 
of the subjects had a resistance to lopinavir.

Discussion
ART has expanded in Henan during the last decade, and 
the continued success of ART programs will require an 
understanding of the profiles of HIV drug resistance 
among individuals in whom the treatment has failed. This 
study’s findings demonstrated the presence of HIV drug 
resistance among individuals from the Henan Province 
of China (2010–2011) in whom the first-line therapy had 
virologically failed.

In the early years, the magnitude of the focus was on 
former plasma donors, however, with the change of the 
HIV epidemic, sexual intercourse has been the focus of 
HIV/AIDS control and prevention, which has attracted 
substantial resources [14–17]. This study had a large 
number of subjects, and 90.11% of the virological failure 
population accounted for former plasma donors. This 
finding indicates that these people also currently occupy 
an important position in the ART programs; thus, meas-
urements such as virology surveillance, drug resistance 
monitoring, therapy adjustments, and related social secu-
rity need to be ensured.
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Table 1  The subjects’ characteristic and  the factors associated with  at least one human immunodeficiency virus (HIV) 
drug resistance mutation

Variable Number (%) HIV drug resistance (%) Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

City

 Zhumadian 743 (22.97) 481 (64.74)

 Zhengzhou 81 (2.50) 38 (46.91) 0.5 (0.3,0.8) 0.00 0.8 (0.5,1.4) 0.49

 Kaifeng 617 (19.07) 329 (53.32) 0.6 (0.5,0.8) 0.00 0.7 (0.6,0.9) 0.01

 Jiaozuo 48 (1.48) 26 (54.17) 0.6 (0.4,1.2) 0.14 0.8 (0.4,1.6) 0.59

 Zhoukou 558 (17.25) 352 (63.08) 0.9 (0.7,1.2) 0.54 1.1 (0.9,1.5) 0.33

 Pingdingshan 13 (0.40) 11 (83.33) 3.0 (0.7,13.6) 0.16 3.1 (0.7,14.8) 0.15

 Luohe 121 (3.74) 85 (70.25) 1.3 (0.8,2.0) 0.24 1.7 (1.1,2.8) 0.02

 Shangqiu 611 (18.89) 440 (72.01) 1.4 (1.1,1.8) 0.00 1.5 (1.2,1.9) 0.00

 Nanyang 361 (11.16) 268 (74.24) 1.6 (1.2,2.1) 0.00 1.9 (1.4,2.5) 0.00

 Xinyang 82 (2.53) 65 (79.27) 2.1 (1.2,3.6) 0.01 2.4 (1.3,4.4) 0.00

Age

 ≤30 89 (2.75) 70 (78.65)

 31–50 2,050 (63.37) 1,295 (63.17) 0.5 (0.3,0.8) 0.00 0.5 (0.2,0.8) 0.01

 >50 1,096 (33.88) 730 (66.61) 0.5 (0.3,0.9) 0.02 0.5 (0.3,0.9) 0.03

Gender

 Female 1,537 (47.51) 1,011 (65.78)

 Male 1,698 (52.49) 1,084 (63.84) 0.9 (0.8,1.1) 0.25

Married

 No 2,681 (82.87) 1,737 (64.79)

 Yes 554 (17.13) 358 (64.62) 1.0 (0.8,1.2) 0.94

HIV transmission route

 FPD 2,915 (90.11) 1,909 (65.49)

 Sexual intercourse 238 (7.36) 139 (58.40) 0.7 (0.6,1.0) 0.03 1.1 (0.8,1.5) 0.71

 Mother-to-Child 24 (0.74) 22 (91.67) 5.8 (1.4,24.7) 0.02 3.3 (0.7,16.6) 0.14

 Other 58 (1.79) 25 (43.10) 0.4 (0.2,0.7) 0.00 0.8 (0.4,1.4) 0.36

CD4

 ≥350 874 (27.02) 536 (61.33)

 200–349 1,112 (34.37) 718 (64.57) 0.9 (0.7,1.1) 0.20 0.9 (0.7,1.2) 0.52

 50–199 1,011 (31.25) 672 (66.47) 1.3 (1.0,1.7) 0.03 1.4 (1.1,1.9) 0.01

 <50 238 (7.36) 169 (71.01) 1.9 (1.3,2.7) 0.00 2.6 (1.7,4.0) 0.00

Virus load

 >4log 1,332 (41.47) 811 (60.89)

 3–4log 1,903 (58.83) 1,284 (67.47) 1.4 (1.1,1.9) 0.01 1.6 (1.1,2.0) 0.01

Initial ART regimen

 AZT/D4T + DDI + EFV/NVP 1,428 (44.14) 975 (68.28)

 AZT/D4T + 3TC + EFV/NVP 1,170 (36.17) 714 (61.03) 0.7 (0.6,0.9) 0.00 1.0 (0.8,1.2) 0.85

 Other regimens 637 (19.69) 406 (63.74) 0.8 (0.7,1.0) 0.04 0.9 (0.8,1.2) 0.61

WHO stage

 I 635 (19.63) 382 (60.16)

 II 1,279 (39.54) 829 (64.82) 1.2 (1.0,1.5) 0.05 1.1 (0.9,1.4) 0.32

 III 860 (26.58) 573 (66.63) 1.3 (1.1,1.6) 0.01 1.4 (1.0,1.7) 0.01

 IV 226 (6.99) 146 (64.60) 1.2 (0.9,1.7) 0.24 1.4 (1.0,1.9) 0.08

 No information 235 (7.26) 165 (70.21) 1.6 (1.1,2.2) 0.01 0.9 (0.6,1.3) 0.63

Duration of ART (year)

 7– 930 (28.75) 650 (70.49)

 6– 738 (22.81) 502 (68.02) 0.9 (0.7,1.1) 0.41 0.9 (0.7,1.1) 0.24

 5– 331 (10.23) 241 (72.81) 1.2 (0.9,1.5) 0.32 0.9 (0.7,1.2) 0.60
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The prevalence of HIV drug resistance is not constant 
across Henan. Zhumadian, Kaifeng, Shangqiu, Nanyang, 
and Xinyang have assembled a great deal of resources in 
the field of HIV/AIDS control and prevention because of 
their high HIV epidemic [14]. Compared to Zhumadian, 
multivariate analysis showed that Shangqiu, Nanyang, 
and Xinyang were associated with a higher likelihood 
of drug resistance mutations, whereas Kaifeng was not. 
Similarly, the other five cities also have the disconcord-
ance phenomenon. These findings clarified that the scale 
of epidemic and resource focus on HIV/AIDS control 
and prevention has no direct correlation with the devel-
opment of HIV drug resistance; however like other study 
had set forth, the local ART programmatic factors play a 
significant role [10]. Patients with low CD4 counts (below 
200 cells/μL) and long-time treatment(over 4-years) were 
at the high risk of HIV drug resistance in this study that 
can be easily understood. The lower virus load(3–4 log 
copies/ml other than >4 log copies/ml) were correlated 

Table 1  continued

Variable Number (%) HIV drug resistance (%) Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

 4– 264 (8.16) 182 (68.94) 1.0 (0.7,1.3) 0.77 0.7 (0.5,1.0) 0.05

 3– 253 (7.82) 171 (67.59) 0.9 (0.7,1.2) 0.48 0.6 (0.4,0.9) 0.00

 2– 289 (8.93) 183 (63.32) 0.7 (0.6,1.0) 0.04 0.5 (0.4,0.7) 0.00

 1– 430 (13.29) 166 (38.60) 0.3 (0.2,0.3) 0.00 0.2 (0.1,0.2) 0.00

Figure 1  The geographical distribution of subjects according to the cities analyzed in this study. a The geographical distribution of treatment fail-
ures. b The geographical distribution of drug resistance genotypes detected. The abbreviation of city names are ZMD (Zhumadian), ZZ(Zhengzhou), 
KF(Kaifeng), JZ(Jiaozuo), ZK(Zhoukou), PDS(Pingdingshan), LH(Luohe), SQ(Shangqiu), NY(Nanyang), XY(Xinyang). The number and percentage in the 
brackets are the absolute number of subjects and the percent in the 3235 individuals. Heavy gray, cities with >10% of subjects; light gray, cities with 
<10% of subjects.

Figure 2  The prevalence of predicted human immunodeficiency 
virus 1 drug resistance mutations in different drug classes among 
individuals experiencing virological failure to first-line antiretroviral 
treatment in Henan, China during 2010–2011. N+NN+ the existence 
of both nucleoside reverse transcriptase inhibitor (NRTI) and non-(N)
NRTI resistance mutation, N+NN− the existence of NRTI but not 
NNRTI resistance mutations, N-NN+ the existence of NNRTI but not 
NRTI resistance mutations.
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to the high risk of HIV drug resistance mainly because of 
the HIV drug resistance strains were defective virus, and 
it probably have a lower capability of replication [4, 18].

NNRTIs have a low genetic barrier to resistance. There-
fore, a single mutation is often sufficient for causing 
resistance to the currently recommended first generation 

of NNRTIs, NVP, or EFV [19, 20], which is why the sec-
ond-line therapy did not include NNRTIs. Henan ini-
tiated the switch to second-line ART in patients who 
experienced failure with the first-line treatment in 2009. 
In this study, the prevalence of NNRTI resistance muta-
tions (63.12%) was approximately equal to the total 
resistance mutations (64.76%). In addition, 20.53% of 
the patients had the NNRTI resistance mutations with-
out NRTI, while only 7.67% had NRTI without NNRTI. 
Lastly, the prevalence of estimated resistance against 
EFV (62.87%) and NVP (63.00%) was both high with no 
significant different. All of these findings illustrated that 
the NNRTI resistance was more pervading than NRTI in 
ART failure patients. Therefore, it is just and reasonable 
for the government to perform second-line ART.

As expected, M184  V/I was the most commonly 
detected NRTI resistance mutation, which was also 
found in previous studies [21, 22], and this was followed 
by a high frequency of TAMs. A comparative amount of 
TAMs-1 and TAMs-2 were also detected in this study. 
TAMs confer cross-resistance to AZT and D4T as well 
as to most NRTIs in varying degrees when enough 
TAMs have accumulated. Additionally, two typical 
TAM pathways with a high resistance to all NRTIs were 
discovered: TAM-1 (M41L, L210W, and T215Y) and 
TAM-2 (D67N, K70R, K219E/Q, and T215F) [23–25]. 
Fewer K65R and Q151M complexes were detected in 
the study, mainly because they were apt to other sub-
types and regimens [26, 27]. The Q151M complexes 
and K65R were also resistance mutations to multiple 
or even all of the NRTIs. The Q151M complex con-
fers resistance to all NRTIs, except for TDF [28], and 
K65R confers resistance to D4T and TDF and possibly 
also to 3TC/FTC, DDI, and ABC [29]. Among patients 
with a detectable HIV RNA at 12 months, the HIV drug 
resistance was primarily due to M184V and NNRTI 

Table 2  Frequency of  the predicted human immunodefi-
ciency virus drug resistance mutations

Resistance mutation (n = 3,235) No. of patients (%)

NRTI mutation

 M184V/I 1,153 (35.64)

 T215Y/F 879 (27.17)

 M41L 595 (18.39)

 D67N 395 (12.21)

 K70R/E/G 330 (10.20)

 L210 W 329 (10.17)

 K219E/Q 324 (10.02)

 L74I/V 118 (3.65)

 V75I/M 110 (3.40)

 Q151 M 93 (2.87)

 A62 V 74 (2.29)

 F116Y 67 (2.07)

 K65R/N 51 (1.58)

 F77L 30 (0.93)

 Y115F 9 (0.28)

 ≥1TAM 1,369 (42.32)

 TAM-1 290 (8.96)

 TAM-2 149 (4.61)

 TAM-1/TAM-2 10 (0.31)

 Q151 M complex 13 (0.40)

 M184 V/I + TAMs 691 (21.36)

NNRTI mutation

 K103 N/S 1,127 (34.84)

 Y181C/V/I 713 (22.04)

 G190A/S/E 590 (18.24)

 K101E/P 247 (7.64)

 V108I 225 (6.96)

 V106A/M 177 (5.47)

 Y188L/C/H 140 (4.33)

 F227L/C 121 (3.74)

 K238T 117 (3.62)

 V179D/E/F 93 (2.87)

 P225H 63 (1.95)

 A98G 53 (1.64)

 L100I 11 (0.34)

 P236L 1 (0.03)

PI mutation

 M46I/L 22 (0.68)

 V82F 11 (0.34)

Figure 3  Prevalence of the genotypic resistance against different 
antiretroviral treatment (ART) drugs among individuals experiencing 
virological failure to first-line ART in Henan, China during 2010–2011.
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mutations. Complex mutation patterns, including the 
TAMs, K65R, and multinucleoside mutations, are prev-
alent among cases of treatment failure that were identi-
fied by clinical or immunologic methods as a result of 
the accumulation of drug resistance [21, 22]. The accu-
mulation of drug resistance depends on the frequency of 
monitoring [30] and belated regimen adjustment. Thus, 
the duration of virologic failure must be somewhat 
longer than it should be because of the delayed virol-
ogy surveillance or therapy adjustment in Henan dur-
ing 2010–2011. Meanwhile, as Figure 3 shows, 35–40% 
of patients showed an estimated resistance against most 
NRTIs with 40.39 and 26.89% against 3TC and TDF, 
respectively. Since the second-line ART consists of two 
NRTIs (usually 3TC and TDF) and one PI, all of these 
findings suggest that a considerable amount of patients 
in Henan may already be compromised to second-line 
ART, indicating that approaches to more newer drugs 
with different mechanisms and individualized treatment 
should be considered sooner.

The emergence of transmitted HIV drug resistance 
can be anticipated, because such a large quantity of indi-
viduals acquired HIV drug resistance in this population-
based survey. Recently, a moderate level of prevalence for 
transmitted HIV drug resistance has been reported in 
Henan [31]. More active monitoring strategies, such as 
conducting drug resistance testing prior to the initiation 
of ART should be performed as recommended by WHO 
in developed countries [32, 33].

Drug resistance mutations were undetected in 35.26% 
of patients among this treatment failure cohort, a sig-
nificant proportion of individuals without mutations for 
treatment failure has also been reported in all similarity 
studies [5]. This probably because HIV drug resistance 
presented in some patients as minority variants (lower 
than 10–20% of the virus population) that may pass 
undetected by Sanger sequencing method [18], and non-
adherence or treatment interruption must be another eti-
ology of treatment failure without drug resistance. This 
study has gaps in knowledge on adherence, and we were 
not able to determine the duration of virological failure 
by using a cross-sectional survey. In view of these limita-
tions, a further study needs to be conducted to provide 
sufficient evidence for evaluating a more precise and 
comprehensive profile of drug resistance among ART 
failures in Henan.

Conclusion
In conclusion, long-term ART roll-out leads to a com-
paratively high prevalence of HIV drug resistance among 
individuals who have experienced virological failure to 
first-line ART in Henan during 2010–2011, indicating a 
magnitude of former plasma donors. Multiple mutations 

and complex patterns have been identified, which may 
cause a growing number of those being treated with sec-
ond-line therapy with partial or no activity. Performing 
routine drug resistance surveillance programs and timely 
therapy adjustment, especially among former plasma 
donors, ensuring access to new kinds of drugs, and initi-
ating individualized treatment must be a priority in order 
to preserve programmatic treatment success in long-life 
therapy.

Data and materials availability Sequences generated 
for this study were deposited in the national AIDS treat-
ment database of China.

Authors’ contributions
JL wrote the paper. JL and ZW conceived and designed the study. JL, WY, DS 
and QZ performed the statistical analysis. JL and YW performed the experi-
ments. JL and YW carried out staff training and quality management. JL, XX, 
GS, CL and ST conducted research at sites. All authors read and approved the 
final manuscript.

Author details
1 Henan Center for Disease Control and Prevention, Zhengzhou, Henan, China. 
2 Chinese Center for Disease Control and Prevention, Beijing, China. 

Acknowledgements
The authors wish to express their appreciation to the staff from the Zhu-
madian, Zhengzhou, Kaifeng, Jiaozuo, Zhoukou, Pingdingshan, Luohe, Shang-
qiu, Nanyang, Xinyang CDCs for their efforts and assistance with this study. 
We also wish to acknowledge the four national central laboratories (Shanghai 
Municipal CDC, Chinese Medical University Center for AIDS Research, Institute 
of Microbiology and Epidemiology of the Chinese Academy of Military Medi-
cal Sciences and State Key Laboratory for Infectious Disease Prevention and 
Control of National Center for AIDS/STD Control and Prevention) in China for 
their help with the HIV-1 genotypic drug resistance testing.

Compliance with ethical guidelines

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

Received: 27 March 2015   Accepted: 12 June 2015

References
	1.	 Antiretroviral Therapy Cohort C (2008) Life expectancy of individuals on 

combination antiretroviral therapy in high-income countries: a collabora-
tive analysis of 14 cohort studies. Lancet 372(9635):293–299. doi:10.1016/
S0140-6736(08)61113-7

	2.	 Bor J, Herbst AJ, Newell ML, Barnighausen T (2013) Increases in adult life 
expectancy in rural South Africa: valuing the scale-up of HIV treatment. 
Science 339(6122):961–965. doi:10.1126/science.1230413

	3.	 Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumar-
asamy N et al (2011) Prevention of HIV-1 infection with early antiretroviral 
therapy. N Engl J Med 365(6):493–505. doi:10.1056/NEJMoa1105243

	4.	 Iyidogan P, Anderson KS (2014) Current perspectives on HIV-1 antiretrovi-
ral drug resistance. Viruses 6(10):4095–4139. doi:10.3390/v6104095

	5.	 WHO (2012) WHO HIV drug resistance report 2012. World Health Orga-
nazation, Geneva

	6.	 He N, Detels R (2005) The HIV epidemic in China: history, response, and 
challenge. Cell Res 15(11–12):825–832. doi:10.1038/sj.cr.7290354

	7.	 Zhang F, Haberer JE, Wang Y, Zhao Y, Ma Y, Zhao D et al (2007) The 
Chinese free antiretroviral treatment program: challenges and responses. 
AIDS 21(Suppl 8):S143–S148. doi:10.1097/01.aids.0000304710.10036.2b

http://dx.doi.org/10.1016/S0140-6736(08)61113-7
http://dx.doi.org/10.1016/S0140-6736(08)61113-7
http://dx.doi.org/10.1126/science.1230413
http://dx.doi.org/10.1056/NEJMoa1105243
http://dx.doi.org/10.3390/v6104095
http://dx.doi.org/10.1038/sj.cr.7290354
http://dx.doi.org/10.1097/01.aids.0000304710.10036.2b


Page 8 of 8Liu et al. AIDS Res Ther  (2015) 12:22 

	8.	 Sun J, Ma L, Yu X, Huang Y, Yuan L, Shao Y (2009) Replication and 
drug resistant mutation of HIV-1 subtype B’ (Thailand B) variants 
isolated from HAART treatment individuals in China. Virol J. 6:201. 
doi:10.1186/1743-422X-6-201

	9.	 Ma L, Huang J, Xing H, Yuan L, Yu X, Sun J et al (2010) Genotypic and 
phenotypic cross-drug resistance of harboring drug-resistant HIV type 1 
subtype B’ strains from former blood donors in central Chinese provinces. 
AIDS Res Hum Retroviruses 26(9):1007–1013. doi:10.1089/aid.2009.0252

	10.	 Xing H, Ruan Y, Li J, Shang H, Zhong P, Wang X et al (2013) HIV drug 
resistance and its impact on antiretroviral therapy in Chinese HIV-infected 
patients. PLoS One 8(2):e54917. doi:10.1371/journal.pone.0054917

	11.	 Zhang M, Shang M, Yang W, Chen J, Wang Z, Shang H (2014) Treatment 
effect and drug-resistant mutations in chinese AIDS patients switching to 
second-line antiretroviral therapy. PLoS One 9(10):e110259. doi:10.1371/
journal.pone.0110259

	12.	 Zhong P, Pan Q, Ning Z, Xue Y, Gong J, Zhen X et al (2007) Genetic diver-
sity and drug resistance of human immunodeficiency virus type 1 (HIV-1) 
strains circulating in Shanghai. AIDS Res Hum Retroviruses 23(7):847–856. 
doi:10.1089/aid.2006.0196

	13.	 Liao L, Xing H, Shang H, Li J, Zhong P, Kang L et al (2010) The preva-
lence of transmitted antiretroviral drug resistance in treatment-naive 
HIV-infected individuals in China. J Acquir Immune Defic Syndr 53(Suppl 
1):S10–S14. doi:10.1097/QAI.0b013e3181c7d363

	14.	 Li N, Wang Z, Sun D, Zhu Q, Sun G, Yang W et al (2010) HIV among plasma 
donors and other high-risk groups in Henan, China. J Acquir Immune 
Defic Syndr. 53(Suppl 1):S41–S47. doi:10.1097/QAI.0b013e3181c7d717

	15.	 Zhang F, Dou Z, Ma Y, Zhang Y, Zhao Y, Zhao D et al (2011) Effect of earlier 
initiation of antiretroviral treatment and increased treatment coverage 
on HIV-related mortality in China: a national observational cohort study. 
Lancet Infect Dis 11(7):516–524. doi:10.1016/S1473-3099(11)70097-4

	16.	 Liu J, Qu B, Ezeakile MC, Zhang Y, Liang S (2013) Factors associated 
with HIV infection among men who have sex with men in Henan 
Province, China: a cross-sectional study. BMC Public Health 13:356. 
doi:10.1186/1471-2458-13-356

	17.	 Zhang L, Chow EP, Jing J, Zhuang X, Li X, He M et al (2013) HIV prevalence 
in China: integration of surveillance data and a systematic review. Lancet 
Infect Dis 13(11):955–963. doi:10.1016/S1473-3099(13)70245-7

	18.	 Halvas EK, Aldrovandi GM, Balfe P, Beck IA, Boltz VF, Coffin JM et al (2006) 
Blinded, multicenter comparison of methods to detect a drug-resistant 
mutant of human immunodeficiency virus type 1 at low frequency. J Clin 
Microbiol 44(7):2612–2614. doi:10.1128/JCM.00449-06

	19.	 Balzarini J (2004) Current status of the non-nucleoside reverse tran-
scriptase inhibitors of human immunodeficiency virus type 1. Curr Top 
Med Chem 4(9):921–944

	20.	 De Clercq E (2004) Non-nucleoside reverse transcriptase inhibitors (NNR-
TIs): past, present, and future. Chem Biodivers 1(1):44–64. doi:10.1002/
cbdv.200490012

	21.	 Barth RE, van der Loeff MF, Schuurman R, Hoepelman AI, Wensing AM 
(2010) Virological follow-up of adult patients in antiretroviral treatment 
programmes in sub-Saharan Africa: a systematic review. Lancet Infect Dis 
10(3):155–166. doi:10.1016/S1473-3099(09)70328-7

	22.	 Hosseinipour MC, Gupta RK, Van Zyl G, Eron JJ, Nachega JB (2013) Emer-
gence of HIV drug resistance during first- and second-line antiretroviral 
therapy in resource-limited settings. J Infect Dis 207(Suppl 2):S49–S56. 
doi:10.1093/infdis/jit107

	23.	 Marcelin AG, Delaugerre C, Wirden M, Viegas P, Simon A, Katlama C 
et al (2004) Thymidine analogue reverse transcriptase inhibitors resist-
ance mutations profiles and association to other nucleoside reverse 
transcriptase inhibitors resistance mutations observed in the context of 
virological failure. J Med Virol 72(1):162–165. doi:10.1002/jmv.10550

	24.	 Miller MD (2004) K65R, TAMs and tenofovir. AIDS Rev 6(1):22–33
	25.	 Cozzi-Lepri A, Ruiz L, Loveday C, Phillips AN, Clotet B, Reiss P et al (2005) 

Thymidine analogue mutation profiles: factors associated with acquiring 
specific profiles and their impact on the virological response to therapy. 
Antivir Ther 10(7):791–802

	26.	 Sunpath H, Wu B, Gordon M, Hampton J, Johnson B, Moosa MY et al 
(2012) High rate of K65R for antiretroviral therapy-naive patients with 
subtype C HIV infection failing a tenofovir-containing first-line regimen. 
AIDS 26(13):1679–1684. doi:10.1097/QAD.0b013e328356886d

	27.	 Tang MW, Rhee SY, Bertagnolio S, Ford N, Holmes S, Sigaloff KC et al 
(2013) Nucleoside reverse transcriptase inhibitor resistance mutations 
associated with first-line stavudine-containing antiretroviral therapy: 
programmatic implications for countries phasing out stavudine. J Infect 
Dis 207(Suppl 2):S70–S77. doi:10.1093/infdis/jit114

	28.	 Maeda Y, Venzon DJ, Mitsuya H (1998) Altered drug sensitivity, fitness, 
and evolution of human immunodeficiency virus type 1 with pol gene 
mutations conferring multi-dideoxynucleoside resistance. J Infect Dis 
177(5):1207–1213

	29.	 Sungkanuparph S, Manosuthi W, Kiertiburanakul S, Saekang N, Pairoj W, 
Chantratita W (2008) Prevalence and risk factors for developing K65R 
mutations among HIV-1 infected patients who fail an initial regimen of 
fixed-dose combination of stavudine, lamivudine, and nevirapine. J Clin 
Virol 41(4):310–313. doi:10.1016/j.jcv.2007.12.015

	30.	 De Luca A, Prosperi M, Bracciale L (2010) Resistance considerations in 
sequencing of antiretroviral therapy in low-middle income countries with 
currently available options. Curr Opin HIV AIDS 5(1):27–37. doi:10.1097/
COH.0b013e328333ad45

	31.	 Li L, Sun G, Liang S, Li J, Li T, Wang Z et al (2013) Different distribution of 
HIV-1 subtype and drug resistance were found among treatment naive 
individuals in Henan, Guangxi, and Yunnan province of China. PLoS One 
8(10):e75777. doi:10.1371/journal.pone.0075777

	32.	 Gazzard BG, Anderson J, Babiker A, Boffito M, Brook G, Brough G et al 
(2008) British HIV Association Guidelines for the treatment of HIV-
1-infected adults with antiretroviral therapy 2008. HIV Med. 9(8):563–608. 
doi:10.1111/j.1468-1293.2008.00636.x

	33.	 Bartmeyer B, Kuecherer C, Houareau C, Werning J, Keeren K, Somogyi 
S et al (2010) Prevalence of transmitted drug resistance and impact 
of transmitted resistance on treatment success in the German HIV-1 
Seroconverter Cohort. PLoS One 5(10):e12718. doi:10.1371/journal.
pone.0012718

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1186/1743-422X-6-201
http://dx.doi.org/10.1089/aid.2009.0252
http://dx.doi.org/10.1371/journal.pone.0054917
http://dx.doi.org/10.1371/journal.pone.0110259
http://dx.doi.org/10.1371/journal.pone.0110259
http://dx.doi.org/10.1089/aid.2006.0196
http://dx.doi.org/10.1097/QAI.0b013e3181c7d363
http://dx.doi.org/10.1097/QAI.0b013e3181c7d717
http://dx.doi.org/10.1016/S1473-3099(11)70097-4
http://dx.doi.org/10.1186/1471-2458-13-356
http://dx.doi.org/10.1016/S1473-3099(13)70245-7
http://dx.doi.org/10.1128/JCM.00449-06
http://dx.doi.org/10.1002/cbdv.200490012
http://dx.doi.org/10.1002/cbdv.200490012
http://dx.doi.org/10.1016/S1473-3099(09)70328-7
http://dx.doi.org/10.1093/infdis/jit107
http://dx.doi.org/10.1002/jmv.10550
http://dx.doi.org/10.1097/QAD.0b013e328356886d
http://dx.doi.org/10.1093/infdis/jit114
http://dx.doi.org/10.1016/j.jcv.2007.12.015
http://dx.doi.org/10.1097/COH.0b013e328333ad45
http://dx.doi.org/10.1097/COH.0b013e328333ad45
http://dx.doi.org/10.1371/journal.pone.0075777
http://dx.doi.org/10.1111/j.1468-1293.2008.00636.x
http://dx.doi.org/10.1371/journal.pone.0012718
http://dx.doi.org/10.1371/journal.pone.0012718

	Population-based human immunodeficiency virus 1 drug resistance profiles among individuals who experienced virological failure to first-line antiretroviral therapy in Henan, China during 2010–2011
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 

	Background
	Method
	Study design
	Ethics statement
	Participants
	Laboratory tests
	Data analysis

	Result
	Demographic characteristics
	Risk factors associated with genotypic human immunodeficiency virus drug resistance
	Pattern and frequency of predicted HIV drug resistance mutations
	Estimated susceptibility to various antiretroviral drugs

	Discussion
	Conclusion
	Authors’ contributions
	Received: 27 March 2015   Accepted: 12 June 2015References




