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Summary.- Human immunodeficiency virus (HIV)/hepatitis B virus (HBV) co-infection accelerates the
progression of HBV-related liver diseases. HBV basic core promoter (BCP)/pre-core (preC) gene mutations
may be one of the most important risk factors. In this study, atotal of 230 patients were recruited, and 199
patients whose HBV BCP/preC gene were successfully amplified and sequenced, including 99 HIV/HBV
co-infected and 100 HBV mono-infected patients. Next-generation sequencing was used for detection of
BCP/preC mutations which were then compared in patients with different HBV genotypes and different
HBeAg statuses, and 1% and 20% cutoff values were defined to evaluate the mutations. HBV quasispecies
diversity was also compared in HIV/HBV co-infected and HBV mono-infected patients. Among the pa-
tients infected with HBV genotype C and HBeAg-negative status, the frequency of A1762T/G1764A double
mutations was significantly lower in HIV/HBV co-infected patients than in HBV mono-infected patients
(53.3% vs.100.0%, P = 0.008) regardless of the 1% or 20% cutoff value level. However, A1762T/G1764A double
mutations did not differ in the other groups (P >0.05). Viral quasispecies diversity was lower in HIV/HBV
co-infected patients than in HBV mono-infected patients (P <0.05). This study revealed the characteristic
of HBV BCP/preC gene mutations and viral quasispecies diversity in HIV/HBV co-infected patients.
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Introduction

According to the literature, an estimated 400 million
people are infected with hepatitis B virus (HBV), and 33
million are infected with human immunodeficiency virus
(HIV) worldwide (Hoffmann and Thio, 2007; Kourtisetal.,
2012). Since HBV and HIV share similar transmission
routes, 5-20% of HIV-positive patients are also infected
with HBV (Easterbrook et al., 2012; Kim et al., 2008; Thio,
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Abbreviations: HIV = human immunodeficiency virus; HBV =
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core; ORFs = open reading frames

2009). Several studies have revealed that HIV patients co-
infected with HBV increase the risks of liver cirrhosis and
hepatocellular carcinoma (Hoffmann and Thio, 2007; Kim,
2020). However, the reasons why HIV/HBV co-infection
accelerates the progression of HBV-related end-stage liver
disease are still unknown.

The HBV genome contains approximately 3200 nu-
cleotides with four open reading frames (ORFs), namely,
pre-core (preC)/core, polymerase, surface and x ORFs
(Tiollaisetal.,1985). Since HBV lacks proofreading capac-
ity during replication, its rate of nucleotide mutations
is much higher than that of other DNA viruses (Rajput,
2020). Therefore, large amounts of mutations are pro-
duced naturally or occur in a given replicative environ-
ment. HBV basic core promoter (BCP) A1762T/G1764A
double and pre-core (preC) G1896A mutations are the
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Study design flow chart

Among 230 patients recruited in this study, 199 patients whose samples were successfully amplified and sequenced were enrolled in &
groups. Patients previously exposed to antiviral drugs were strictly excluded from this study.

most common mutations in the BCP/preC gene regions.
Previous studies have shown that A1762T/G1764A double
mutations are independent risk factors for HBV-related
end-stage liver disease, such as hepatocellular carcinoma
(Mak and Kramvis, 2020; Wang et al., 2019). Other BCP/
preC gene mutations, such as C1653T in enhancer II and
T1753C in BCP, are also associated with the progression
of HBV-related end-stage liver diseases (Liu et al., 2009).
HBV BCP/preC gene mutations in HIV/HBV co-infected
patients have been reported in some areas, but the results
vary greatly in different studies, especially regarding BCP
A1762T/G1764A double mutations (Audsley et al., 2010;
Cassino et al., 2009; Li et al., 2017; Tangkijvanich et al.,
2013). Thus, the difference in BCP A1762T/G1764A double
mutation levels between HIV/HBV co-infected and HBV
mono-infected patients has yet to be fully defined.

In China, the prevalence of HBV infection is high; ac-
cordingly, HIV/HBV co-infection is common (Zhangetal.,
2014). However, the difference in the prevalence of HBV
BCP/preC mutations between HIV/HBV co-infected pa-
tients and HBV mono-infected patients is still unknown.
HBV BCP/preC mutations may be one of the most impor-
tant risk factors associated with HBV-related end-stage
liver diseases. It isimportant to investigate the difference
in HBV BCP/preC mutations between HIV/HBV co-infect-
ed and HBV mono-infected patients. In addition, studies
focused on HBV quasispecies diversity in HIV/HBV co-
infected patients in China are currently limited. In this
study, we detected the A1762T/G1764A double mutations,
G1896A mutation and other BCP/preC gene mutations,

additionally, compared HBV quasispecies diversity in
HIV/HBV co-infected and HBV mono-infected patients
in China, to better understand BCP/preC mutations and
the characteristics of HBV quasispecies diversity in HIV/
HBV co-infected patients.

Materials and Methods

Study subjects. Atotal of 230 patients were recruited,and 199
patients whose HBV S and BCP/preC genes were successfully
amplified and sequenced were enrolled in this study, including
99 HIV/HBV co-infected and 100 HBV mono-infected patients.
Samples were collected from 2012-2016. To compare the fre-
quency of BCP/preC mutations in patients with different HBV
genotypes and hepatitis B e antigen (HBeAg) statuses, the 199
patients were classified into & groups: (i) the HBV genotype B
and HBeAg-positive group, including 20 HIV/HBV co-infected
and 30 HBV mono-infected patients; (ii) the HBV genotype Band
HBeAg-negative group, including 32 HIV/HBV co-infected and
23 HBV mono-infected patients; (iii) the HBV genotype C and
HBeAg-positive group, including 32 HIV/HBV co-infected and
35 HBV mono-infected patients; and (iv) the HBV genotype C
and HBeAg-negative group, including 15 HIV/HBV co-infected
and 12 HBV mono-infected patients. The study design flow
chartis shown in Fig. 1. All subjects were recruited from Guang-
zhou Eighth People's Hospital and Nanfang Hospital. Patients
previously exposed to antiviral drugs were strictly excluded
from this study. All the HIV genotype of HIV positive patients
enrolled in this study was HIV-1. Additionally, serum samples
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Table 1. Demographic, virological and clinical characteristics of HIV/HBV co-infected and HBV mono-infected patients

HIV/HBV co-infection

HBV mono-infection

Characteristics (N = 99) (N =100) X?/t/Z value P
Gender (male/female) 80/19 74/26 1.318 0.251
Median age, year (IQR) 38.0 (30.0-46.0) 35.0(32.0-41.0) -1.419 0.156
CD4" T cell (cell/mm?, IQR) 63.0 (18.0-260.0) N.A -
TBIL level (umol/L, IQR) 152 (11.1-20.1) 15.1(11.1-18.2) -0.923 0.356
ALT level (IU/L,IQR) 48.0(33.0-79.0) 58.5(32.0-97.5) -0.742 0.458
HBV DNA (log,, copies/ml) 6.9 +13 6.6 +15 1.400 0.163
HBV e antigen (positive/negative) 52/47 65/35 3.196 0.074
Risk behaviors (%)

IDU 3(3.0) N.A - -
Heterosexuality 71(71.7) N.A - -
Male homosexuality 23(23.2) N.A - -
Unknown 2(2.0) N.A - -

IDU, injection drug users; ALT, alanine aminotransferase; TBIL, total bilirubin; N.A. not available.

were included only when their hepatitis B surface antigen (HB-
sAg) was positive and HBV viral load was above the detection
limit (HBV DNA>100 IU/ml) for successful amplification of the
target in HBV genome. Informed consent was obtained from
each subject at recruitment. The study protocol was approved
by the Ethics Committees of Guangzhou Eighth People's Hos-
pital (202042175).

Laboratory screening. Routine clinical examinations were
performed in all study subjects. Anti-HIV-1 antibody titers
were determined by an ELISA (Wantai Biological, China) and
confirmed by a Western blot assay (MP Biomedicals, Singapore).
HBV serological markers (HBsAg and HBeAg) were analyzed by
chemiluminescence immunoassays (Abbott Laboratories, USA).
Serum HBV DNA levels were measured by a TagMan PCR assay
(DaAn Gene, China). Serum alanine aminotransferase (ALT)
and total bilirubin (TBIL) levels were determined with com-
mercial kits using an AU2700 automatic biochemical analyzer
(Olympus, Japan). CD4" T cell counts were performed by flow
cytometer (Canto II, USA).

Viral nucleic acid extraction and PCR amplification. HBV
DNA was extracted from 200 pl of serum by using Qiagen DNA
blood mini kits (Qiagen, Germany). Regions containing the HBV
S (nt 368-827, based on HBV B2, D00330) and BCP/preC genes
(nt 1607-2068, based on HBV B2, D00330) were amplified for
HIV/HBV co-infected and HBV mono-infected patients. Nested
PCR was performed for all samples with HBV-specific prim-
ers designed for the HBV S and BCP/preC genes. The primer
sequences are shown in Supplementary Table 1. A pair of differ-
ent barcodes (6 nucleotides) was added to inner primers (BCP/
preC gene) to identify each sample's sequence data. PrimeStar
MAX DNA polymerase (Takara Biotechnology Co., Ltd., China)
was used for nested PCR. The amplicons of the HBV Sand HBV

BCP/preC genes were 472 bp and 474 bp in length, respectively.
PCR products were purified by a TaKaRa MiniBEST agarose
gel DNA extraction kit (Takara Biotechnology Co., Ltd., China).
Library construction, next-generation sequencing and Sanger
sequencing. Next-generation sequencing (NGS) was performed
on the Illumina platform with HiSeq PE250 for the HBV BCP/
preC gene. An NEB Next Ultra DNA library prep kit for Illumina
(NEB, USA)was used to construct the library. Sanger sequencing
was performed on an Applied Biosystems 3730XL DNA analyzer
(Thermo Fisher Scientific, USA) for HBV S gene products.
Data analysis. NGS data for the HBV BCP/preC gene were
first filtered with FASTQ Quality filter in the FASTX-toolKit,
where Q30 reads less than 80% were excluded. The paired-end
reads of each sample were merged by Flash V1. 2.9, and then,
the sequence data that did not match the expected length
were filtered, followed by confirmation of the BCP/preC gene
mutations with Geneious R10. 0. 5. C1653T, T1753C, A1762T,
G1764A, T1858C, G1896A and G1899A mutations in the HBV BCP/
preC gene were analyzed in this study. Based on our previous
research (Deng et al., 2020, 2021), a positive cutoff value of 1%
was defined. To compare our data to previous studies (Sanger
sequencing), a20% cutoff value was used to reanalyze the NGS
data (Alidjinou et al.,2018; Lowe et al.,2016; Rybickaet al.,2014).
The reference sequences of different HBV genotypes were ob-
tained from GenBank (NCBI). A phylogenetic tree based on HBV
S gene sequences constructed by Mega 7.0 with the neighbor-
joining method was used to determine HBV genotypes, and the
phylogenetictreeis shownin Fig. 5. Viral quasispecies diversity
of the HBV BCP/preC gene was evaluated using two parameters
(Shannon entropy and genetic distance) in each sample as previ-
ously described (Yang et al., 2017). Shannon entropy was calcu-
lated as -§(pi*ln pi)/In N, where pi represents the frequency of
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Fig.2

Comparison of HBV BCP/preC gene mutations with 1% cutoff value
Comparison of HBV BCP/preC gene mutations in HIV/HBV co-infected patients and HBV mono-infected patients with different HBV
genotypes and HBeAg statuses with 1% cutoff value. Triple mutations: A1762T/G1764A and G1896A mutations.

the unique read (frequency of repeated sequences in NGS data
>0.001 defined a unique read, based on the NGS error rate of
the HBV plasmid), and N represents the total number of unique
reads, calculated with the Vegan package in R software (V2.15.3).
Genetic distance was calculated with Mega 7.0 software as the
overall mean distance for each sample.

Statistical analysis. Demographic, clinical and viral muta-
tions and quasispecies diversity data were analyzed for all
study subjects. Continuous variables were represented as the
mean : standard deviation or median (interquartile range,
IQR); categorical variables were represented as percentages.
Student's t-test was used for normally distributed continuous
variables; the Mann-Whitney U test was used for nonparamet-
ric variables; and the X? test and Fisher's exact test were used
for categorical variables. SPSS 13.0 was used for all analyses.
A P-valuelessthan 0.05was considered statistically significant.

Results

Study population characteristics

A total of 199 patients were enrolled in this study,
including 99 HIV/HBV co-infected patients and 100 HBV

mono-infected patients. All subjects' characteristics are
shown in Table 1. Among the patients enrolled in this
study, no significant differences were observed in sex,
age, serum ALT level, HBV DNA level, or HBeAg status
between HIV/HBV co-infected and HBV mono-infected
patients (P >0.05). Heterosexuality (71.7%) was the most
dominant risk factor in HIV/HBV co-infected patients,
with CD4* T cell counts of 63.0 (18.0-260.0) cell/mm?3 in
HIV/HBV co-infected patients.

Sequencing depth and HBV genotypes in co-infected
and mono-infected patients

The average sequence data generated for the HBV BCP/
preC gene were 15653 + 6825 and 14252 + 8556 reads in
HIV/HBV co-infected patients and HBV mono-infected
patients, respectively (t = 1.274, P = 0.204). Two HBV
genotypes, genotypes B (subtype B2) and C (subtypes Cl
and C2), were isolated from HIV/HBV co-infected and
HBV mono-infected patients. Because the sample sizes
of subtypes C2 were relatively small, in both HIV/HBV
co-infected and HBV mono-infected patients, subtypes
Cl and C2 were combined as genotype C and analyzed
together in this study. The frequencies of HBV genotype
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Comparison of HBV BCP/preC gene mutations with 20% cutoff value
Comparison of HBV BCP/preC gene mutations in HIV/HBV co-infected patients and HBV mono-infected patients with different HBV
genotypes and HBeAg statuses with 20% cutoff value. Triple mutations: A1762T/G1764A and G1896A mutations.

B (52.5% vs. 53.0%) and C (47.5% vs. 47.0%) did not differ in
HIV/HBV co-infected and HBV mono-infected patients
(X2 = 0.004, P = 0.947).

Comparative analysis of the clinically significant mu-
tations in the HBV BCP/preC gene

In this study, C1653T, T1753C, A1762T, G1764A, T1858C,
G1896A and G1899A mutations in the HBV BCP/preC
gene were analyzed. HBV BCP/preC mutations were
firstly compared in HIV/HBV co-infected and HBV mono-
infected patients at 1% cutoff level. The results showed
that in the HBV genotype C and HBeAg-negative group,
the frequency of A1762T/G1764A double mutations was
significantly higher in HBV mono-infected patients
than in HIV/HBV co-infected patients (100.0% vs. 53.3%,
P = 0.008). However, in the other groups, A1762T/G1764A
double mutations and other mutations did not differ
between HBV mono-infected and HIV/HBV co-infected
patients (P >0.05), as detailed in Fig. 2 and Supplementary
Table 2.

To compare our data to previous studies (some studies
using the Sanger sequencing method), the cutoff value was
elevated to 20%, and the NGS data were reanalyzed. The

results showed that at the 20% cutoff level, the BCP/preC
gene mutation frequencies were similar tothose at the 1%
cutoff level. In the HBV genotype C and HBeAg-negative
group, A1762T/G1764A double mutations were also sig-
nificantly less frequent in HIV/HBV co-infected patients
than in HBV mono-infected patients (53.3% vs 100.0%, P =
0.008). Also, in the other groups, A1762T/G1764A double
mutations and other mutations did not differ between
HBV mono-infected and HIV/HBV co-infected patients
(P >0.05), as detailed in Fig. 3 and Supplementary Table 3.

The clinical samples containing HBV A1762T/G1764A
double and G1896A triple mutations were also analyzed
inthis study. Theresults showed that A1762T/G1764A and
G1896A triple mutations did not differ between HIV/HBV
co-infected and HBV mono-infected patients (P >0.05),
regardless of different HBV genotypes, HBeAg status and
cutoff level, as detailed in Fig. 2-3 and Supplementary
Table 2-3.

Comparative analysis of HBV quasispecies diversity
In this study, viral quasispecies diversity of the HBV

BCP/preC gene was compared between HIV/HBV co-
infected and HBV mono-infected patients, and Shannon



DENG, D. et al.: MUTATIONS AND VIRAL QUASISPECIES IN HIV/HBV AND HBV PATIENTS 23

Shannon entropy (Sn)

1.0 P=0.013
0.8+

06 —=m—

Sn

0.4+

0.2+

0.0 . T
HIV/HBV co-infection HBV mono-infection
N=99 N=100

Fig. 4

Genetic distance (d)

40.0 P=0.004

30.0 4

20.0

107 substitutions/site

10.0

0.0
HIV/HBV co-infection HBV mono-infection
N=99 N=100

The differences in viral quasispecies diversity between HIV/HBV co-infected and HBV mono-infected patients
Shannon entropy and genetic distance were used as parameters to compare the viral quasispecies diversity.

genotype
B2
97
_|: B1-AB073838
68 73 B1-AB073850
100 | G-AF160501
l G-AB056514
80 A-X70185
= A-AB116094
75 A-AB076678
genotype
72 — 1 c2
C3-X75656
99 ' C3-X75665

98
genotype
C1

N F-X69798
I— F-X75663
o7 E D-AF280817
D-AF121239
| '7 E-AB106564
100 I— E-X75664
p—
0.0100
Fig.5

Phylogenetic tree of HBV genotypes

Phylogenetic tree constructed by Mega 7.0 with the neighbor-joining

method was used to determine HBV genotypes; the substitution

model was the Tamura-Nei model, and the number of bootstrap replications was set to 1000. HBV S gene sequence data were used to

construct the phylogenetic tree.

entropy and genetic distance were used as parameters
of viral quasispecies diversity. The results showed that
Shannon entropy was significantly lower in HIV/HBV
co-infected patients than in HBV mono-infected patients

(t = -2.519, P = 0.013) and that genetic distance was also
significantly lowerin HIV/HBV co-infected patients than
in HBV mono-infected patients (t = -2.902, P = 0.004), as
detailed in Fig. 4.
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Discussion

In China, approximately 8.7% of HIV-positive patients
are co-infected with HBV (Zhang et al., 2014). Previous
studies have shown that HIV/HBV co-infection acceler-
atesthe progression of HBV-related end-stage liver disease
(Hoffmann and Thio, 2007; Kim, 2020), but the reasons are
still unknown. HBV mutations may be one of the most
important factors, especially mutations in the BCP/preC
gene. In the current study, we enrolled 99 HIV/HBV co-
infected and 100 HBV mono-infected patients. In HBV
genotype C and HBeAg-negative patients, the frequency
of HBV A1762T/G1764A double mutations was lower in
HIV/HBV co-infected patients than in HBV mono-infected
patients, whereas A1762T/G1764A double mutations did
not differ in the other groups. In addition, HBV quasispe-
cies diversity was lower in HIV/HBV co-infected patients
than in HBV mono-infected patients.

The difference in A1762T/G1764A double mutations
between HIV/HBV co-infected and HBV mono-infected
patients has been reported in some studies, but the results
vary greatly. A study that included 20 treatment-naive
HIV/HBV co-infected and 19 HBV mono-infected patients
from Argentina whose HBV genotypes were A2 and F1. The
results showed that A1762T/G1764A double mutations in
HIV/HBV co-infected patients were less frequent than
those in HBV mono-infected patients (Cassinoetal.,2009).
Another study from Australia that included 88 HIV/HBV
co-infected and 63 HBV mono-infected patients or study
with HIV/HBV co-infected patients recruited from the
USA, Australia and Thailand, and HBV mono-infected
patients that were recruited from Australia and Hong
Kong with HBV genotypes A, Band Crevealed that A1762T/
G1764A double mutations were less frequent in HIV/HBV
co-infected patients than in HBV mono-infected patients
only in patients with HBV genotype C (Audsleyetal.,2010).
However, the results of a study in Thailand showed that
A1762T/G1764A double mutations did not differ between
HIV/HBV co-infected and HBV mono-infected patients;
this study included 24 HIV/HBV co-infected patients and
31 mono-infected patients, and all the patients were in-
fected with HBV genotypes B2 and C1(Tangkijvanichetal.,
2013). Recently, a study from Guangxi Province in southern
Chinaincluded 61 HIV/HBV co-infected and 61 HBV mono-
infected patients, the HBV genotypes of which were B, C
and L. This research showed that the HBV A1762T/G1764A
double mutationsin HBV genotype C or [were significantly
more frequent in HIV/HBV co-infected patients than in
HBV mono-infected patients, whereas there were no dif-
ferences in those in HBV genotype B (Li et al., 2017). The
studies mentioned above revealed that the difference in
A1762T/G1764A double mutations between HIV/HBV co-
infected and HBV mono-infected patientsis still unknown.

In the current study, we enrolled a large sample of
HIV/HBV co-infected and HBV mono-infected patients
and compared the BCP/preC gene mutations in HIV/HBV
co-infected and HBV mono-infected patients with differ-
ent HBV genotypes and HBeAg statuses. The results of
this study were similar to those of studies in Argentina
and Australia; however, the results were different from
those of the studies in Thailand and Guangxi of China.
The different results may be due to the following reasons.
(i) The geographical distribution of HBV genotypes is not
the same, so the patients enrolled in different studies
were infected with different HBV genotypes. (ii) Some
of these studies enrolled relatively small sample sizes.
(iii) Neither the study in Thailand nor that in Guangxi
compared the different HBeAg statuses within the same
HBV genotypes, which could lead to different conclu-
sions because BCP A1762T/G1764A double mutations
were strongly associated with different HBeAg statuses
(Turyadi et al., 2013). NGS used in this study did not im-
pact the results because we adjusted the cutoff value to
20%, and the results were nearly the same as those with
the 1% cutoff value.

HIV infection mainly targets CD4-positive T cells
(Maartens et al., 2014), and HBV-infected patients co-
infected with HIV exhibit a negative influence on the
natural history of HBV infection. A study from Argentina
showed that the HBV evolutionary rate, Shannon entropy
and genetic distances were higher in HBV mono-infected
than in HIV/HBV co-infected patients (Cassino et al.,
2012). In the current study, the results were consistent
with those of the study in Argentina, which showed that
HIV co-infection reduced the quasispecies diversity of
HBV. The reasons may be that HIV infection impairs the
frequency and functionality of HBV-specific CD4-positive
T cells (Changet al.,2009). Viral mutations and quasispe-
cies diversity are strongly related to host immunity, and
reduced CD4-positive T cell levels lead to lower selection
pressure on HBV, so HBV mutations and quasispecies
diversity were decreased in HIV/HBV co-infected patients.

In conclusion, in this study, we investigated the HBV
BCP/preC gene mutations in patients with different HBV
genotypes and HBeAg statuses and compared the viral
quasispecies diversity in HIV/HBV co-infected and HBV
mono-infected patients in China, revealing that BCP/
preC mutations are not more frequent and that HBV viral
quasispecies diversity is lower in HIV/HBV co-infected
patients than in HBV mono-infected patients. Based on
the results of this study, BCP/preC mutations may not
be the reason for accelerated progression of HBV-related
end-stage liver disease in HIV/HBV co-infected patients.
Further studies are needed to focus on the mechanism by
which HIV/HBYV co-infection accelerates the progression
of HBV-related end-stage liver disease.
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