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Background: Human immunodeficiency virus (HIV)/hepatitis B virus (HBV) co-infection 
can accelerate HBV-induced liver disease. A previous study showed that variation in the 
HBV pre-S region and quasispecies heterogeneity (Sn, mean genetic distance, dS, dN, and 
dS/dN) are both related to HBV-induced terminal liver disease in HBV mono-infection. 
Currently, data are lacking on quasispecies variation of the HBV pre-S region in HIV/HBV 
co-infection. Investigating the quasispecies variation of the HBV pre-S region and its related 
factors in HIV/HBV co-infection will help to better explore the pathogenic mechanism of 
HIV/HBV co-infection.
Methods: According to the HIV antibody results obtained before treatment, chronic HBV- 
infected patients were divided into HIV/HBV co-infected and HBV mono-infected groups. 
The clinical characteristics of all patients were collected, and DNA was extracted from the 
serum. The HBV pre-S region was amplified by nested PCR and was further TA cloned. 
BioEdit software 7.0 was used for sequence alignment with reference to the standard 
sequence of the matched HBV genotype. We used 1:1 propensity score matching (PSM) to 
control for baseline confounding factors between the two groups.
Results: After 1:1 PSM, we identified 100 patients with similar propensities: 50 HIV/HBV 
co-infected patients and 50 HBV mono-infected patients. HBV quasispecies indices were 
lower in the HIV/HBV co-infected group than those in the HBV mono-infected group. 
A significant correlation was observed between all quasispecies indices and soluble cluster 
of differentiation 163 (sCD163) and interleukin-18 (IL-18) in the HIV/HBV co-infected 
group; however, this phenomenon was not found in the HBV mono-infected group.
Conclusion: Combined HIV infection reduces quasispecies heterogeneity in the HBV pre-S 
region, and the quasispecies heterogeneity is related to the sCD163 and IL-18 levels.
Keywords: HIV, HBV, quasispecies, pre-S region, inflammation

Introduction
Hepatitis B virus (HBV)/human immunodeficiency virus (HIV) are common viruses 
because both HIV and HBV can be transmitted through blood, from mother to child, 
and via injection of drugs and sexual contact. Previous studies have indicated that 10% 
of HIV-infected patients have HIV/HBV co-infection. In some countries, such as 
China, the HIV/HBV co-infection rate can be as high as 20%.1,2 HIV/HBV co- 
infection can accelerate the development of liver disease and delay immune recon-
stitution during highly active antiretroviral therapy (HAART). HIV/HBV co-infection 
is a global public health problem, and terminal liver disease is the leading cause of 
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death in HIV-infected patients. However, the pathogenic 
mechanism of HIV/HBV co-infection is not yet clear and 
requires further study.2,3

The HBV genome consists of incomplete circular dou-
ble-stranded DNA replicated by an error-prone polymerase 
through an RNA intermediate. As documented in many 
studies, numerous viral variants that differ in genetic 
sequence occur during HBV replication in vivo, which 
are called quasispecies.4,5 Since viral mutants are con-
stantly produced by dynamic conditions under host 
immune pressure, quasispecies variability can provide 
insight into viral-host interactions, especially the interac-
tions between viral evolution and host immunity.6 The 
emergence of HBV quasispecies is an important cause of 
continuous infection with

HBV is a reflection of infection evolution and is related 
to the emergence of drug resistance, the effects of antiviral 
treatment, and the development of liver disease.6–8 The 
intracellular persistence of HBV leads to liver disease 
through the host immune response.8 The intensity of the 
immune response can be critical to disease progression and 
to the complexity and diversity of virus strains. The HBV 
genome consists of four open reading frames (ORFs), 
namely, the pre-core/core, Polymerase, X and pre-S/S 
ORFs. The HBV pre-S region was reported to contain 
abundant immunogenic epitopes and functional regional 
sites and is related to the host’s immune response.9–11 

Previous studies have indicated that, before treatment, 
the HBV pre-S deletion A1762T/G1764A is more com-
mon in HIV/HBV co-infected patients than in HBV mono- 
infected patients; however, these studies were only based 
on direct sequencing, and quasispecies studies have been 
very limited.12,13 When the expression product of the HBV 
pre-S region is deleted, affinity with the corresponding cell 
receptors is reduced, so that HBV escapes immune surveil-
lance. Investigation of the quasispecies variation of the 
HBV pre-S region in HIV/HBV co-infected patients and 
the factors related to quasispecies evolution might help to 
better understand the pathogenic mechanisms of HIV/ 
HBV co-infection.

Materials and Methods
Study Subjects
Patients hospitalized with chronic HBV infection (CHB) 
from April 2018 to December 2019 were included. CHB 
patients were confirmed to be positive for HBsAg for more 
than 6 months. HIV-infected patients were confirmed by 

ELISA and Western blot assays. The exclusion criteria 
were as follows: (1) patients with anti-HBV treatment 
and anti-HIV treatment (HAART); (2) patients with term-
inal liver disease or cancer; (3) patients with other types of 
hepatitis virus infection (such as HAV, HCV, HDV); (4) 
patients with other apparent opportunistic infections; (5) 
patients who were <18 years old, >65 years old, pregnant 
or lactating women; (6) patients with cardiovascular dis-
ease or renal failure. CHB patients were separated into 
HIV/HBV co-infection and HBV mono-infection groups. 
The cross-sectional study protocol conformed to the 
Declaration of Helsinki and was approved by the 
Institutional Ethics Committee of Guangzhou Eighth 
People’s Hospital (No. 20180307). Written informed con-
sent was obtained from patients.

Serological Examination
An ELISA was used to detect HBsAg HBeAg/anti-HBe 
(Zhong Shan Da An Company, Guangdong, China). 
A COBAS TaqMan HBV Test was used to detect the 
HBV DNA load. An AU-2700 automatic biochemical 
detector was used to detect alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) levels. BD 
Multitest CD3/CD8/CD45/CD4 reagents were used with 
a BD FACSCanto II flow cytometer to determine the 
absolute CD4 cell count and the CD8 cell count 
(Invitrogen, USA). Soluble cluster of differentiation 14 
(sCD14), soluble cluster of differentiation 163 (sCD163), 
interleukin-18 (IL-18), interferon-inducible protein-10 (IP- 
10), soluble cluster of differentiation 27 (sCD27), and 
monocyte chemoattractant protein 1 (MCP-1) levels were 
determined by ELISAs (Invitrogen, USA), according to 
the manufacturer’s guidelines. Routine blood indices, 
including platelet counts, were measured by an XE-5000 
automatic blood analyzer.

Cloning and Sequencing
Total DNA was extracted from a 200 µL serum sample 
collected from each patient using a QIAamp DNA Mini 
Kit. The primers for the first round of nested PCR were 5ʹ- 
GCCTCATTTTGYGGGTCACCATATTC-3ʹ and 5ʹ-GGGT 
CACCATATTCTTGGGAACAAGA-3ʹ. The primers for 
the second round of nested PCR were 5ʹ-GGGTCACC 
ATATTCTTGGGAACAAGA-3ʹ and 5ʹ-AATTCGTTGAC 
ANACTTTCCAATCAAT-3ʹ. The first round of PCR ampli-
fication was performed in a 25 μL reaction system using 4 μL 
of DNA template (DNA extracted from serum). The ampli-
fication conditions (20 cycles) of first round were as follows: 
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denaturation at 98°C for 10 s, annealing at 56°C for 30 s, and 
extension at 72°C for 30 s. The second round of PCR ampli-
fication was performed in a 100 μL reaction system using 25 
μL of DNA template. The amplification conditions (35 
cycles) of the second round were as follows: denaturation 
at 98°C for 10 s, annealing at 56°C for 30 s, and extension at 
72°C for 30 s. The primer-amplified region is shown in 
Scheme 1. The purified product was ligated into a pMD- 
19T/A vector and transformed into JM109 cells. Nearly 50 
clones were selected and sequenced.

Sequence Analysis
Multiple alignments were performed using by BioEdit 7.0 
software, and viral quasispecies heterogeneity was evalu-
ated using two parameters: complexity and diversity. 
Quasispecies complexity is the index of distribution of 
different variants in the virus population, which is 
expressed by the standardized Shannon entropy (Sn). The 
Sn was calculated by the following formula: Sn=-∑I (pi ln 
pi)/ln N, where pi is the frequency of each quasispecies, 
and N is the total number of quasispecies. MEGA 6.0 
software was used to evaluate the quasispecies diversity, 
mean genetic distance, number of synonymous substitu-
tions per synonymous site (dS), and number of nonsynon-
ymous substitutions per nonsynonymous site (dN). The 
mean genetic distances at the nucleotide and amino acid 
levels were calculated under the Kimura 2 parameter 
model and Jones-Taylor-Thornton model, respectively. 
The Jukes-Cantor mode was used to calculate the dS and 
dN.14,15

Statistical Analysis
We used 2 groups of 1:1 nearest neighbor propensity score 
matching (PSM) to control baseline confounding factors 
(including sex, age, HBeAg, HBV genotype, ALT, AST, 
platelets, AST to platelet ratio (APRI), HBV DNA, 
HBsAg).16 Statistical analyses were performed using 
SPSS software version 22.0 (SPSS Inc, Chicago, IL, 
USA), and graphs were produced using GraphPad Prism 
8.0 software. Continuous variables are described as the 
median (interquartile range [IQR]) because of an abnormal 
distribution according to the results of normality testing 
(Kolmogorov–Smirnov test). Categorical variables are 
described as the frequency (percentage [%]). Continuous 
variables were compared using the Mann–Whitney U-test, 
and categorical variables were compared using the Chi- 
squared test or Fisher’s exact test. Correlation coefficient 
analyses were performed by Spearman rank correlation. 

All of the statistical tests were two-sided, and a value of 
P<0.050 was considered statistically significant.

Results
Demographic Data
In the study, 170 CHB patients successfully underwent 
PCR product extraction, cloning, and sequencing, includ-
ing 92 patients in the HIV/HBV co-infected group and 78 
patients in the HBV mono-infected group. A total of 100 
patients were included in the final analysis after 1:1 PSM, 
including 50 HIV/HBV co-infected patients and 50 HBV 
mono-infected patients. The characteristics of the two 
groups of patients are listed in Table 1. In the HIV/HBV 
co-infected group, the HIV genotype mainly consisted of 
HIV-1, and the HIV-infected patients were in the AIDs 
phase (CD4<200 cell/mL); 35/15 had B/C genotypes, and 
30 patients were HBeAg positive. The CD4 cell count and 
CD4/CD8 ratio in the HIV/HBV co-infected group were 
75.5 (0.75–139) cells/mL and 0.110 (0.058–0.198) before 
HAART. Among HBV mono-infected patients, 36/14 had 
B/C genotypes, and 32 patients were HBeAg positive.

HBV Quasispecies Complexity and 
Diversity for Different Infectious Statuses
HBV quasispecies complexity and diversity were assessed 
according to the sequences obtained from TA clones. The 
HBV quasispecies complexity at the nucleotide and amino 
acid levels in the HIV/HBV co-infected group (0.671 
(0.467–0.779); 0.479 (0.406–0.577)) was significantly 
lower than that in the HBV mono-infected group (0.760 
(0.665–0.838); 0.610 (0.466–0.779)) (P<0.05). In terms of 
quasispecies diversity, the dN and dS of HBV quasispecies 
in the HIV/HBV co-infected group (6.564 (3.991–8.476); 
6.361 (3.904–8.213)) were also significantly lower than 
those in the HBV mono-infected group (8.997 (8.248– 
10.820); 8.072 (5.840–9.085)) (P<0.05). The dN/dS in 
the HIV/HBV co-infected group (0.957 (0.600–1.259)) 
was significantly higher than that in the HBV mono- 
infected group (0.788 (0.597–1.007)) (P<0.05). No signif-
icant difference in genetic distance was found at the 
nucleotide level between two groups; however, the data 
showed a smaller genetic distance in the HIV/HBV co- 
infected group. The genetic distance at the amino acid 
level was significantly smaller in the HIV/HBV co- 
infected group (6.305 (4.232–8.264)) than in the HBV 
mono-infected group (8.070 (6.518–9.596)) (P<0.05).
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Correlation of Quasispecies Indices and 
Immune Cell Count, Liver Enzymes, and 
Inflammatory Cytokines
No correlations were found between any quasispecies 
indices and CD4 cell counts in the HIV/HBV co-infected 
group (all P>0.05). Additionally, there was no correlation 
between quasispecies indices and CD8 cell count or CD4/ 
CD8 ratio (all P>0.05). No significant correlations were 
found between quasispecies indices and ALT or AST in 
both the HIV/HBV co-infected group and the HBV mono- 
infected group (all P>0.05).

In the HIV/HBV co-infected group, significant correla-
tions were observed between all 7 quasispecies indices and 
sCD163 (r=0.400, P=0.007; r=0.387, P=0.009; r=0.465, 
P=0.001; r=0.309, P=0.039; r=0.369, P=0.013; r=0.443, 
P=0.002; r=0.488, P=0.001). Significant correlations were 
found between quasispecies indices and IL-18 (r=0.383, 
P=0.042; r=0. 0.397, P=0.028; r=0.310, P=0.045; 
r=0.367, P=0.040; r=0.276, P=0.049; r=0.327, P=0.041; 
r=0.355, P=0.040). No correlations were found between 
quasispecies indices and sCD14 or MCP-1 (P>0.05). 
Significant correlations were found between sCD27 and 
complexity at the nucleotide level, genetic distance at the 
nucleotide level, genetic distance at the amino acid level, 
dN, and dN/dS. The correlations between sCD27 and com-
plexity at the amino acid level and dS were not statistically 
significant. The correlation analysis results of the HIV/ 
HBV co-infected group are listed in Table 2. In the HBV 
mono-infected group, no correlations were found between 

any of the quasispecies indices and inflammatory cytokines 
(P>0.05). The correlation analysis results of the HBV 
mono-infected group are listed in Supplementary Table 1. 
A heat map of correlation coefficients between quasispecies 
indices and the clinical parameters and inflammatory cyto-
kines is shown in Figure 1.

Discussion
The high replication capacity of HBV and the lack of proof-
reading activity of HBV polymerase lead to the develop-
ment of quasispecies complexity and diversity during 
replication. One study showed a strong negative correlation 
between survival time of HIV-infected patients and HBV 
co-infection, but the effect of HIV co-infection on HBV, and 
especially HBV evolution, is unknown.17 A previous study 
used directed sequence analysis to demonstrate that HIV/ 
HBV co-infection may affect HBV evolution and that HBV 
sequences in HIV/HBV co-infected patients have a greater 
number of variants than those in HBV mono-infected 
patients.12,13 Another previous study used direct sequen-
cing analysis to show that pre-C A1762T/G1764A and pre- 
S deletions are more common in HIV/HBV co-infected 
patients than in HBV mono-infected patients in China.12 

However, because only a limited number of studies of 
minor variants have been conducted, they might be over-
looked, which could exclude useful information about qua-
sispecies. Cassino L et al examined viral quasispecies in 8 
patients infected with HBV and 9 patients infected with 
HIV/HBV before treatment and at 3 years.18 A previous 
study analyzing the pre-C/C and S genome regions 

Table 1 Demographic and Clinical Features of Patients

Characteristics HIV/HBV Co-Infection HBV Mono-Infection P value

Participants, N 50 50
Male/Female, N (%) 39 (78%)/11(22%) 36 (72%)/14(28%) 0.488

Age, years 36(27–45) 35(26.5–45) 0.885

HBeAg (±) 32/18 30/20 0.680
HBV genotype, B/C 36/14 35/15 0.826

ALT, IU/mL 46(24–75) 44(27–78) 0.528

AST, IU/mL 50(26.75–64.5) 47(31.75–77.25) 0.304
Platelets, 10^9/L 147(120.25–177) 152(101.5–178.5) 0.649

APRI 0.518 (0.395–0.595) 0.517 (0.424–0.661) 0.549
CD4 count. cell/mL 75.5(20.75–139)

CD8 count, cell/mL 651(401.25–827.25)

CD4/CD8 ratio 0.110(0.058–0.198)
HBV DNA, lg (copies/mL) 7.230(6.413–8.255) 7.012(5.719–7.780) 0.475

HBsAg, lg (IU/mL) 3.976(3.236–4.618) 3.643(2.855–4.616) 0.377

Note: All variables were expressed by median (interquartile range). 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBeAg, hepatitis B e antigen; APRI, aspartate aminotransferase-platelet ratio index.
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suggested that low quasispecies complexity and diversity 
and few evolutionary characteristics existed in HIV/HBV 
co-infected patients. Mondal R’s study also compared the 
diversity of the pre-S region in 32 patients with HBV 
genotype D from India and suggested that the diversity in 
HIV/HBV co-infected patients is lower than that in HBeAg- 
positive and HBeAg-negative patients.19 However, their 
study was limited to Western populations, and patients in 
the two groups were limited in number and not matched 
regarding basic information. In this study, analysis of 2004 
and 1992 clone sequences from HIV/HBV co-infected 
patients and HBV mono-infected patients, respectively, 
showed that the quasispecies complexity and diversity of 
the pre-S region are lower in HIV/HBV co-infected patients 
than in HBV mono-infected patients, which is an important 
finding. Although our study is inconsistent with the study of 
Cassino L in the gene region and genotype, the results were 
consistent in that the quasispecies complexity and diversity 
were lower in HIV/HBV co-infected patients than in HBV 
mono-infected patients.

The evolutionary characteristics of quasispecies are 
related to the emergence of drug resistance, effect of anti-
viral treatment, and development of liver disease.7,20 One 
study indicated that some miRNAs of HIV-infected 
patients were significantly correlated with viral load and 
CD4 cell count, and miRNAs seem to influence the clin-
ical progression of HIV-1 infection in naive patients.21,22 

The results could suggest that HIV infection has 
a significant impact on the state of the body. We performed 
further analyses to explore the correlation between quasis-
pecies indices and acquired immunity (including the CD4 
cell count and CD4/CD8 ratio) and innate immunity. Our 
results showed a significant correlation between all qua-
sispecies indices and sCD163 and IL-18 in the HIV/HBV 
co-infected group after analyzing the correlation between 
quasispecies indices and clinical parameters. The results 
suggested that HIV co-infection might impact the molecu-
lar evolution of HBV, which in turn is associated with 
inflammatory activation. sCD163, also called the hemo-
globin (Hb) scavenger receptor, is expressed only in 
monocyte-macrophage cell lines, and the upregulated 
expression of this receptor is one of the major changes in 
the macrophage switch to alternative activated phenotypes 
in inflammation.23 The sCD163 level is related to HIV 
replication activity, monocyte-macrophage immune activa-
tion, and the degree of liver inflammation.24 Mononuclear 
macrophages have been indicated to be an important reser-
voir of HIV.25 Therefore, it is speculated that a correlation Ta
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exists between quasispecies indices and sCD163 in HIV/ 
HBV co-infected patients, which could be caused by 
cross-reacting with immune activation. IL-18 is secreted 
primarily by innate immune cells and is related to the 
degree of liver inflammation and the effect of antiviral 
therapy. A previous study showed a significant correlation 
between IL-18 promoter polymorphisms and the progres-
sion of HBV-related liver disease.26 As liver inflammation 
decreases, IL-18 also decreases and can be used as an 
immune agent to promote specific cellular immune 
functions.27,28 In HIV/HBV co-infected patients, HBeAg 
conversion after anti-HBV antiviral regimens is closely 
related to IL-18 levels before HAART.29 The correlation 
analysis results indicate that innate immune activation 
could play an important role in HBV evolution in HIV/ 
HBV co-infection.

This study also had some limitations. First, this was 
a cross-sectional study, and the dynamic changes in quasis-
pecies heterogeneity, especially after HAART, could not be 
evaluated. Second, the main route of HBV in China is 
mother-to-child transmission, and the predominant HBV 
genotypes are B and C, which are different from those in 
Western countries. Finally, no liver biopsy or liver stiffness 
results were obtained before HAART; therefore, the APRI 
and platelets were used as indicators in this study.30,31

In conclusion, this study investigated the differences in 
quasispecies complexity and diversity of the HBV pre-S 
region between HBV mono-infected and HIV/HBV co- 
infected patients as well as the correlation of quasispecies 
indices with immune cell counts, liver enzymes, and 

inflammatory cytokines. Low quasispecies complexity 
and diversity were found in HIV/HBV co-infected patients, 
and significant correlations were observed between all qua-
sispecies indices and sCD163 and IL-18. These results sug-
gest that combined HIV infection reduces quasispecies 
heterogeneity in the HBV pre-S region, and quasispecies 
heterogeneity is related to the sCD163 and IL-18 levels.
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