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Purpose: This study aimed to investigate the HIV and hepatitis B virus (HBV) co-infection in 

three HIV high endemic areas with different modes of HIV transmission and explore the HBV 

nucleos(t)ide analogue resistance (NUCr) substitutions in this cohort receiving antiretroviral 

therapy (ART).

Patients and methods: The enrolled 705 HIV-infected patients were from three different 

regions in China and received lamivudine-based ART for at least 1 year. After screening for 

hepatitis B surface antigen (HBsAg), the hepatitis B e antigen (HBeAg), and antibody against 

hepatitis B core antigen (anti-HBc and anti-HBc IgM), HBV DNA in plasma of patients posi-

tive for HBsAg was tested. The reverse transcriptase (RT) sequences of HBV were analyzed 

by direct sequencing.

Results: The overall HBsAg-positive rate was 7.1% (50/705) (Guangxi [25/170, 14.7%], 

Xinjiang [13/257, 5.1%], and Henan [12/278, 4.3%]). The age, transmission route, and ethnic 

status were found to be associated with HIV/HBV co-infection. We obtained 23 HBV RT 

sequences belonging to genotypes B (9/23, 39.1%), C (13/23, 56.5%), and D (1/23, 4.4%). About 

65.2% (15/23) of RT sequences harbored NUCr substitutions, all of which had combination 

substitution patterns. Patients with HBV NUCr had significantly higher HBV DNA level and 

ratio of HBeAg-positive than those without NUCr. None of the patients was found to have both 

lamivudine-resistant HBV and HIV.

Conclusion: Our results suggested that HBsAg-positive rate in the studied patients was similar 

to that of the general population in each of the studied regions, where the age, transmission route, 

and ethnic status might also play roles in HIV/HBV co-infection. The HBV combination NUCr 

substitutions were common in co-infected patients under ART. Monitoring of HBV infection and 

NUCr substitutions in HIV-infected patients would help in providing better clinical decisions 

and management, thus lowering patients’ risks to develop end-stage liver diseases.

Keywords: human immunodeficiency virus, hepatitis B virus, co-infection, nucleos(t)ide 

analogue resistance, hepatitis B surface antigen

Introduction
Both HIV and hepatitis B virus (HBV) infections are serious public health problems 

worldwide. Globally, about 36.7 million people were living with HIV, and one million 

people died of HIV-related illness at the end of 2016 according to data from World 

Health Organization (WHO).1 Estimated 257 million people were infected with HBV 

and HBV-related complications led to about 884,000 deaths according to 2017 Global 
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Hepatitis Report from WHO.2 Owing to the fact that these 

two viruses share similar transmission routes and risk factors 

of infection, HIV/HBV co-infection occurs.3 There were an 

estimated 2.7 million HIV/HBV co-infections among the 

36.7 million (7.4%) people living with HIV.2 China has the 

greatest number of HBV-infected people in the world,4 which 

may lead to a higher HIV/HBV co-infection rate than the 

global average. A previous study had reported a 12% HIV/

HBV co-infection rate in China.5 In HIV/HBV co-infected 

patients, HIV infection could increase HBV replication that 

may accelerate the progression to liver fibrosis, liver cirrhosis, 

and hepatocellular carcinoma. Thus, liver disease-related 

morbidity and mortality have emerged as major threats in 

HIV/HBV co-infected patients.6 Consequently, providing 

effective management and antiviral therapy for HIV/HBV 

co-infected patients is highly significant.

Lamivudine (3TC) is one of the pioneer reverse transcrip-

tase (RT) inhibitors used in antiretroviral therapy (ART).7 

Due to its low price, good antiviral efficacy, and less adverse 

effects, it has been extensively used, especially in developing 

countries. Since both HIV and HBV undergo reverse tran-

scription during replication, 3TC is also effective against HBV, 

and it has been a first-line drug to treat patients with chronic 

HBV infection for many years. However, today most guide-

lines for the prevention and treatment of chronic HBV infec-

tion are not recommending 3TC as a first-line drug against 

HBV owing to its low genetic barrier to nucleos(t)ide analogue 

resistance (NUCr) substitutions in RT.8–10 A previous study 

suggested that HBV 3TC-resistant substitutions contributed 

to ~20%–25% of annual substitution rate among HIV/HBV 

co-infected individuals.11 The rtM204V/I is a well-known 

primary NUCr substitution leading to HBV resistance to 

3TC and telbivudine, and providing a genetic background for 

entecavir (ETV) resistance development. Importantly, nowa-

days, ETV is one of the two recommended first-line drugs to 

treat chronic HBV infections. Therefore, the best choice for 

rtM204V/I harboring patients is tenofovir disoproxil fumarate 

(TDF)-based treatment.12 In addition, rtL80I/V, rtV173L, and 

rtL180M are the secondary resistance substitutions, which 

often coexist with rtM204V/I and could restore the impaired 

replication activity of rtM204V/I mutant.13,14

In China, National Free Antiretroviral Treatment Pro-

gram recommended 3TC as the first-line ART regimen for 

HIV patients since 2008. The TDF-based combination ART 

was recommended for treatment of HIV/HBV co-infected 

individuals in China since 2012.15,16 However, TDF/TDF 

+ 3TC-based ART remains unavailable in some resource-

limited regions, and the 3TC-based ART has been continually 

in use.17 Some HIV-infected patients in China have received 

3TC-based ART for almost 10 years. For those HIV/HBV 

co-infected patients receiving 3TC-based ART, they still have 

high risks to develop HBV-resistant substitutions to 3TC 

and end-stage liver diseases. From the public health point of 

view, they have potential importance in transmission of 3TC-

resistant HBV mutants to non-immunized or immunization 

failure HBV-uninfected persons.

In this study, we first investigated the detection rate of 

hepatitis B surface antigen (HBsAg) in a cohort of 705 HIV-

infected patients receiving 3TC-based ART for at least 1 year. 

The patients were recruited from the northern, southern, and 

northwestern regions of China where HIV infection was 

highly endemic. Then, we studied HBV NUCr substitutions 

among HIV/HBV co-infected individuals. The results would 

help in patient management and provide basic information 

on HBV prevalence and characteristics for HIV-infected 

patients in China.

Patients and methods
Patients and study design
This study was approved by the Institutional Review Board 

at the National Center for AIDS/STD Control and Prevention 

of Chinese Center for Disease Control and Prevention (China 

CDC) with an approval number of X100517174 (May 17, 

2010). The written informed consents were obtained from the 

patients. This cross-sectional study enrolled 705 HIV-infected 

patients diagnosed by CDC.

The studied population was from Henan province 

(Henan), Guangxi Zhuang autonomous region (Guangxi), 

and Xinjiang Uygur autonomous region (Xinjiang), which are 

located in the northern, southern, and northwestern regions 

of China, respectively. They belonged to HIV high endemic 

areas with different modes of HIV transmission reported by 

the National Health Commission of the People’s Republic of 

China. All patients had received for at least 1 year 3TC-based 

ART that did not contain TDF or other drugs used to treat 

HBV infection. The patients did not have HBV screening at 

initiation of ART. The age, gender, HIV transmission route, 

ethnic and education level were according to patient’s report 

in the questionnaire. The plasma samples were collected in 

2010 and properly stored at –80°C until use.

The flowchart in Figure 1 presents the study design.

Laboratory tests for HIV
CD4 cell count was detected by flow cytometry (FACSCali-

bur; BD, Franklin Lakes, NJ, USA) within 24 hours after 

plasma sample collection at provincial CDC laboratories.16
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HIV RNA was quantified with real-time NASBA (Nucli-

Sens EasyQ; bioMerieux, Marcy l’Etoile, France) or COBAS 

(Roche Applied Biosystems, Mannheim, Germany) accord-

ing to manufacturer’s recommendations. For those with HIV 

RNA level ≥1,000 copies/mL, HIV-1 partial polymerase 

genes (protease amino acid [AA] 1–99 and RT AA 1–252) 

were amplified and sequenced for drug resistance analysis.16

Laboratory tests for HBV
HBsAg, hepatitis B e antigen (HBeAg), antibody against 

hepatitis B core antigen (anti-HBc), and anti-HBc IgM were 

detected by corresponding commercial ELISA kits (Kehua, 

Shanghai, China). The condition where HIV patients were 

positive for HBsAg is defined as HIV/HBV co-infection in 

this study.

For co-infected patients, HBV DNA level was measured 

using quantitative PCR by employing HBV DNA Quantita-

tive Fluorescence Diagnostic Kit (Sansure Biotech, Hunan, 

China). The lower limit of detection was 100 IU/mL (2 log IU/

mL). The reactions were run in ABI StepOnePlus real-time 

PCR system (Applied Biosystems, Fostor City, CA, USA).

HBV DNA was extracted for RT amplification, sequenc-

ing, and drug resistance analysis. The methods followed were 

according to our previous study.18

Sequence analyses
HIV drug resistance analyses used the Stanford University 

HIV Drug Resistance Database (https://hivdb.stanford.edu/),16 

which was also used for HBV NUCr analyses and genotyp-

ing. The 11 classical NUCr-related AA sites (rtL80, rtI169, 

rtV173, rtL180, rtA181, rtT184, rtA194, rtS202, rtM204, 

rtN236, rtM250) in HBV RT were carefully studied.19

Statistical analyses
Statistical analyses were performed by SPSS 20.0 (SPSS 

Inc., Chicago, IL, USA). Student’s t-test, one-way ANOVA, 

or nonparametric test were used to examine the difference 

for continuous data, while chi-squared test or Fisher’s 

exact test was applied for categorical data. Univariate- and 

multivariate-adjusted logistic regression models were used 

to estimate the odds ratio (OR) and the corresponding 95% 

confidence interval (CI) for factors associated with HIV/

HBV co-infection. P<0.05 was considered as statistically 

significant.

Results
The patients
Overall characteristics of 705 HIV-infected patients are sum-

marized in Table S1. In general, 39.4% (278/705), 24.1% 

(170/705), and 36.5% (257/705) of the patients were recruited 

from Henan, Guangxi, and Xinjiang, respectively. Henan 

patients were significantly older than those in the other two 

regions (P<0.001).

The blood transfusion, heterosexual and intravenous 

transmissions were ranked as top three transmission routes 

and accounted for 96.6% (681/705) of the HIV infections. 

HIV-infected patients treated with
3TC-based ART, N=705

HBsAg screening 

Negative, N=655 Positive, N=50

 NUCr, N=15

PCR direct sequencing for HBV RT region 

Successful, N=23

Bioinformatics analysis

Failure, N=27

NUCs, N=8

Figure 1 Flowchart of study design.
Abbreviations: ART, antiretroviral treatment; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; NUCr, nucleos(t)ide analogue resistance; NUCs, nucleos(t)ide 
analogue susceptible; RT, reverse transcriptase; 3TC, lamivudine.
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However, HIV transmission routes were significantly dif-

ferent in different regions (P<0.001). The patients in Henan 

and Guangxi acquired HIV infection mainly through blood 

transmission (269/278, 96.8%) and heterosexual transmission 

(141/170, 82.9%), respectively; while those in Xinjiang were 

mainly by either intravenous (128/257, 49.8%) or hetero-

sexual (105/257, 40.8%) transmission route. The CD4 cell 

count and HIV RNA detectable rate also showed regional 

significant differences (P<0.001, P<0.001). The low overall 

HIV RNA detectable rate (138/705, 19.6%) might be due 

to ART.

HBsAg-positive patients
We found 7.1% (50/705) of the patients showed positive 

HBsAg, who were defined as having co-infection of HIV/

HBV. The positive rates of HBsAg varied in three regions 

with the highest in Guangxi (25/170, 14.7%), followed by 

5.1% (13/257) in Xinjiang and 4.3% (12/278) in Henan. In 

addition, 49 of 50 were positive for anti-HBc antibodies, 

one of whom had positive anti-HBc IgM. This patient was 

found to harbor NUCr substitutions and had a HBV DNA 

level of 6.6 log IU/mL. The data suggested that at least 48 

of 50 patients had chronic HBV infection.

Basic characteristics of HIV/HBV co-infected patients 

are presented in Table 1. In multivariate analysis (Table 2), 

age (OR =0.96, 95% CI [0.93–1.00], P=0.045), intravenous 

(OR =2.91, 95% CI [1.01–8.36], P=0.048) and sexual (OR 

=2.79, 95% CI [1.20–6.49], P=0.017) transmission routes, 

and ethnic status (OR =0.24, 95% CI [0.10–0.58], P=0.001) 

were independently associated with HIV/HBV co-infection. 

Older age and minorities compared with Han ethnic group 

were protective factors for HIV/HBV co-infection, while 

intravenous and sexual transmission routes compared with 

blood transmission were found to be risk factors for HIV/

HBV co-infection. Gender, education level, CD4 cell count, 

and HIV RNA were not found to be associated with HIV/

HBV co-infection.

HBV sequence analyses
Among 50 HIV/HBV co-infected patients, 23 HBV RT 

sequences were successfully obtained (GenBank accession 

numbers: MH271235-MH271257). Failure in sequencing 

Table 1 Overall characteristics of patients with HIV/HBV co-infection

Characteristics Overall (N=50) Henan (N=12) Guangxi (N=25) Xinjiang (N=13) P-valuea

Age (years), median (range) 36 (21–61) 42 (35–53) 32 (21–61) 31 (25–42) 0.002
Gender, male/female (male%) 30/20 (60.0) 6/6 (50.0) 16/9 (64.0) 8/5 (61.5) 0.712
Transmission route, N (%) <0.001

Blood transmission 12 (24.0) 12 (100.0) 0 (0.0) 0 (0.0)
Intravenous 12 (24.0) 0 (0.0) 6 (24.0) 6 (46.2)
Sexual 25 (50.0) 0 (0.0) 19 (76.0) 6 (46.2)
Others/unknown 1 (2.0) 0 (0.0) 0 (0.0) 1 (7.7)

Ethnic, N (%) <0.001
Han 39 (64.3) 12 (100.0) 24 (96.0) 3 (2.3)
Minoritiesb 9 (34.2) 0 (0.0) 0 (0.0) 9 (69.2)
Others/unknown 2 (1.6) 0 (0.0) 1 (4.0) 1(7.7)

Education, N (%) 0.276
Primary school or below 15 (30.0) 6 (50.0) 5 (20.0) 4 (30.8)
Junior high school 24 (48.0) 6 (50.0) 12 (48.0) 6 (46.2)
Senior high school 8 (16.0) 0 (0.0) 6 (24.0) 2 (15.4)
College or higher 1 (2.0) 0 (0.0) 0 (0.0) 1 (7.7)
Unknown 2 (4.0) 0 (0.0) 2 (8.0) 0 (0.0)

CD4 cell count (cells/μL), median (range) 353 (114–1274) 359 (160–1274) 323 (114–1047) 395 (148–980) 0.558
HIV RNA, det/undet (det%)c 7/43 (14.0) 3/9 (25.0) 0/25 (0.0) 4/9 (30.8) 0.016
HBV DNA (log IU/mL), median (range)d 2.6 (2.0–8.1) 4.9 (2.0–8.1) 2.4 (2.0–6.8) 2.6 (2.0–6.7) 0.034
Anti-HBc, pos/neg (pos%) 49/1 (98.0) 12/0 (100.0) 24/1 (96) 13/0 (100) 1.000
Anti-HBc IgM, pos/neg (pos%) 1/48 (10.0) 1/11 (33.3) 0/25 (4.0) 0/13 (0.0) 0.240
HBeAg, pos/neg (pos%) 13/37 (26.0) 5/7 (41.7) 7/18 (28.0) 1/12 (7.7) 0.146
HBV genotype, B/C/D 9/13/1 1/11/0 7/2/0 1/0/1 0.004

Notes: aThe statistical analyses included the comparisons among the patient groups from three regions of China, respectively. bThe ethnic minority was Uygur. cThe level 
of HIV RNA higher and lower than the lower limit of detection (LoD) was defined as detectable (det) and undetectable (undet), respectively. dThe LoD values (2 log IU/mL) 
were used for the determination of HBV DNA levels in statistical analysis if the raw data reported were lower than LoD.
Abbreviations: anti-HBc, antibody against hepatitis core antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.
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mainly occurred at amplification step. This might be due to 

the low HBV DNA levels compared with those in succeeded 

ones (median [log IU/mL]: 2.0 vs 4.6, P<0.001).

Three HBV genotypes were found, which were 39.1% 

(9/23) genotype B, 56.5% C (13/23), and 4.4% (1/23) D 

(Table 1). The HBV genotypes in the three studied regions 

of China displayed known geographic distribution patterns.20

About 65.2% (15/23) of HBV RT sequences were found 

to harbor NUCr substitutions. All (15/15, 100.0%) NUCr RT 

sequences had rtM204V/I substitution. Based on the presence 

or absence of NUCr substitutions, the patients were grouped 

into NUCr subgroup (N=15) and NUC susceptible (NUCs, 

N=8) subgroup, respectively. The comparison between the 

two subgroups is shown in Table S2. The age, sex ratio, 

therapy period, and HBV genotypes exhibited no significant 

statistical differences between the subgroups. However, both 

the HBV DNA level (median [range] log IU/mL: 5.9 [2.2–8.1] 

vs 2.1 [2.0–7.9], P=0.005) and HBeAg-positive rate (pos/neg 

[pos%]: 10/5 [66.7%] vs 1/7 [12.5%], P=0.027) were found 

to be significantly higher in the NUCr subgroup than those 

in NUCs subgroup (Table S2). Interestingly, although CD4 

counts showed no significant difference between subgroups, 

the HIV RNA was detectable only in NUCs subgroup (4/8, 

50.0%), in which two had HIV drug-resistant substitutions 

to nucleoside and/or non-nucleoside RT inhibitors. The 

drug-resistant HIV might replicate well and contribute to 

positive HIV RNA.

HBV NUCr substitution analyses
Among the 11 studied classical NUCr-associated AA sites, 

four sites were found to have substitutions. They were 

rtL80I/V/F, rtV173L, rtL180M, and rtM204V/I. The overall 

substitution detection rate was 14.6% ([AA sites with sub-

stitutions/total AA sites studied in 23 patients]×100%=37/ 

[11×23]×100%). The substitution detection rate of rtL80I/F, 

rtV173L, rtL180M, and rtM204V/I was 21.7% (5/23), 17.4% 

(4/23), 56.5% (10/23), and 65.2% (15/23), respectively (Fig-

ure 2A). In addition, there were four combination substitution 

patterns of NUCr, in which rtL180M+rtM204V/I accounted 

for 40.0% (6/15) (Figure 2B).

Furthermore, we investigated HIV resistance to nucleos(t)

ide analogues (NUC) in these 23 patients with available HBV 

RT sequences. The results revealed that 7 patients carried 

3TC-susceptible HIV and HBV, 15 had 3TC-resistant HBV, 

Table 2 Variables associated with HIV/HBV co-infection analyzed by univariate and multivariate logistic regression analysisa

Characteristics Univariate Multivariate

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

Age (years) 0.97 (0.93–1.00)* 0.040* 0.96 (0.93–1.00)* 0.045*
Gender, male/female

Male 1.00 1.00
Female 1.07 (0.59–1.92) 0.833 0.99 (0.49–2.03) 0.985

Transmission route
Blood transmission 1.00 1.00
Intravenous 1.83 (0.80–4.17) 0.153 2.91 (1.01–8.36)* 0.048*
Sexual 2.36 (1.16–4.81)* 0.018* 2.79 (1.20–6.49)* 0.017*

Ethnic
Han 1.00 1.00
Minorities 0.49 (0.25–0.97)* 0.041* 0.24 (0.10–0.58)* 0.001**

Education
Primary school or below 1.00 1.00
Junior high school 1.59 (0.82–3.10) 0.170 1.32 (0.66–2.63) 0.435
Senior high school 1.82 (0.74–4.44) 0.190 1.34 (0.52–3.47) 0.542
College or higher 1.31 (0.16–10.67) 0.798 0.91 (0.11–7.83) 0.929

CD4 cell count (cells/μL) 1.00 (1.00–1.00) 0.497 1.00 (1.00–1.00) 0.968
HIV RNA, det/undetb

det 1.00 1.00
undet 0.65 (0.29–1.48) 0.306 1.14 (0.45–2.89) 0.779

Notes: aRegion was not considered as a covariate, since the region was highly correlated with transmission route (r=0.715, P<0.001). Estimation of the model including both 
region and transmission route was not precise for the effect of collinearity. However, the results from the model not including region were similar to the results from the 
model excluding transmission route. bThe level of HIV RNA higher and lower than the lower limit of detection (LoD) was defined as detectable (det) and undetectable(undet), 
respectively. *P<0.05, **P<0.01.
Abbreviations: HBV, hepatitis B virus.
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and 1 had 3TC-resistant HIV. None was found to have both 

3TC-resistant HBV and HIV.

The influence of therapy duration
The median ART duration for HIV/HBV co-infected patients 

was 3.0 years (range: 1.0–6.4 years). We did not find any 

significant differences in CD4 cell counts and HIV RNA 

levels between patients receiving ART less than and longer 

than 3.0 years. However, the HBV DNA level in patients with 

ART less than 3.0 years was significantly lower than that of 

patients with ART longer than 3.0 years (median: 2.0 log IU/

mL vs 3.3 log IU/mL, P=0.027).

Discussion
In this study, we found a total HBsAg-positive detection 

rate of 7.1%, which was lower than 12% HIV/HBV co-

infection rate in China reported by a previous study.5 This 

might be largely due to the fact that 36% of (254/705) the 

studied population were blood donors, who were screened 

for HBsAg before donating blood and normally had very 

low HBsAg-positive rate.21 Our data showed that only 11 of 

them (11/254, 4.3%) were detected with positive HBsAg. In 

addition, the prevalence of HBsAg in the 15–59-year general 

population of Henan, Guangxi, and Xinjiang was reported 

as 5.3%, 12.4%, and 3.9%, respectively, by a 2006 study.22 

Similar variances in HBsAg-positive rates among the three 

studied regions were also found in our study (4.3%, 14.7%, 

and 5.1% in Henan, Guangxi, and Xinjiang), suggesting the 

regional epidemiological background of HBV infection might 

also affect HIV/HBV co-infection rate.

It can be noticed that our patients received 3TC-based 

ART. However, this might not largely affect HBsAg detec-

tion rate. It is known that 3TC and other NUC used to treat 

chronic HBV infection have difficulties in reducing the 

serum HBsAg to an undetectable level. Chang et al reported 

that only 1.4% (2/145) lost HBsAg within 5 years of ETV 

treatment.23 The HBsAg-positive rate that we revealed in 

this study might not be affected by ART. In addition, China 

launched national HBV immunization strategy to new born 

babies since 1992.24 The patients in this study had a median 

age of 37 years and only one was born after 1992. Thus, the 

HBsAg-positive rate in our study was hardly affected by the 

immunization protection either.

Moreover, HIV was firstly transmitted to mainland China 

in 1985.25 From the late 1980s to the early 1990s, commercial 

plasma donation was popular in some rural areas of Henan 

province. It led to HIV infection of many commercial plasma 

donors through illegal blood collection practices without 

adequate screening and sterilization procedures of blood 

donation in Henan. In addition, the epidemic had spread 

rapidly due to intravenous drug injection and sexual behaviors 

in Guangxi and Xinjiang since 1995.26 So the patients with 

HIV infection in Henan were significantly older than those in 

the other two areas. According to a CDC report, the majority 

(86.35%) of HIV-infected cases were found in people aged 

20–50 years, with 32.38% of cases among those aged 30–39 

Figure 2 HBV NUCr substitutions. (A) Substitution detection rate of NUCr-associated AA sites. (B) Proportion of combination substitutions.
Abbreviations: AA, amino acid; HBV, hepatitis B virus; NUCr, nucleos(t)ide analogue resistance; RT, reverse transcriptase.
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years during 2004–2013.27 Therefore, the patients in Henan 

might be infected with HIV earlier as compared with the 

national average.

The mother-to-infant transmission has long been known 

to be the major transmission route for HBV infection in 

China.28 Of the 50 HIV/HBV co-infected patients, 11 were 

blood donors. HBV vertical transmission might be ruled out 

for them, because they should have been tested for serum 

HBsAg-negative before blood donation. For the rest of the 39 

patients, 97.4% (38/39) had reported possible routes of HIV 

infection. Multivariate analysis results revealed intravenous 

drug injection and sexual behaviors were risk factors for 

HIV/HBV co-infection compared with blood transmission 

route. Intravenous drug injection and heterosexual behaviors 

accounted for 11 (11/155, 7.1%) and 26 (26/253, 10.3%) 

cases, respectively. They had high risks of HBV horizontal 

transmission, although vertical transmission might not be 

completely ruled out. The HIV and HBV infections might 

simultaneously occur (co-infection) or can be acquired by 

super-infection. HBV immunizations to the new born babies 

are applied nationwide in China nowadays, which would help 

to reduce HBV mono-infection and HIV/HBV co-infection/

super-infection in the near future.

Studies on the general population by Wang et al and Zeng 

et al, revealed that HBV genotypes B and C were predominant 

genotypes in the southern and northern China, respectively, 

while genotype D was mostly found in the northwest of 

China.29,30 In our study, 77.8% (7/9) of cases with genotype 

B, 84.6% (11/13) with genotype C, and 100.0% (1/1) with 

genotype D were found in sequences from Guangxi (southern 

China), Henan (northern China), and Xinjiang (northwestern 

China) patients, respectively. The geographic distribution pat-

terns of HBV genotype in the HIV/HBV co-infected patients 

resembled those found in the general population. The results 

suggested that HIV/HBV co-infection might not have HBV 

genotype bias.

Generally, ART duration would impact the virological 

response (including HIV and HBV) and host immune status, 

which is reflected by the CD4 cell count. We found that the 

HBV DNA level in patients with ART less than 3.0 years 

was significantly lower than that of patients with ART longer 

than 3.0 years. This result was similar to those from Pal et 

al’s study,17 which showed that the HIV/HBV co-infected 

patients with longer ART duration had a higher HBV DNA 

level. It is known that HBV NUCr substitutions increase 

along with the increased antiviral drug duration and result 

in increased HBV DNA levels. The cumulative incidence of 

3TC-resistant substitutions was 24%, 38%, 49%, 67%, and 

70% at 1, 2, 3, 4, and 5 years of treatment, respectively.31 In 

our study, 65.2% (15/23) of NUCr substitutions occurred 

among the 23 cases with HBV sequences, and the average 

ART duration was 3.7 years. Our finding was similar to 67% 

of 3TC-resistant substitution rate at 4 years of treatment 

mentioned previously. Although this cross-sectional study 

could not rule out the possibility of transmission of NUCr 

HBV strains, the others and our previous studies have shown 

that the frequency of appearance of NUCr substitutions was 

very low before receiving antiviral therapy,12,13,32 suggesting 

that our patients might have little chance to develop 3TC-

resistant HBV in the absence of NUC therapy. Actually, the 

previously reported 3TC-resistant substitutions have been 

largely attributed to NUC-induced substitutions.31

All (15/15) the identified NUCr HBV sequences had 

rtM204V/I substitutions and were accompanied with one 

or two secondary NUCr substitution(s). Four patterns of 

3TC-resistant substitutions were found (Figure 2). Although 

15 NUCr and 8 NUCs harboring patients had no significant 

difference in ART durations, the NUCr subgroup had signifi-

cantly higher HBV DNA levels than those of NUCs subgroup 

(Table S1). Further, those with triple 3TC-resistant substitu-

tions (N=7) had significantly higher HBV DNA levels than 

those with double 3TC-resistant substitutions (N=8) (median 

[range] log IU/mL: 6.8 [4.6–8.1] vs 4.7 (2.2–6.1), P=0.004). 

Our results suggested that the secondary NUCr substitutions 

rescued the defective replication of rtM204V/I mutants in 

HIV/HBV co-infected hosts, which have been previously 

reported in HBV mono-infected patients. In addition, all 

the NUCr substitution patterns identified in this study would 

increase the risk of emergence of ETV-resistant substitutions. 

TDF would be the only good choice left for these patients 

to prevent the progression to more severe liver diseases. 

Moreover, their roles as sources of HIV and drug-resistant 

HBV transmissions need to be alerted since there are still 

patients receiving 3TC-based ART today. Fortunately, we 

did not identify any case carrying both HBV and HIV 3TC-

resistant substitutions in this study, though the antiviral target 

of 3TC was shared by these two viruses. To screen HBV 

infection at initiation of ART among HIV-infected patients 

is important and is recommended nowadays. However, HIV 

provider’s adherence to HBV screening recommendations 

in the established guidelines was lower when compared to 

hepatologists.33

Among 50 HIV/HBV co-infected patients, the detectable 

rate of HBV DNA (62.0%, 31/50) was significantly higher 

than that of HIV RNA (14.0%, 7/50) (P<0.001). ART is 

specifically designed for combating HIV infection, which has 
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multiple targets on HIV replication. However, the only effec-

tive agent of ART against HBV in this study is 3TC, which 

has relatively lower antiviral potency and low genetic barrier 

for the emergence of NUCr. Although 3TC dose in ART for 

HIV/HBV co-infected patients (300 mg/d) was higher than 

that for HBV mono-infected patients (100 mg/d), NUCr 

combination substitutions occurred in 15 studied patients. 

Today’s guidelines recommend that ART should contain TDF 

for HIV/HBV co-infected patients.34,35

Although there were important findings, the limitations 

existed. One was the unavailability of serum alanine and 

aspartate transaminase levels, which could indicate the extent 

of damage to hepatocytes and thus liver disease progression. 

Another limitation was that this was a cross-sectional study. It 

was not possible to trace back the HBsAg status at the initiation 

of ART, and to follow the long-term clinical outcome of ART 

on the HIV mono-infected and HIV/HBV co-infected ones.

Conclusion
Our results suggested that HBsAg-positive rate in the studied 

patients was similar to that of the general population in each 

of the studied regions. The age, transmission route, and ethnic 

status might be associated with HIV/HBV co-infection. For 

HIV/HBV co-infected patients, the detection rate of 3TC-

resistant substitutions was in line with those having HBV 

mono-infection, and the HBV combination NUCr substitu-

tions were very common. It is important to monitor HBV 

NUCr substitutions in the co-infected population on ART 

along with HIV drug resistance surveillance. This would 

provide a better clinical decision and management for those 

with HIV/HBV co-infection and to lower patients’ risks to 

develop end-stage liver diseases.
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Supplementary materials

Table S1 Overall characteristics of 705 HIV-infected patients

Characteristics Overall (N=705) Henan (N=278) Guangxi (N=170) Xinjiang (N=257)

Age (years), median (range) 37 (10–78) 43 (10–68) 34 (18–78) 34 (19–65)
Gender, male/female (male%) 413/292 (58.6) 164/114 (59.0) 102/68 (60.0) 147/110 (57.2)
Transmission route, N (%)

Blood 273 (38.7) 269 (96.8) 1 (0.6) 3 (1.2)
Intravenous 155 (22.0) 0 (0.0) 27 (15.9) 128 (49.8)
Homosexual 2 (0.3) 0 (0.0) 0 (0.0) 2 (0.8)
Heterosexual 253 (35.9) 7 (2.5) 141 (82.9) 105 (40.8)
Others/unknown 22 (3.1) 2 (0.7) 1 (0.6) 19 (7.4)

Ethnic, N (%)
Han 453 (64.3) 277 (99.6) 157 (92.4) 19 (7.4)
Minoritiesa 241 (34.2) 1 (0.4) 5 (2.9) 235 (91.4)
Others/unknown 11 (1.6) 0 (0.0) 8 (4.7) 3 (1.2)

Education, N (%)
Primary school or below 291 (41.3) 150 (54.0) 53 (31.2) 88 (34.2)
Junior high school 301 (42.7) 114 (41.0) 78 (45.9) 109 (42.4)
Senior high school 89 (12.6) 13 (4.7) 27 (15.9) 49 (19.1)
College or higher 15 (2.1) 1 (0.3) 4 (2.4) 10 (3.9)
Unknown 9 (1.3) 0 (0.0) 8 (4.7) 1 (0.4)

CD4 cell count (cells/μL), median (range) 395 (39–2465) 455 (86–2465) 322 (55–1292) 395 (39–1220)
HIV RNA, det/undet (det%)b 138/567 (19.6) 45/233 (16.2) 1/169 (0.6) 92/165 (35.8)

Notes: aThe minorities in Henan and Guangxi were Uygur and Zhuang, respectively, and minorities in Xinjiang included 219 Uygur and 16 Hui. bThe level of HIV RNA higher 
and less than the lower limit of detection was defined as detectable (det) and undetectable (undet), respectively. 

Table S2 Characteristics of the HIV/HBV co-infected patients in NUCr and NUCs subgroups

Characteristics NUCr (N=15) NUCs (N=8) P-value

Age (years), median (range) 38 (21–59) 37 (31–53) 0.560
Gender, male/female (male%) 7/8 (46.7) 4/4 (50.0) > 0.999
Therapy period (years), median (range) 3.7 (1.0–6.4) 4.4 (2.5–6.1) 0.229
CD4 cell count (cells/μL), median (range) 440 (160–1274) 319 (175–583) 0.357
HIV RNA, det/undet (det%)a 0/15 (0.0) 4/4 (50.0) 0.008
HBV DNA (log IU/mL), median (range)b 5.9 (2.2–8.1) 2.1 (2.0–7.9) 0.005
HBeAg, pos/neg (pos%) 10/5 (66.7) 1/7 (12.5) 0.027
HBV genotype, B/C/D 8/7/0 1/6/1 0.089

Notes: aThe level of HIV RNA higher and lower than the lower limit of detection (LoD) was defined as detectable (det) and undetectable (undet), respectively. bThe LoD 
values (2 log IU/mL) were used for the determination of HBV DNA levels in statistical analysis if the raw data were reported as lower than LoD.
Abbreviations: HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NUCr, nucleos(t)ide analogue resistance; NUCs, nucleos(t)ide analogue susceptible.
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