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Abstract

Background and object The risk of occult HBV infection (OBI) in children whose mothers are HBV carriers has received
more widespread attention, but there were few reports to focus on the children with HBsAg-positive parents. In this study,
we aimed to investigate the prevalence of OBI in immunized children with HBsAg-positive parents.

Methods HBV-vaccinated Chinese hospitalized children with HBsAg-positive parents were analyzed in our investigation.
Eligible subjects were tested using a standard nested PCR for all HBV genes, and analyzed by direct sequencing.

Results There were 327 HBsAg-negative children included in the study out of about 9800 involved HBV-vaccinated hos-
pitalized children. The positive rate of OBI was 3.1% (10/327) in the eligible children and 14.1% (46/327) with HBV DNA
detectable. No significant differences were found between one and at least two regions positive groups (p > 0.05). The pro-
portions of HBV DNA detectable in children with HBV father-carriers and mother-carriers were similar. The risk factors
for HBV DNA-positive children could be male, anti-HBs levels, and anti-HBc positive.

Conclusion There are 3.1% of OBIs and 14.1% of suspected OBI in vaccinated children with HBsAg-positive parents. The
potential risk of suspected OBI in children with HBsAg-positive father should not be ignored. Anti-HBc positivity may be
a useful seromarker for suspected OBI screening in vaccinated children. To prevent HBV breakthrough infection, accurate
and convenient method is needed to detect OBI timely and exhaustively.

Keywords Occult HBV infection - Prevalence - Immunized children - Parental factor - Risk - Anti-HBc - Anti-HBs -
Serosurvey - Vaccination - Detection
Introduction

Chronic hepatitis B virus (HBV) infection is a major global
health concern. Occult HBV infection (OBI) is regarded as
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antigen (HBsAg). On the basis of the HBV antibody profile,
OBI distinguished as: seropositive-OBI, (hepatitis B core
antigen antibodies [anti-HBc] and/or hepatitis B surface
antigen antibodies [anti-HBs] positive) and seronegative-
OBI (anti-HBc and anti-HBs negative) [2]. The amount
of HBV DNA in serum is usually very low (<200 IU/ml).
Nowadays, the available assays for occult HBV testing is the
analysis of DNA extracts from liver as well as blood, and
samples amplify in two subsequent rounds of PCR (“nested”
PCR) or by a “real-time PCR” technique.

Different clinical conditions have been involved in
occult HBV infection: some studies suggest that OBI has
the potential to reactivate and cause severe acute disease
under immune suppression; transmission of the infection by
blood transfusion or organ transplantation; and contribute
to the development of cirrhosis, HCC [1, 3]. The majority
of HBV infections in children are contracted either during
perinatal period or early childhood, and individuals from
HBYV hyper-endemic areas may be more likely with occult
HBYV infections [4].

In China, hepatitis B routine immunization began in 1992
and is free for all newborn babies since 2002. The national
serosurvey (carried out in 2006) showed that the prevalence
of HBsAg fell from 9.8 to 7.2% for people aged 1-59 years
between 1992 and 2006, and the infection in children under
5 years of age is only 1.0% [5]. Currently the first vaccine
dose was administered within 24 h of birth and subsequent
doses at 1 and 6 months, and newborns with HBsAg-positive
mothers were recommended to receive hepatitis B immuno-
globulin (HBIG) within 24 h.

In recent years, occult HBV infection was presented
worldwide despite immunization against HBV, and varying
proportions of infants born to HBsAg-positive mothers have
been reported with OBI [6-8]. Data are scanty on the risk
of OBI in children with HBV-positive father. In this study,
we aimed at exploring the prevalence of OBI in hepatitis
B-vaccinated children with HBV-positive mothers and/or
fathers, trying to identify the risk factors of OBI.

Patients and methods
Study population

We had taken about 2.5 years to ask hospitalized children
and their parents one by one, from April 2013 to November
2015. The inclusion criteria: (1) negative for HBsAg, (2)
from HBsAg-positive parents (mother and/or father), (3)
3-dose hepatitis B vaccination immunized after birth, (4)
other factors that may get infections such as blood transfu-
sions, (5)with other pathogen infections, e.g., hepatitis C
virus (HCV) and human immunodeficiency virus (HIV).
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Hepatitis virus markers

Serological markers (HBsAg, anti-HBs, hepatitis B e
antigen [HBeAg], hepatitis B e antibody [anti-HBe], and
anti-HBc) were detected using commercial Chemilumines-
cence Microparticle Immuno Assay (CMIA) kits (Abbott
GmbH & Co. KG, Wiesbaden, Germany). Subjects were
considered HBsAg-positive at values > 0.05 IU/mL, anti-
HBs-positive or seroprotected at values > 10 mIU/ml,
HBeAg-positive at values > 1 S/CO (sample rate/cut off
rate), anti-HBe-positive at values <1 S/CO, and anti-HBc-
positive at values > 1 S/CO.

DNA extraction and nested PCR

Viral DNA was extracted from 200 pl of serum using
the QIAamp DNA Blood Mini Kit (QIAGEN Inc., Ger-
many), according to the manufacturer’s instructions. All
DNA samples were aliquoted and kept at — 20 °C prior
to amplification and sequencing. Specific primers were
designed to target the X and C regions of the HBV genome
using Primer Premier 5. Primers targeting the S and Pre-S
regions were designed by Shahmoradi et al. [9]. All prim-
ers (Supplement Table 1) were synthesized by Sangon
Biotech Co., Ltd (Shanghai, China). The sensitivity of the
PCR assay was determined by serial dilutions of serum
samples containing known concentrations of the HBV
genome: 1 x 107, 1x10%, 1x10°, 1x10% 1x10% 1x10?,
1% 10", IU/mL. The limit of detection for the nested PCR
assay was approximately 10 IU/mL. The PCR mix was the
same for all reactions and comprised 12.5 pl of 2x Taq
PCR Master Mix (Tiagen, Beijing, China), and the first
and the second-round primers (10 pM). Five microliters
of HBV DNA were used in the first round PCR, and 5 pl
of the first round PCR product was used as the template
for the second round. Amplification was performed for 35
cycles of denaturation at 94 “C for 30 s, annealing at 55 C
for 30 s, and elongation at 72 °C for 1 min, followed by
a final extension at 72 °C for 5 min. Finally, 5 pl of PCR
product was analyzed by electrophoresis in 1% agarose
gel. Precautions were taken to avoid cross-contamination
during sample collection, DNA extraction, PCR, and gel
electrophoresis. To avoid the effect of cross-contamination
on the results, negative and blank controls were included
in each assay. Only reproducible data from assays with
“clean” negative controls were analyzed. The positive test
result was repeated three times.
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DNA sequencing

PCR products were directly sequenced in an automated
DNA Sequencer (ABI 3730) and the data were analyzed
using Chromas 2.4.1 software (Technelysium Pty Ltd.,
South Brisbane, Australia).

Nucleotide sequence analysis

Sequences were analyzed by the BLAST tool of NCBI and
Molecular Evolutionary Genetics Analysis (MEGA, Ver-
sion 6.0). HBV sequences from OBI children were aligned
and compared with GenBank reference sequences (geno-
types A—H). Phylogenetic analysis was performed using the
neighbor-joining method based on the nucleotide sequence of
the amplified S, C, and Pre-S region. Bootstrap resampling
and reconstruction were performed 1000 times to confirm
the reliability of the phylogenetic analysis. Genetic distances
were evaluated using Kimura 2-parameter corrections. The
accession numbers for the reference sequences are as follows:
AF090842, D00330, AB033556, X65259, X75657, X69798,
AF160501, AY090454.

Ethical considerations

All experiments were performed in accordance with relevant
guidelines and regulations. Two forms of informed consent
were prepared, one was for parents when the child is less than
8 years, and another was to obtain both the children’s and
parents’ informed information when the child is older than
8 years. The parents of the patients with OBI were informed
when their children’s results were positive.

Statistical analysis

Statistical analyses were performed using the Statistical Pack-
age for Social Science (SPSS) for Windows, Version 20.0
(SPSS Inc., Chicago, USA). Anti-HBs values > 1000 mIU/
ml were calculated as 1000 mIU/ml. Non-normal variables
were expressed as median (interquartile range, IQR) and ana-
lyzed using Mann—Whitney U test. Categorical variables were
analyzed using the Chi-squared (y?) test or Fisher’s exact test
when the expected count in one cell was less than 5; Yates
correction was applied when appropriate. Candidate variables
with a p value <(0.25 on univariate analysis were included in
multivariate logistic regression model. All statistical tests were
two-tailed. A value of p <0.05 was considered statistically
significant.

Results
Basic characteristic of demographics

The sample selection and diagnostic workflow of tests in
hepatitis B-vaccinated children were shown in Fig. 1. From
April 2013 to November 2015, 9800 hospitalized children
were given HBV seromarker test, and 400 HBV-vaccinated
children whose mother, father, or both were HBsAg-pos-
itive met. There are 21 children with blood transfusion
were excluded, and 49 children could not involve in the
research due to the rejection of their parents. Finally, a
total of 327 HBsAg-negative children were involved in the
study. Within the 327 samples, there were 52.60% of chil-
dren with HBsAg-positive mothers, 44.95% with HBsAg-
positive fathers, and 2.45% with parents-carriers. All of
these children received three doses of hepatitis B vaccine
as planned and most (70.03%) received full prophylactic
coverage (vaccine plus HBIG). HBV seromarkers were
identified in the children, and positive rate was 74.62%
(244/351) in anti-HBs (> 10 mIU/ml), 7.12% (25/351) in
anti-HBc (s/co>1), and 0.85% (7/351) in anti-HBe (s/
co<L1), respectively.

The nested PCR results and sequence analysis

All 327 samples were analyzed to determine the existence
of HBV DNA by nested PCR, and HBV DNA was detected
in 46 [14.1%; 95% confidence interval (CI) 10.3-17.9%]
children (Fig. 1, Table 1); using nested PCR, 20 (43.5%;
95% CI: 28.6-58.4%), 23 (50.0%; 95% CI 35.0-65.0%),
and 16 (34.8%; 95% CI 20.5-49.1%) children were found
positive for surface, core/pre-core, and pre-S regions (Sup-
plement Fig. 1), none of sample amplified positive for
HBYV complete genome and X region. Overall, three (6.5%)
samples were positive for three regions, seven (15.2%)
samples were positive for two regions, 36 (78.3%) were
positive for one region (Table 2).

The nested PCR amplification products of HBV S,
and C, pre-S gene fragments in the 46 serum samples
were successfully sequenced. All sequence information
had been retrieved on National Center for Biotechnol-
ogy Information (NCBI), and accession numbers were
from MG738731 to MG738789. Different fragments of
sequence information were used to construct the phy-
logenetic tree separately, and compared with standard
sequences of HBV genotypes A-H (Supplement Fig. 2).
There were 22 (47.8%) genotype B and 24 (52.2%) gen-
otype C. Samples with sufficient blood were quantified
for HBV-DNA using commercially real-time PCR-based
detection kit, and mutation analysis at amino acid levels
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Table2 HBV gene identification in the 46 children with nested PCR
positive

Sample code” HBYV gene regions

Surface Core/pre-core Pre-S X Complete

genome

17 - +
63 +
69 +
71 + -
72 +
77 +
180 -
183
208

+

+ + + + + + + o+ o+ o+ o+
[
[

+
10 + - - - -
13 +

21 - - + - -
23 - + - - -
27 - - + - -
29 - + - - -
30 - - +
41 - - + - -
55 + - - - -
74 - - + - -
88 + - - - -
104 - + - - -
114 +
122 + - - - -
134 -
135 -
137 -
141 -
143 -
145 -
147 -
150 -
151 -
152 -
153 +
165 -
171 -
185 -
197 - - + - -
203 +
210 -
215 -
321 + - - - -

+ + + + + + + + + +
[
[
[

+ o+ o+
[
|
|

+
+

“The first ten samples were>two regions positive, and the others
were one region positive (n=36)

@ Springer

with the S, C, pre-S gene sequencing information was
done. One ‘a’ determinant (amino acids 124-147) variant
M133L was detected in isolate P77, which was associated
with vaccine escape. P77 harbored an ‘a’ determinant vari-
ant and with a high level of HBV DNA (11,800 mIU/ml)
was categorized as “false” OBI.

Comparison within one region and = two regions
positive samples

Demographic, epidemiological data, serological markers,
and parent-carrier status identification within the 46 chil-
dren were shown in Table 2, 87.0% (40/46) in anti-HBs
positive, 13.0% (6/46) in anti-HBc positive, and no chil-
dren were anti-HBc positive alone. Comparison was done
between one region positive group (n=10) and >two
regions positive group (n=36) detected by nested PCR,
and no significant differences were found including age,
gender, HBIG usage, anti-HBs titer, positive rate of ALT,
AST and anti-HBc, maternal and paternal factors in those
children (Table 3. Potential risk factors for suspected OBI
in immunized children with multivariable analysisOR*
(95% CI)p valueAge (m)>0.05 1-361.00 36-145-Gen-
der <0.05 Femalel.00 Male4.24 (1.62-11.04)Anti-HBs
(mIU/ml)<0.05 <101.00 >103.67 (1.45-9.315)Anti-HBc
(s/c0)<0.05 <11.00 > 14.81(1.40-16.6)*Odds ratio3).

Analysis of HBV DNA detectable children
with HBsAg-positive parents

Forty-six [14.10% (95% CI 10.3-17.9%)] HBsAg-negative
children were detected HBV DNA positive by nested PCR,
which were confirmed through sequencing analysis. There
were 5 (5/9, 55.6%), 15 (15/35, 42.9%), and 20 (20/44,
45.5%) children with HBV carrier fathers detected > two
regions positive, one region positive, and > one region posi-
tive by nested PCR, respectively (Fig. 2). The proportions
of HBV DNA detectable in children with HBV father-car-
riers and mother-carriers were similar, and no statistical
difference were found (p > 0.05). For HBV DNA detect-
able children, 20 (13.6%, 95% CI 8.0-19.2%), 24 (14.0%,
95% CI 8.7-19.2%) were found with HBV father-carriers,
mother-carriers.

The risk factors associated with HBV DNA-positive
children

Univariate statistical analysis was done between the HBV
DNA detectable and undetectable children, and no statisti-
cally significant difference was found in the basic charac-
teristics (gender, age, HBIG usage, serum anti-HBc, AST,
ALT, maternal and paternal factors) (p > 0.05), except for
anti-HBs titer. (Supplement Table 2).
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Table 3 Co.mparisop 9f baseline Factors One region + (n=36) >Two regions+(n=10) p value
demographic and clinical
characteristics between one and  Age (m) (median [IQR]) 28 (12, 48) 12 (10, 33) 0.135
two regions positive children Gender (male: female) 29:7 6:4 0.353
HBIG usage 26:10 8:2 0.929
AST" (u/L) positivity rate (%) 3.2% (1/31) 11.1% (1/9) 0.404
ALT" (u/L) positivity rate( %) 10.0% (3/30) 11.1% (1/9) 1.000
Anti-HBc positivity rate (%) 1.1% (4/36) 20.0% (2/10) 0.598
Anti-HBs (mIU/ml) (median [IQR)] 111.72 (52.88, 863.41)  193.64 (60.28, 418.61) 0.957
Maternal and paternal 0.379
Mother carrier 20 4
Father carrier 15 5
Parent carriers 1 1
Parturition manner (Caesarean: Vaginal) 12:5 3:1 1.000
Feeding pattern (Breast: Artificial) 13:4 2:2 0.544
*AST: data were available for 40 individuals; ALT: data were available for 39 individuals
Fig. 1 The diagnostic workflow . : 3 .
of tests in HBsAg-negative 9.800 hospital children identified
children. Serum samples were : .
obtained from 327 HBsAg- with HBV seromarker test
negative children whose mother,
father, or both were HBsAg-
positive. Children not accord
with the criteria were excluded.
The remaining samples were - 1.0
examined by nosted PCR 400 HBsAg-negative children
with HBsAg-positive patients
327 eligible children were
included in the study
Nested PCR-: Nested PCR
n=281 +: n=46
One region +: = 2 regions +:

n=36

n=10

+, positive; -, negative;

@ Springer
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OFather carriers OMother carriers
100% 1
80% - 42.9 .
55.6
60% -
40% -
57.1 54.5
20% 44.4
00‘0 T T
=Tworegions+ Oneregion+ Total

Total: >one region positive.

Fig.2 A percent stacked column chart showing the parental status of
HBV. Among the samples at least two regions positive, one region
positive and total (>one region positive) by nested PCR. (two sam-
ples were not included because both parents were HBV carriers.)

Table 4 Potential risk factors for suspected OBI in immunized chil-
dren with multivariable analysis

OR" (95% CI) p value
Age (m) > 0.05
1-36 1.00
36-145 -
Gender < 0.05
Female 1.00
Male 4.24 (1.62-11.04)
Anti-HBs (mIU/ml) <0.05
<10 1.00
> 10 3.67 (1.45-9.315)
Anti-HBc¢ (s/co) < 0.05
<1 1.00
>1 4.81(1.40-16.6)
*Odds ratio

To identify the risk factors that may affect HBV DNA-
positive children, variables were explored with multivari-
ate logistic regression model, and the dependent variable
being the weighted in the HBV DNA detectable children.
Independent variables included age, gender, anti-HBs,
anti-HBc (variables for inclusion were carefully chosen, to
ensure parsimony of the final model). Results showed that
male [Odds Ratio (OR) 4.24], anti-HBs titer (OR 3.67), and

@ Springer

anti-HBc-positive (OR 4.81) had higher risk with HBV DNA
detectable than females (p <0.05) (Table 4).

Discussion

Firstly, identified in the 1970s, more and more evidence has
suggested that the clinical significance of OBI, which has
become a major health issue attracting much attention. In
recent years, variable proportions of OBI had been reported
in immunized children with HBV-positive mothers. To our
acknowledgement, this is the first study to explore the preva-
lence of OBI among hepatitis B vaccinated children with
HBsAg-positive parents lived in HBV highly endemic areas.

In this study, results of nested PCR amplification show
14.10% (46/327; 95% CI 10.3-17.9%) of HBsAg-negative
children with > one gene fragment positive. Detection > two
regions of HBV genome by nested PCR is considered as
the standard for HBV infection, only ten children (3.1%)
would be considered as having OBI if definition is followed.
Recently, the results of the quantitative RT-PCR for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
nucleic acid show that 87.5% of patients were finally defined
as SARS-CoV-2 positive, in whom originally had only one
positive target [10]. Thus, to examine the possibility of
whether one HBV gene fragment detectable could indicate
the existing occult HBV infection, we did the following anal-
ysis. First, there were 36 (11.0%; 95% CI 7.6-14.4%) and 10
(3.10%; 95% CI1 1.2-4.9%) patients tested positive for one
and > two HBV gene fragments with strict quality control
during the experiment, and no statistical differences were
found between the two groups. Second, results of previous
studies had found that one hepatitis B fragment positive also
could indicate occult HBV infection: Jazayeri et al. detected
HBYV DNA in 28% (21/75) children by real-time PCR quan-
titatively, while some of the samples only amplified one seg-
ment [9]; for other researches amplified one HBV fragment
with the samples, and the positive amplicons were confirmed
from HBV genome by sequencing analysis [11, 12]. The
sensitivity of nested-PCR assays may not be consistent, and
thus there could be 14.1% of suspected OBIs in children
with HBsAg-positive parents.

The risk of suspected OBI in children with HBsAg-posi-
tive parents should not be ignored. Considering the signifi-
cant reservoir of HBV infections, the status of HBV infec-
tion in many countries is still not optimistic. Relatively high
prevalence of OBI was found previously, range from 7.7 to
28% (6,9, 13]. In China, HBV infection is still a severe pub-
lic health burden with 97 million HBV carriers, and 14.1%
of suspected OBI may exist in immunized children with
HBsAg-positive parents. OBI may be involved in different
clinical contexts, the development of cirrhosis and hepa-
tocellular carcinoma [1]. Therefore, it could be important
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to have long term follow-up in children after uncovering
OBI despite vaccination to prevent chronic complication in
adulthood.

There is an equal potential risk of occult HBV infection
in children with the HBsAg-positive father and mother. The
positive rate of suspected OBI in father carriers was equal
to mother carriers (13.6% vs. 14.0%), and 25% in both par-
ents were HBV carriers. In China, it has been reported that
23.2% of HBsAg-positive families contained more than two
HBYV carriers [14]. The pattern of father-to-child transmis-
sion may not be ignored [15-18]. It is not uncommon that
HBYV integration was detected in PBMCs and cellular genes
in HCC cases [19, 20]. HBV DNA integrates into the pater-
nal DNA and causes the neonatal be infected through the
sperm is possible.

Many independent factors had been analyzed between the
suspected OBI positive and negative children in the study.
Similar to HBV highly endemic areas, OBI in children living
in HBV low prevalence regions are also more common than
“overt” HBV infection, and the risk of OBI could be closely
related to the parents’ infection status [21, 22]. Results in
previous study conducted in HBV low prevalence regions
have shown that the risk factors for OBI could include
whether to get hepatitis B vaccine, the genotype of HBV,
while none of those found significant difference in this study
[21]. The titer of anti-HBs was higher in the suspected OBI-
positive than OBI-negative (p < 0.05). The escape mutations
in HBV S gene needs to take attention [7, 9, 13, 23].

HBcAg is the most immunogenic HBV component dur-
ing infection [24]. In recent years, some researches have
suggested that anti-HBc was a very useful marker for OBI
screening in HBsAg-negative subjects [25-27]. The risk of
suspected OBI in anti-HBc-positive children may need to
pay more attention, while it has to be stressed that not all
anti-HBc positive individuals are found to be HBV DNA
positive (anti-HBc negative also does not exclude OBI), and
that anti-HBc tests may provide false-positive results.

There are some limitations exist in the study. First, this
study is related to the hospital-based study design and chil-
dren who are hospitalized may not represent children in the
general population. Anyway, we had tried to avoid other
factors that might get infections such as blood transfusions.
Second, exploring the risk of OBI with one region posi-
tive and sequence analysis may be insufficient in this study,
while it may be the more convenient and accurate method
for suspected OBI detection. Three, in this study, although
the transmission of HBV was mainly from parental carriers,
the influence of other persons could not exclude, e.g., fam-
ily members other than parents. Nevertheless, most Chinese
children live with their parents and vertical transmission is
the main way in Asian areas [28]. Thus, the children in this
study with occult HBV infection were more likely from
parent-to-child transmission.

In conclusion, a relatively high prevalence of suspected
OBI may exist in hepatitis B-vaccinated Chinese children
with HBsAg-positive parents, and the importance of moni-
toring OBI should be taken into account, especially for HBV
hypo-endemic areas. Paternal factors should not be ignored
with an equal potential risk of suspected OBI in children
with HBsAg-positive father and (or) mother. Anti-HBc
seropositivity may be a useful marker for suspected OBI
screening in vaccinated children. Diagnosis of OBI with one
HBYV region amplifying positive using nested PCR may be
reliable. To prevent HBV breakthrough infection, accurate
and convenient method is needed to detect OBI timely and
exhaustively.
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