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Editorial on the Research Topic
Diagnosis, treatment and prognosis of viral hepatitis, volume Il

Currently, the global burden of viral hepatitis is mainly caused by five biologically
unrelated hepatitis viruses: hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C
virus (HCV), hepatitis D virus (HDV) and hepatitis E virus (HEV) [(Xiang et al.), (1)].
They have different transmission routes and susceptible population (2, 3). Viral hepatitis
is an important global public health problem with high morbidity and mortality rates
that seriously endanger the health and quality of life of hundreds of millions of people
(4). According to the statistics, 1.1 million died due to viral hepatitis in 2019. Hepatitis
B virus and hepatitis C virus infections are responsible for the majority of viral hepatitis
deaths. It was estimated that there were approximately 296 million people infected with
hepatitis B and 58 million people infected with hepatitis C (5). In 2015, the United
Nations adopted a resolution to combat viral hepatitis as part of the agenda to achieve
the 2030 sustainable development goals. This was followed in 2016 by the development
of the first global strategy to eliminate viral hepatitis (6). In light of this, it is necessary to
call on governments, parties and the population to strengthen the prevention, diagnose,
and treatment of viral hepatitis in the control of viral hepatitis.

The early diagnosis and prognosis evaluation of viral hepatitis are of great
significance for effective treatment. Nevertheless, globally, <5% of population with
chronic viral hepatitis are aware of their condition (7). On account of the lack of
awareness of viral hepatitis infection, antiviral treatment is often overlooked, which leads
to the progression of the disease. Hence, it is of great significance to enhance patients’
awareness of the harm of viral hepatitis, to diagnose viral hepatitis infection timely and
accurately, to better estimate the prognosis of patients, and to find out new anti-viral
treatment. So the appearance of this special issue is very opportune. The purpose of this
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Research Topic is to gather articles or reviews that contribute
to a better understanding of viral hepatitis and provide new
perspective and scientific theoretical grounding for the diagnosis
and treatment of viral hepatitis.

To explore the markers or factors related to the occurrence,
development and prognosis of viral hepatitis is conducive to the
early prevention and treatment of the disease. In this special
issue, Chen et al. reported that serum sTim-3 level was increased
in patients with HBV, HCV, or HEV infection and gradually
elevated in patients with either hepatitis or hepatitis with hepatic
fibrosis. The roles of immune checkpoint molecules expressed
on CD4 + T cells in chronic asymptomatic HBV carriers (ASCs)
with HBeAg-negative were confirmed by Cui et al.. Yu et al. also
revealed the associations between sustained low-level expression
of HBsAg and mutated S gene sequence characteristics, protein
function changes, and HBsAg immune complex formation in
ASCs. Yang et al. identified the associations of Fc receptor-
like 5 gene polymorphisms and mRNA expression levels with
liver fibrosis in CHB patients. Wang et al. revealed that serum
pregenomic RNA and hepatitis B core-related antigen were
conductive to the prediction of the risk of virological recurrence
in CHB patients after discontinuation of nucleos(t)ide analogs.
Through the prospective multicenter observational cohorts, Zhu
et al. reported the prevalence and adverse consequence of
HBV reactivation in CHB patients with acute exacerbations.
In additions, Xu et al. suggested the differentiated impact of
the different types of acute decompensation events on the
subsequent risk of nosocomial infections.

At present, the treatment of viral hepatitis is also one
of the key concerns of researchers. Chuang et al. designed
a protease-activatable retention probe for tracking HCV
NS3/4A protease activity and distribution via positron emission
topography imaging, which could optimize the protease-based
therapies. Through the real-world experience, Peng et al.
observed that PEG-IFNa2b add-on therapy was related to
elevated eGFR in patients with CHB who received entecavir
therapy. Salpini et al. conducted a review that showed that
hepatitis B virus DNA integration is a new biomarker of
HBV-mediated pathogenetic properties and an obstacle to
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current HBV therapeutic strategies. Meanwhile, Zhu et al.
reviewed current treatment of chronic hepatitis B from
clinical aspects.

It is also of great significance to state the relationship
between hepatitis and other diseases and its occurrence in special
populations, which can deepen people’s understanding of viral
hepatitis. Chen et al. reported the relationship between hepatitis
C and kidney stone in US females. Chen et al. first reported the
case of a man with very severe aplastic anemia who developed
chronic hepatitis E after hematopoietic stem cell transplantation.
Through a meta-analysis, Liu et al. indicated the prevalence of
HBYV in Chinese pregnant women. Finally, Zhao et al. explained
the feasibility of eliminating hepatitis C in China from the
perspectives of epidemiology, natural history and intervention.

The purpose of this Research Topic is to provide new
perspective and scientific theoretical basis for the diagnosis,
treatment and prognosis of various viral hepatitis.
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Background: A study of the current situation and characteristics of hepatitis B virus
(HBV) infection among Chinese pregnant women is meaningful to provide baseline
information for future research and policy making, with an aim to eliminate HBV in China.

Objectives: To provide the epidemiological status of HBV infection among pregnant
women in China.

Methods: PubMed, EMbase, The Cochrane Library, and three Chinese databases
were searched. Cohort studies and cross-sectional studies on HBV prevalence in
Chinese pregnant women, published after 2016, were retrieved. In addition, combined
HBV prevalence and 95% confidence interval (Cl) were calculated. This research was
registered in PROSPERO (CRD42021289123).

Main Results: A total of 42 studies were included in the study, with a sample size of
4,007,518 cases, and 20 provinces in China. The prevalence of HBV in Chinese pregnant
women was 6.64% (95% Cl. 5.72-7.57%) during the period between 2016 and 2021.
Among HBsAg positive pregnant women, the HBeAg positive rate was 25.80% (95% CI:
22.26-29.69%). Moreover, geographic regions with HBV prevalence ranking from high
to low were in western China, eastern China, and central China, successively.

Conclusion: The prevalence of HBV in Chinese pregnant women is intermediate
endemic, although disparities exist between different regions. Among pregnant women
with HBV infection, a high proportion of the patients have strong infectivity. Factors
affecting HBV prevalence remain controversial, which demands further studies.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier: CRD42021289123.

Keywords: hepatitis B - infectious disease transmission, pregnant women, prevalence, China, systematic review,
meta-analysis
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HBV Among Chinese Pregnant Women

BACKGROUND

Hepatitis B infection is caused by the hepatitis B virus (HBV),
a leading cause of cirrhosis and hepatocellular carcinoma
worldwide (1, 2). In 2016, World Health Organization (WHO)
proposed the global health sector strategy on viral hepatitis
control, which set the goal to eliminate viral hepatitis as a
major public health threat by 2030 (3). One of the targets
is to decrease the HBV prevalence in children under the age
of 5 years to 0.1%. As mother-to-child transmission is the
predominant mode of HBV transmission, blocking this pathway
is an essential step to eliminate HBV (4, 5). One effective method
is to standardize the health management of pregnant women with
chronic HBV infection. China has the largest disease burden of
HBYV infection in the world (6). However, the current situation
and characteristics of HBV infection among Chinese pregnant
women remain unclear. Further studies are needed to support
the formation of a health policy and future research to eliminate
HBV. An observational study with a large sample size was
recently conducted to evaluate the national and regional HBV
prevalence among Chinese pregnant women (7). The results
revealed that the HBV prevalence among pregnant women
in China was intermediate endemic between 2015 and 2020,
although disparities existed between different regions. Some
limitations of that study include lack of demographic information
of pregnant women included (such as age, occupation, times
of gestation and parity), and information of other HBV
serological markers (such as HBeAg, anti-HBs, anti-HBc, anti-
HBe, and HBV DNA), which limited the possibility to explore
the relationship between these factors and HBV prevalence. A
systematic review and meta-analysis was conducted based on
literature published after 2016 to provide a better understanding
of HBV epidemiology in Chinese pregnant women.

METHODS

This systematic review and meta-analysis was conducted
following the criteria of the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement guidelines
(8), and it was registered in PROSPERO (CRD42021289123).

Search Strategy

Databases including PubMed, EMbase, The Cochrane Library,
CNKI (Chinese National Knowledge Infrastructure), Wan-Fang
Data, and VIP were searched for cohort studies and cross-
sectional studies. In addition, the references of the retrieved
studies were reviewed. Literature published between January 1,
2016 and June 1, 2021, reporting HBV prevalence in Chinese

CLIA, chemiluminescence CMIA,
micro particle immunoassay; ECLIA,
electrochemiluminescence immunoassay; ELISA, Enzyme-linked immunosorbent
assay; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, Hepatitis
B e Antigens; anti- HBs, Anti-hepatitis B surface antigen antibody; anti-HBc,
antibody to hepatitis B core antigen; anti-HBe, Hepatitis B E antibody; HBV
DNA, hepatitis B virus deoxyribonucleic acid; PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; TRFIA, time resolved
fluoroimmunoassay; NR, not reported; WHO, World Health Organization.

Abbreviations:
chemiluminescence

immunoassay;

TABLE 1 | The example of search terms (PubMed).

#1 Pregnant Women[Title/Abstract]) OR (Pregnancy[Title/Abstract]) OR
“Pregnant Women”[Mesh]) OR (“Pregnancy”[Mesh])

(
(

#2 (Chinese[Title/Abstract]) OR (China[Title/Abstract]) OR (“China”[Mesh])
(

#3 HBsAg([Title/Abstract]) OR (hepatitis B[Title/Abstract]) OR (Hepatitis B
virus[Title/Abstract]) OR (HBV[Title/Abstract])) OR (Hepatitis B Surface
Antigens|[Title/Abstract]) OR (“Hepatitis B Surface Antigens”[Mesh])) OR
(“Hepatitis B virus”[Mesh]) OR (“Hepatitis B"[Mesh])

#4 #1 AND #2 AND #3

pregnant women, were included. A combination of subject words
and free text search was used during the searching process. The
example search terms are demonstrated in Table 1.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) participants: pregnant
women in China; (2) outcomes: HBV prevalence (HBsAg
positive rate); (3) study designs: cohort studies and cross-
sectional studies; (4) languages: English and Chinese. All articles
were published between 2016 and 2021. The exclusion criteria
included HBV prevalence in populations with specific diseases,
such as women with intrahepatic cholestasis of pregnancy or
preterm birth. If there was overlap in the sample source between
different literature (such as participants recruited in the same
hospital during the same time period), we included only the most
updated report.

Study Selection and Data Extraction

Two independent reviewers (LD and LY) screened articles,
extracted data, and cross-checked results. When conflicts
occurred, consensus was achieved after further discussion. Titles,
abstracts, and full text were reviewed for relevance. Authors of
the original studies were contacted by email or telephone for
further information when necessary. The following data were
extracted from literature: (1) general information of the studies
(such as article title, main authors, publication time, study design,
and the region where the study was conducted); (2) baseline
characteristics of the study populations (such as sample size,
age, education level, and occupation); (3) outcome indicators
(such as the number of HBsAg positive individuals, HBsAg test
methods, HBV serological markers, HBV DNA test results, and
mother-to-child transmission rate); (4) key elements for risk of
bias assessment.

Risk of Bias Assessment

Two reviewers (LY and NJQ) independently assessed the risk
of bias for the studies included and cross-checked the results.
Cohort studies were assessed using the Newcastle Ottawa Scale
(NOS) (9), and cross-sectional studies were assessed using the
Agency for Healthcare Research and Quality (AHRQ) form (10).

Data Analysis

Statistical analysis was conducted with R software. Data were
synthesized using a random effect model in consideration of
heterogeneity among studies. Moreover, individual proportions
and the HBV pooled prevalence were assessed with 95%
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Identification of studies via databases and registers
= Records identified from:
3 PubMed (nf281) Records removed before
.g EMbase (n=348) screening:
= Cochrane (n=48) —> 3
= _ Duplicate records removed
= CNKI (n=1062) (n = 508)
] CBM (n=945)
Wanfang (n=60)
\ 4
Records screened Records excluded
—>
(n = 2236) (n =2187)
\4
Reports sought for retrieval Reports not retrieved
@ (n = 49) — *| =0
=
: I
7]
(7]
Reports assessed for eligibility Reports excluded:
(n = 49) Study on specific population
(n=3)
No concerned outcomes
(n=2)
Overlapped (n=2)
2 Studies included in review
] (n=42)
° Reports of included studies
= (n=42)
FIGURE 1 | Flow diagram of study selection.

confidence interval (CI). Subgroup analysis and meta-regression
were conducted based on the geographical region, economic
level of the province, sample source (regions or hospitals), study
designs, and study quality to detect the source of heterogeneity.
Provinces in China were categorized into three groups based
on the geographical regions: eastern China, central China, and
western China. In addition, the economic level of the province
was categorized as high level (ranks 1-10), medium level (ranks
11-20), or low level (ranks 21-31) based on the rank of per-capita

gross domestic product (GDP) among provinces in China in
2020 (11). A sensitivity analysis was conducted by sequential
removal of each study, in order to evaluate the individual study’s
impact on the overall pooled effect. Furthermore, studies with
quality score < 3 points were omitted to assess their impact
on the overall pooled effect of studies with high risks of bias.
Potential publication bias was assessed graphically by funnel
plot and examined by Begg’s and Egger’s tests (significant when
p < 0.05).
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TABLE 2 | Characteristics of included studies.

References Design Timespan Province Region Sample Sample Positive Age (Mean+SD) Labratory test Quality
source size HBsAg score

Sunetal. (32) Cohort 2005-2017  Yunnan Western  Medical 49,479 1,624 HBsAg positive: NR 7

296+ 4.4

HBsAgQ negative:

29.7 £4.3
Wen et al. (41) Cross-sectional  2015-2019  Guangdong Eastern  Regional 100,500 9,290 NR ELISA 2
Du (17) Cross-sectional  2016-2018  Hubei Central Medical 12,861 862 NR ELISA 3
Liu et al. (28) Cross-sectional  2013-2016  Yunnan Western  Medical 15,641 1,234 Median: 28 (26-32)  ELISA 8
Wang et al. Cross-sectional  2014-2017  Jiangsu Eastern  Medical 31,457 1,586 28.39+5 CLIA, ECLIA, 2
(39) time-resolved

methods

Zhang and Li ~ Cohort 2009-2018  Fujian Eastern  Medical 85,190 9,699 HBsAg positive: NR 7
(46) 30.33 & 4.50
Zhang et al. Cross-sectional  2015-2016  Henan Central Medical 1,870 92 2712 £ 5.31 NR 7
(48)
Zhao et al. (49) Cohort 2011-2018  Fujian Eastern  Regional 33,437 3,789 HBsAg positive: NR 7

29.3+4.3
Zou et al. (53)  Cross-sectional  2016-2018  Jiangsu Eastern  Regional 2,077 78 Range:19-42 Latex 3

immunochromatography

Huang (23) Cross-sectional  2014-2018  Guangxi Western  Medical 2,861 277 275+ 45 NR
Zhang et al. Cross-sectional  2017-2019  Tibet Western  Regional 496 65 28.62 LAT
(A7)
Caietal (13)  Cohort 2014-2015  Anhui Central Medical 3,329 346 HBsAg positive: 27 ELISA, ECLIA 8

HBsAQ negative:

24.3
Guo etal. (19) Cross-sectional  2016-2018  Hubei Central Medical 7,000 450 Range: 16-45 ELISA 3
He et al. (20) Cross-sectional 2017 Jiangsu Eastern  Regional 22,595 873 28.36 + 4.46 ELISA 4
Kang (24) Cross-sectional  2014-2018  Tianjin Eastern  Medical 3466 133 28.76 £+ 4.87 TRFIA 3
Tang et al. (35) Cross-sectional  2014-2015  Guizhou Western  Medical 2,118 119 26.4 +5.3 ELISA 6
Wang et al. Cross-sectional  2015-2017  Zhejiang Eastern  Regional 43,628 2,168 NR ELISA 3
(39)
Ying (43) Cross-sectional  2015-2017  Zhejiang Eastern  Regional 42,815 2,292 NR LAT 4
Zhou (51) Cross-sectional  2017-2018  Tibet Western  Medical 2,136 192 28.96 + 5.02 NR 7
Liu et al. (27) Cross-sectional  2015-2017  Fujian Western  Medical 14,760 1,221 NR NR 3
Wang et al. Cross-sectional  2014-2016  Guangdong  Eastern  Medical 17,722 967 28.7 £ 34 ELISA 1
(37)
Wei et al. (40)  Cross-sectional  2012-2017  Sichuan Western  Medical 131,507 9,722 NR ELISA 5
Zeng et al. (44) Cross-sectional  2017-2018  Jiangxi Central Medical 45,413 953 29.17 £ 5.04 ELISA 3
Maetal. (29)  Cross-sectional  2016-2017  Qinghai Western  Medical 60,027 1,912 NR ELISA 2
Chen et al. (15) Cross-sectional ~ 2010-2015  Shaanxi Western  Medical 13,451 951 Median:27(19-42) CMIA 5

Province
Sheng et al. Cross-sectional 2016 Liaoning Eastern  Medical 14,314 441 31.1+45 CMIA 6
(30)
Zhong (50) Cross-sectional ~ 2015-2017  Chongging Western  Medical 1,000 80 24.86 £+ 2.55 ELISA
Wang et al. Cross-sectional  2015-2016  Guangdong Eastern  Medical 13,093 1,424  29.38 +£4.77 NR
(36)
Hu (21) Cross-sectional  2014-2016  Chongqing Western  Regional 359,570 19,237  NR NR
Bao (12) Cross-sectional  2011-2015  Guangdong Eastern  Regional 732,783 63,495 27 +4 ELISA
Gong et al. Cross-sectional ~ 2014-2016  Guizhou Western  Medical 2,648 243 <35: 2,202 TRFIA 4
(18) >35: 446
Zhuang etal.  Cohort 2012-2016  Jiangsu Eastern  Medical 37,264 1,115 Median: 26 (25-29)  ELISA 8
(52)
Liang et al. (26) Cross-sectional ~ 2014-2015  Guangdong Eastern  Medical 6930 661 NR CLIA
Sunetal. (31) Cross-sectional 2013-2016  Shanghai Eastern  Medical 63,109 2,924 20-50 CLIA
(Continued)

Frontiers in Public Health | www.frontiersin.org 11 April 2022 | Volume 10 | Article 879289


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Liu et al.

HBV Among Chinese Pregnant Women

TABLE 2 | Continued

References Design Timespan Province Region Sample Sample Positive Age (Mean+SD) Labratory test Quality
source size HBsAg score

Huang et al. Cross-sectional  2013-2014  Fujian Western  Medical 6,225 720 NR NR 3
(22)
Tang et al. (34) Cross-sectional 2014 Guangdong Eastern  Regional 180,9893 182,782 NR ELISA
Cuietal. (16)  Cohort 2012-2015  Jiangsu Eastern  Medical 21,331 519 HBsAg positive: NR

27.59 + 4.02

HBsAgQ negative:

27.03 £ 4.19
Tanetal. (33)  Cohort 2009-2010  Sichuan Western  Medical 22,374 948 Median: 27 (23-31)  ELISA 7
Wu (42) Cross-sectional  2013-2015  Shanxi Central Medical 16,770 160 NR ELISA 4
Lietal. (25) Cross-sectional  2008-2014  Guangdong  Eastern  Medical 22,906 2,164 NR NR 5
Zhang et al. Cross-sectional ~ 2014-2015  Guizhou Western  Medical 18,007 517 25.7 ELISA 3
(45)
Chen et al. (14) Cross-sectional 2015 Guangxi Western  Regional 115,484 8,751 NR ELISA 4

ELISA, Enzyme-linked immunosorbent assay; NR,

not report; HBsAg, hepatitis B surface antigen; ECLIA, electrochemiluminescence immunoassay, TRFIA, time resolved

fluoroimmunoassay; CMIA, chemiluminescence micro particle immunoassay; CLIA, chemiluminescence immunoassay; LAT, latex agglutination test.

RESULTS
Study Characteristics

A total of 2,744 articles were retrieved initially. Following the
screening of titles, abstracts, and full text, a total sample size of
4,007,518 pregnant women and 42 studies (12-53) were included
in the meta-analysis (Figure 1). Seven cohort studies and 35
cross-sectional studies were included (Table 2). Generally, the
studies included in the analysis were conducted in 20 provinces.
The regional distributions included eastern China (19 studies),
central China (6 studies), and western China (17 studies). The
economic level was ranked as high level (24 studies), medium
level (7 studies), and low level (11 studies). The sample size varied
from 496 to 1,809,893 across studies.

In terms of quality, all cohort studies included had a total
quality score > 7 points, with 5 studies achieving 7 points
and 2 studies achieving 8 points (Supplementary Table S1).
For cross-sectional studies, 17 studies had a quality score < 3
points, 15 studies had 4-6 points, and 3 studies had > 7 points
(Supplementary Table S2). Most cross-sectional studies did not
“explain any patient exclusions from analysis,” “describe how
confounding was assessed and/or controlled,” or “explain how
missing data were handled in the analysis.”

Prevalence of HBV Infection in Pregnant

Women

The HBV prevalence in pregnant women in China was 6.64%
(95% CI: 5.72-7.57%) during the period between 2016 and 2021
(Figure 2). The HBV prevalence varied from 0.95 to 13.10%
across studies (Figure 3). Jinzhong City of Shanxi Province
reported the lowest prevalence, and Ali City in Tibet reported
the highest prevalence. The results revealed that one region was
categorized as low endemic area (Shanxi Province), 14 regions
were intermediate endemic areas (Jiangxi Province, Liaoning
Province, Qinghai Province, Jiangsu Province, Tianjin City,
Shanghai City, Henan Province, Yunnan Province, Zhejiang
Province, Guizhou Province, Sichuan Province, Hubei Province,

Chongqing City, and Shaanxi Province), and 5 regions were high
endemic areas (Guangxi Province, Guangdong Province, Anhui
Province, Tibet, and Fujian Province). When omitting any study
or studies with a risk score <3 points, the sensitive analysis
showed consistent results. The range of the pooled proportion
from 6.51% (95% CI: 5.61-7.42%) to 6.78% (95% CI: 5.88-7.69%)
was narrow. The funnel graph (Figure 4) and the results of Begg’s
test (p = 0.0131) and Egg’s test (p = 0.0388) revealed potential
publication bias.

Subgroup analyses were conducted based on geographical
region, economic level, sample source, study design,
and the results from risk of bias assessment (Table 3,
Supplementary Figures S1-S4). None of these factors
influenced HBV prevalence, which is consistent with the
results of the meta-regression. However, the following trends
were noticed across subgroups: (1) HBV prevalence during
pregnancy was the highest in western China, followed by eastern
China, and the lowest in central China; (2) regions with better
economic levels were associated with higher HBV prevalence;
(3) prevalence tended to be higher if the samples were collected
from regions, compared with those from a single or multiple
medical institutions.

Seroepidemiology Among HBsAg Positive

Pregnant Women

Hepatitis B virus is more contagious when both HBsAg and
HBeAg are positive, and when HBsAg is positive with high
maternal concentrations of HBV DNA (>2 x 10°-1 x 10°
IU/ml). Twenty studies reported the testing results of HBeAg
in pregnant women, and pooled data revealed that the HBeAg
positive rate was 25.80% (95% CI: 22.26-29.69%, 1> = 98%)
among HBsAg positive women. Moreover, the number varied
from 12.14 to 43.71% across studies. The lowest HBeAg positive
rate was found in Anqing City of Anhui Province, and the
highest was in Guizhou Province. Subgroup analyses among
different regions demonstrated that the HBeAg positive rate was
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FIGURE 2 | Forest plot of hepatitis B virus (HBV) infection prevalence rate in Chinese pregnant women.
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FIGURE 3 | The prevalence of HBV infection among pregnant women by province in China, 2016-2021.

24.92% (95% CI: 19.76-30.92%, 1> = 98%), 20.79% (95% CI:
15.13-27.88%, I = 88%), and 30.07% (95% CI: 24.90-32.14%,
I = 97%), respectively, in eastern, central, and western China.

Five studies reported the HBV DNA level in pregnant women.
The pooled data indicated that among HBsAg positive pregnant
women, the rate of high HBV DNA level was 26.73% (95% CI:
22.45-31.50%, I> = 83%), and the number varied from 16.13
to 36.13% across studies. The rate of high HBV DNA level was
the lowest in Shaanxi Province, and the highest in Qiandongnan
Prefecture of Guizhou Province.

HBV Prevalence and Demographic

Information of Pregnant Women

Twenty-six studies reported the relationship between HBV
prevalence and demographic information of pregnant women,
which included age, residential address, education level, and
occupation. However, whether these factors are related to HBV
prevalence remains controversial. Due to the great variations in
grouping methods and study designs across studies, a descriptive
analysis was performed in this review.

Twenty-three studies focused on the association between age
and HBsAg positive rate in pregnant women. Sixteen studies
(sample size 1,138,852) suggested that HBsAg positive rate
increased with age (12, 13, 17, 19, 20, 23, 24, 27, 28, 30, 31, 33,
36, 39, 40, 42). Two studies (sample size 3,947) revealed that
HBsAg positive rate was not statistically different among various
age groups (46, 53). Three studies (sample size 94,525) indicated
that compared to those with HBsAg negative, HBsAg positive
women were older (16, 49, 52). Two studies (sample size 132,254)
demonstrated that the age was not statistically different between
HBsAg positive and negative groups (32, 48).

Study Size
1000000

(o]
!

{ o
© ©0dP 9o obo @0 b 00D o
T T T T T T

0

002 004 006 008 010 012
Proportion

FIGURE 4 | Bias assessment funnel plot of studies reporting HBV infection
prevalence rate in Chinese pregnant women, 2016-2021.

Ten studies analyzed the relationship between the times of
gestation and parity and HBsAg positive rate. Seven studies
(sample size 954,199) suggested that HBV prevalence in
primigravida and primiparas was lower (12, 13, 28, 32, 48, 49, 52),
while the other three studies (sample size 45,248) showed no
relevance (16, 33, 46).

Four studies presented the relationship between the education
level and HBsAg positive rate. Two studies (sample size 782,262)
showed that HBV positive rate decreased when education level
improved (12, 32), and the other two studies (sample size 24,333)
demonstrated no relevance (13, 16).

Five studies reported the HBV prevalence among pregnant
women residing in rural or urban areas. Three studies (sample
size 76,657) demonstrated that the HBsAg positive rate was
higher in rural areas when compared to that in urban areas
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TABLE 3 | Subgroup analysis of included studies.

Numbers of Study Proportion (95% CI) 12 P
Regional disparities Western China 16 7.15% (95%Cl 5.82-8.48%) 99.6% 0.4592
Eastern China 20 6.63% (95% Cl 5.20-8.06%) 99.9%
Central China 6 5.23% (95%Cl 2.50-7.96%) 99.6%
Economic level 1-10 24 6.78% (95% Cl 5.66-7.90%) 99.9% 0.4968
21-31 11 6.46% (95% Cl 4.35-8.58%) 99.8%
11-20 7 6.64% (95% Cl 3.87-8.58%) 99.9%
Source of data Regional investigation ih 7.48% (95% CI 5.69-9.27%) 99.9% 0.2906
Medical institution 31 6.35% (95% Cl 5.27-7.43%) 99.8%
Study design Cross-sectional study 35 6.65% (95% CI 5.71-7.59%) 99.9% 0.9606
Cohort study 7 6.57% (95% Cl 3.45-9.69%) 99.9%

(27, 29, 46). However, two other studies (sample size 40,381)
presented no statistical differences between rural and urban
groups (33, 45). Moreover, two studies (sample size 755,378)
showed that the HBsAg positive rate in local population was
lower than that in migrant population (12, 20).

Two studies dug into the HBV prevalence among
pregnant women with different occupations. All of them
revealed differences. One of the studies (sample size 732,783)
demonstrated the occupations with HBsAg positive rates from
low to high as follows: staff members (8.27%), workers (8.52%),
farmers (8.72%), home-based workers (9.17%), and businessmen
(10.32%), successively (12). The other study (sample size 15,641)
exhibited occupations with HBsAg positive rates from low
to high as follows: company administrators (4.65%), farmers
(5.41%), workers (7.87%), self-employed workers (7.94%), and
unemployed population (9.38%), successively (28).

DISCUSSION

This study systematically searched literature published after
2016, which provided the baseline information of HBV infection
among pregnant women in China. Liu et al. (7) revealed that
the national HBV prevalence in Chinese pregnant women was
6.17% (95% CI: 6.16-6.18%). The number revealed in our study
was 6.64% (95% CI: 5.72-7.57%), which was slightly higher
than that from Liu’s study. Similar differences were observed
regarding regional HBV prevalence. Some possible reasons for
the differences are as follows: (1) During 2016 and 2021,
only 20 provinces had relevant studies reported, while other
provinces such as Inner Mongolia, Beijing, Hebei, Shandong,
Jilin, Xinjiang, Ningxia, Gansu, and Heilongjiang had no relevant
studies conducted. Most of these provinces without relevant
studies were intermediate endemic (2.00-4.99%). Missing of
these data led to a high HBV prevalence in our study. (2)
Since the establishment and implementation of health policies
by the Chinese government in 1992, there has been significant
progress in the decline of HBV prevalence (54). The prevalence
data included in our study was published between 2016 and
2021, while the data in Lius (7) study was collected in 2020,
which is a later time period when compared with our study. The

differences between the two study results were consistent with
the decline in HBV prevalence. The same trend was observed in
another systematic review published in 2013 (55), which showed
a higher HBsAg positive rate (7.6%) among pregnant women
when compared with our study.

Our study showed that the regions with HBV prevalence
ranking from high to low were in western China, eastern China,
and central China, successively, which was consistent with the
findings from a systematic review of Chinese population in 2019
(56) and a national HBV serological study conducted in 2014
(57). However, Liu’s study (7) showed that the highest prevalence
was in eastern China. A possible reason for this difference was
that almost no relevant studies were published in some western
regions such as Inner Mongolia, Xinjiang, Gansu, and Ningxia.
These provinces have low HBV prevalence. Missing of these
data led to a high HBV prevalence in our study. The difference
between regions might be caused by social factors. Relatively
prosperous economy in the eastern region might bring more
economic and social exchanges compared with other regions,
which increased the risk of HBV transmission (58).

Our study showed that the positive rate of HBeAg (25.80%)
is similar to the rate of high HBV DNA (>2 x 10°-1 x 10°
IU/ml) (26.73%) in HBsAg positive pregnant women, which
confirmed that the use of HBeAg test in place of HBV DNA
test is reasonable. An observational study demonstrated that
HBeAg positive rate among HBsAg positive couples was 27.84%
in rural China, which decreased significantly with age (59).
Both Lius study and (59) our study demonstrated similar
HBeAg positive rates among HBsAg positive pregnant women.
Our study indicated that a great number of pregnant women
with HBV infection carry high risks of transmitting infection,
and special attention should be paid to block mother-to-child
transmission in this population. Although the mother-to-child
transmission rate declined from 50 to 6% in China since the
implementation of HBV vaccination program, the rate remains
high (11%) among pregnant women with positive HBeAg (4). In
addition, pregnant women with positive HBsAg and HBeAg carry
actively replicating virus, are more contagious, and prone to HBV
mother-to-child transmission. Therefore, WHO recommends
that pregnant women with a high HBV DNA (>2 x 10° IU/ml)
should receive antiviral therapy during the last trimester of
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pregnancy in order to prevent mother-to-child transmission, and
HBeAg test can be used as an alternative testing method in
settings when antenatal HBV DNA test is not available (60).

The age, times of gestation and parity, residential address,
and educational level of pregnant women may affect HBV
prevalence, although no consensus was reached across studies.
Further studies on these factors were demanded. HBsAg positive
rate in pregnant women increased with age, which may be
related to the weakening or subsiding of the protective effect
from hepatitis B vaccine (12). It was suggested that women of
childbearing age should be the prior recipients of hepatitis B
vaccine. Additionally, the antibody level of the population should
be monitored in real time and a booster dose should be given in
time. The HBsAg positive rate of pregnant women living in urban
areas or with higher education level is relatively low, which may
be related to better access to health care and knowledge about
hepatitis B transmission (21). It is important for public education
on hepatitis B including its prevention and control methods,
especially for populations with high risks for the disease.

Some limitations of our study were as follows. First, our
study only included the HBV prevalence data of 20 provinces,
and the studies were not distributed equally across regions.
Due to the large differences in HBV prevalence among
pregnant women in different regions, the situation in regions
where no relevant studies were published remains unknown.
Besides, there was potential publication bias as revealed by
the funnel plot and Begg’s and Egger’s tests. However, these
methods for detecting publication bias are based on the
assumptions that when compared with studies with positive
and/or significant results, small studies reporting negative
results and/or small effects are less likely to be published (61).
The studies included in our meta-analysis did not calculate
significant levels for their results, accordingly, statistical non-
significance is unlikely to be an issue that may have biased
publications (62). Hence, the conclusion regarding the presence
of publication bias should be drawn with caution. Lastly,
due to the great variations in grouping methods and study
designs across studies, meta-analysis for factors affecting HBV
prevalence was not conducted, a descriptive analysis was
performed instead.
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Background: Chronic hepatitis B virus (HBV) infection remains a major public health
problem worldwide. Immune checkpoint molecules expressed on CD4* T cells play
critical roles in chronic HBV infection. However, their roles in chronic asymptomatic
HBV carriers (ASCs) with hepatitis B e antigen (HBeAg)-negative remain unclear. In this
study, we explored the role of immune checkpoint molecules expressed on CD4™1 T cell
subsets in chronic ASCs with HBeAg-negative.

Methods: Human peripheral blood mononuclear cells (PBMCs) from the ASCs with
HBeAg-negative and healthy controls (HC) were isolated, and immune checkpoint
molecules expressed on CD4* T cell subsets and serum cytokines were detected by
flow cytometry. Moreover, the mRNA expressions of immune checkpoint molecules were
analyzed by a real-time quantitative PCR assay.

Results: In comparison with HC, CD4™ T cells highly expressed LAG-3, TIM-3, and
PD-1 in PBMCs from chronic ASCs with HBeAg-negative. Interestingly, the expressions
of TIM-3 and PD-1 on circulating follicular helper T (Tth) cells in ASCs were significantly
high. Moreover, high expressions of LAG-3, TIM-3, and PD-1 were different among Treg,
Th1, Th2, and Th17 cells. In addition, the expressions of TIM-3 and CTLA-4 mRNA
in PBMCs from ASCs were significantly elevated. However, the frequency of CTLA-
4+CD4™ T cell subsets in PBMCs from ASCs was not different from HC. The levels of
six cytokines in serum from ASCs were not clearly different from HC.

Conclusion: Immune checkpoint molecules highly expressed on CD4™* T cell subsets
indicated an important role in chronic ASCs with HBeAg-negative, which provided
potential therapeutic targets in the pathogenesis of chronic HBV infection.

Keywords: hepatitis B virus, asymptomatic HBV carriers, CD4* T cells, immune checkpoint molecules, chronic
hepatitis B virus
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INTRODUCTION

Hepatitis B virus (HBV) infection remains a major health
problem in the world, which accounts for roughly one-third
of the global population (Yuen et al, 2018; Revill et al,
2019; Iannacone and Guidotti, 2022). Although only fewer
than 5% of adults with HBV infection can develop chronic
hepatitis B (CHB), over 250 million individuals with about one
million deaths annually are affected with persistent infection,
liver cirrhosis, and hepatocellular carcinoma (HCC) worldwide
(Trepoetal., 2014; Yuen et al., 2018; Revill et al., 2019). Moreover,
the population with hepatitis B e antigen (HBeAg)-negative is
dominant with over 85% in the hepatitis B surface antigen
(HBsAg)-positive subjects, and more than 350 million are chronic
HBV carriers. The chronic HBV carriers with HBsAg-positive
and HBeAg-negative can also develop HCC and liver-associated
mortality that are related to baseline age, sex, serum HBV-
DNA copies, and alanine aminotransferase (ALT) level (Kumar
et al,, 2009; Trepo et al., 2014; Koffas et al, 2021). Chronic
asymptomatic HBV carriers (ASCs) are major individuals (67-
80%) among chronic HBV cases, who have normal levels of
ALT and low HBV-DNA copies; although they are not treated
commonly by drugs, a long-term follow-up for them is necessary
(Kumar et al., 2009; Koffas et al., 2021). Although this “inactive”
disease phase of the chronic ASCs with HBeAg-negative is closely
associated with a favorable prognosis, it is not a truly “inactive
carrier” with no obvious liver disease, and the reactivation and
the potential risk of disease progression, including HCC and
cirrhosis, are not negligible (Kumar et al., 2009; Puoti, 2013;
Tang et al., 2018; Koffas et al., 2021). Therefore, these patients
can still potentially develop liver disease for persistent HBV
infection.

Chronic and persistent HBV infection is a critical causative
agent for T-cell dysfunction, including CD4% T and CD8*T
cells that attenuate or lose the clearance of the virus. The
dysfunction of T cells is closely associated with the upregulated
immune checkpoint molecules, such as programmed cell death
protein-1 (PD-1), lymphocyte activation gene-3 (LAG-3), T-cell
immunoglobulin and mucin domain-3 (TIM-3), and cytotoxic
T-lymphocyte antigen-4 (CTLA-4) (Bengsch et al., 2014; Park
et al., 2016; Salimzadeh et al., 2018; Chen and Tian, 2019; Fisicaro
et al., 2020; Ferrando-Martinez et al., 2021). Accumulating
evidence indicates that the blockade of immune checkpoint
molecules contributes to the restoration of dysfunctional T-cell-
mediated adaptive immune responses, which partially promote
the clearance of chronic viruses, including HBV, and the
remission of the disease (Lang et al., 2019; Jin et al., 2021;

Abbreviations: HBV, hepatitis B virus; ASC, asymptomatic hepatitis B virus
carriers; HC, healthy controls; PBMCs, peripheral blood mononuclear cells;
Tth, follicular helper T cells; Treg, regulatory T cells; PD-1, programmed cell
death protein-1; TIM-3, T-cell immunoglobulin and mucin domain-3; CTLA-4,
cytotoxic T-lymphocyte antigen-4; LAG-3, lymphocyte activation gene-3; IFN-
Y, interferon-gamma; TNF-a, tumor necrosis factor-a; CXCR5, C-X-C motif
chemokine receptor type 5; Thl, T helper cell type 1; Th2, T helper cell type 2;
Th17, T helper cell type 17; HBeAg, hepatitis B e antigen; HCC, hepatocellular
carcinoma; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
HBsAg, hepatitis B surface antigen; CCR6, C-C motif chemokine receptor 6;
CXCR3, C-X-C motif chemokine receptor 3.

Sears et al, 2021). The function of CD8TT cells can be
impaired without the help of CD4" T cells, and CD8™T cells
contribute to controlling and clearing viruses (Zuniga et al,
2015; Saeidi et al., 2018; Sears et al,, 2021). Unfortunately,
the function of CD4%/CD8'T cells is dysregulated in CHB
infection, which is closely correlated with high expressions of
immune checkpoint molecules on them (Bertoletti and Ferrari,
2012; Dong et al., 2019; Buschow and Jansen, 2021). Therefore,
the immune checkpoint molecules on specific CD41 T cell
subsets in chronic HBV infection should be further elucidated
in the ASCs with HBeAg-negative, which will contribute to a
better understanding of CD8'T cell dysfunction during CHB
infection.

In this study, the immune checkpoint molecules (PD-
1, TIM-3, LAG-3, and CTLA-4) expressed on specific
CD4%t T cell subsets were investigated in peripheral
blood mononuclear cells (PBMCs) from chronic ASCs
with HBeAg-negative and normal ALT level, and the
HBV-specific CD4"t T cell subset-associated cytokines
were also  detected, which will provide potential
therapeutic targets for the development of chronic HBV
infection.

MATERIALS AND METHODS

Demographic Characteristics

A total of 22 chronic ASCs with HBeAg-negative and normal ALT
levels were enrolled according to the Guideline of Prevention
and Treatment for Chronic Hepatitis B (2019 version), and
gender- and age-matched 22 healthy controls (HC) were
recruited at the First Affiliated Hospital, Zhejiang University
School of Medicine (Hangzhou, China) in this study. The
individuals were excluded from the study if they have diabetes,
autoimmune diseases, hematological system diseases, and other
hepatotropic diseases, and the HC were also excluded if they
have a vaccine history within 6 months. The ASCs with

TABLE 1 | Demographic characteristics of chronic ASCs with HBeAg-negative
and healthy controls.

Variables ASCs (n =22) HC (n =22) Range of reference
Age (years) 47.64 £ 11.12 43.82 +7.24

Gender (M/F) 14/8 14/8

HBsAg (IU/mL) 1891.83 + 430.27**  0.01 £ 0.01 0.00 - 0.05
HBeAg (S/CO) 0.41 £ 0.01 0.34 £ 0.01 >1.00
Anti-HBc (S/CO) 7.89 £ 0.08"* 211 +£0.58 >1.00
Anti-HBe (S/CO) 0.03 £ 0.01* 1.50 + 0.11 <1.00
Anti-HBs (IU/L) 1.45 4+ 0.73* 194.43 £+ 61.57 >10.00
ALT (U/L) 20.14 +1.82 21.36 + 2.04 9-50
AST (U/L) 20.77 + 1.36 18.23+1.18 15-40
HBV-DNA (IU/mL) <30 NA LOD =30

ASCs, symptomatic HBV carriers; HC, healthy controls; M/F, male/female; HBsSAQ,
hepatitis B virus surface antigen; HBeAg, hepatitis B virus e antigen, ALT, alanine
aminotransferase; AST, aspartate transferase; LOD, limitation of detection; NA, not
applicable. **P < 0.001.
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chronic HBeAg-negative and normal ALT levels who received
HBV treatment within 6 months before blood sampling were
also excluded. The clinical and laboratory characteristics of
ASCs and HC are presented in Table 1. Written informed
consent of all individuals was obtained according to the
Declaration of Helsinki (1964) and was approved by the Medical
Ethical Committee of the First Affiliated Hospital, Zhejiang
University School of Medicine in this study (approval no. 2021-
523).

Serological Analysis of Hepatitis B Virus

Markers and Liver Function

Serum ALT and AST levels were detected by an automated
biochemical analyzer (Roche cobas p 671, Switzerland). The
serum HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc
levels were tested by a chemiluminescent microparticle
immuno Assay (Abbott Alinity i, United States). The
serum HBV-DNA titers were determined by an ABI 7500
fluorescent quantitative PCR system (Applied BioSystems,
United States).

Isolation of Human Peripheral Blood

Mononuclear Cells

Human fresh PBMCs were isolated from fresh whole blood
samples of the individuals by density gradient centrifugation
using a Ficoll-Hypaque solution (CL5020, Netherlands)
according to the manufacturer’s protocol. The isolated PBMCs
were washed two times using sterile phosphate-buffered
saline (PBS) and transferred into tubes for use in subsequent
experiments.

Flow Cytometry Analysis

Human PBMCs were resuspended with 200 wL PBS buffer
and incubated with fluorochrome-conjugated antibodies, anti-
human Krome Orange-CD4, Alexa Fluor 750-CD45RA, ECD-
CD25 (Beckman Coulter Life Science, United States), Pacific
blue™-CXCR5, PerCP/Cy5.5-PD-1, APC-TIM-3, Brilliant violet
650"™.LAG-3, PE/Cy7-CTLA-4, FITC-CCR6, and PE-CXCR3
(BioLegend, United States), for 20 min at room temperature, and
matched isotype controls were performed in this study according
to the manufacturer’s instructions. The samples were detected by
the CytoFLEX Flow Cytometer, and the data were analyzed by
CyExpert software (Beckman Coulter, United States).

Quantitative Real-Time Polymerase

Chain Reaction

Total RNA was extracted from fresh PBMCs by the RNeasy
Mini Kit (Qiagen, Germany), which was used to synthesize
cDNA by a transcription reagent kit (Takara,
China). Real-time quantitative PCR was used to detect the
expression levels of target genes in triplicate by Takara SYBR
Supermix (Takara, China) by ABI QuantStudio 5 (Applied
Biosystems, United States) as previously described (Shen
et al, 2020). Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as an internal control in this study.
The sequences of the specific primers are listed as follows:

reverse

PD-1 forward 5-AAGGCGCAGATCAAAGAGAGCC-3’
and reverse 5-CAACCACCAGGGTTTGGAACTG-3'; TIM-
3  forward 5-GACTCTAGCAGACAGTGGGATC-3 and
reverse  5-GGTGGTAAGCATCCTTGGAAAGG-3; LAG-
3 forward 5-GCAGTGTACTTCACAGAGCTGTC-3 and
reverse 5-AAGCCAAAGGCTCCAGTCACCA-3; CTLA-4
forward 5'-ACGGGACTCTACATCTGCAAGG-3' and reverse
5-GGAGGAAGTCAGAATCTGGGCA-3; and GAPDH
forward 5-GTCTCCTCTGACTTCAAC AGCG-3' and reverse
5-ACCACCCTGTTGCTGTAG CCAA-3.

Serological Detection of Cytokines

The serum levels of IFN-y, IL-2, IL-4, IL-6, IL-10, and TNF-a
were tested by the flow fluorescence immune microbeads assay
(Celgene, China) according to the manufacturer’s protocol. In
brief, 25 pL fluorescence detection reagent and 25 pL immune
microbeads were added to 25 L serum samples, and the mixed
solutions were darkly incubated for 2.5 h at room temperature.
Then, they were washed and resuspended with 100 pL PBS
buffer, and cytokines were detected by BD FACSCanto II (BD,
United States).

Statistical Analysis

Statistical analysis of the experimental data was performed
using the Mann-Whitney U test or a one-way ANOVA using
GraphPad Prism 7 software (GraphPad Software, Inc., CA).
The differences were determined between two unpaired groups
by Student’s ¢-test, and significant differences were determined
by paired t-tests between the two paired groups. Spearman’s
correlation coeflicients were used to analyze correlations of
different variables between the two groups. All P-values < 0.05
were considered to be statistically different.

RESULTS

Expanded Immune Checkpoint

Molecules Expressed on CD4* T Cells in
Chronic Asymptomatic Hepatitis B Virus
Carriers With Hepatitis B e
Antigen-Negative

In this study, there was a significant difference in baseline
characteristics, including HBsAg, anti-HBc, anti-HBe, and anti-
HBs levels from the patients’ chronic ASCs with HBeAg-
negative; however, no significant difference was found in
ALT and AST levels between 22 chronic ASCs with HBeAg-
negative and 22 healthy controls (HC) (Table 1). Previous
reports indicated that circulating CD4" T cells with immune
checkpoint molecules played a critical role in chronic HBV
infection, but the related studies about chronic ASCs were
few (Ye et al, 2015; Dong et al, 2019). The frequencies
of circulating CD4% T cells with four immune checkpoint
molecules, including TIM-3, LAG-3, CTLA-4, and PD-1, were
detected between chronic ASCs with HBeAg-negative and HC
by flow cytometry (Figure 1A). Compared with HC, the
frequency of circulating TIM-37CD4% T cells, LAG-37CD4* T
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FIGURE 1 | Immune checkpoint molecules expressed on CD4* T cells in ASCs with HBeAg-negative. (A) Flow cytometry analysis of PD-1+, TIM-3*, LAG-3*, and
CTLA-4F on CD4* T cells from the PBMCs of HC and ASCs. (B) The frequency of TIM-3+CD4* T cells. (C) The frequency of LAG-3TCD4* T cells. (D) The
frequency of CTLA-4+CD4™ T cells. (E) The frequency of PD-1+CD4™ T cells. Data represent the mean+ SD. *P< 0.05, **P< 0.01, and **P< 0.001.

TABLE 2 | The correlation of immune checkpoint molecules on CD4* T cell subsets and serum HBsAg levels from 22 chronic ASCs with HBeAg-negative.

CD4+ T cell subsets Spearman r P-value CD4t T cell subsets Spearman r P-value
PD-1+CD4* T —0.08978 0.6911 PD-1*Th1 —0.3796 0.0815
LAG-3TCD4*+ T —0.1413 0.5306 LAG-3*Th1 —0.2243 0.3156
TIM-3TCD4* T —0.3134 0.1556 TIM-3+Th1 —0.2309 0.3011

CTLA-4TCD4+ T —0.1293 0.5663 CTLA-4TTh1 —0.1870 0.4048
PD-1*+Tfh —0.1034 0.6471 PD-1+Th2 0.02654 0.9076
LAG-3*Tth —0.02598 0.9086 LAG-3Th2 —-0.1169 0.6042
TIM-3+Tth —0.2417 0.2784 TIM-3+Th2 —0.1982 0.3766
CTLA-4*Tth —0.1593 0.4789 CTLA-47Th2 —0.07284 0.7473
PD-1+Treg —0.2465 0.2687 PD-1+Th17 —0.1688 0.4526
LAG-3"Treg —0.1914 0.3935 LAG-3tTh17 —0.07623 0.7360
TIM-3*Treg —0.3800 0.0811 TIM-3+Th17 —0.2840 0.2002
CTLA-4*Treg —0.09317 0.6801 CTLA-4TTh17 —0.07510 0.7398

cells, and PD-17CD4% T cells was significantly elevated in
ASCs (Figures 1B,C,E, respectively). However, the frequency of
CTLA-4TCD4" T cells was not significantly different between

chronic ASCs with HBeAg-negative and HC (Figure 1D).
In addition, there was no significant correlation between
immune checkpoint molecules expressed on CD4" T cells
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FIGURE 2 | Immune checkpoint molecules expressed on CXCR5TCD45RA~CD4+ Tth cells. (A) Flow cytometry detection of PD-1F, TIM-3+, LAG-3", and
CTLA-4F on CXCR5+CD45RA~CD4™* Tfh cells and CXCR5~CD45RA~CD4% Th cells in ASCs and HC. (B-E) Analysis of the expression of PD-1%, TIM-37,
LAG-3*, and CTLA-4" on CXCR5"CD45RA~CD4* Tfh cells and CXCR5~CD45RA~CD4* Th cells in ASCs and HC. Data represent the mean4 SD. *P< 0.01,
**P< 0.001.
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and serum HBsAg levels from chronic ASCs with HBeAg-
negative (Table 2).

Immune Checkpoint Molecules
Expressed on Tfh Cells in Chronic
Asymptomatic Hepatitis B Virus Carriers
With Hepatitis B e Antigen-Negative

Accumulated evidence showed the critical role of follicular
helper T (Tth) cells with high expressions of immune checkpoint
molecules including TIM-3 and PD-1 in viral infection, including
chronic HBV infection (Ye et al., 2015; Vella et al., 2017; Zhuo
et al,, 2017; Crotty, 2019; Yan et al., 2020; Cui et al., 2021; Liu
et al., 2022). In this study, effector CD45RA~CXCR5TCD4" Tfh
cells with immune checkpoint molecules were detected by
flow cytometry (Figure 2A). The frequency of circulating
CD4"T T cells with immune checkpoint molecules was
detected between chronic ASCs with HBeAg-negative and
HC by flow cytometry (Figure 2A). Compared with HC, the
frequency of circulating TIM-3TCD45RA™CXCR5TCD4" Tth

cells and PD-1TCD45RA~CXCR5TCD4t Tfh cells was
notably increased, which also was higher than that
of TIM-3*CD45RA™CXCR5-CD4" T cells and PD-

1TCD45RA™CXCR5-CD4" T cells in ASCs (Figures 2B,E).
However, there was no significant difference in the frequency of
LAG-3"CD45RA™CXCR51TCD4 ™ Tth cells CTLA-4TCD45RA™
CXCR5"CD4" Tfh cells, TIM-3*CD45RA™CXCR5~CD4" T
cells, and PD-1TCD45RA™CXCR5-CD4" T cells between
chronic ASCs with HBeAg-negative and HC (Figures 2B-
E). In addition, there was no significant correlation
between immune checkpoint molecules expressed on Tfth
cells and serum HBsAg levels from chronic ASCs with
HBeAg-negative (Table 2).

Immune Checkpoint Molecules

Expressed on Treg Cells

Previous reports indicated that Treg cells with high expressions
of immune checkpoint molecules played an essential role
in cancer types, autoimmune diseases, and viral infections
(Andrews et al., 2019; Schnell et al., 2020; Granito et al.,
2021). In this study, CD45RA~CD25TCXCR5~CD4" Treg
cells with immune checkpoint molecules were detected by
flow cytometry (Figure 3A). In comparison with that of HC,
the frequency of CD45RA™CD25TCXCR5-CD4" Treg
cells with TIM-3 or PD-1 and the frequency of LAG-
3tCD45RA™CD257CXCR5~CD4™" Treg cells in chronic ASCs
with HBeAg-negative were significantly high (Figures 3B,C,E).
Moreover, similar significant results were found for the
frequency of CD45RA™CD25 CXCR5-CD4T T cells
with TIM-3 or PD-1 (Figures 3B,E). However, there
was no significant difference in the frequency of CTLA-
4TCD45RA~CD25TCXCR5~CD4™ Treg cells between chronic
ASCs with HBeAg-negative and HC (Figure 3D). In addition,
there was no significant correlation between immune checkpoint
molecules expressed on Treg cells and serum HBsAg levels from
chronic ASCs with HBeAg-negative (Table 2).

Immune Checkpoint Molecules

Expressed on Other CD4* T Cell Subsets
in Chronic Asymptomatic Hepatitis B

Virus Carriers With Hepatitis B e
Antigen-Negative

Previous studies showed that human Thl (CXCR3TCCR67),
Th2 (CXCR3“CCR67), and Thl7 (CXCR3~CCR6") cells
from PBMCs were distinguished based on the expressions of
chemokine receptors CXCR3 and CCR6 on CD4" T cells
(Maecker et al., 2012; Kubo et al, 2017). In this study,
to further investigate the frequency of immune checkpoint
molecules expressed on other CD41 T cell subsets in chronic
ASCs with HBeAg-negative and HC, flow cytometry was
used to detect these immune checkpoint molecules, and
human Thl (CXCR3TCCR67), Th2 (CXCR3-CCR67), and
Th17 (CXCR3-CCR6") cells were also defined by gating
CD45RA~CXCR5~CD4™ T cells from PBMCs of ASCs and HC
(Figure 4A). The results showed that the frequency of TIM-
3*Thl cells, TIM-3TTh2 cells, LAG-3"Th17 cells, PD-1"Th2
cells, and PD-11Th17 cells was significantly increased; However,
the frequency of TIM-3TTh17 cells, LAG-3TThl cells, LAG-
3*Th2 cells, CTLA-4TTh1/2/17 cells, and PD-1"Th1 cells was
not varied considerably in chronic ASCs with HBeAg-negative
in comparison with HC (Figures 4B-E). Interestingly, Th1 cells
highly expressed TIM-3, CTLA-4, and PD-1 compared with Th2
and Th17 cells (Figures 4B,D,E), Th1 and Th17 cells were highly
expressed LAG-3 compared with Th2 cells in chronic ASCs
with HBeAg-negative (Figures 4B,C). In addition, there was no
significant correlation between immune checkpoint molecules
expressed on Th1, Th2, and Th17 cells and serum HBsAg levels
from chronic ASCs with HBeAg-negative (Table 2).

Immune Checkpoint Molecules mRNA
Expression in Chronic Asymptomatic
Hepatitis B Virus Carriers With Hepatitis

B e Antigen-Negative

To further explore the mRNA levels of PD-1, TIM-3, LAG-3, and
CTLA-4, the total RNA in PBMCs isolated from ASCs and HC
was used to assess the expression levels of the four molecules
by PCR method. The results displayed that the relative mRNA
levels of TIM-3 and CTLA-4 genes were notably increased in
the PBMCs from the ASCs in comparison with those from the
HC (Figures 5A,D), but PD-1 and LAG-3 mRNA levels were not
notably different between the ASCs and HC (Figures 5B,C).

Serum Levels of Cytokines in Chronic
Asymptomatic Hepatitis B Virus Carriers
With Hepatitis B e Antigen-Negative

To further investigate the immune status of ASCs with negative
HBeAg, serum levels of some important cytokines were tested by
flow cytometry. The results showed that decreased levels of serum
IL-2, IL-4, and TNF-a were not notably different in chronic ASCs
with negative HBeAg in comparison with HC (Figures 6A,B,E).
Serum IL-6, IL-10, and IFN-y levels were not significantly
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changed in chronic ASCs with HBeAg-negative in comparison
with HC (Figures 6C,D,F). However, there was no correlation
between these cytokine levels and HBsAg concentrations in
chronic ASCs with HBeAg-negative (data not shown).

DISCUSSION

In this study, we provided an insight into the immune checkpoint
molecules expressed on circulating human CD4" T cell subsets
from chronic ASCs with HBeAg-negative. The results showed
that immune checkpoint molecules (TIM-3, LAG-3, and PD-
1) expressed on CD4™ T cells were significantly upregulated in
PBMC:s from chronic ASCs with HBeAg-negative. Interestingly, a

comprehensive analysis displayed a high frequency of circulating
TIM-3Tor PD-11 Tfh cells in chronic ASCs with HBeAg-
negative. Moreover, increased expressions of TIM-3, LAG-3, and
PD-1 molecules on Thl, Th2, Th17, and Treg cells and TIM-
3 and CTLA-4 mRNA levels in PBMCs from chronic ASCs
with HBeAg-negative in comparison with HC were notably
different. The chronic ASCs with HBeAg-negative can still
develop into the stage of CHB with HBeAg-positive and end-
stage liver disease including HCC and liver fibrosis (Kumar
et al., 2009; Puoti, 2013; Tang et al., 2018; Koffas et al., 2021).
Previous reports have shown that the co-inhibitory molecules
on T cells contributed to the development of pathogenesis in
patients with chronic HBV infection (Salimzadeh et al., 2018;
Lang et al, 2019; Jin et al., 2021; Sears et al, 2021). Taken
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together, these findings indicated that elevated expressions of
immune checkpoint molecules (TIM-3, LAG-3, and PD-1) on
CD4™" T cell subsets might play a critical role in chronic ASCs
with HBeAg-negative.

CD4™" T cell dysfunction in chronic HBV infection affected the
function of other immune cells, including HBV-specific CD8*T
cells and B cells, and resulted in disruption of the host’s immune
responses and persistent HBV infection (Trepo et al., 2014;
Yuen et al., 2018; Revill et al.,, 2019; Iannacone and Guidotti,
2022). Dysfunctional CD4" T cells are closely correlated with
the upregulation of immune co-inhibitory molecules expressed
on CD4™" T cells that usually played an immunosuppressive
function, such as TIM-3, PD-1, LAG-3, and CTLA-4 (Park

et al,, 2016; Salimzadeh et al., 2018; Dong et al., 2019; Fisicaro
et al.,, 2020; Ferrando-Martinez et al., 2021). Previous reports
showed an increased frequency of PD-11CD4*" T cells, TIM-
3tCD4" T cells, LAG-37CD4% T cells, and CTLA-4TCD4" T
cells in chronic HBV infection, and the blockade of the co-
inhibitory receptors contributed to the restoration of CD4" T
cell proliferation and function and promoted cytotoxic effector
of CD8TT cells that played critical roles in viral clearance and
disease pathogenesis of sustained HBV infection (Peng et al,
2008; Dong et al., 2017, 2019; Buschow and Jansen, 2021; Xiong
et al.,, 2021). However, these studies did not display detailed data
on ASCs of patients with chronic HBV. Our results showed an
expanded frequency of PD-1TCD4™" T cells, TIM-3tCD4" T
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FIGURE 6 | Expression levels of six cytokines in serum from chronic ASCs. (A) The relative levels of IL-2. (B) The levels of IL-4. (C) The levels of IL-6. (D) The relative
levels of IL-10. (E) The relative levels of TNF-a. (F) The relative levels of IFN-y. Data represent the mean + SD.

cells, and LAG-37CD4" T cells, but not CTLA-4TCD4" T
cells in chronic ASCs with HBeAg-negative in comparison with

the statistical analysis of CTLA-4TCD4%" T cell frequencies in
this study. In addition, the mRNA levels of TIM-3 and CTLA-

HC. The number and status of the patients possibly affected 4 expressions, but not PD-1 and LAG-3 mRNA, were notably
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increased in chronic ASCs with HBeAg-negative in comparison
with HC, which were not completely consistent with previous
reports (Yu et al., 2009; Zhang et al., 2014; Cheng et al., 2021; Liu
etal., 2021). The discrepancy may be associated with the number
and the status of the special population who are the “inactive
carrier” phase of chronic HBV infection, and these co-inhibitory
receptors are also expressed in other immune cells, including
CDS8™T cells, innate lymphoid cells (ILCs), and NK cells (Kumar
etal., 2009; Puoti, 2013; Riva and Chokshi, 2018; Tang et al., 2018;
Mariotti et al., 2019; Fisicaro et al., 2020; Koffas et al., 2021; Mak
etal., 2021).

Accumulating evidence indicates that high expressions of
immune checkpoint molecules (TIM-3, PD-1, CTLA-4, and
LAG-3) on CD4*" T cells are related to decreased secretion of
cytokines and proliferation capacity of T cells, such as IFN-
y TThl, IL-47Th2, IL-17A"Th17, and IL-21"Tth cells, except
for PD-1"%8" Tfh cells that have the capacity of inducing
B-cell response and the generation of specific antibodies against
antigens or viruses (Gibney et al., 2016; Park et al., 2016; Saeidi
et al., 2018; Buschow and Jansen, 2021). However, Treg cells
with increased expressions of immune checkpoint molecules
displayed a high immunosuppressive function on HBV-specific
Thl and Tth responses and promoted IL-10 and TGF-f31
secretion (Stoop et al., 2005; Buschow and Jansen, 2021). This
study showed that the frequencies of circulating TIM-3"or
PD-17 Tfh cells and TIM-3, LAG-3, and PD-1 molecules on
Th1, Th2, Th17, and Treg cells were significantly expanded in
chronic ASCs with HBeAg-negative in comparison with HC,
which were partially accordant with previous reports (Stoop
et al., 2005, Wang R. et al, 2018; Wang X. et al., 2018).
These findings implied that chronic HBV infection resulted in
the host’s immune disorder and dysregulation by upregulating
immune checkpoint molecules, including TIM-3, PD-1, CTLA-
4, and LAG-3 on T cells, that induced T-cell dysfunction in
chronic HBV infection. In addition, our results showed that
serum cytokines (IL-2, IL-4, and TNF-a) had a low trend
in chronic ASCs with HBeAg-negative in comparison with
HC, which were partially consistent with previous reports
(Ayada et al, 2006; Wang X. et al,, 2018; Zhong et al., 2021).
These cytokines play a critical role in regulating CD4/CD8*T
cell proliferation and differentiation and the production of
various specific antibodies to control persistent HBV infection
(Buschow and Jansen, 2021; Mak et al, 2021; Zhong et al,
2021).

Our study showed some interesting results, including
four important immune checkpoint molecules expressed on
CD4" T cells and their subsets in chronic ASCs with
HBeAg-negative. However, several limitations are listed in the
following. First, the sample size was relatively small. Second,
the function of these CD41 T cells and their subsets with
high expressions of the immune checkpoint molecules should
be explored by a large number of samples in further study.
The function of the co-inhibitory molecules on CD4% T
cells includes the cellular metabolism, cytokines secretion,
differentiation, and helper capacity for CD8'T cells and
B cells, which will be precisely explored by multi-omics
methods.

CONCLUSION

In summary, during chronic ASCs with HBeAg-negative
infection, CD4" T cells and their subsets, including Thl,
Th2, Th17, Tfh, and Treg cells, showed high expressions
of immune checkpoint molecules (TIM-3, PD-1, CTLA-
4, and LAG-3) and decreased the secretion of cytokines.
Currently, immune checkpoint-based therapies were used in
many diseases, including cancer types, autoimmune diseases, and
viral infections, which showed satisfactory curative effects for
patients and animals. Taken together, immune checkpoint-based
therapies have potential values for chronic ASCs with HBeAg-
negative. These findings could provide potential therapeutic
implications for chronic HBV infection by regulating CD4* T
cells’ functional therapy.
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Human adenovirus (HAdV) is a common virus, but the infections it causes are relatively
uncommon. At the same time, the methods for the detection of HAdV are varied, among
which viral culture is still the gold standard. HAdV infection is usually self-limited but
can also cause clinically symptomatic in lots of organs and tissues, of which human
adenovirus pneumonia is the most common. In contrast, human adenovirus hepatitis
is rarely reported. However, HAdV hepatitis has a high fatality rate once it occurs,
especially in immunocompromised patients. Although human adenovirus hepatitis has
some pathological and imaging features, its clinical symptoms are not typical. Therefore,
HAdV hepatitis is not easy to be found in the clinic. There are kinds of treatments to
treat this disease, but few are absolutely effective. In view of the above reasons, HAdV
hepatitis is a disease that is difficult to be found in time. We reviewed and summarized
the previously reported cases, hoping to bring some relatively common characteristics
to clinicians, so as to facilitate early detection, early diagnosis, and early treatment
of patients.

Keywords: human adenovirus, hepatitis, pathogenesis, pathology, therapy

INTRODUCTION

Human adenoviruses (HAdVs), the widespread pathogens of the Adenoviridae family, are non-
enveloped, double-stranded deoxyribonucleic acid (DNA) viruses. About 60 years earlier, HAdV
had been independently discovered by Rowe et al. and written by Hilleman et al. (1, 2).

Human adenovirus possesses a similar icosahedral capsid with a diameter of approximately
90 nm and contains the trimeric fibrin with variable length (3, 4). The capsid is wrapped in a tightly
packed viral protein and DNA genome (between 34 and 37 kbp), known as core (5, 6). HAdV
is divided into serotypes (1-104) together with single species (A-G) (Table 1; http://hadvwg.gmu.
edu/) through conventional serotype, viral DNA restriction enzyme digestion, sequencing, and the
serotype-specific PCR.

In immunocompetent individuals, HAdV infection usually causes upper respiratory,
gastrointestinal (GI), or conjunctival involvement. The vast majority of cases are self-restricting,
while in the immunocompetent hosts, fatal and disseminated infections are rare. HAdV can
sometimes result in serious infections in the immunocompromised individuals, for example,
hemorrhagic cystitis, gastroenteritis, pneumonia, encephalitis, nephritis, enterocolitis, hepatitis,
or the disseminated diseases, leading to the evident incidence rate and mortality. Some serotypes
can lead to more seeking infections, even to the death of immunodeficient infants and patients.
For instance, HAdV7, HAdV5, and HAdV3 are the causes of acute respiratory infections, and
the recently, the outbreak of HAdV7 at the rehabilitation center of New Jersey caused 11
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TABLE 1 | Current spectrum of known HAdVs.

A 12, 18, 31, 61

B 3,7,11, 14, 16, 21, 34, 35, 50, 55, 66, 68, 76-79

o} 1,2,5,6,57,89, 104

D 8-10, 13, 15, 17, 19, 20, 22-30, 32, 33, 36-39, 42-49, 51, 53,
54, 56, 58, 59, 60, 63, 64, 65, 67, 69-75, 80-88, 90-103

E 4

F 40, 41

G 52

The HAQV species (A-G) and types (104) belonging to individual species are indicated.

deaths (https://www.nj.gov/health/cd/topics/adenovirus.shtml),
whereas HAdV41 and HAdV40 are known to result in persistent
and acute gastroenteritis in children (7).

On account of their genetic heterogeneity, HAdV species have
very diverse tropism, leading to the infection of various tissues
and organs. Some of HAdV species E and D (HAdV-D) mainly
result in keratoconjunctivitis (EKC) (8), the infections of HAdV-
C, B, and A can cause GI, respiratory, and urinary diseases,
and the GI disease is also resulted from HAdV-E and F (9, 10).
Subgroup D adenovirus serotype is known for its tendency to the
eye, leading to epidemic EKC or conjunctivitis (11). Hepatitis is
mainly correlated with subgroup C serotypes (HAdV 5, 2, and
1), especially serotype 5 infection is related to the occurrence of
hepatitis in liver transplant recipients (12). In the following, we
will review HAdV and HAdV hepatitis.

EPIDEMIOLOGY OF HADV

Adenovirus infection can be resulted from latent virus
reactivation or contact with the infected individuals. Adenovirus
can be transmitted by the inhalation of infected aerosols,
person-to-person contact, fecal-oral route, direct conjunctival
inoculation, or contact with infected blood or tissue. Infections
occur at any time of the year without apparent seasonal (12),
despite the great majority of epidemics occurs in early spring
or winter (13). In the meanwhile, HAdV has a worldwide
distribution. The regional or local epidemics are described, but
many infections occur as sporadic events. HAdV is resistant to
numerous disinfectants; however, ethanol solution (95%) is a
useful disinfectant (14).

Adenovirus infections are most common in the healthy
children (especially children under 4 years) (15), adults in
the closed environment (such as military and college), and
immunocompromised patients. In immunocompetent people,
HAdV make up exceed 50% of pneumonia cases and febrile
respiratory illness (FRI) among the unvaccinated recruits, in the
United States, simultaneously globally (16).

In immunocompromised patients, adenovirus infections are
almost described in the recipients of solid organ transplantation
(SOT) together with hematopoietic stem cell transplant (HSCT).
In patients with human immunodeficiency virus (HIV) infection,
the incidence of HAdV infection is between 12 and 28%. Among
the recipients of HSCT, for the HAdV infection, its incidence is

between 3 and 47%. Available data indicate that the incidence rate
of allogeneic (from 5 to 47%) HSCT receptor is much greater than
that of the autologous HSCT receptor (between 2.5 and 14%)
(17, 18). Furthermore, the studies have shown that the adenoviral
infections are more prevalent in the patients containing acute
graft-versus-host disease (GVHD), severe T-cell depletion, cord-
blood donors, human leukocyte antigen (HLA) mismatch, and
patients who use of alemtuzumab (10). In addition, a wide
variety of SOT populations have been reported to be infected
with adenovirus, including those receiving liver, renal, heart,
intestinal, and lung transplants. The HAdV infection incidence
in the recipients of SOT is between 5 and 22%, generally within
the first 6 months after the transplantation. For the adenovirus
infection, its risk factors in the recipients of SOT contain liver
transplant and small bowel recipients, patients receiving anti-
lymphocyte antibodies, child transplant recipients, and patients
with recipient negative or donor positive adenovirus status (19).

The incubation period of HAAV infection is determined by the
transmission mechanism and virus serotype, between a few days
and more than a week. In patients with normal immune function,
the viral shedding from throat of patients with common cold
will fall off for about 1-3 days; the virus shedding from throat,
nose, eyes, or stool of patients with pharyngeal conjunctival fever
were for 3-5 days; the virus shedding from corneal conjunctivitis
eyes were for 2 weeks; the virus shedding from stool or throat of
children with systemic or respiratory diseases were for 3-6 weeks.
Despite the details of virus shedding in the immunocompromised
patients are restricted, the shedding time is generally longer. The
proposed positions of viral latency contain the intestine, pharynx
(adenoids and tonsils), lymphocytes, and urinary tract, despite
some of them are still controversial (20).

HIGH-RISK FACTORS OF HADV HEPATITIS

Hepatitis can be caused by a variety of causes. If not treated, it can
lead to liver transplantation, death, or acute liver failure (ALF).
Possible causes of hepatitis contain drugs, autoimmune hepatitis,
toxins, venous obstruction, ischemia, and metabolic together
with infectious causes, containing cytomegalovirus (CMV),
varicella zoster virus (VZV), hepatitis A to E, Epstein-Barr virus
(EBV), herpes simplex virus (HSV), and human adenovirus.
Although human adenovirus (HAdV) hepatitis was rarely been
reported, HAdV hepatitis can occur in immunocompromised
patients. First of all, we will mainly introduce the high-risk factors
of HAAV hepatitis.

In a recent study, 66% of the patients were patients with
pediatrics. This observation is very consistent with the outcomes
of a recent meta-analysis, which found that 64% of cases of
HAdV hepatitis occurred in children (21, 22). In the pediatric
setting, the most prevalent predisposing condition may be liver
transplantation. In the meantime, children may also develop
HAdV hepatitis in the process of immunosuppression after
the transplantation of hematopoietic stem cell, chemotherapy
for solid malignancies or lymphoblastic leukemia, and severe
combined immunodeficiency (SCID) (23).
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However, some studies have shown that the proportion of
HAAdV hepatitis in adult patients who are immunosuppressed
after the transplantation of hematopoietic stem cell is higher than
that in adult patients after liver transplantation (24, 25). Adults
are probably developed HAdV hepatitis when SOT other than
the liver or chemotherapy leads to immunosuppression (26). All
in all, in SOT recipients, most reported cases of HAdV hepatitis
appeared in the recipients of liver transplant. What is more,
it was reported that one patient was just given chemotherapy
about a year prior to the HAdV infection. Despite he was
not immunosuppressed actively, his residual lymphoplasmacytic
lymphoma was found to involve kidney, spleen, and bone
marrow at the autopsy, and HAdV infection was discovered in
his liver. It is well known that lymphoma may cause a certain
degree of immunosuppression (27). The study suggests that the
immunosuppression degree resulted from lymphoma is probably
enough to cause patients to develop the fatal HAdV hepatitis (22).

In conclusion, most risk factors for HAdV hepatitis include
SOT, human immunodeficiency virus infection, chemotherapy,
the transplantation of hematopoietic stem cell, SCID, and
lymphoma (21, 28).

PATHOGENESIS OF HADV HEPATITIS

Despite the human adenoviral hepatitis has been reported before,
it mainly appears in the manner of small series and individual
case reports and does not always emphasize the pathogenesis.
The infection of human adenovirus rarely leads to serious
pathological changes; however, the intravenous injection of
high-dose replication-deficient HAdV vector into the body of
patients will lead to rapid innate immune system activation,
resulting in disseminated intravascular coagulation, cytokine
storm syndrome, hepatotoxicity, and thrombocytopenia.
Meanwhile, HAdV-C5 vectors have high hepatic tropism, and
the intravascular administration of HAdV-C5 vectors can result
in acute liver toxicity. So, the pathogenesis of hepatitis caused by
HAdV-CS5 vectors can be partly represented the hepatitis caused
by HAAV.

In the article of Alemany et al, after intravenous virus
administration, virus particles can be isolated in endothelial
cells of splenic sinuses and liver, tissue macrophages, and
platelets via directly binding to the receptors of cell surface
(29, 30). In addition, tissue resident macrophages in the liver,
for instance, Kupffer cells, can also isolate a large number
of HAAV particles (31-33). Coagulation factors that contain
Gla domain can mediate the entry of virus into hepatocytes
through binding to the main viral capsid protein hexon
(34). These coagulation factors contain FX, FIX, and FVI,
and FX has the highest affinity with the HAdV-C5 hexon
(35). It had been proven that protein associated with LDL
receptor and heparan sulfate proteoglycan (HSPG) can mediate
the cell entry of the coagulation factor HAdV-C5 complexes
existed in vitro (36). Nevertheless, macrophages residing in
the tissues are only the first line of defense against the
invading pathogens, and the activation of innate immune system
sensors was triggered by these cells. Then, 10 min after the

HAdV-C5 intravenous injection, in the liver, the Kupffer cells
activated the transcription of proinflammatory cytokine IL-1a
(33). Subsequently, IL-1a is synthesized continuously, which
triggers the generation of pro-inflammatory cytokines depended
on IL-1RI, containing TNF-a and IL-6, as well as chemokines
CXCL2, CXCL1, and CCL2 (33). Then, IL-1a is constantly being
synthesized and triggers the generation of pro-inflammatory
cytokines depended on IL-1RI, containing TNF-a and IL-6, as
well as chemokines CXCL2, CXCLI, and CCL2 (33). In the
meantime, after the isolation of HAdV from blood, Kupfter
cells undergo necrotic death within 60 min after intravenous
injection of HAdV. For the death of necrotic Kupffer cell,
the result is the activation of systemic inflammatory response,
resulting in the release of pre-synthesized cytosolic IL-1a together
with other proinflammatory mediators, containing HMGBI,
in circulation (37). When necrotic cells are released, systemic
and local IL-1RI signals are initiated by IL-1a (38). Thus, IL-
la activation can also cause severe immunopathology of the
infected liver.

The cells of natural killer (NK) existed in a liver-directed
gene transfer mouse model were found to play a major role in
eliminating hepatocytes infected with the HAdV-C5-based vector
(39). Within 3 days after the intravenous injection of vector, NK
cells existed in the spleen were activated highly and expressed
IFN-c, glutamate B, and perforin. Besides, in the cells of NK, the
expression of the cytotoxic effectors is completely determined by
the functional IFN-I signal. The research has suggested that on
account of the lack of IFN-I signal, there is a cell population
dysfunction of NK and the prolonged duration of transgenic
hepatocytes infected by virus. Therefore, the removal of virus
infected cells from liver is principally mediated via the activated
cells of NK. The same research exhibits that viral infection cell
lysis mediated by NK cell requires the main NK cell activation
receptor NKG2D (40). NK cells mediate antiviral innate immune
responses by producing cytokines and dissolving infected cells
when activated (41-43). Activated NK cells help to control the
early stage of infection and promote the in-depth initiation for
the virus-specific immunity of CD8+ T-cell. In one study, the
aggravation of hepatocellular damage observed during human
adenovirus infection associated with a raising expression of IFN-
y and the CD8+ T-cell absolute numbers in liver (44). This
is in accordance with other liver infection models, where the
emergence of hepatocyte injury is related to the obtainment of
the effector function via CD8+ T-cells (45).

Combined with the previous studies, the indirect effect related
to immune damage is more important than direct effect of viral
infection. As a recent study shows that disseminated infections
caused by HAdV-C in immunocompromised hosts are known to
trigger severe acute inflammatory responses, which are manifest
in part by high blood levels of inflammatory cytokines and
chemokines, such as IL-1, IL-6, TNF-a, IFN-a/b, IFN-c, and IL-8
(46). While promoting virus-infected cells to be cleared from the
body, these inflammatory cytokines and chemokines aggravate
virus-induced inflammation, severe immune pathology, and
damage to healthy tissues, leading to multiple organ dysfunction
and even death. In addition, Fejer et al. have shown that
intravenous or intraperitoneal administration of HAdV-C2 or
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HAdV-C5 leads to the development of hypersensitivity to
secondary challenge of mice with lipopolysaccharide (LPS) (47).

PATHOLOGICAL FEATURES OF HADV
HEPATITIS

Histopathological assessment is the gold standard for diagnosing
the HAdV hepatitis. When tissues are infected with human
adenovirus, routine examination of eosin-stained and
hematoxylin slides can exhibit different degrees of regeneration,
reactivity, and inflammation. By in situ and immunoperoxidase
hybridization, we can confirm the presence of the virus in tissues
(such as liver) (19). Human adenovirus-infected cells (which
known as “smudge cells”) are a typical type of the intranuclear
inclusions containing thin cytoplasmic margins and large nuclei,
basophilic inclusions.

Recently, the research exhibited twelve human adenoviral
hepatitis cases, containing autopsy specimens and biopsy (22).
All of the above cases possessed histological evidence of liver
injury and laboratory or immunohistochemical (IHC) evidence
of the infection of active human adenovirus (e.g., electron
microscopy, polymerase chain reaction (PCR), virus culture, and
other additional approaches). The two pathologists review all
of the cases (KBS and JPTH), and all the cases were discussed
and agreed. They examined various morphological findings,
containing granulomatous inflammation, varying degrees of
necrosis, and the existence of inclusion bodies, lymphocytes,
and neutrophils.

In this paper, tissue sections of all the cases revealed non-
banded coagulative hepatocyte necrosis, and necrosis was divided
into spotty hepatocyte necrosis, submassive necrosis, and massive
necrosis, with a corresponding percentage of necrosis ranging
from <5 to 95%. Punctate hepatocyte necrosis was employed for
expressing the apoptosis or necrosis of isolated hepatocytes in
lobules, whereas massive necrosis referred to extensive necrosis
of nearly all or all normal liver lobules. The submassive necrosis
was applied for expressing a moderate number of necrosis,
generally manifested as confluent necrotic region. Despite this
necrosis is generally completely non-banded, half of the cases
confirmed raised involvement in the periportal area on the
biopsy specimens. On the contrary, autopsy revealed complete
non-banded necrosis. The change from extreme punctate, focal
necrosis to massive, and wide necrosis seems to be determined
by the progression and timing of HAdV infection as well as
sampling. Notably, the percentage of necrosis in this small
biopsy sample is probably underlying misleading on account
of the restrictions of sampling and the liver heterogeneous
involvement. Histological variations revealed that there exists
some anatomical heterogeneity in liver. In a case, despite
peripheral liver biopsy revealed only rare granuloma and focal
portal vein lymphocyte infiltration, the biopsy of discrete liver
lesions guided by simultaneous image observed via abdominal
MRI and CT exhibited a large number of intranuclear inclusions
and necrosis. A total of 33% of the patients with imaging reports
provided for review suggested heterogeneous or focal imaging
outcomes. Necrosis will also progress as the progresses of disease.

The comparison of autopsy specimen and biopsy specimen
patients indicated that the percentage of necrosis raised from 20
to 60% from the initial biopsy time.

In all cases in this paper, characteristic stains in hepatocytes
to inclusion bodies in vitreous nuclei were reflected in tissue
sections. These inclusions are most prevalent at the edge of the
necrotic region, however, sometimes scattered in lobules. Despite
these inclusions are nearly basophilic, a few cases suggest that
the inclusions have glassy eosinophilic regions. Well-developed
and particularly large inclusion bodies usually possess a central
eosinophilic glassy appearance, and basophilic chromatin is
marginalized. Besides, in a case (8%; 1/12), inclusion bodies were
also found in the bile duct epithelium. Adenoviral ascending
biliary hepatitis has formerly been reported to be associated
with the GI infection existed in the immunosuppressed
children, which may be the outcome of GI ascending infection
entering biliary tract (48). Nonetheless, there was few related
inflammations in most cases (58%, 7/12). If exists, inflammation
is lymphoid and focal, while no neutrophilic inflammation
was identified.

IMAGING CHARACTERISTIC OF HADV
HEPATITIS

Although the imaging characteristics of HAdV hepatitis are
often non-specific, radiology plays a more essential role in
the suspected patients with HAdV hepatitis, it is conducive to
exclude other causes. Non-specific images of magnetic resonance
imaging and computed tomography revealed periportal edema
and liver enlargement. The clear low attenuation regions and
uneven enhancement existed on the CT, whereas periportal
edema possessed high signal intensity regions on MRI T2-
weighted images (49). Among some patients with HAdV
hepatitis, we can also find multiple hypodense lesions or single
hypodense lesion in CT.

In one case, a biopsy guided by simultaneous image of a liver
lesion revealed massive necrosis, while the lesion was thought
to represent an abscess when it was first found on a CT scan
of the abdomen because of the lesion with an intrahepatic rim-
enhancing (22). In the same study, a patient’s lesion was mistaken
for cirrhosis by ultrasound because of the heterogeneously
necrotic appearance of the liver. Another patient was explicated
via CT scan as a lymphoma involving the liver. In fact, these
two patients were diagnosed with HAdV hepatitis. Similar
heterogeneous enhancement and clear low attenuation areas have
been described in the previous reports and were radiologically
mistaken for metastases, other infections, or hepatolenticular
degeneration (HLD) (24-26, 50). Therefore, these different
imaging findings and interpretations confirm the significance
of histological evaluation of liver biopsy. Simultaneously, it is
significant to be familiar with the most related key radiological
features and then combined with the key clinical information,
which is probably afforded sufficient information to describe the
characteristics of the lesion. In the end, we can also successfully
differentiate HAAV hepatitis from other diseases.
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DIAGNOSIS OF HADV

Human adenovirus can be detected through indirect or direct
immunofluorescence, routine or shell bottle culture, together
with the PCR of the infected sites (e.g., urine, stool, blood,
swabs, nasopharyngeal aspirates, bronchoalveolar lavage, and
washings) (51). The available diagnostic approaches for the
infections of adenovirus [e.g., electron microscopy, culture,
histopathology, detection of antibodies, direct antigen detection,
PCR, immunohistochemistry, and in situ hybridization (ISH)]
are determined by the collected samples and infection location.

Traditional or shell bottle culture is a gold standard, but
it may not be sensitive to some samples (e.g., blood) and is
probably take several days to induce the cytopathic effect (CPE).
Adenovirus-related CPE is typically expressed as the grapevine,
with irregular aggregates composed of enlarged circular cells
revealing characteristic refractable intranuclear inclusions. CPE
slowly develops and variations can be found within 28 days
after the inoculation, most of which occur in the first culture
week (12). The time of detection is determined by various
factors, containing the serotypes or adenovirus subsets, viral load
inoculated, culture condition, or cell lines utilized.

The electron microscopy can be employed for identifying
the HAdV, particularly in stool. What is more, immunoelectron
microscopy can improve the detection sensitivity. Generally
speaking, although the number of enteric adenoviruses in stool
is much larger than the number of isolates of respiratory
adenovirus, in the stool, the existence of adenovirus cannot
diagnose GI diseases. In the past, these approaches for the
identification of adenovirus in the clinical specimens (especially
GI specimens) were a main method, but their convention use has
decreased in the past several years.

Histopathological evaluation is still a gold standard for
diagnosing the diseases of invasive adenovirus. This technique for
the detection of adenovirus has been described above.

Fluorescent antibody (FA) detection can be employed for
the direct detection (generally from the respiratory samples),
simultaneously for identifying virus isolates cultured by shell
bottle method and traditional methods. Despite FA is extensively
utilized, its sensitivity is restricted, especially in detecting the
double infection (52).

Adenovirus nucleic acid can be determined through a variety
of molecular approaches. Since the N-terminal area of hexagonal
gene and trans-activated area of E1A are very conservative
between serotypes, primers for these areas are generally utilized
for PCR detection (53).

Polymerase chain reaction is an extensively utilized approach
to detect the adenovirus through amplifying and determining
virus genome, which greatly replaces the virus culture together
with other old diagnostic approaches (10). Through polymerase
chain reaction, we can test stool, blood, respiratory secretions,
and tissue specimens. Quantitative and qualitative PCR
approaches can be utilized. Simultaneously, PCR possesses high
rapidity and sensitivity. A novel molecular detection approach
known as immune-PCR is expected to improve the sensitivity
of fecal detection owing to it eliminates the requirement for
extracting the nucleic acid (54).

Immunohistochemical staining can determine the HAdV
hexagonal antigen existed in the tissue (55). In ISH together with
IHC technologies for detecting the adenovirus is conducive to
identify the infection of HAAV in tissue sections and enhance the
sensitivity as an auxiliary means of morphological examination.
In the meantime, they may localize disease and provide evidence
for causality (56).

Although the sensitivity of instance electron microscopy is
low, the specificity is high. The sensitivity of direct antigen
detection is lower than the specificity. On the contrary, the
sensitivity of detection of antibodies is higher than the specificity.
Combining ISH with immunohistochemistry techniques for the
detection of adenoviruses can increase the sensitivity. PCR’s
both sensitivity and specificity are high. The sensitivity and
specificity of culture and histopathology are also high, but they
are more time-consuming and laborious. In conclusion, despite
HAdV-positive detection may be regarded as the diagnosis of the
adenovirus infection in a proper clinical environment, PCR of
infection site or pathological evidence of the invasive adenovirus
disease is still required to determine causality.

CLINICAL FEATURES OF HADV INFECTION

Respiratory Tract Involvement

Human adenovirus makes up at least 5-10% of childhood
infections and 1-7% of the adult respiratory infections (RTIs)
(12). For the HAdV RTI, its characteristic symptoms consist
of fever, cough, tonsillitis, and pharyngitis. Among children,
GI symptoms may be present concomitantly (57). Symptoms
are usually self-limiting (within 2 weeks) in immunocompetent
patients, and infection can lead to the type-specific immunity.
Nonetheless, pneumonia appears in 20% of infants and
newborns, and death from HAdV pneumonia has been expresses
in formerly healthy adults or children (58). In 10-30% of
cases, immunocompromised persons may develop into severe
respiratory failure and/or transmission, and mortality rate of
severe HAdV pneumonia may be as high as 50% (59).

Ocular Involvement

Manifestations of ocular HAdV infection consist of non-specific
conjunctivitis, pharyngeal conjunctival fever, and EKC (60).
The most prevalent species related to the ocular mucosa
acute infection is HAdV-D, which causes the clinical ocular
pathogenesis, whereas HAdV-D is reported to be related to EKC
outbreak, which may induce vision loss, recurrent, or chronic
keratitis. David Dyer, Xiaohong Zhou, Ashrafali Mohamed
Ismail, James Chodosh, Jaya Rajaiya, and Donald Seto expressed
the clinical pathology for this disease and the virus molecular
phenotype inducing the epidemic EKC (8). What is more,
conjunctivitis occurs predominantly with HAdV-B (61).

Gl Infection

Acute HAdAV infections of the GI tract occur predominantly
with HAdV-F (notably HAdV-40 and—41) and can cause a
lot of symptoms, containing hemorrhagic colitis, diarrhea,
gastroenteritis, pancreatitis, cholecystitis, and hepatitis (62). Even
if the major position of the infection is respiratory tract, HAdV
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infections can also cause GI symptoms, particularly in young
children (15). The researches have indicated that most invasive
infections seem to be induced via the reactivation of virus.
Adenovirus persists in children’s GI tract. Intestinal epithelium
is the major position of virus replication, which precedes the
invasion event. As a result, regular monitoring of the existence
and load of adenovirus in the fecal samples has become the
main diagnostic approach of patient monitoring. However, the
site of reactivation in the adult setting is unclear. Hence,
peripheral blood sample monitoring is a conversion method for
the adult patients.

Urinary Tract Infection

In patients undergoing HSCT and SOT, HAdV can induce
urinary tract infections (UTIs). Its classical manifestations
contain hematuria, dysuria, the dysfunction of renal
transplantation and hemorrhagic cystitis (HC) (63). Despite
there have been reports of dialysis-dependent or fatal renal
failure, obstructive uropathy, necrotizing tubulointerstitial
nephritis, and fatal dissemination, HAdV UTIs usually abate
spontaneously. Most common species associated with HC is
HAdV-B, including HAdV-11, -34, -35, -3, -7, and -21 (64).
Diagnosis can be confirmed through culture or PCR in serology
or urine, and the viral infection of the renal tubular epithelial
cells containing intranuclear inclusions and stained cells was
demonstrated by renal biopsy.

Liver Infection

We almost reviewed all case reports in the recent 10 years and
summarized the liver function index of these patients (22, 23,
26, 65-75). The average of ALT was 1,607 U/L, with a range
from 87 to 9,150 U/L. The average of AST was 4,671 U/L,
with a range from 76 to 16,050 U/L. The average of TBIL
was 6.2 mg/dL, with a range from 0.4 to 31.3 mg/dL. The
average of ALP was 820 U/L, with a range from 123 to 2,802
U/L. The average of y-glutamyltransferase was 790 U/L, with
a range from 98 to 1,563 U/L. In a case report written by
Kawashima et al., their observation raises the possibility that
elevated y-glutamyltransferase could be a sentinel marker for
HAJdV hepatitis. In subsequent studies by Onda et al., they also
suggest that an increase in yGTP (100 IU/L or more) appears
more than 2 weeks before the onset of hepatitis may be useful
for the early diagnosis of HAdV hepatitis. All in all, adenovirus
hepatitis is more common in children, the elderly, and adults
with compromised immune systems than other types of hepatitis,
and its onset is more acute. In other viral hepatitis, except viral
hepatitis A and E often cause acute hepatitis, viral hepatitis B,
C, and D usually cause chronic hepatitis. On the laboratory
examination, adenovirus hepatitis shows markedly elevated liver
enzymes, which should be differentiated from drug-induced liver
injury. In addition, the other clinic features of HAdV hepatitis
will be described below.

Other Disease

Despite 10-30% of HSCT recipients develop the disseminated
disease with the infection of HAdV, in the immunocompetent
hosts, disseminated infection of HAdV is rare (76). At the

same time, rare manifestations for the infection of HAdV
contain  cardiomyopathy and myocarditis, meningitis,
encephalitis, ~ pulmonary  dysplasia, = mononucleosis-like
syndrome, sudden infant death, and intussusception in
children (77).

THERAPY OF HADV HEPATITIS

The first and most significant treatment is still the reduced
immunosuppression and supportive care. Nevertheless, there
do not exist consensus on which immunosuppressive drugs to
stop or decrease and the time to restart immunosuppression.
Remission of viremia after reduction of immunosuppression
shows the significance of the immune recovery during infection
(78, 79). On the other hand, it is difficult to identify the primary
cause that is on account of an increase in antiviral therapy and
a decrease in immunosuppression or the combination of these
treatments in the resolution of the disease (80).

Timely initiation of antiviral therapy is necessary to prevent or
successfully control human adenovirus hepatitis. The currently
available immunotherapy and agents against HAdV based on the
nucleoside analogs are not supported through the randomized
prospective clinical experiment of brincidofovir and cidofovir
(cidofovir’s lipid-conjugated prodrug) that seem to be useful for
treating progressive, disseminated and severe human adenovirus
diseases, which include HAAV hepatitis.

Despite cidofovir is a cytosine nucleotide analog, which
suppresses the viral DNA polymerase, has been reported that
its efficacy depends partly on patients’ partial immune recovery,
the most commonly used antiviral medicant is still cidofovir.
Meanwhile, cidofovir has main side effects, including severe
nephrotoxicity and neutropenia. So, the side effects of cidofovir
limit its wide application in clinic.

In comparison with cidofovir, brincidofovir has less renal
toxicity and has better oral biological availability and enables
administration once or two times a week. Although brincidofovir
also has some toxic side effects, such as GI symptoms, it is the
most effective anti-adenoviral medicant. The recent studies used
the lipid conjugate of cidofovir to give a preemptive treatment
in patients with HAdV and reveal promising outcomes, namely,
the drug allows a considerable proportion of patients to clear
HAAYV, even without the reconstitution of immune (81, 82). A few
reports have emphasized the life-saving potentiality of this drug
for the immunocompromised patients (83, 84).

Ribavirin is a type of nucleoside analog that appears to possess
an antiviral activity only against HAdV-c (serotypes 6, 5, 2,
and 1) (85). However, the significant anti-adenovirus activity
of ribavirin in patients is uncertain, and its main side effect
is anemia. All in all, ribavirin is not recommended to treat
serious HAdV infections. Ganciclovir is a common antiviral
drug, but it needs the phosphorylation to reach the active
condition. Nevertheless, human adenovirus is unreasonable to
treat adenovirus infection owing to the lack of thymidine
kinase (86). The efficacy of other commonly used drugs, which
include foscarnet and vidarabine, in treating HAdV hepatitis is
highly questionable.
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Besides  using  antiviral = medicant, intravenous
immunoglobulin may be beneficial, especially in patients
with hypogammaglobulinemia. In addition to the treatments
described above, immunotherapy (for instance the adoptive
transfer for the treatment of HAdV-specific T cells) has been
employed for exceeding 10 years to combat invasive HAdV
infections that do not respond to virostatic drugs (87). This is
an adoptive immunotherapy that could result in a polyclonal
T-cell graft, containing enriched numbers of HAdV-specific
CD4+ and CD8+ T cells. Additionally, it would be better
that making a transfer of specific T cells before the onset
of symptoms and increasing viral load. The potential side
effect of adoptive T-cell immunotherapy is GVHD. Because
the isolation procedure is an enrichment of virus-specific T
cells and it may result in a mixed population with a potential
contamination of alloreactive T cells, which carry the risk of
GVHD induction and aggravation of viral infections. Several
studies have suggested that the existence of HAdV-specific T
cells and immune reconstitution are very significant to clear the
infection of HAdV, which gives a foundation for the treatment
of human adenovirus infection (88-90). The initial studies
had shown that timely initiation for the treatment is especially
significant for controlling the infection of HAdV successfully.
Proper immune cells from various sources have been investigated
(87). Except for a variety of methods of separating HAdV-specific
T cells from their respective SCT donors, other sources of
virus-specific T cells were employed, containing T-cell line
libraries constructed from healthy donors revealing prevalent
HLA polymorphisms or partial HLA-matched third-party
donors (87, 91-95). The clear link between successful virus
control and timely immunotherapy initiation supports the
concept of affording an off-the-shelf supply of HAdV-specific T
cells (96, 97). Simultaneously, in the recipients of child SCT, the
average time span between the first onset of adenoviremia and
HAdV amplification exceeding critical threshold in continuous
stool samples was as long as 11 days (98). During this time,
separation and amplification of Don-induced HAdV-specific
T cells can also be adoptive transferred after or before viremia
(92). Specifically, in high-risk groups, it can be imagined to
produce the virus-specific T cells prior to allogeneic SCT to
guarantee access to the targeted immunotherapy timely. In
conclusion, immunotherapy is an important part of combating
HAdV infection in immunocompromised patients because of
the current limitations of antiviral drugs.

SUMMARY OF HADV HEPATITIS CASE
REPORT

In 2014, Ronan et al. published a review on the adenoviral
hepatitis clinical characteristics, containing the follow-up reports
as of July 2021. A number of 107 adenoviral hepatitis cases have
been reported in the literature (21-23, 26, 65-74). Next, we will
summarize these cases briefly.

Of the 107 confirmed HAdV hepatitis cases, the great
majority of the patients were children under the age of 18,
and the proportion was 61% (Table2). In contrast, 42 were

adults. There were slightly more male patients than female
patients. In our study, the recipients of liver transplant and bone
marrow transplant are 48 and 27 cases, respectively, 15 cases
received chemotherapy recently, and five cases were patients
with serious combined immunodeficiency. Compared with the
Ronan’s article, the number of patients receiving bone marrow
transplant has increased, probably because of hematology science
is now better developed. HAdV hepatitis caused by other
diseases does not change significantly from the past, except
for the addition of one patient who was underlying chronic
lymphocytic leukemia (CLL). Diagnosis of HAdV hepatitis was
made by patients’ liver biopsy or on autopsy. The method used
to identify adenovirus has been described above. Among 107
patients, the most common method was immunohistochemistry
in the liver tissue. In the meantime, viral culture was also
commonly used. The application ratio of these two methods
was 62 and 61%, respectively, while the application proportion
of electron microscopy was 45%. Comparatively speaking, PCR
and ISH were relatively less used. Liver necrosis is the most
prevalent histopathological manifestation. The stain cells and
viral inclusion bodies could also be found in liver histopathology.
Additionally, the initial symptom was fever in 84 patients. Other
prevalent symptoms when present contained discomfort or
drowsiness, jaundice, and diarrhea. In some situations, alkaline
phosphatase, alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) also rapidly increased. Abdominal CT
scan revealed that 15 of the 19 patients had multiple low-density
lesions, while a single hypodense lesion was found in 3 of these
patients. However, few positive findings were in CT imaging,
suggesting the concealed of HAdV hepatitis.

In 107 cases, only 59 patients’ treatments were accurately
described, while the most useful treatment was reduced
immunosuppression (Table2). Of the 27 patients, the
only improvement of treatment the decrease of
immunosuppression, of which 15 survived. A number of
eight other patients with antiviral drugs (ribavirin or cidofovir)
and immunosuppressants also survived. Among the 12
patients, 6 were successful in liver transplantation. Intravenous
immunoglobulin therapy alone or cidofovir therapy alone was
unsuccessful in all 6 patients of HAdV hepatitis, while 2 of 3
patients survived using IVIG and cidofovir together. It was
unfortunate that the overall prognosis for patients with hepatitis
HAAV is poor, with only 30 of 107 published cases (28%)
surviving. In conclusion, the great majority of HAdV hepatitis
cases are fatal. The hepatitis of HAdV has few characteristic signs
and symptoms, but it is generally hard to diagnose and delayed
treatment is not uncommon.

was

CONCLUSIONS

Among viral infections, human adenovirus infection is relatively
rare, but HAdV infection is also of great clinical significance.
Among immunocompetent patients, HAdV infection usually
causes upper respiratory, GI, or conjunctival involvement, and
the most cases are self-limited. In contrast, disseminated and
severe infections (e.g., pneumonitis, gastroenteritis, hemorrhagic
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TABLE 2 | Characteristics of 107 patients with HAdV hepatitis.

TABLE 3 | Characteristics of HAdV hepatitis.

Basic conditions Number of Proportion
patients of patients
Age
Pediatric (0-17) 65 61%
Adult (>18) 42 39%
Gender
Male 42 54%
Female 36 46%
Underlying condition
Liver transplant 48 45%
Bone marrow transplant 27 25%
Chemotherapy 15 14%
SCID 5 4%
HIV infection 4 4%
Renal transplant 2 2%
Heart transplant 2 2%
Neonates (no known comorbidity) 2 2%
CLL 2 2%
Method of adenovirus detection in the liver (N = 107)
Immunohistochemistry 66 62%
Culture 65 61%
Electron microscopy 48 45%
Polymerase chain reaction 16 15%
In situ hybridization 4 4%
Liver histopathology (N = 82)
Necrosis 72 88%
Intranuclear inclusions 55 67%
Smudge cells 21 26%
Presenting symptoms (N = 92)
Fever 84 91%
Lethargy/malaise 22 24%
Diarrhea 13 14%
Jaundice 8 9%
CT imaging findings (N = 19)
Multiple hypodense lesions 15 79%
Single hypodense lesion 3 16%
Normal 1 5%
Outcome (N = 107)
Survival 30 28%
Death 7 72%
Treatment (N = 59) Number of Survival
patients
Reduced immunosuppression 27 15
Reduced immunosuppression + antiviral 9 cidofovir 7
2 ribavirin 1
Liver re-transplantation 12 6
Cidofovir + IVIG 3 2
IVIG alone 4 0
Cidofovir alone 2 0

cystitis, nephritis, encephalitis, and enterocolitis) are more
common among immunocompetent patients. However, HAdV

Inhalation of infected aerosols
Person-to-person contact

Fecal-oral route

Direct conjunctival inoculation
Contact with infected blood or tissue

The route of
infection

Methods of
detection

Instance electron microscopy
Culture

Histopathology

Detection of antibodies
Direct antigen detection
Polymerase chain reaction
Immunohistochemistry

In situ hybridization

Treatment Reduced immunosuppression

Reduced immunosuppression + antiviral drug (cidofovir/
ribavirin)

Liver re-transplantation

Cidofovir + IVIG

IVIG alone

Cidofovir alone

Brincidofovir

Adoptive transfer of HAdV-specific T cell therapy

hepatitis is uncommon, the common causes of hepatitis contain
drugs, venous obstruction, ischemia, autoimmune hepatitis,
toxins, and metabolic cause together with infectious causes,
involving CMV, VZV, hepatitis A-E, EBV, and HSV. In our
review, we mainly introduced human adenovirus hepatitis.
And we summarize some characteristics of HAdV hepatitis
(Table 3). The high-risk factors of HAdV hepatitis include SOT,
the virus infection of human immunodeficiency, chemotherapy,
the transplantation of hematopoietic stem cell, SCID, and
lymphoma. The review of reported cases with HAdV hepatitis
shows that the most common risk factor is liver transplantation.
With the development of hematology science, the number of
patients receiving bone marrow transplant has increased, and
the proportion of this factor is also increasing. There are few
studies on the pathogenesis of human adenovirus hepatitis,
but they mainly focus on the study of adenovirus vector-
induced liver disease. According to the current reports, we found
that NK cells and CD8+ T cells play a major effect in the
elimination of hepatocytes that infected with vector based on
HAdV-C5. We expect that there are more innate and adaptive
immunity studies related to HAdV hepatitis in the future. Now,
the available diagnostic methods of HAdV include culture,
electron microscopy, histopathology, detection of antibodies,
direct antigen detection, PCR, immunohistochemistry, and ISH.
Surprisingly, there is an even newer detection method, next-
generation sequencing, which can help to type adenoviruses.
In an appropriate clinical setting, a positive next-generation
sequencing (NGS) test can be considered a diagnosis of
adenovirus infection. So far, few cases that used NGS to
detect HAAV have been reported, and the effectiveness of this
method remains to be observed. Histopathologic assessment
is a gold standard for diagnosing the HAdV hepatitis, and
the histopathologic features include hepatic necrosis, viral
inclusions, and smudge cells. For the HAdV hepatitis, its imaging
characteristics are generally non-specific, but radiology exerts a
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more significant effect in suspected patients with HAdV hepatitis
and is conducive to eliminate other causes. In our review, we
can find multiple hypodense lesions or single hypodense lesion
in CT among some patients with HAdV hepatitis. However, the
positive findings are still relatively rare and are still not supported
by large sample data. In terms of treatment, despite the presently
available anti-HAdV drugs based on the nucleoside analogs
are not supported through the prospective randomized clinical
trials, antiviral medicant is partly useful. Besides, intravenous
immunoglobulin and immunotherapy (e.g., adoptive transfer
of HAdV-specific T-cell therapy) may be beneficial. More
importantly, reducing immunosuppression is necessary. In the
end, 107 human adenovirus hepatitis cases reported in the
literature were gathered. We find that the clinical symptoms of
HAJV hepatitis are not typical, and the most common symptom
is fever. Other symptoms include lethargy or malaise, diarrhea,
and jaundice. In some situations, alkaline phosphatase, ALT, and
AST also rapidly increased. Generally speaking, HAdV hepatitis
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Background: Viral hepatitis is a widespread and serious infectious disease, and most
patients with liver cirrhosis and hepatocellular carcinoma are prone to viral infections.
T cell immunoglobulin-and mucin-domain-containing molecule-3 (Tim-3) is an immune
checkpoint molecule that negatively regulates T cell responses, playing an extremely
important role in controlling infectious diseases. However, reports about the role of
serum soluble Tim-3 (sTim-3) in hepatitis virus infection are limited. Therefore, this study
explored changes in sTim-3 levels in patients infected with hepatitis B virus (HBV),
hepatitis C virus (HCV), and hepatitis E virus (HEV).

Methods: This study applied high-sensitivity time-resolved fluorescence immunoassay
for the detection of sTim-3 levels. A total of 205 cases of viral hepatitis infection (68
cases of HBV infection, 60 cases of HCV infection, and 77 cases of HEV virus infection)
and 88 healthy controls were quantitatively determined. The changes in serum sTim-3
level and its clinical value in hepatitis virus infection were analyzed.

Results: Patients with HBV infection (14.00, 10.78-20.45 ng/mL), HCV infection (15.99,
11.83-27.00 ng/mL), or HEV infection (19.09, 10.85-33.93 ng/mL) had significantly
higher sTim-3 levels than that in the healthy control group (7.69, 6.14-10.22 ng/mL,
P < 0.0001). Patients with hepatitis and fibrosis infected with HBV (22.76, 12.82-
37.53 ng/mL), HCV (33.06, 16.36-39.30 ng/mL), and HEV (28.90, 17.95-35.94 ng/mL)
had significantly higher sTim-3 levels than patients with hepatitis without fibrosis (13.29,
7.75-17.28; 13.86, 11.48-18.64; 14.77, 9.79-29.79 ng/mL; P < 0.05).

Conclusion: sTim-3 level was elevated in patients infected with HBV, HCV, or HEV and
gradually increased in patients with either hepatitis or hepatitis with hepatic fibrosis.
It has a certain role in the evaluation of the course of a disease after hepatitis
virus infection.

Keywords: viral hepatitis, liver fibrosis, soluble Tim-3, time-resolved fluorescence immunoassay, diagnostic value
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INTRODUCTION

Hepatitis virus infection is one of the major public health
concerns globally with high mortality and morbidity, affecting
hundreds of millions of people (1). In addition to hepatitis A
virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV),
hepatitis D virus (HDV), and hepatitis E virus (HEV) cause
chronic infections. HBV and HCV are the main causes of
chronic diseases and liver cancer (2). Viral hepatitis is caused
by the complex interaction between the replication of the
hepatitis virus and the host immune response (3). CD8 + T
cells play an important role in immune response to viral
infections. In acute hepatitis virus infection, CD8 + T cells
mainly eliminate the virus by producing tumor necrosis factor-
o (TNF-a) and interferon-y (IFN-y) (4). In chronic hepatitis
infection, as infection progresses, the effector functions of T
cells gradually decrease (including the reduction of proliferation
and cytotoxicity), and their ability to produce IL-2, TNF-a,
and IFN-y decreases (5, 6). That is, CD8 + T cells show
a depleted phenotype. The degree of depletion of hepatitis
virus-specific CD8 + T cells showcase varying clinical results
(7-10).

T cell immunoglobulin-and mucin-domain-containing
molecule-3 (Tim-3) is a type I transmembrane protein that
negatively regulates immune response and is involved in the
dysfunction and failure of CD8 + T cells in HBV and HCV
infections (11). Tim-3 expression increases in HBV/HCV-
specific CD8 + T cells, and this increase is related to the
failure of CD8 + T cells in patients with HBV/HCV infection
(12-15). In addition, the combination of Tim-3 and its ligand
galectin-9 can increase the expression level of the Tim-3 protein
during the activation of regulatory T (Treg) cells, and the
increase in Tim-3 level can induce helper T lymphocyte 1
(Thl) cell apoptosis and inhibit Thl-type immune response,
thereby regulating Th1/Th2 balance in patients with hepatitis
B (13, 16). The immune function of membrane-bound Tim-3
during chronic HBV and chronic HCV infection and its role
in diseases has been explored, but the clinical importance
of changes in serum soluble Tim3 (sTim-3) levels during
viral hepatitis, especially HEV infection, remains unclear.
Therefore, this study detected the level of sTim-3 in the serum
of patients with different viral hepatitis infections (HBV, HCV,
and HEV), and analyzed the diagnostic value of serum sTim-3
in these patients.

PATIENTS AND METHODS

Serum Samples

A total of 205 patients with hepatitis virus infection from
Zhejiang Xiaoshan Hospital and Wuxi NO.5 People’s Hospital
were included in the study. Patients comprising 68 patients
infected with HBV (46 patients with hepatitis and 22 patients
with hepatitis and fibrosis), 60 patients infected with HCV
(47 patients with hepatitis and 13 patients with hepatitis and
fibrosis), and 77 patients infected with HCV (50 patients
with hepatitis and 27 patients with hepatitis and fibrosis). In

addition, 88 healthy individuals were also included in the study.
The samples were included in two batches successively. The
first batch included 50 healthy people, 90 hepatitis patients,
and 32 patients with hepatitis and fibrosis. The first batch
was included from 2020.1 to 2020.6. The second batch was
included 38 healthy people, 53 hepatitis patients, and 30
patients with hepatitis and fibrosis. The second batch was
included from 2020.7 to 2020.12.The healthy control group
was composed of adults who came to the hospital for physical
examination and had no history of liver disease and were
negative for HBV, HCV, and HEV infections. A total of 68
patients tested positive for hepatitis B surface antigen positivity,
60 patients tested positive for anti-HCV IgG positivity, and 77
patients tested positive for anti-HEV IgG positivity. Patients
with hepatitis and fibrosis had undergone liver biopsy with
significant fibrosis (METAVIR status F3-F4; F3, numerous
septa without cirrhosis; and F4, cirrhosis). A complete medical
history was taken and physical examination carried out in all
patients and controls. Exclusion criteria were HIV infection,
HAV infection, auto-immune hepatitis, non-alcoholic fatty
liver diseases (excluded based on histopathological findings),
patients with uncontrolled psychiatric disorders, cardiac diseases
(cardiomyopathy, arrhythmias, ischemia, myocarditis and
significant valvular disease), severe comorbid diseases (renal
failure, hypertension), congenital liver disease, a history of
alcohol intake and pregnancy.

Serum collection and storage: venous blood (5 mL) was
collected from each participant and centrifuged at 4,000 rpm
for 10 min. The supernatant (serum) was stored at —80°C for
subsequent use. Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), albumin (ALB), hyaluronic acid (HA),
direct bilirubin (Dbil), hepatitis B surface antigen (HBsAg), and
total bilirubin (Tbil) were provided by the hospital.

The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. Written informed consent was
obtained from all patients and the study was approved by the
hospital’s ethics committee (approval no. 2020-023-1).

Detection Methods

Reagents and instruments: two monoclonal antibodies against
different Tim-3 epitopes (capture and detection antibody),
and Tim-3 antigen were purchased from Sino Biological Inc.
(Beijing, China). The enhancement solution was provided by
Zhejiang Boshi Biotechnology Co., Ltd., ProClin-300, Tris,
Sephadex-G50, bovine serum albumin (BSA), and other reagents
were purchased from Shanghai Xibao Biotechnology Company
(Beijing, China).

A time-resolved immunofluorescence analyzer was purchased
from Foshan Daan Medical Equipment Co., Ltd., and 96-
well plates were purchased from Xiamen Yunpeng Technology
Development Co., Ltd.

Buffer compositions: coating buffer (50 mmol/L Na,COs3-
NaHCOs3; pH 9.6); elution buffer (50 mmol/L Tris-HCI, 0.2%
BSA, and 0.05% ProClin; pH 7.8); washing buffer (50 mmol/L
Tris-HCI, 0.9% NaCl, 0.02% Tween-20, and 0.01% Proclin300;
pH 7.8); blocking solution (50 mmol/L Tris-HCI, 0.9% NaCl,
1% BSA, and 0.05% NaN3; pH 7.8); labeling buffer (50 mmol/L
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Na,CO3-NaHCOs3; pH 9.0); analysis buffer (50 mmol/L Tris-
HCI, 0.9% NaCl, 0.5% BSA, 0.0008% DTPA, 0.0005% PHloxine
B, 0.01% Tween-40, and 0.05% Proclin300; pH 7.8).

TRFIAs double antibody sandwich method for sTim-3

detection. The experimental steps were as follows (17):

e (1) Antibody coating: the capture antibody was diluted to
2 pg/mL with coating buffer, and 100 pwL of the diluted
capture antibody solution was added to each well of the
96-well plate and overnight at 4°C. The plate was washed
once with washing buffer, and 150 wL of blocking solution
was added to each well. After blocking at room temperature
for 2 h, the blocking solution was discarded. After drying,
stored at —20°C until further use.

e (2) Labeling antibody: 300 g of the detection antibody was
added to an ultrafiltration tube. Through ultrafiltration, the
buffer of the antibody to be detected was converted into
a labeling buffer with pH 9.0. The collected antibody was
mixed with 30 pL of 2 mg/mL diethylenetriaminetriacetic
acid (DTTA)-Eu?*, and the mixture was incubated at
30°C overnight. The next day, the labeled antibody was
purified with Sephadex G50 and elution buffer. Finally, the
Eu®*-labeled antibody (Eu®*-McAb) was collected and
stored at —20°C.

e (3) The sTim-3 antigen was diluted with analysis buffer to
different concentrations (6.25, 12.5, 25, 50, and 100 ng/mL),
and a concentration of 0 indicated the standard buffer.

e (4) Determination of sTim-3 concentration in serum: 100
nL of standard solution or serum sample were added to
a 96-well microtiter plate coated with anti-Tim-3 capture
antibody. The plate was incubated at 37°C with shaking
for 1 h and washed twice with washing buffer. Then,
100 L of Eu*T-McAb (diluted 1:1000 with assay buffer)
was added to each well, incubated at 37°C for 1 h, and
washed six times with washing buffer. Approximately 100
L of enhancement solution was added to each well, and
the plate was incubated with shaking for 3 min. Finally,
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FIGURE 1 | sTim-3 content in uninfected v/s in patients infected with HBV,
HCV, and HEV. *P < 0.05; ***P < 0.0001.

TABLE 1 | Logistic analysis of factors influencing hepatitis or liver fibrosis after HBV, HCV and HEV infection.

Controls vs. HEV

Controls vs. HCV

Controls vs. HBV

95%CI

P OR

Wald

S.E

P OR 95%CI

Wald

S.E

P OR 95%CI

Wald

S.E

0.391 0.216 0.642 0.834 0.387-1.795

-0.018

0.253-0.986
0.978-1.025

4.003 0.045 0.499
0.012 1.001

0.347

—0.695

0.053-0.286
0.948-0.990

—2.092 0.429 23.813 <0.0001 0.123
0.011 0.948

—0.032

Gender

0.014  2.926 0.087 1.024  0.997-1.052

0.024

0.914

0.012

0.001
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FIGURE 3 | Levels of sTim-3 in normal individuals, patients with hepatitis, and
patients with hepatitis and fibrosis. ****P < 0.0001.

a time-resolved immunofluorescence analyzer was used to
measure the fluorescence counts.

Statistical Analysis

Data were expressed as median or quartile. Statistical analysis was
performed using SPSS software version 21.0 (IBM Corporation,
Armonk, NY, United States). Mann-Whitney test was performed
for the comparison of serum indicator levels in the patients
v/s controls. Binary regression was used to analyze influencing
factors. The correlations among the values were determined by

calculating Spearman’s correlation coefficient. GraphPad Prism
(GraphPad Software Company) was used in drawing the receiver
operating characteristic (ROC) curve for the determination of the
best cutoff value of sTim-3 level and evaluation of the sTim-3
performance in distinguishing between the hepatitis and hepatitis
with fibrosis groups.

RESULTS

Association of Serum Soluble Tim-3

Levels in Hepatitis B Virus, Hepatitis C
Virus, and Hepatitis E Virus
Infection-Associated Disease Conditions
Figure 1 shows that the sTim-3 concentrations in patients
infected with HBV (14.00, 10.78-20.45 ng/mL), HCV (15.99,
11.83-27.00 ng/mL), or HEV (19.09, 10.85-33.93 ng/mL) were
significantly higher than those in the healthy controls (7.69, 6.14-
10.22 ng/mL, P < 0.0001). The sTim-3 concentrations in the
HEV-infected patients were significantly higher than those in the
HBV-infected patients (P < 0.01).

Logistic Analysis of Factors Influencing
Hepatitis or Liver Fibrosis After Hepatitis

B Virus, Hepatitis C Virus, and Hepatitis

E Virus Infection

Table 1 showing occurrence of hepatitis with or without fibrosis
as the outcome variable, with gender, age, ALT, AST, ALB, Dbil,
and sTim-3 levels as independent variables for logistic regression
analysis. ALT (OR = 1.060, P < 0.0001; 1.047, P = 0.001;
1.052, P < 0.0001), AST (OR = 1.153, P < 0.0001; 1.138,
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TABLE 2 | Laboratory parameters of patients with hepatitis and hepatitis with liver fibrosis caused by HBV, HCV, and HEV infections.

HEV

HCV

HBV

Controls

Variables

Hepatitis Hepatitis + Fibrosis Hepatitis Hepatitis + fibrosis

Hepatitis + fibrosis

Hepatitis

9/18
59.00 (51.00-68.00)
77.00 (32.25-233.50)
55.00 (33.00-108.00)
31.40 (28.10-37.60)

31/19
48.75-67.00)

21.00-75.00)

8/5
55.00 (46.00-71.00)

28/19
53.00 (46.00-58.00)
38.00 (21.00-68.00)
36.00 (25.00-55.00)
45.50 (41.70-46.40)

7115
55.00 (40.00-69.00)

42.00 (28.00-241.50)
51.00 (32.00-244.50)"

31/15
41.50 (32.75-51.50)
45.50 (25.00-86.00)

33.50 (25.75-57.75)

41/47
56.00 (38.50-66.75)
19.95 (16.85-25.5)

Gender M/F

Age

53.00
46.00
55. 50

39.00 (21.00-81.00)
37.00 (24.00-97.50)
31.30 (29.50-39.00)"
14.20 (8.55-33.15)*

ALT (UL
AST (UL)
ALB (g/L)

-131.25)

36.85-42.20)
3.40-12.20)

14.70 (8.20-57.30)
34.00 (19.00-63.00)
120.17 (92.00-503.65)"
28.90 (17.95-35.94)"

10.87-27.75)
71.00-98.50)

21.00 (18.80-25.97)
15.20 (11.90-19.30)

38.90

36.10 (31.55-40.75)*
11.50 (5.05-106.75)"
19.00 (12.50-24.50)

87.00 (67.00-231.79)"

46.55 (39.85-48.67)
5.25 (4.07-7.40)
15.00 (12.33-23.50)
68.46 (37.46-102.25)

6.20
16.00
79.00

6.00 (3.90-7.37)
17.00 (12.00-22.00)
81.50 (40.85-122.23)
13.86 (11.48-18.64)

2.70 (2.23-3.37)
15.20 (11.90-19.20)

Dbil (mmol/L)
Thil (mmol/L)
HA (ng/mL)

34.00 (18.50-63.00)*
109.00 (99.00-727.27)"
33.06 (16.36-39.30)"

57 (45.00-84.00)
7.69 (6.74-10.22)

14.77 (9.79-29.79)

22.76 (12.82-37.53)*

13.29 (7.75-17.28)

sTim-3 (ng/mL)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; Dbil, direct bilirubin; Tbil, total bilirubin; HA, hyaluronic acid; HBV, hepatitis B virus; HCV, hepatitis C virus;, HEV, hepatitis E virus.*Significant

differences in hepatitis and liver fibrosis in each parameter in the same virus infection (P < 0.05).

P < 0.0001; 1.142, P < 0.0001), ALB (OR = 1.468, P < 0.0001;
1.400, P < 0.0001; 1.397, P < 0.0001), Dbil (OR = 4.274,
P < 0.0001; 2.939, P < 0.0001; 2.528, P < 0.0001) and sTim-3
(OR = 1.332, P < 0.0001; 1.416, P < 0.0001; 1.386, P < 0.0001)
were independent risk factors for hepatitis or liver fibrosis after
HBV, HCV, and HEV infection, respectively.

Correlations of Serum Soluble Tim-3

Levels With Other Parameters

As shown in Figure 2, the sTim-3 levels in patients with HBV,
HCV, or HEV infection were highly positively correlated to serum
ALT (r = 0.223, P = 0.001), AST (r = 0.467, P < 0.0001), Dbli
(r = 0.572, P < 0.0001), and Tbil (r = 0.393, P < 0.0001) and
significantly negatively correlated with serum ALB (r = —0.367,
P < 0.0001). Next, we checked for any possible correlation
between HBsAg and sTim-3 levels in HBV infection. As shown
in Figure 2F, we analyzed the correlation between the levels of
hepatitis B virus surface antigen and sTim-3 in patients with
hepatitis B virus infection; the result showed that the correlation
between HBsAg and sTim-3 was not significant (r = -0.103,
P=0.5311).

Correlation Between Serum Soluble
Tim-3 Level and Hepatitis or Liver
Fibrosis Caused by Hepatitis B Virus,
Hepatitis C Virus, and Hepatitis E Virus

Infection

We further divided the patients infected with HBV, HCV, or HEV
into hepatitis group and hepatitis with fibrosis group. Figure 3
shows that the sTim-3 concentrations in the control, hepatitis,
and hepatitis with fibrosis groups gradually increased, and the
differences were significant (P < 0.0001).

As shown in Table 2, the sTim-3 concentrations (22.76,
12.82-37.53; 33.06, 16.36-39.30; 28.90, 17.95-35.94 ng/mL) in
patients infected with HBV, HCV, or HEV with liver fibrosis
were significantly higher than those in patients with hepatitis
(13.29,7.75-17.28; 13.86, 11.48-18.64; 14.77,9.79-29.79 ng/mL).
In addition, in the HBV-infected group, the serum AST, Dbil, HA,
and ALB concentrations in patients with hepatitis and fibrosis
were significantly different compared to those in patients with
hepatitis (P < 0.05). In the HCV-infected group, the serum
levels of ALB, Dbil, HA and Tbil in patients with liver fibrosis
were significantly different from those in patients with hepatitis
(P < 0.05). However, in the HEV-infected group, except for
sTim-3 and HA, no significant differences were observed in these
indicators between hepatitis and hepatitis with fibrosis groups.

Diagnostic Value of Serum Soluble Tim-3

in Distinguishing Hepatitis From

Hepatitis With Fibrosis After Hepatitis

Virus Infection

We divided the samples into two batches according to the time of
inclusion of samples. The first batch was included from 2020.1
to 2020.6 and the second batch was included from 2020.7 to
2020.12.The second batch is used as the validation set. The ROC
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FIGURE 4 | ROC analysis of sTim-3 to determine its diagnostic value for patients with hepatitis and hepatitis with fiorosis. (A) ROC curve of sTim-3 in healthy
controls and patients with hepatitis (the first batch of included samples). (B) ROC curve of sTim-3 in healthy controls and patients with hepatitis (the second batch of
included samples). (C) ROC curve of sTim-3 in healthy controls and patients with hepatitis and fibrosis (the first batch of included samples). (D) ROC curve of sTim-3
in healthy controls and patients with hepatitis and fibrosis (the second batch of included samples). (E) ROC curve of sTim-3 in patients with hepatitis and hepatitis
with fibrosis (the first batch of included samples). (F) ROC curve of sTim-3 in patients with hepatitis and hepatitis with fibrosis (the second batch of included samples).
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curve was used in evaluating the role of sTim-3 in distinguishing
hepatitis from hepatitis with fibrosis. As shown in Figures 4A,C,E
sTim-3 can be effectively used in distinguishing healthy controls
and patients with hepatitis (AUC (area under the curve), 0.7904;
sensitivity, 71.11%; specificity, 84.00%), controls and patients
with hepatitis and fibrosis (AUC, 0.9384; sensitivity, 90.63%;
specificity, 84.00%), and hepatitis and hepatitis with fibrosis
as well (AUC, 0.7797; sensitivity, 65.63%; specificity, 86.67%).
In the validation set, as shown in Figures 4B,D,F, sTim-3

can also be effectively used in distinguishing healthy controls
and patients with hepatitis (AUC, 0.8391; sensitivity, 84.91%;
specificity, 71.05%), controls and patients with hepatitis and
fibrosis (AUC, 0.9614; sensitivity, 90.00%; specificity, 94.74%),
and hepatitis and hepatitis with fibrosis as well (AUC, 0.7129;
sensitivity, 72.97%; specificity, 66.04%).

As shown in Table 3, we compared the positive detection
rates of sTim-3 and HA in patients with hepatitis and hepatitis
with fibrosis. The cut off for sTim-3 was determined by the
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Youden index in Figure 4E, where the cut off value was 19.45
ng/mL. At this cut off value, and positivity rates of 21.68%
and 66.13%, respectively, sTim-3 can effectively distinguishing
between hepatitis and hepatitis with fibrosis. In addition,
combined detection of HA and sTim-3 can improve the positive
detection rate of hepatitis with fibrosis up to 77.43%.

DISCUSSION

We studied the role of sTim-3 in HBV, HCV, and HEV infections.
Our results suggest that the sTim-3 concentrations in patients
with hepatitis were significantly higher than those in the control
group and were closely related to ALT and AST levels. sTim-
3 is known to be related to the progression of infectious
diseases, such as tuberculosis (18), HBV (10), and HIV (19).
Serum sTim-3 may also be related to HCV and HEV infections
and disease progression. Our study provides new information
on the clinical diagnostic and surveillance value of sTim-3 in
infectious diseases.

It is well known that Th cells play a key role in the
regulation of the dynamic balance of the body’s immune
response and an important regulatory role in HBV infection.
Th cells secrete a variety of cytokines, increase the activity
of CD8 + T cells, and promote cellular immune responses
(20) improving the body’s ability to clear viruses. However,
they also aggravate liver cell damage. ALT and AST are liver
function parameters, and their levels increase in a patients
serum upon cellular damage (10, 21). Increase in bilirubin level
during viral hepatitis is related to liver cell damage and the
degree of hepatic necrotizing inflammation (22), while reduction
in ALB level is also related to the severity of liver synthetic
function damage (10). The present study showed that sTim-
3 levels in patients infected with HBV, HCV, or HEV were
positively correlated with serum ALT, AST, Dbil, and Tbil levels,
and sTim-3 levels were negatively correlated with ALB. The
results indicate that sTim-3 can reflect the degree of liver
cell damage in patients infected with HBV, HCV, or HEV to
a certain extent and help in monitoring and evaluation of
disease development.

This study showed that the sTim-3 concentrations in patients
infected with HBV, HCV, and HEV were significantly higher than
those in the healthy controls. The possible reason could be the
accumulation of tissue-related memory Treg cells expressing high

TABLE 3 | Comparison of the positive rate of sTim-3 and HA to distinguish
hepatitis from hepatitis with liver fibrosis.

Positive rate

Cut off Controls  Hepatitis = Hepatitis + fibrosis
sTim-3 19.45 ng/mL 0.00% 21.68% 66.13%
HA 110 ng/mL 0.00% 4.90% 35.48%
sTim-3 or HA 0.00% 25.87% 77.42%

The cut off for sTim-3 was determined by the Youden index of Figure 4E, and HA
concentration greater than 110 ng/mL was considered positive (commonly used in
clinical practice).

levels of Tim-3 in liver during the inflammatory stage of viral
hepatitis infection (23). In addition, Tim-3 is mainly present on
the surface of Thl cells. When the body is invaded by viruses,
Thl levels increase during the activation of T cell immunity.
Tim-3 expression on Thl cells increases, which inhibits their
excessive proliferation, and regulates the balance of Th1/Th2
(24), and exerts a negative immunomodulatory effect. Tim-3
expression also increases in depleted T cells and natural killer
cells in patients infected with HBV/HCV (12, 13, 25, 26). Tim-3
mainly exists in three forms: full-length, spliced, and detached.
Membrane bound Tim-3 can be cleaved from cell surfaces by
metalloproteinases ADAM10 and ADAM17 to produce sTim-
3 (27). sTim-3 can be a result of shedding from the cell
surfaces after metalloprotease activity, and sTim-3 level may
sequentially reflect membrane Tim-3 level. Therefore, sTim-3
levels in patients with three types of viral hepatitis infection
were higher than those in the normal control group. The level
of sTim-3 in patients infected with HEV was higher than
that in patients infected with HBV, possibly because hepatitis
caused by HEV is a systemic disease. Recently, studies have
systematically explained the many extrahepatic manifestations
of HEV infection, which are mainly related to diseases such as
the kidney system, autoimmune system, and pancreatitis (28).
Moreover, studies have shown that sTim-3 plays an important
immunoregulatory role in kidney disease (17, 29), pancreatitis
(30), and autoimmune diseases (31), resulting in its high serum
levels. Similarly, sTim-3 levels were higher in patients infected
with HEV as well.

sTim-3 concentration is elevated in patients infected with
HBYV and gradually increases in the serum of patients with liver
cirrhosis and liver cancer (10). These findings are consistent
with our research. In addition to HBV infection, our study
reported for the first time that sTim-3 increased in patients
infected with HCV and HEV as well and further increased in
patients with hepatitis along with liver fibrosis. sTim-3 likely
participates in pathogenesis by regulating the balance between
Thl and Th2. Liver fibrosis is a manifestation of tissue damage
and inflammation, and viral hepatitis is one of its causes (32).
Especially after hepatitis virus infection, without intervention
treatment, liver fibrosis develops easily. Tim-3 may promote
the progression of liver fibrosis by regulating the secretion
of cytokines (TNF-a, IL-10, and IFN-y) by immune cells,
thereby regulating the progression of liver disease (33). Our data
showed that Dbil and ALB in the serum of patients infected
with HBV or HCV and hepatitis or hepatitis with fibrosis
showed significant differences, but there was no difference
among patients infected with HEV. Hence, sTim-3 has the
advantage of distinguishing HEV-infected hepatitis and hepatitis
with fibrosis. The dysfunction of monocytes is an important
reason for the development of liver cirrhosis, and studies have
confirmed that Tim-3 plays an important role in the expression
of monocytes (26). High expression of Tim-3 may limit the
activation of monocytes, thereby inhibiting cytokine production,
which further promotes liver fibrosis progression. In addition,
studies have shown that in patients with liver cirrhosis the CD*
T cell phenotype is altered, and high expression of Tim-3 in the
cell membrane is one of the characteristics (34). This may be the
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reason for higher sTim-3 level in patients with liver fibrosis than
in patients with hepatitis. These results indicate that sTim-3 level
is related to the progression of the disease (the degree of liver
damage) after hepatitis virus infection and is a potential marker
for monitoring the progression of the disease upon hepatitis
virus infection.

The results of this study indicate that sTim-3 has a certain
diagnostic value to detect the degree of liver fibrosis in patients
with hepatitis. HA is a commonly used clinical indicator for
diagnosing liver fibrosis. When we combined sTim-3 and HA to
diagnose liver fibrosis, the positivity rate significantly increased.
Faster and more accurate diagnosis tools combined with effective
treatment of viral hepatitis will help prevent proliferation of
the disease. HEV infection is usually asymptomatic but can
cause acute liver damage and even liver failure (35). Therefore,
understanding the pathogenesis of hepatitis virus is essential for
the treatment of the disease. In animal models, Tim-3 pathway
blockade combined with PD-1 and CTLA-4 blockade can
increase the production of T cells, reduce the expression of Treg,
and restore T cell mediated immune response (36). Blocking the
Tim-3/galectin-9 pathway might restore the secretion of some
cytokines (IL-2, TNF-a, and IFN-y) and T cell proliferation (37).
These finding provides novel insights into the treatment of viral
infectious diseases.

This study has several limitations including the small number
of patients in the subgroups of different clinical diseases, and the
lack of functional studies concerning the role of sTim-3 in the
CD8 + T -cell exhaustion in viral hepatitis infection. We found
that the combined detection of sTim-3 and HA can improve the
positive detection rate of patients with liver fibrosis, but it only
demonstrated moderate performance for discriminating hepatitis
from liver fibrosis. Therefore, further studies are required to
verify and extend our findings.

CONCLUSION

sTim-3 levels were significantly increased in patients infected
with HBV, HCV, or HEV. The quantitative detection of sTim-3
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Background: Organoids, which enable disease modeling and drug screening closer
to an in vivo environment, can be isolated and grown from organs such as the brain,
small intestine, kidney, lungs, and liver. To facilitate the establishment of liver and small
intestinal organoids, we developed efficient protocols for cholangiocytes and intestine
crypts collecting and organoid culturing.

Methods: Cholangiocytes were collected from intrahepatic bile ducts, the gallbladder,
and small intestine crypts by gravity settling and multistep centrifugation methods.
The cells isolated were embedded with Matrigel and grew in three-dimensional
spheroids in a suitable culture medium. The stability of organoid cells was assessed
by subculture, cryopreservation, and thawing. RNA and DNA extraction of organoids, as
well as immunostaining procedure, were also optimized. Hand-picking procedures were
developed and performed to ensure similar growth characteristics of organoids.

Results: A large number of cholangiocytes and small intestine crypts were collected
under these protocols. Cholangiocytes developed into cyst-like structures after 3-4
days in Matrigel. After 1-2 weeks of cultivation, small intestinal organoids (in-orgs)
developed buds and formed a mature structure. Compared to organoids derived from
the gallbladder, cholangiocyte organoids (Cho-orgs) from intrahepatic the bile ducts grew
more slowly but had a longer culture term, expressed the cholangiocytes markers Krt19
and Krt7, and recapitulated in vivo tissue organization.

Conclusions: Our protocols simplified the cell collection procedure and avoided the
possibility of exposing tissue-derived stem cells to mechanical damage or chemical
injury by gravity settling and multistep centrifugation. In addition, our approach allowed
similar growth characteristics of organoids from different mammalian tissue sources. The
protocol requires 2-4 weeks to establish a stable organoid growth system. Organoids
could be stably passaged, cryopreserved, and recovered under protocol guidance.
Besides, the organoids of cholangiocytes and small intestines retained their original
tissue characteristics, such as tissue-specific marker expression, which prepares them
for further experiments such as preclinical in vitro trials and mechanism research studies.

Keywords: organoids, cholangiocytes, small intestine, 3D culture, intestinal crypt, liver
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INTRODUCTION

Organoids are in vitro three-dimensional (3D) cultures grown
from primarily isolated cells or stem cells (Dutta et al,
2017). Three-dimensional culture enables organoid growth from
healthy (Huch and Koo, 2015) or diseased (van de Wetering et al.,
2015) human or animal primary tissues. Organoids have potential
as preclinical models (Lancaster and Knoblich, 2014; Dutta et al.,
2017; Zhang et al., 2021) for drug screening (Kondo and Inoue,
2019) and in mechanistic research (Lancaster and Knoblich,
2014; Vives and Batlle-Morera, 2020). Standardized good
manufacturing practice (GMP)-compliant scalable organoids
may enable the replacement of damaged human organs (Dossena
et al., 2020). What’s more, in the widespread spread of world
pandemics such as SARS-CoV-2, organoids were also applied
to evaluate the intestinal function changes (Zhou et al., 2020),
which disclosed a deeper insight into unique gene mutations in
gastrointestinal disease (Li, 2021).

As for the cellular composition of organs, the liver mainly
comprises hepatocytes, cholangiocytes, and nonepithelial cells
(Duncan et al., 2009). The small intestine is almost formed of the
intestinal epithelium, which contains intestinal crypt-villus units
and Lgr5T stem cells (Sato et al., 2009), which potentially own
stem cell properties. For organoid growth, Matrigel is needed
to provide an in vitro 3D environment for stem cell growth.
Besides, the proliferation of hepatic and small intestinal stem
cells requires epidermal growth factor (EFG), the R-spondin
1 (R-SPO1) protein (notch signaling components) (Sato et al.,
2009), growth factors (e.g., N2, B27, and Noggin), hepatocyte
growth factor (HGF), and fibroblast growth factor (FGF), as
mentioned before.

Based on the above research studies, we developed and
improved an efficient method for collection of cholangiocytes
and intestinal crypts by gravity settling and multistep
centrifugation, which not only simplified the steps of cell
separation but also improved the rate of cell acquisition.
However, during the experiment, we found a phenomenon that
stem cells derived from different mice present different growth
characteristics, with some developing into mature organoids
in 7-10 days and the others taking more than 10 to develop
into mature forms. Therefore, we established an organoid
hand-picking procedure (Figure 1) to ensure that the organoids
had similar growth characteristics and avoid excessive differences
in organoid growth, which is convenient for disease modeling
and mechanism research.

Under our protocol guidance, the organoids can be passaged,
cryopreserved, and thawed, and they are suitable for genetic
analysis and immunochemical staining. Compare with other
stem cell isolation methods, our procedure does not require
additional mechanical equipment (e.g., flow cell sorter) and
chemical experiments, like antibody combination, which avoids
the possibility of exposing stem cells to mechanical damage

Abbreviations: 3D, three dimensional; PSC, primary sclerosing cholangitis;
IBD, inflammatory bowel diseases; EGE epidermal growth factor; FGH,
fibroblast growth factor; HGE, hepatocyte growth factor; ROCK, Rhokinase; IF,
immunofluorescence; IHC, immunohistochemistry.

or chemical injury. Besides, our protocol makes it is easy for
beginners to get started and does not require physical exertion.
Most importantly, the cell growth rates of stem cells gained from
different mammals are unified before further experiments.

Organoids generated from the bile ducts and small intestine
have the characteristics of the original tissue, which makes
them suitable for disease modeling, drug screening, mechanism
research, etc. As recent studies show, organoids may also have a
therapeutic investigation potential for diseases such as primary
sclerosing cholangitis (PSC) (Loarca et al, 2017), intestinal
cancer (Aberle et al, 2018), and inflammatory bowel diseases
(IBD) (Meir et al., 2020). Our protocol may provide huge support
for the early-stage preparation of such research studies.

EXPERIMENTAL DESIGN
Cell Isolation

To isolate bile ducts (cholangiocytes) from mouse liver, the ducts
and gallbladder can be digested. In brief, the liver was perfused
with PBS 1x through the inferior vena cava before removing
the liver tissue. If a small number of cholangiocytes is needed,
or if cho-orgs must be cultured rapidly, cholangiocytes can be
obtained from mouse gallbladder. After digestion, ducts and
crypts from the small intestine can be collected by gravity settling
followed by multistep centrifugation. If cholangiocytes need to
be counted, bile ducts can be further digested using a single-cell
TrypLE Express medium.

Organoid Culture and Establishment of
Stable Organoid Lines

To establish a long-term organoid culture, we picked and
collected larger organoids to passage and to unify the whole
growth speed of organoids in the same culture well. As reported
by Huch, when culturing organoids for further experiment,
the elements of organoid size, proliferation rate, physical
morphology, formation rate, and expression of markers/genes
are all needed to be considered (Huch et al., 2013). Therefore,
we described an easy hand-picking procedure to achieve this
goal. We also provided two methods of cho-orgs culture, one
from intrahepatic bile ducts and the other from gallbladder
cholangiocytes. These two types of organoids both expressed
cholangiocyte specific markers like Krt7 and Krt19, and displayed
different transcriptional profiles and differentiation capacity as
demonstrated by Casey A. Rimland (Rimland et al., 2021), which
provided a basis for selection according to purpose, such as
disease simulation or in vitro modeling. Besides, the methods
of home-made Wnat3a and R-SPO1 were described by Broutier
(Broutier et al., 2016), which were indispensable in organoid
culture. When a stable culture line is established, organoids can
be maintained for a long time.

Organoid Analysis

To research the gene changes of the organoids, after the removal
of Matrigel from the organoid cultures, the procedure of DNA
or RNA extraction from the organoids was almost similar
with normal cells. Matrigel was removed first using a pre-
cold basal medium. It was suggested to use a cell recovery
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FIGURE 1 | Organoid isolation, culture, growth-rate harmonization, passaging, and freezing. Bile ducts, single bile duct (or gallbladder) cells, and crypts from the small
intestine derived from C57BL/6 mice form 3D structures after 7-14 days of culture (5—7 days for gallbladder-derived organoids) in Matrigel. After expansion, the

enabled 3D structure observation and characterization, such as
detecting aimed antibody signal distribution. For observation of

cellular morphology and storage of organoids for further staining

solution to remove the Matrigel without disrupting organoid
structures for immunofluorescence and immunohistochemical
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analysis, paraffin sectioning and immunohistochemical staining
are preferred.

MATERIALS

Animals
Male or female mice of any genetic background and ranging in
age from 6 weeks to 1.5 years (weight 20-28 g) can be used for

cho-org culture; for in-org culture, < 6-week-old C57BL/6 mice
should be used.

Reagents

Collagenase D (Roche, cat. no. 1108866001).

Dispase II (Life Technologies, cat. no. 17105-041).

DNase I (Sigma-Aldrich, cat. no. DN25).

TrypLE Express (Life Technologies, cat. no. 12605-028).
EDTA (Sangon Biotech Inc., Shanghai, CAS: 60-00-4).
Matrigel matrix, phenol-red-free (BD, cat. no. 356231).
Advanced DMEM/F-12 (Life Technologies, cat. no. 12634-
010).

DMEM, high glucose, GlutaMAX,
Technologies, cat. no. 11995-065).
GlutaMAX (100x; Life Technologies, cat. no. 35050-068).
HEPES (Life Science Products & Services, cat.no. HB0264).
Penicillin/streptomycin (Corning, cat.no.30002297).

B27 Supplement 50x, minus vitamin A (Life Technologies,
cat. no. 12587-010).

N2 Supplement 100x (Gibco, Life Technologies, cat.
no. 17502-048).

L-glutamine (Gibco, Life Technologies, cat. n0.25-005-CI).
N-acetylcysteine (Sigma-Aldrich, cat. no. A0737-5MG).
Nicotinamide (Sigma-Aldrich, cat. no. N0636).

Recombinant mouse (Rm) FGF10 (Peprotech, cat. no. 100-26).
Rm EGF (Life Technologies, cat. no. PMG8043).

Rm HGF (Peprotech, cat. no. 100-39).

[Leul5] - Gastrin I human (PL Laboratories,
no. P2000646).

Rho kinase inhibitor Y-27632 dihydrochloride (Sigma-
Aldrich, cat. no. Y0503).

Recombinant human (Rh) Noggin (Peprotech, cat. no. 120-
10C).

Wnt3a-conditioned medium (home-made).
Rspol-conditioned medium (home-made).

Freezing solution (Life Technologies, cat. no. 12648-010).
Cell recovery solution (Corning, cat. no. 354253).

(Life

pyruvate

cat.

Additional reagents (Supplementary Table S1),
instruments (Supplementary Table S2), and
antibodies  (Supplementary Table S3)  are in

Supplementary Materials.

listed

REAGENT SETUP

Mouse Liver Digestion Medium

The digestive medium should be prepared fresh and used
immediately. Collagenases D and II were dissolved in a sterile
washing medium (see below) at a concentration of 0.125 mg/ml
and supplemented with 0.1 mg /ml DNase I (dissolved in
sterile H,O).

Mouse Liver Basal Medium

Advanced DMEM/F-12 was added with 1%
penicillin/streptomycin, 1% GlutaMAX, and 10 mM HEPES. It
can be stored at 4°C for 1 month.

Mouse Liver Isolation Medium

The mouse liver isolation medium was a mouse liver expansion
medium supplemented with 25ng/ml recombinant human
Noggin, 30% (vol/vol) Wnt3a-conditioned medium, and 10 pM
Rho kinase (ROCK) inhibitor (Y-27632 if single cells were
cultured). The medium was stored at 4°C for up to 2 weeks.

Mouse Liver Wash Medium

The DMEM (high glucose, GlutaMAX, and pyruvate)
supplemented with 1% FBS and 1% penicillin/streptomycin. The
medium was stored at 4°C for up to 1 month.

Mouse Liver Expansion Medium

Mouse liver basal medium supplemented with B27 50x, 1 mM N-
acetylcysteine, 5% (vol/vol) Rspol, 10 mM nicotinamide,10 nM
Gastrin I, 50 ng/mL EGE 100 ng/ml FGF10, and 50 ng/ml HGF.
Store the medium at 4°C for up to 2 weeks.

Mouse Intestine Expansion Medium
Advanced DMEM/F-12 supplemented with 10mM HEPES,
2mM L-glutamine, N2 50x, B27x, 50 ng/ml EGF, 100 ng/ml
Noggin, and 10% (vol/vol) R-spondin 1. Store it at 4°C for up
to 1 month.

Mouse Intestine Digestion Medium

The PBS 1x supplemented with 10 mM HEPES, 1%(vol/vol)
L-glutamine, 1mM EDTA, 1% penicillin/ streptomycin,
and 5% FBS.

Regent Preparation for

Immunofluorescence (IF)
PBS-BSA 1% (vol /vol): 1 g BSA per 100 ml PBS 1. Store at 4°C
for 2 weeks.

PBT 0.1% (vol /vol): 1 ml Tween 20 per 1,000 ml PBS 1x. Store
at 4°C for 4 weeks.

Washing buffer: 1 ml Triton X-100 and 2 g BSA per 1L PBS
1x. Store at 4°C for 2 weeks.

F-G clearing solution: 2.5 M fructose and 60% glycerin. Store
at 4°C in the dark for up to 1 month.

Regent Preparation for

Immunohistochemistry (IHC)

Alcohol 96% (vol/vol): dilute 100% alcohol with purified water.
Eosin solution 0.5% (wt/vol): Dissolve 0.5 g eosin in 100-ml

96% alcohol.

PROCEDURE

I. Culture of mouse cholangiocytes and small intestinal
organoids: cell isolation

Mouse liver duct cells may be collected from the liver
or gallbladder.
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FIGURE 2 | Culture of organoids from bile ducts and small intestines of mice. After gravity settling and multi-step centrifugation, cholangiocytes (derived from bile
ducts), bile ducts, and crypts from the small intestine formed organoids after ~14 days in culture. Cholangiocytes (day 0) from (A) bile ducts formed cholangiocyte
organoids (cho-orgs) (day 3, passage 2) (bar, 100 wm), and those from (B) intrahepatic bile ducts (day 0) formed cho-orgs (day 3) (bar, 100 um). (C) Crypts from the
small intestine (day 0) (bar, 200 wm) formed small intestinal organoids (in-orgs) (day 13) (bar, 100 pm).

1i. Collection of bile ducts from mouse liver

1) To collectliver tissue, anesthetize the mouse and expose the
liver. Find the inferior vena cava using a sterile swab, place a
sterile cotton ball beside the liver, inject PBS 1x using a 10-
mL injector, and cut off the portal vein immediately when
the liver swells. By standard surgical procedures, remove the
liver as an entire organ and transfer it to a 10-cm Petri dish.

2) Place the Petri dish on ice and transfer it to a biological
safety cabinet. Preheat the digestion solution to 37°C.

3) Cut the liver tissue into small pieces (<1 mm?) using
fine scissors. Transfer the small pieces to a 50-mL
sterile centrifuge tube, add up to 5ml precooled washing
medium, and pipette it up and down several times using
a 10-ml pipette to wash the minced tissue. Repeat the
washing procedure.

4) Transfer the tissue to a new 50-ml sterile centrifuge tube.
Add 5 ml pre-warmed digestion medium. Shake the tube at
120-160 rpm and 37°C for ~2 h.

5) During incubation, check the appearance of bile ducts
using a light microscope. Pipette up and down the
supernatant in a biological safety cabinet using a 1-ml
pipette, and transfer ~200 pl of the solution to a glass
slide for observation (Figure 2B, upper row). If no bile
ducts are present, return the solution to the shaker. Perform
the checking at 20-30 min intervals. Ducts usually appear
after 60 min.

6) When bile ducts appear, transfer the digestion supernatant
to a fresh 50-ml centrifuge tube, add the same volume of
precooled washing medium, and centrifuge at 80 g for 4 min
at 4°C. Discard the supernatant and add 15 mL precooled
washing medium; repeat the centrifugation to remove the
remaining digestion solution.

7) Add the precooled washing medium to the pellet and
pipette it up and down to mix. Place the 50-mL centrifuge
tube upright on ice for 30 min.

8) Remove the supernatant without disrupting the pellet. Add
5ml precooled washing medium, transfer the mixture to a
fresh 15-ml centrifuge tube, and centrifuge at 60 g for 2 min
at4°C.

9) Remove the supernatant carefully. Add 1ml precooled
basal medium, transfer the mixture to a 1.5-ml
microcentrifuge tube, and centrifuge at 500 rpm for
2 min at 4°C.

10) The pellet can be directly cultured. If there is a need to
collect single bile cells, follow the next procedure.

Lii. Enrichment of single cholangiocytes

1) Resuspend bile ducts in 5ml prewarmed TrypLE solution
supplemented with 5 ul DNase I (10 mg/ml). Using narrow
1,000 pl tips, pipette the solution up and down to mix and
incubate at 37°C for 2-10 min.

2) Check the solution every 2min using a bright-field
microscope. Stop the digestion when majority (85-95%) of
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the mixture consists of single cells by adding the precooled
wash medium (Figure 2A, upper row).

3) Add 10ml cold washing medium to stop the digestion.
Transfer the mixture to a 50-ml centrifuge tube through
a 70-pm filter and centrifuge at 300-350g for 5min at
4°C. Remove the supernatant and repeat the centrifugation
to wash out any remaining TrypLE. Add 1-5ml washing
medium to resuspend the pellet.

4) Enumerate the cells using
counting chamber.

a standard cell-

Liii. Collection of cholangiocytes from gallbladder
Prewarm the mouse liver digestion medium and TrypLE
solution (supplemented with 0.1% [vol/vol) DNase I [10
mg/ml]) to 37°C.

1) By standard surgical procedures, anesthetize the mouse
and expose the liver. Strip the gallbladder using two
ophthalmic forceps and transfer it to a 6mm dish
containing precooled mouse liver washing medium.

2) Cut the gallbladder into small pieces using ophthalmic
scissors, transfer the pieces to a 15-ml sterile centrifuge tube
using a 1,000 pl Eppendorf pipette, add ~5ml precooled
washing medium, gently pipette the solution up and down,
and centrifuge it at 4°C, 200-250 g, for 4 min to remove bile.

3) Discard the supernatant and add 5ml mouse liver
digestion medium. Shake the tube at 120-180 rpm and 37°C
for 1h.

4) Add 5 ml precooled washing medium to stop the digestion,
centrifuge at 4°C and 200-250g for 4 min and discard
the supernatant.

5) Resuspend the gallbladder tissue in 1ml prewarmed
TrypLE solution and pipette it up and down 30 times to
isolate single cholangiocytes.

6) Incubate the tube for 2-4 min in a 37°C culture bath and
pipette it up and down 30 times.

7) Add t~5 ml precooled wash medium and filter the mixture
through a 70 pm mesh into a 50-ml centrifuge tube using
a 1,000 ul Eppendorf pipette. Pipette the fluid into a 15-
ml centrifuge tube, and centrifuge at 4°C and 300-350¢g
for 4 min.

8) Discard the supernatant and enumerate the cells.
The plates are ready for Matrigel embedding and 3D
organoid culture.

Liv. Collection of crypts from mouse small intestine

1) Anesthetize the mouse; by standard surgical procedures,
expose and remove the intestine using ophthalmic forceps.
Cut the optional intestine segment 1 cm above the end of
the ileum and 2-3 cm below the stomach, and transferred
them to a 10 cm dishes containing PBS 1x.

2) Put the 10-cm dish on ice. Squeeze out the intestinal
contents using forceps and cut the tissue longitudinally.
Use a blunt instrument (e.g., the curved part of curved
dissecting forceps) to scrape the intestinal villi, wash twice
or thrice and cut the tissue into 1-2 cm pieces.

3) Transfer the pieces to a 50 ml centrifuge tube and add 20 ml
mouse intestine digestion medium. Put the tube on a shaker
at 120-160 rpm and 4°C and incubate for about 30 min.

4) Carefully remove the supernatant and resuspend the tissue
in a new 50 ml centrifuge tube, add ~25mL PBS 1x, and
vigorously pipette the solution up and down 30-50 times to
isolate crypts from the tissue.

5) Filter the supernatant through 100- and 70-pm meshes
into a new 50 ml centrifuge tube.

6) Allow the tube to stand for 8min and discard the
supernatant or transfer them to a new tube for another 8
min-standing circulation. Gather the plates together and
check the proportion of the crypts. Add 1-5ml PBS 1x
to the white sediment and pipette it up and down gently.
Observe the mixture under a light microscope.

7) If the proportion of single cells is too high, add
~25ml precooled PBS 1x, and repeat the 8-min standing
circulation procedure in step (D-6) to collect a higher
proportion of crypts.

8) Count the crypts using a counting board.

II. Seeding and culture: cholangiocytes/bile ducts and crypts

1) Prewarm 24-well (or 48-well) culture plates at 37°C for at
least 30 min. Pre-dissolve Matrigel and keep it on ice.

2) Resuspend an appropriate number of cholangiocytes, duct
structures, or crypts (e.g., 5,000 cells or 250 duct/crypt
structures per well of a 24-well plate) in Matrigel for
seeding. For example, use a volume of 40 pl per 24-well
plate or 20 pul per 48-well plate.

3) Put Matrigel in the plates and mix gently. Add a droplet
of the mixture (basal matrix and cultures) to the center of
each well to prevent the droplet from touching the edges.
Incubate for 15-20 min at 37°C until Matrigel solidifies.

4) Add the appropriate medium to each well (500 pnl per
well for a 24-well plate or 250 pl per well for a 48-well
plate) (liver isolation medium for cho-org culture, intestine
expansion medium for in-org culture).

5) Incubate the plates at 37°C in a 5% CO, atmosphere. For
cho-orgs, after 3 days, change the isolation medium with the
expansion medium and incubate for ~14 days. For in-orgs,
retain the intestine expansion medium. Change the medium
every 3—4 days. Organoids will start to develop on days 3-5.

III. Organoid passage

1) Prewarm culture plates for 1 h—-overnight. Place Matrigel
on ice and thaw before use. Prewarm the TrypLE Express
solution (~2 ml per tube) in a water bath at 37°C.

2) To disrupt the basal matrix, add 500-1,000 .1 precooled
basal medium (for cho-orgs) or PBS 1x (in-orgs), and
pipette the mixture up and down using a 1,000 L pipette.
Transfer the organoid suspension (three wells for 24-well
culture plates or six wells for 48-well culture plates) to a
15 ml centrifuge tube, add ~10 ml precooled basal medium
(cho-orgs) or PBS 1x (in-orgs) to the top, and mix by
pipetting vigorously 5-10 times to wash away Matrigel.
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3) Centrifuge the tube at 200-250 g for 5 min at 4°C.

4) Discard the supernatant, leaving 100 ] mixture.

5) Add the prewarmed TrypLE Express solution and mix by
vigorously pipetting up and down using a 1,000 pl pipette.
Transfer the tube to a water bath at 37°C for 1-4min,
checking every 2min under a light microscope. When
majority (85-95%) of the material is single cells, add ~10 ml
precooled basal medium to stop digestion.

6) Centrifuge the tube at 300-350g for 4min at 4°C, and
carefully aspirate the supernatant.

7) Organoids can be mechanically dissociated and split at a
1:3-1:6 ratio. Resuspend the cells in Matrigel (40-50 pl
per well for 24-well plates or 20-25 pl per well for 48-
well plates). Pipette the mixture up and down gently to
resuspend the cells. Add a droplet of the mixture to the
center of each well. Incubate for 15-20 min to allow for
Matrigel polymerization.

8) Overlay the cultures with the expansion medium (500
il per well for 24-well plates or 250 1 per well for 48-
well plates).

9) Replace the medium every 2-3 days.

IV. Harmonizing the growth rates of organoids

Organoids developed from different primary cells grew at
different rates, for some experimental needs, organoids in
different growing state are hard to perform experiments. To
resolve this problem, we purified cho-orgs with similar growth
rates using the procedure below, which can be repeated once
to thrice according to growth situation. In addition, intestinal
organoids can also use the following method to uniform growth
rate.

1) When cho-orgs have budded for 2-3 days (5-7 days
after seeding), check their growth state daily under a
light microscope.

2) Before cells aggregate in the larger cho-orgs, prepare to
selectively passage then, as mentioned in III-1, prewarm the
culture plates and TrypLE Express solution, and thaw the
Matrigel before use.

3) Move the plates to a sterile environment. Under a light
microscope, transfer the larger cho-orgs to the precooled basal
medium using a 10-p1 pipette.

4) Subsequent steps are the same as for organoids passage; please
follow steps I1I-3-8.

V. Cryopreservation and thawing of organoids
V.i. Freezing organoids

1) At least one confluent well (24-well plate) or two
confluent wells (48-well plates) of organoids are needed per
cryovial tube.

2) Proceed as in steps (III-1-5) to digest the organoids into
single cells and resuspend the cells in 500 pl precooled
freezing medium per well (24-well plates) or two wells (48-
well plates). Transfer the mixture to cryovials (500 pl each),
and immediately place them on ice. Transfer the cryovials at

—80°C and then to liquid nitrogen after 24 h. The organoids
can be stored for years.

V.ii. Thawing of organoids

1) Prewarm a 15 ml tube with 10 ml basal medium (for cho-
orgs or in-orgs) at 37°C. Prewarm a 24- or 48-well plate
according to need.

2) Incubate the cryovial in a 37°C water bath and remove
when the frozen cell mass is almost completely thawed.
Transfer the thawed cell aggregates to the prewarmed basal
medium and pipette it up and down gently.

3) Centrifuge the tube at 250-300 g for 4 min at 4°C.

4) Remove the supernatant without disturbing the pellet.

5) Proceed as in steps (II-1-3) to seed the cells in Matrigel
and add the appropriate expansion medium (500 pl per well
for 24-well plates or 250 pl per well for 48-well plates) to
each well.

6) Replace the medium every 2-3 days.

VI. Analysis of organoids
To characterize the organoids, use option (VLi)
for immunofluorescence analysis, (VLii) for
immunohistochemical staining, and (VLiii-iv) for isolation of
DNA (iii) or RNA (iv),

VLi. Immunofluorescence staining

1) To collect the organoids completely, remove the expansion
medium, and add 500-1,000 pl precooled Cell Recovery
Solution to each well.

2) Gently shake the plate horizontally at 4°C for 30-60 min to
disrupt Matrigel.

3) Cut off the top of 1,000 pl tips. Blow the tips twice in
precooled 1% (v/v) PBS-BSA, and wash 15ml centrifuge
tubes using 1% (v/v) PBS-BSA to precoat the tips and tubes.

4) Transfer the mixture to the precoated tubes using the
precoated tips, add PBS 1x to ~10ml and mix gently.
Centrifuge at 70 g and 4°C for 4 min, and carefully remove
the supernatant.

5) Repeat the PBS 1x wash steps once or twice to wash out
Matrigel completely.

6) Fix the organoids by resuspending in 4% (w/v)
paraformaldehyde at 4°C for 45min and mix once
or twice.

7) Add ~10ml precooled 0.1% (vol /vol) PBT, mix, and
centrifuge at 70 g and 4°C for 4 min.

8) Remove the supernatant and resuspend the organoids in
the precooled washing buffer. Transfer the mixture to a 24-
well plate (>200 1 per well) and incubate at 4°C for 15 min.

9) When the organoids sink to the bottom, tilt the culture
plate at 45° and remove the washing buffer to leave about
a200-p! liquid.

10) Add a two-fold concentration of primary antibody
(diluted in 0.5% PBS-BSA) (200 L) to each well. Incubate
overnight at 60 rpm and 4°C.

11) Add 1 ml washing buffer to each well and pipette gently.
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12) When the organoids sink to the bottom (3 min), remove
1 ml washing buffer, add 1 mL washing buffer, and incubate
for 30 min.

13) Repeat step (11) at least twice.

14) When the organoids sink to the bottom, remove the
washing buffer to leave a 200 pl liquid.

15) Add a two-fold concentration of secondary antibody
(diluted in 0.5% PBS-BSA) (200 l) to each well. Incubate
overnight at 60 rpm and 4°C.

16) Repeat 10-13. Transfer the organoids to 1.5ml EP tubes
and centrifuge at 70 g and 4°C for 4 min. The organoids can
be stored in the washing buffer at 4°C for 2 days.

17) Remove the washing buffer without touching the plates.

18) Add the F-G clearing solution (>50 1, RT) to the EP tube
using top-cut 200-p tips.

19) Add an appropriate volume of DAPI and incubate for
20 min at room temperature. The organoids can be stored
in the F-G clearing solution for 1 week at 4°C or 6 months
at —20°C.

20) Transfer the organoids to a 24-well plate using 200-pl
top-cut tips.

21) The organoids can be subjected to
immunofluorescence imaging.

VLii. Immunohistochemical staining of organoids

1) To obtain the organoids completely, perform steps
VI-C 1-6.

2) Remove 4% (w/v) paraformaldehyde, add ~10ml
precooled PBS 1x, and centrifuge at 70g and 4°C
for 4 min.

3) Repeat the washing step once or twice.

4) Remove the supernatant and add ~10 ml 70% alcohol. The
organoids can be stored at 4°C in 70% alcohol for 1 week.

5) Adjust the water bath to 65°C and prewarm Histowax
(~3ml per sample), plastic straws, soft EP tubes, and a
metal mold. Be careful to keep the materials dry.

6) Place a centrifuge tube on ice upright until the organoids
sink to the bottom. Remove the supernatant, resuspend the
organoids in 0.5% (w/v) eosin solution to dehydrate, and
stain for >30 min.

7) When the organoids sink to the bottom, discard the
supernatant and resuspend in 100% alcohol to wash for at
least 30 min. Repeat these wash steps thrice.

8) Resuspend the organoids in dimethylbenzene and wash
thrice for ~30 min each.

9) Remove the dimethylbenzene.

10) Place the centrifuge tube containing the organoids
mentioned above in a 65°C water bath, absorb appropriate
volume of prewarmed liquid Histowax (<500 pL) to the
organoids using the prewarmed plastic straws, quickly
pipette twice or thrice, and transfer the mixture to the
prewarmed soft EP tubes.

11) Incubate the soft EP tubes at 65°C overnight.

12) Transfer the soft EP tubes to RT or a cold area to
solidify Histowax.

13) Peel off the tube carefully and cut the Histowax to a
smaller size suitable for embedding. This step concentrates
the organoids, facilitating their staining and visualization.

14) Re-embed the small wax block to a new Histowaxin
metal mold.

15) Cool the mold and take out Histowax, which can be stored
at RT for years.

16) Cut Histowax into pieces for further staining.

V1iii. Isolation of DNA

1) Perform the procedure in main text III 2-3 to
remove Matrigel.

2) Discard the supernatant, add ~1ml precooled PBS 1x,
and pipette the mixture up and down thrice. Transfer the
mixture to 1.5ml EP, and centrifuge at 250g and 4°C
for 4 min.

3) Resuspend the organoids in PBS 1x, transfer them to a
1.5ml EP tube, and centrifuge at 300 g and 4°C for 4 min.

4) Discard the supernatant and add 30 pl Direct-PCR
solution and 0.5 pl proteinase K per sample.

5) Incubate at 60°C overnight.

6) Centrifuge at >8,000 g at RT for 10 min.

7) DNA can be stored at 4°C.

8) If necessary, purify the DNA using a DNA purification kit.

V1iv. Isolation of RNA

1) To collect the organoids, follow steps VLiii 1-3 to collect
cell mass.

2) Remove the supernatant, add 350 pul RLT to each 1.5ml
microcentrifuge tube, and vortex-mix for 30 s.

3) To promote cell mass lysis, draw the mixtures at least 5
times without RNase using a sterile syringe fitted with a no.
20 needle.

4) The mixtures can be stored at —80°C for 1 month.

5) RNA can be extracted following the RNeasy Mini Kit
(Qiagen, Hilden, Germany) protocol guides.

Troubleshooting
Troubleshooting advice can be found in Table 1.

Step Times
Step I. i-ii: collection of mouse liver bile-duct cells: 4 h.
Step L iii: collection of mouse gallbladder cholangiocytes: 2 h.
Step L. iv: isolation of mouse intestinal crypts: 2 h.
Step II: seeding of mouse cholangiocytes or crypts: 30 min.
Step III: passaging of mouse organoids: 30-45 min.
Step IV: harmonizing of organoid growth rate: 40-60 min.
Step V: cryopreservation and thawing of mouse organoids: 30
min each.
Step VI: analysis of organoids: 2 days for isolation of DNA, 40—
60 min for isolation of RNA, 3 days for immunofluorescence
staining, and 2 days for immunohistochemical staining.

RESULTS

Establishment of Organoid Cultures

The bile ducts, cholangiocytes, and intestine crypts embedded
in Matrigel developed into 3D structures (Figure 2). The cho-
orgs from cholangiocytes were single cystic spheres, while the
primary cho-orgs from bile ducts comprised multi-cystic sphere-
like organoids but can be separated after passaging and grow into
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TABLE 1 | Troubleshooting.

Step Problem Possible reason Solution
1.i-5 Low yield after Over- or under-digestion of liver tissue Check the duct cells every 20 min during digestion,
digestion (Figure 2A upper row)
li-7 Large amount of cell Over-digestion of the liver tissue or the gravity When large flakes of ducts appear, stop the digestion;
.ii-2 debris sinking time was too long shorten the gravity sinking time
-2 Air bubbles in the The Matrigel was pipetted too quickly Pipetted slowly when seeding; if bubbles are formed,
Matrigel centrifuged tube at 4°C to push the bubbles to the top of the
mixture
-3 Matrigel solidified in the Over-temperature of Matrigel when seeding Keep the Matrigel mixture on ice and pre-cold the tips;
tube or the tip perform the seeding procedure as soon as possible
-5 Low formation rate of Over-digestion of organoids or mechanical Check the single cells under a microscope every 2 min; slow
passaged organoids separation too fierce. down the pipetting speed.
-7 More cell clumps after Not enough digestion time or too little mechanical Increase the digestion time; increase the number of
digestion blowing mechanical blowing (10-30 times) before neutralizing the
digestion
VLii-10 Wax blocks touch softly Not enough incubation of wax blocks in cold area or Prolong the incubation time of wax in cold area and keep care
too much vapor mixed in the wax. of the vapor
VL9Lii-13 Wax blocks crack easily The wax block has not set completely; peel off the Prolong the incubation time of wax in cold area; Cut the soft
soft EP tube too fiercely. EP tube by fine scissor before peeling off the tube
Vliv-1 Cell clumps tend to The Matrigel is not completely removed Before washing with PBS 1 x, washing the Matrigel-cell
stick to the wall of the mixture by medium 1-2 more times; and then avoid the 1000
tube or on the tips wL tips going too deep under the liquid surface when
washing with PBS 1x
A Cho-orgs C

FIGURE 3 | Development of cho-orgs and in-orgs. Cholangiocytes (bile ducts) and crypts from the small intestine embedded in Matrigel developed into cyst-like
structures. (A,B) Cells congregated in the cysts of in-orgs (day 3) and were outside the cho-orgs (day 4); after culturing for 10-13 days, the cho-orgs (day 10) and
in-orgs (day 13) increased in size, and the in-orgs developed three buds (white arrow) to form a mature structure (bar, 100 um). (C) Mature in-orgs after culturing for 7
days after passage, they were bud-shaped and had aggregated cell clumps in the organoids (bar, 100 pm).

In-orgs P3 day7

single cystic spheres, as in the case of cho-orgs derived from single
cholangiocytes. Besides, the In-orgs were bud-shaped and had
aggregated cell clumps in the organoids.

Growth of Organoids

After seeding for 2-4 days, primary stem cells from the
cholangiocytes or small intestine started to develop into cyst-like
structures (Figure 3A). After 10-14 days, the organoids increased

in size and matured (Figure 3B) and could be passaged at a
1:3-1:4 ratio for further expansion (Figures 2A, 3C).

Characteristics of Cho-Orgs and In-orgs
Cho-orgs expressed the cholangiocytes markers Krtl9
(Figure 4A) and Krt7 (Figure 4B), showed high proliferative
activity, and consisted of more than one cell layer (Figure 4C).
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days (bar, 200 um).

FIGURE 4 | Characteristics of cholangiocytes-organoids (cho-orgs). (A) Immunofluorescence staining for the cholangiocyte marker CK19 (green) (bar, 100 um). (B)
Immunofluorescence staining for CK7 (red) in a 3D structure (bar, 100 wm). (C) The cho-orgs consisted of more than one cell layer and express the proliferation marker
Ki67 (bar, 100 um). (D) The cho-orgs from intrahepatic bile ducts were cultured for 7 days after seeding and passaged seven times for a total culture duration of >64

We found a phenomenon that the cho-orgs from the
intrahepatic bile ducts grew slower than the cho-orgs from
gallbladders. Formation of mature organoids, about 200 nm in
size, took only about 5 days for gallbladder-derived bile duct cells
compared to the 7-14 days for primary intrahepatic bile duct
cells. However, the latter could be passaged for a longer period
(Figure 4D).

Besides, the in-orgs expressed the enterocyte cell marker
CK20 before they matured (Figure 5A), and the cell connections

were stable as shown in the complete tight junction protein
CLAUDIN-1 staining results (Figure5B). In addition, the
intestinal permeability of the in-orgs was proved to be normal,
and the fluorescent dye did not enter the cavity of the organoid,
as identified by FITC-dextran-4KD (FD4) staining analysis
(Figure 5C).

It is worth mentioning that the digestion time of the
organoids in TrypLE Express solution is crucial for the viability
of the next generation of organoids during passaging. On
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FIGURE 5 | Characteristics of small intestinal organoids (in-orgs). (A) Immunofluorescence staining for the enterocyte cell marker CK20 (red) (bar, 100 um). (B)
Immunofluorescence staining for the complete tight junction protein CLAUDIN-1 (red) (bar, 100 wm). (C) Fluorescent dye FITC-dextran-4KD (FD4) absorbing results,
observed with a laser confocal Microscope. The in-orgs are on a green background (bar, 100 pm).
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FIGURE 6 | Organoid culture after thawing. (A) Cholangiocytes-organoids (cho-orgs) were cultured for 1 day after thawing (bar, 200 um) (P4, passage 4). (B)
Cho-orgs are cultured for 5 days after thawing (bar, 200 pwm).

the one hand, prolonged incubation time leads to over- of growth rate manipulation, the organoids were ready
digestion and lower cell viability; on the other hand, insufficient ~ for =~ RNA/DNA  isolation, immunochemical staining,
digestion can lead to decrease in the number of organoids.  cryopreservation, or further experiments.

Therefore, the digestion situation of organoids should be

monitored under a light microscope. The optimum time

of digestion can be determined when 80-90% of cells are CONCLUSIONS

single cells.
Our protocols have high repeatability if tissue dissociation

steps are performed correctly, and the composition of
Stable Growth of Cho-Orgs After medium is precise. Besides, we simplify the cell collection
Cryopreservation and Recovery procedure by gravity settling and multistep centrifugation
The organoids grew stably after thawing, as observed by light  to collect cholangiocytes/bile duct and intestine crypts
microscopy (Figure 6). After stable culture, homogenization  from mouse liver cholangiocytes or small intestine,

Frontiers in Microbiology | www.frontiersin.org 61 May 2022 | Volume 13 | Article 907901


https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles

Chen et al.

Cholangiocytes and Small Intestine Organoids

although some unwanted cells may also be collected during
the process, which will disappear gradually after 1-2
passages of the organoids. In addition, when experiments
are operated properly, the possibility of exposing stem
cells to mechanical damage or chemical injury will be
avoided. After passaging, cryopreservation, and thawing,
the organoids are in a stable growth state and suitable for
mechanistic analysis, preclinical research, drug screening or
further experiments.
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drug users, migrants, blood transfusion recipients, and renal dialysis patients have
become the target populations for hepatitis C prevention and control. It is important to
improve the diagnosis rate in high-risk groups and asymptomatic people. Identifying
secondary HCV infections, especially in HCV patients co-infected with the human
immunodeficiency virus (HIV) is a priority of hepatitis C prevention and control. Enhancing
universal access to direct antiviral agents (DAASs) treatment regimens is an effective way
to improve the cure rate of HCV infection. For China to contribute to the WHO 2030
global HCV elimination plan, strategic surveillance, management, and treatment program
for HCV are needed.

Keywords: hepatitis C, epidemiology, natural history, interventions, elimination

INTRODUCTION

Hepatitis C is a blood-borne disease caused by the hepatitis C virus (HCV), leading to acute
or chronic infection. Newly infected individuals are usually asymptomatic. Approximately 30%
(15%-45%) of people with acute infection clear the virus by themselves within 6 months, with
the remaining 70% (55%-85%) developing chronic hepatitis C (World Health Organization,
2020). HCV infections have led to a serious disease burden. According to the World Health
Organization (WHO), around 71 million people worldwide are infected with chronic HCV,
and there were 1.75 million new cases of HCV infection worldwide in 2015 (World Health
Organization, 2017a). The WHO proposed a hepatitis C elimination plan in 2016 that projects
a 90% reduction in new HCV infections and a 65% reduction in deaths globally by 2030
(World Health Organization, 2020). Many countries around the world are working to achieve
this goal.
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China is actively responding to WHO’s plan through the
Healthy China Initiative (2019-2030), aiming to increase blood-
borne disease testing, high-risk occupational screening, and
universal safe sex (The State Council of the People’s Republic
of China, 2019). However, China still has one of the highest
rates of hepatitis C infection in the world (Hajarizadeh et al,
2013; World Health Organization, 2017a). HCV infections
showed a slow upward tendency from 2012 to 2017 (Gao
et al., 2019). In addition, 9,795,000 HCV infections and 45,300
HCV deaths have been reported in 2016, which were both
high prevalence and high mortality rates (World Health
Organization, 2017a; CDA Foundation, 2020).

There is no vaccine against HCV and prevention measures
rely mostly on screening improvement and health promotion
(Gomaa et al., 2017). However, routine medical examinations
in China do not include HCV detection, resulting in a very
low number of HCV cases detected through active surveillance.
Only 18% of people with HCV were diagnosed in China in
2016 (CDA Foundation, 2020). The main measure against HCV
is medical therapy. Direct antiviral agents (DAAs) have changed
the traditional treatment regimen for HCV infection and have
been shown to reduce the disease burden of HCV, thus offering
hope for a successful HCV elimination.

Despite their effectiveness, DAAs have not been well
implemented in China due to several factors. Therefore, it is
critical to further explore effective measures to reduce HCV
morbidity and mortality in China and thus contribute to the
WHO 2030 HCV Elimination Plan. Previous studies have
explored the proportion of asymptomatic and symptomatic
individuals with acute and chronic HCV infection. Further
studies should elucidate the course of infection in patients to
clarify the natural history of HCV infection and to distinguish
between acute and chronic stages of HCV infection. This
distinction, which can be effective delineation of important
populations and segments, can be useful for the elimination
of hepatitis C.

FACTORS INFLUENCING THE
FEASIBILITY OF HEPATITIS C
ELIMINATION IN CHINA

Understanding the epidemiological characteristics of HCV
infections, such as population, temporal, and spatial distribution,
can help to take targeted prevention and control measures
against HCV. In recent years, the incidence of hepatitis C in
China has been slowly increasing. In addition, the unbalanced
spatial distribution of disease burden and genotypes further
increases the challenge of preventing and treating HCV infection.
Although the detection of HCV has improved in recent years,
the reporting rates in China have not improved significantly
(European Association for the Study of the Liver, 2018). A
large number (85%-90%) of people with HCV are currently
asymptomatic (Ozaras and Tahan, 2009). This phenomenon
has led to the majority of HCV-infected patients ignoring them
that have hepatitis C, and the detection rate of active HCV

is very low. This greatly increases the difficulty of preventing
and controlling hepatitis C. Therefore, there is a need to further
investigate key areas and populations and propose
targeted strategies.

EPIDEMIOLOGICAL CHARACTERISTICS
OF HEPATITIS C IN THE MAINLAND OF
CHINA

Temporal Distribution

Previous studies found that the number of reported hepatitis
C cases in China increased slowly from 1997 to 2003 with
an annual increase of 27.89% and rapidly increased from 2004
to 2011 with an average annual increase of 48.79% (Qin et al.,
2013). According to the Chinese Center for Disease Control
and Prevention, a study found that there was a sharp increase
from 52,927 cases in 2005 to 201,622 cases in 2012, with a
steady trend from 2012 to 2017 (Figure 1A). Previous studies
also found consistent with our results (Liu et al, 2018).
Furthermore, the number of new cases showed seasonality,
with a peak in March every year. The trend in incidence rate
was also similar (Figure 1B). The number of deaths due to
hepatitis C also showed fluctuations with an average of 10
deaths reported per month. According to an epidemiological
survey of serum specimen testing in China in 2006, the
prevalence of HCV infection in the total population was 0.43%.
However, the actual reporting rate for that year was only 5.41
per 100,000 (Chen et al, 2011). Only one in 10 infected
individuals may be detected.

Spatial Distribution

The geographical distribution of hepatitis C in China varies
widely. The top three provinces with the greatest number of
new confirmed cases in 2017 were Guangdong (23,927 cases),
Henan (21,446 cases), and Hunan Province (14,241 cases). The
three provinces with the lowest new confirmed cases were
Ningxia Hui Autonomous Region (803 cases), Tianjin City (784
cases), and Tibet Autonomous Region (58 cases; Figure 2A).
The geospatial distribution of the incidence and new cases of
HCV varies considerably among provinces due to differences
in population size. The geographical distribution of incidence
rates in China in 2017 showed a trend of high in the northern
regions and low in the southern regions. The higher incidence
rates concentrated in the northwestern regions of China (including
Xinjiang Uyghur Autonomous Region, Qinghai, Inner Mongolia
Autonomous Region, Ningxia Hui Autonomous Region, Gansu,
and Shaanxi Province). The highest incidence of HCV infection
was recorded in the Xinjiang Uyghur Autonomous Region (44.77
cases/100,000 people), while the lowest incidence rate was found
in Beijing (3.87 cases/100,000 people; Figure 2B). A previous
study also found that the highest incidence of hepatitis C was
observed in Xinjiang (Moriyama and Rahman, 2018). Sociocultural
and economic factors may play a key role in HCV transmission
(Zhou and Zhou, 2013; Moriyama and Rahman, 2018); specifically,
low socioeconomic conditions, poor public health programs,
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FIGURE 2 | Number of new cases and incidence of HCV infection reported in China in 2017. Plot (A) represents the HCV cases reported by China CDC in 2017.
Plot (B) represents incidence rate calculated by the population of each province in China.

and indigenous customs contribute to an increased burden of than in the non-minority region (Mali Xia et al., 2014; Wang
HCV (Abdelhakam and Othman, 2018). A previous study found  and Pan, 2016). Some ethnic minorities, located in border areas,
that healthcare access in ethnic minority regions was worse  may have more drug trafficking and use, potentially contributing
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to the high incidence rate of HCV infection (Zhou et al., 2016).
Besides, the governments in developed areas may invest more
money and resources in healthcare and people’s health awareness
than in underdeveloped areas (Zhou and Zhou, 2013). There
may be urban-rural inequality of opportunity in healthcare in
China (Ma et al, 2021). Therefore, the Chinese government
should strengthen economically and culturally appropriate,
regional-specific interventions to curb the HCV-transmitted
infection epidemic, especially in the northwestern and
southwestern regions as well as in the Henan Province.

In addition, the regional HCV infection rates among Chinese
injecting drug users (IDUs) also varied considerably, with the
lowest HCV infection rate among IDUs being 11.43% (Shaanxi)
and the highest being 90.77% (Hubei). HCV prevalence is
also high in IDUs in the Yunnan Province, Guangxi Zhuang
Autonomous Region, Hunan Province, Xinjiang Uygur
Autonomous Region, etc. (Xia et al., 2008). The lowest hepatitis
C infection rate among non-injecting drug users is 0% (Anhui
Province) and the highest is 40.00% (Fujian Province; Bao
and Liu, 2009). Another study conducted HCV detection among
2,000 injecting drug users in Yunnan Province and found that
77% of the participants were infected with HCV (Zhou et al.,
2012). Furthermore, the prevalence of HCV seropositivity among
IDUs in China was the highest in the southwest (77.7%, 95%CI:
69.9%-85.4%), followed by the south (76.2%, 95%CI: 65.9%—
86.4%). In terms of specific regions, the Sichuan Province had
the highest prevalence of HCV antibodies (91.7%, 86.6%-95.3%),
followed by the Guangxi Zhuang Autonomous Region (86.1%,
95%CI: 81.8%-90.4%; Bao et al., 2019).

Population Distribution
The age distribution of reported HCV incidence varies. The
main characteristic was that HCV incidence tends to affect
younger people, while the prevalence remained high in older
adults, especially in those aged 60. In 2004, the prevalence
was higher in people aged 25-44 and 55 or older, while in
2017 the prevalence was more evenly distributed in all age
classes above 25 (Figure 3). The incidence of HCV infection
in infants (0-1-year-old) rose and then fell, with a peak in
2012 (11.71 cases/100,000) during the 2004-2017 period. Mother-
to-infant transmission has become the most common routine
of hepatitis C virus infection, with risk factors including titer
of HCV RNA, IgM positivity, high viral load, active drug use,
and HIV coinfection in the mother (Ohto et al., 1994; Dal
Molin et al., 2002; Syriopoulou et al., 2005; Squires and Balistreri,
2017). There was a significant upward trend in prevalence
between 2004 and 2012, with a smoothing trend in prevalence
among people aged 85 years after 2012. The incidence of hepatitis
C was a clear upward trend since 2012 among people aged
50-55, with the highest incidence (37.061 cases/100,000) in
2017. In addition, a previous study has found that the prevalence
of hepatitis C generally increases with age (Li et al., 2020).
Another study also demonstrated that the seropositivity was
correlated with high age (>60years; Xu et al., 2019).

A study in the Liaoning Province showed that the seropositivity
was significantly higher in men than in women, with detection
rates ranging from 0.18 to 2.40% for men and 0.20 to 2.07%
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FIGURE 3 | Incidence of reported HCV infection in different age groups in
China, 2004-2017. The reported incidence rate by different age groups was
obtained from a website (https://www.chinacdc.cn/).

for women (Li et al, 2020). One study reported a prevalence
ratio of 1.6:1 for men and women (Cornberg et al., 2011).
This gender difference is directly related to risk behaviors,
such as unprotected sex in men who have sex with men (MSM),
sharing syringes, and tattooing (Rao et al, 2019).

Hepatitis C is present in various occupational groups in
China, and retirees, farmers, workers, and accounted for the
largest proportion (Xin-rong and Qing-long, 2019; Yang et al.,
2019; Tian et al, 2020; Wang and Han-bing, 2020). The
prevalence among female sex workers ranged from 0.32 to
1.14%, and it was even higher among female sex workers with
lower socioeconomic status (Chen et al., 2015). The prevalence
was 0.3%-0.5% for male truck drivers and passengers and
0.2% for pregnant women and young students (Wang et al., 2013).

The use of infected syringes is currently one of the main
routes of HCV transmission in China. The prevalence was
66.97% among IDUs and 18.30% among non-injecting drug
users (Bao and Liu, 2009). A study showed a high disease
burden of HCV infection among IDUs in China, with high
seropositivity of 71.6% (95%CI: 65.7%-77.6%; Bao et al., 2019).
Another study found that there was a 60.1% (95% CI: 52.8%-
67.0%) prevalence of hepatitis C among outpatients on methadone
maintenance treatment (Zhuang et al, 2012). The prevalence
of HCV infection among IDUs in China is higher than that
in general drug users. The main reason is certainly the sharing
of needles, syringes, or other drug-related paraphernalia, leading
to cross-contamination (Midgard et al., 2016; Chinese Society
of Hepatology, Chinese Medical Association, and Chinese Society
of Infectious Diseases, Chinese Medical Association, 2020).
This indicates that effective interventions for the prevention
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and control of HCV infection among IDUs should be
implemented.

Human immunodeficiency virus and HCV have the same
mode of transmission and share common risk factors.
Immunocompromised individuals are vulnerable to HCV
infection, and high active antiretroviral therapy (HAART) is
associated with hepatotoxicity. Therefore, HIV/HCV co-infection
is common. Previous studies have found a 24.7% HCV prevalence
among HIV-infected individuals (Yu et al., 2020). As of October
2020, a cohort study of HIV patients in Guangxi Zhuang
Autonomous Region, China, found that 8.1% co-infected with
HCV (Jia et al, 2022). A cross-sectional survey in Yunnan
Province reported 6.5% of a total of 5,922 HIV/AIDS cases
were infected with HCV (Li et al., 2021). As of October 2021,
the number of people living with HIV in China reached
1.14 million and is still increasing (Xian, 2021), implying that
there might be 74,100-281,580 cases of HIV/HCV co-infection
in China.

Blood transmission is another major route of HCV infection,
with a prevalence of 166.56 per 100,000 among first-time blood
donors and 15.21 per 100,000 among regular blood donors
(Fu et al., 2019). The prevalence of hepatitis C in hemodialysis
patients was approximately 10%, which is higher than the
general population (Jadoul et al., 2019).

With the transformation of China’s economy and the proposal
of the National New Urbanization Plan (2014-2020), the orderly
growth of the agricultural transfer population has been
encouraged. As a result, the scale of domestic migration in
China has been constantly expanding. Rural workers began
to migrate to urban areas for better employment opportunities.
However, a large proportion of them are limited to 3D (ie.,
dirty, dangerous, and difficult) occupations. Migrants remain
a socially vulnerable group with high health risks. One study
indicated that the prevalence of hepatitis C among Chinese
internal migrants reached 0.45%, which is 3.8 times higher
than in the general population (Zou et al., 2014).

Among other high-risk groups for HCV infection, MSM
are represented with a higher prevalence of 0.7%-1.2% than
the general population (Chow et al, 2014). HCV prevalence
among clandestine sex workers ranged from 0.7 to 0.9% and
0.8 to 0.9% among men attending sexually transmitted disease
(STD) clinics (Wang et al., 2013).

Genotypic Distribution

Hepatitis C virus is classified into seven genotypes (HCV 1-7),
including 67 established subtypes and 20 provisional subtypes
(Messina et al., 2015). Genotype 1 is the most prevalent globally
(46.2%) followed by genotype 3 (30.1%). Most Asian countries
also display a predominance of HCV-1 and HCV-3 (McOmish
et al,, 1994). HCV subtypes 1-6 have been identified in China,
with 1b, ie., 62.78% (95% CIL: 59.54%-66.02%) and 2a, i.e.,
17.39% (95% CI: 15.67%-19.11%) being the two main subtypes
(Zhang et al., 2017a). The distribution of genotypes varied
greatly across the country (Figure 4). The provinces with the
highest proportion of 1a subtypes were Tianjin (84%), Shanghai
(80%), Sichuan (79%), Henan (79%), and Hubei (74%).

FORMS OF HEPATITIS C

Hepatitis C is divided into two forms, i.e., acute and chronic
hepatitis C. However, asymptomatic people remain the main
source of contamination whatever the form might be. Therefore,
it is essential to analyze the transmission of HCV caused by
asymptomatic carriers (Figure 5). As already highlighted, HCV
is mainly transmitted through used syringes and needles, reuse
of medical equipment, blood transfusions, and unprotected
sexual contact (World Health Organization, 2020). However,
mother-to-child transmission is rare. Acute hepatitis C is defined
as the first 6months after initial infection (Hajarizadeh et al,,
2013), when HCV is detectable in peripheral blood in susceptible
individuals after 1-3weeks of exposure (Farci et al, 1991).
The viral titer will reach a peak after 1-2.5months (Liu et al.,
2012). Viremia is also high at this stage. About 10%-15% of
infected individuals become symptomatic after an incubation
period of 2 months (range: 1-3months). Symptoms last for
2-12weeks and are usually mild and mainly non-specific such
as drowsiness and muscle pain, but jaundice may also occur
(Hoofnagle, 1997; Maheshwari et al., 2008). Symptomatic acute
patients are easily detected, but the majority (85%-90%) of
infections is asymptomatic (Ozaras and Tahan, 2009). Therefore,
misdiagnosis is a frequent occurrence. Approximately 10%-15%
of asymptomatic patients, as well as 25%-50% of symptomatic
patients, will experience spontaneous clearance of HCV within
the first 3months (Maheshwari et al., 2008; Ozaras and Tahan,
2009). Spontaneous clearance of hepatitis C virus is more likely
to occur in younger age groups and children (Corey et al,
2006; Micallef et al., 2006). Spontaneous clearance of hepatitis
C virus infection is approximately twice as likely in women
as in men (Kong et al, 2014; Xiong et al.,, 2017).

Hepatitis C chronicity is defined as the persistence of the
hepatitis C virus in the bloodstream for more than 6 months.
About 55%-85% of acute infections will evolve into a chronic
stage (Chinese Society of Hepatology, Chinese Medical
Association, and Chinese Society of Infectious Diseases, Chinese
Medical Association, 2020; World Health Organization, 2020).
Both asymptomatic (85%-90%) and symptomatic (50%-70%
of infected individuals) may develop chronic hepatitis C after
4months (range: 3-5months) (Maheshwari et al., 2008; Ozaras
and Tahan, 2009). Most chronic hepatitis C patients are also
asymptomatic, making this population significant for the impact
of hepatitis C transmission. A very small percentage of chronic
hepatitis C patients are self-clearing, but recovery rates of
71%-100% can be achieved after 2-3months of treatment
(Grebely et al., 2011). However, patients who develop severe
lesions may die from the disease. Although HCV infection
can be spontaneously cleared and recovered with treatment,
the risk of secondary infection remains, with the likelihood
of secondary infection varying from 0 to 6% (Martinello et al.,
2017). In addition, patients coinfected with HIV and HCV
are at greater risk of secondary infection (3%-15%; Westbrook
and Dusheiko, 2014; Martinello et al., 2017).

The parameters of the natural history of HCV in China
are also consistent with those estimated by other countries.
In China, approximately 40 million people are infected with
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HCV (Li et al, 2012), and it is estimated that 50%-85% of
all individuals infected with HCV develop chronic hepatitis.
Another study indicated that the proportion of acute patients
who are transformed into chronic patients is about 82.62%
(Jia et al,, 2019). In Hebei Province of China, a 9-year follow-up
of hepatitis C virus infection study found that 12 (8.4%) of
142 cases were negative for both HCV RNA and anti-HCV
(Fan et al,, 2004). Another study showed that 92 in 416 cases
(22.44%) would occur spontaneous clearance after at least
6months (Kong et al, 2014). Meanwhile, the spontaneous

clearance of HCV in 100 HCV-infected Chinese blood donors
was 24.0% in China (Liu et al., 2013). A study reported that
the mean incubation period of 99 HCV-infected patients was
close to 31-45days in a county of China. The Chinese guidelines
for the prevention and treatment of hepatitis C summarized
the rate of sustained virologic response (SVR) in hepatitis C
patients after 12 weeks of DAAs treatment and found that most
DAAs were highly effective (more than 85%; Chinese Medical
Association and Chinese Society of Infectious Diseases, 2019).
Furthermore, a study showed that an intention-to-treat analysis
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of a real-life observational study revealed more than 90% of
SVR rates of 192 patients in China (Zeng et al., 2017).

PREVENTION AND CONTROL
STRATEGIES IN CHINA

There is no effective vaccine to prevent HCV infection. According
to the HCV infection prevention and control guidelines in
2019, the main prevention and control measures for hepatitis
C include screening and management, strict screening of blood
donors, prevention of medical and broken skin-mucous
membrane transmission, prevention of sexual transmission,
prevention of mother-to-child transmission, and active treatment
and management of infected individuals (Chinese Society of
Hepatology, Chinese Medical Association, and Chinese Society
of Infectious Diseases, Chinese Medical Association, 2020).

HCV Infection Prevention and Control
Policy in China

China has adopted some active strategies to strengthen HCV
infection prevention and control. HCV infection elimination
has been included in the “Healthy China 2030” plan (The
State Council of the People's Republic of China, 2016). China
has established HCV Infection Elimination Alliance in 2017,
and the established pilots to conduct free screening for HCV
in high-incidence counties (People 's Daily Online, 2017). The
government also issued guidelines for HCV infection prevention
and treatment in 2019. This series of policies emphasizes the
determination and efforts to eliminate HCV infection in China.

Early Screening for HCV

Early screening for HCV infection is very important and is
currently focused on high-risk groups, such as drug users,
blood transfusion recipients, and renal dialysis patients (Alter
and Margolis, 1998). The diagnosis rate of HCV in China is
low. In 2016, only 18% of HCV-infected people were diagnosed,
which is significantly lower than the WHO target of 72%
diagnosis rate (Virtual Community of Hepatitis C, 2017). One
study advocates that the entire general population should
be screened for HCV as screening is still lacking even in
high-risk populations (Mak et al, 2018). In addition, the
presence of a large proportion of asymptomatic infected
individuals further increases the difficulty of efficiently screening
for HCV (Ozaras and Tahan, 2009).

Positive Treatment and Management of
HCV Infection

Although early screening can greatly reduce the HCV transmission,
the prevention and control of HCV should still be based on
active treatment. Most studies used SVR to assess the effectiveness
of the treatment (Miriam and Harold, 1998). DA As are considered
ideal treatment for people with chronic HCV infection (SVR >90%;
Virtual Community of Hepatitis C, 2017). The WHO
recommended that all patients over 18 with chronic hepatitis
should be treated with DAAs (World Health Organization, 2016).

DAAs therapy cures most people with HCV infection within
a short period of time (usually 12-24 weeks; Mak et al., 2018).
According to WHO, about 5 million people were treated with
DAAs as of 2017, but this was still far from the global goal
of achieving 80% treatment by 2030 (Ozaras and Tahan, 2009).
The genotypes of hepatitis C in China are mainly type 1 and
type 3. According to the new Chinese guidelines of hepatitis C,
the SVRI2 rates for genotypes 1a, 1b, 2, 3a, 3b, and 6 were 100,
100, 100, 95, 76, and 99%, respectively, after 12 weeks of treatment
with sofosbuvir/velpatasvir (Chinese Medical Association and
Chinese Society of Infectious Diseases, 2019). There is no vaccine
to prevent HCV, but combination therapy with DAAs can cure
more than 95% of chronic HCV (Chinese Hospital Infection
Control Branch of Preventive Medicine, Chinese Society Branch
of the Medical Association, Chinese Society Prevention and Control
Branch of Preventive Medicine, 2021). In general, DDAs are very
effective against hepatitis C, with most drugs achieving and SVR
rate of more than 80% after 12weeks of treatment. Most DAAs
are already approved in China. Chinas HCV elimination plan
in September 2021 also identifies a cure rate of more than 95%
of HCV patients within 10years (China Liver Health, 2021).

The Management Systems of Hepatitis C
Prevention and Treatment in China

To widely promote the screening and management of
HCV-infected patients, several platforms have been established
in China using information technology, such as the HCV
community-self-management system for patients with liver
disease, and the HCV Screening and Management Information
Platform of Shengjing Hospital of China Medical University
(Virtual Community of Hepatitis C, 2016; Wang et al., 2018).
The HCV Screening and Management Information Platform
integrates screening, alerting, reporting, and management
intervention functions. These platforms combined with hospital
information systems, help achieve regulatory tracking of
HCV-infected patients and improve management efficiency.

Other Measures for HCV Infection
Prevention and Treatment

Other prevention and control measures have been implemented
to further reduce the incidence of hepatitis C, such as the
popularization of condoms, the strict control of nosocomial
infections, the enhanced management and health education
for HCV-infected patients. It is vital to increase public awareness
of the prevention and control of hepatitis C (Chinese Society
of Hepatology, Chinese Medical Association, and Chinese Society
of Infectious Diseases, Chinese Medical Association, 2020).

SUGGESTIONS FOR THE
IMPROVEMENT OF THE PREVENTION
AND CONTROL OF HCV IN CHINA

China still has a long way to go to achieve the WHO goal
of hepatitis C elimination by 2030. China has proposed a
work program for the elimination of hepatitis C from 2021
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to 2030, with seven key tasks, including strengthening HCV
awareness and education, providing comprehensive interventions
for key populations, enhancing standardized treatment and
improving treatment rates, strengthening medicine supply,
establishing and improving information management systems,
and increasing detection capacity and implementing medical
insurance policies (Health Commission of Hebei Province,
2021). To further reduce the burden of hepatitis C in China,
we make the following recommendations (Table 1).

1. Screening for HCV should be conducted in the general
population, to increase the diagnosis rate and thus improve
the effective control of HCV. For example, the American
CDC recommended a one-time HCV screening for all
individuals born between 1945 and 1965 (AASLD/IDSA
HCV Guidance Panel et al., 2015). Similar action should
be implemented. In addition to increasing screen rates based
on risk factors, prenatal screening of pregnant women also
needs to be reinforced (World Health Organization, 2017b).

2. Hepatitis C virus epidemic is usually exacerbated by the
transmission of the virus among those who are vulnerable
and at high risk, such as drug users, sex workers, the MSMs,
and minorities. The optimal, cost-effective intervention
comprises screening of vulnerable populations, ensuring that
all individuals newly diagnosed with HCV receive DAA
(Heffernan et al, 2021). We recommended strengthening
the screening in vulnerable and high-risk populations.

TABLE 1 | Recommendations to further reduce the burden of hepatitis C in
China.

Screening and Strengthen the screening of hepatitis C in high-risk groups
management to improve the awareness of prevention and treatment of
the general population.

Testing of donated blood.

(1) High-risk populations. We recommended that health
agencies emphasized testing in vulnerable populations,
such as drug users, sex workers, and minorities.

(2) Increase testing rates in the general population.
Closed-loop management of screen-positive patients
through a multi-sectoral collaborative screening and
referral pathway for HCV infection.

Treatment Three DAAs had been covered in national health
insurance, including glatavir/elbasvir (genotype 1/4),
sofosbuvir/velpatasvir (genotypes 1-6), and sofosbuvir/
ledipasvir (genotype 1/4/5/6).

Healthcare setting Hand hygiene: including surgical hand preparation and
hand.

Safe cleaning of equipment.

Safe handling and disposal of sharps and waste.
Improved access to safe blood.

Reducing the exposure of the newborn to maternal blood
to prevent mother-to-child transmission.

Health education and  Prevention of sexual contact transmission. (1) Managed

training of health MSM and people with multiple partners. (2) Universal
personnel condom use. (3) Provided proper sex education to
adolescents.

Counseling patient education on prevention and control of
HCV to improve diagnosis and treatment rates.

Regular training on the topic of occupational exposure to
HCV infection.

Screening of people at high risk for HCV could more
effectively identify people with HCV infection and thus
provide an entry point for them to access care, treatment,
and support. It might be useful to develop mathematical
models and AI systems to prioritize more vulnerable and
high-risk populations (gender, age class, occupation,
comorbidities, genotype, etc.). Further studies could provide
reasonable screening protocols, such as the comprehensive
screening program recommended in the United States for
high-risk age groups.

. The long-term regular management and follow-up of

HCV-infected patients also need to be further strengthened.
Health managers may consider improving national HCV
surveillance management system to guarantee the attendance
and recovery rate of HCV-infected patients.

. Although efficient therapies for HCV already exist, they are

expensive in certain cases (Li et al., 2019). Treatment costs
need to be reduced and DAAs should be considered for
inclusion in health insurance.

. Some scholars have noted that integrating HCV healthcare

and surveillance systems, strengthening primary care level,
and coordinating government initiatives are essential in
providing effective HCV preventive measures and treatments
(Chow et al.,, 2014; Sun et al., 2021). Disparities in healthcare
resources across the provinces increased following the
economic reform, and the socioeconomic status is associated
with healthcare resources (Bakkeli, 2021). The eastern regions
with better economic status and more healthcare investment
have high-quality healthcare resources (Guo et al, 2021).
Residents from the affluent eastern regions are more likely
to use preventive care than those from the central and
northeastern regions (Huang et al., 2016). Rural residents
have significantly less access to healthcare services than
urbanites (Zhu et al, 2017; Zhang et al, 2017b). Thus,
regional-specific strategies should be proposed and conducted
to prevent HCV infections and manage HCV patients, based
on local HCV prevalence, government healthcare funding,
and disparities in healthcare access.

. To achieve hepatitis C elimination, hepatitis C prevention

and control strategies have been proposed and implemented
in most regions of China. In accordance with Chinas HCV
prevention and control strategy, some provinces with high
incidence rates had further strengthened prevention and
control. For example, Guangdong has increased its emphasis
on mobile big data to implementation of education and
monitoring. Henan emphasized the role of health education
and opinion leaders. Several provinces have initiated sentinel
surveillance for HIV and hepatitis C. As of November 2020,
Qinghai Province has established 21 national sentinel sites,
covering basically all provinces for all types of high-risk
populations (The People's Republic of China, 2020). Zhejiang
Province decided to launch basic medical insurance for
hepatitis C (antiviral treatment) outpatient medical expenses
to be paid by disease type in 2019 [Notice on Carrying
out Basic Medical Insurance Hepatitis C (Antiviral Treatment)
Outpatient Zhejiang Provincial Medical Security Bureau,
2019]. Tianjin launched a capitation payment scheme for
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outpatient medical institutions for hepatitis C and a per-case
payment scheme for outpatient medical institutions (The
People's Republic of China, 2018).

CONCLUSION

This review elaborated the feasibility of hepatitis C elimination
in China from an epidemiological, natural history, and
intervention perspectives. From 2005 to 2012, the incidence
of HCV in China showed an increasing trend, with a stable
trend after 2012. The disease burden of HCV is usually heavy
among those vulnerable and high-risk populations such as drug
users, sex workers, the MSMs, minorities, etc. By interpreting
the natural history of hepatitis C, we suggest that the focus
should be on transmission from asymptomatic populations.
Improving the diagnosis rates, treatment, management, and
health education in high-risk populations and asymptomatic
individuals is essential to slow or even curb the HCV epidemic.
The country should pay more attention to establishing sentinel
sites for HCV to observe the epidemic and evaluate interventions.
The spatial distribution of hepatitis C incident rates indicates
regional disparities, with the higher incidence rates concentrated
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Background and Aim: Cessation of nucleos(t)ide analogs (NAs) therapy in patients with
chronic hepatitis B (CHB) is uncommon. Although criteria for discontinuation appear
in some guidelines, the indicators for assessing discontinuation of NAs are limited,
whether NAs can be safely ceased remains a difficult clinical issue. Our study aimed
to investigate the role of serum pregenomic RNA (pgRNA) and hepatitis B core-related
antigen (HBcrAg) at the end of treatment (EOT) in guiding the safe discontinuation of
NAs in CHB patients.

Methods: This is a retrospective study, clinical data of all CHB patients who
discontinued NAs treatment at West China Hospital between June 2020 and January
2021 were collected, including EOT pgRNA, HBcrAg, hepatitis B surface antigen
(HBsAQ), etc. All patients should meet the Asian-Pacific guideline for discontinuation.
Observing virological relapse (VR) rates during 1 year of NAs discontinuation and
analyzing the relationship between EOT pgRNA, HBcrAg, and VR.

Results: A total of 64 patients were enrolled in this study and 33 (51.5%) patients
experienced VR in 1 year. EOT pgRNA positivity (OR = 14.59, p = 0.026) and EOT
higher HBcrAg levels (OR = 14.14, p = 0.001) were independent risk factors for VR. The
area under the receiver-operating characteristic (AUROC) value of EOT HBcrAg for VR
was 0.817 (p < 0.001), optimal cut-off value was 3.3 log10 U/mL. Patients with EOT
pgRNA positivity and EOT HBcrAg > 3.3 log10 U/mL were more likely to experience VR
after discontinuation of NAs (88.9 vs. 45.5%, p = 0.027).
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Discontinuation of Nucleos(t)ide Analogs

Conclusion: According to current guidelines, a higher VR rate occurs after cessation
of NAs. EOT pgRNA positivity and higher HBcrAg level carries a higher risk of VR.
Combining these novel markers can better help us assess whether patients can safely

cease NAs treatment.

Keywords: chronic hepatitis B, discontinuation, hepatitis B core-associated antigen, nucleos(t)ide analogs,

pregenomic RNA

INTRODUCTION

HBV-infected patients are at increased risk of cirrhosis, liver
failure and hepatocellular carcinoma (HCC), nearly one million
people die each year from HBV-related end-stage liver disease
and its complications (Cooke et al., 2019). Due to the presence of
intrahepatocellular covalently closed circular DNA (cccDNA), a
long course of antiviral therapy is required for chronic hepatitis B
(CHB) patients. Long-term nucleos(t)ide analogs (NAs) therapy
can improve liver histology and reduce the risk of liver-related
complications through sustained viral suppression. However, the
financial burden, patient compliance, and drug side effects have
made the question of whether NAs therapy can be discontinued
in CHB patients become a hot clinical issue.

Although criteria for discontinuation of NAs appear in
some guidelines, the indicators for assessing discontinuation are
limited. The ideal endpoint for NAs therapy in patients with
CHB is the loss of hepatitis B surface antigen (HBsAg), but
it can only be achieved in a very small number of patients
and requires decades of treatment (Chevaliez et al., 2013).
To address this issue, the Liver Association guidelines suggest
alternative endpoints to NAs therapy (Liaw et al., 2012; Terrault
et al., 2016). The Asian-Pacific guideline recommend that in
hepatitis B e antigen (HBeAg) positive patients, NAs treatment
can be stopped when HBeAg seroconversion with undetectable
HBV DNA has been maintained for at least 12 months. In
HBeAg-negative patients, the treatment discontinuation can be
considered if patients have been treated for at least 2 years
with undetectable HBV DNA documented on three separate
occasions 6 months. Following Asian-Pacific guideline, studies
have demonstrated that very high rates of virological relapse
(VR) after discontinuation and recommended continued NAs
treatment (Chaung et al., 2012; Chi et al, 2015; Seto et al,,
2015). Hence, we need comprehensive indicators to guide safe
discontinuation of NAs treatment for CHB patients.

Hepatitis B core-related antigen (HBcrAg) and pregenomic
RNA (pgRNA) are two novel serological indicators for patients
with CHB. Studies have shown that HBcrAg is a surrogate
marker of both intrahepatic cccDNA and its transcriptional
activity (Testoni et al., 2019). pgRNA is a direct transcription
product of HBV cccDNA, and is further reverse transcribed by
the reverse transcriptase activity of the polymerase into a new
relaxed circular DNA (rcDNA) genome, eventually leading to
replenishment of the cccDNA pool and formation of HBV DNA-
containing virions (Lin et al., 2020). NAs act mainly on reverse
transcriptase and do not interfere with pgRNA synthesis, so
pgRNA is a good indicator of cccDNA activity in the liver (Trépo
et al., 2014). The new serum biomarkers pgRNA and hepatitis

B core-associated antigen (HBcrAg) have a role in quantifying
cccDNA (Ghany et al., 2021), so they can be used to evaluate the
risk of viral reactivation after discontinuation of NAs.

In this study, we established a retrospective cohort to examine
VR rates up to 1 year after discontinuation of NAs in CHB
patients and to explore the factors associated with successful
discontinuation of NAs treatment, particularly end of treatment
(EOT) HBsAg, pgRNA, and HBcrAg levels.

MATERIALS AND METHODS

Patients

This is a retrospective study, the study subjects were all
CHB patients who discontinued NAs treatment at West China
Hospital of Sichuan University between June 2020 and January
2021, including those who were lost to follow-up. HBeAg-
positive and HBeAg-negative patients who meet the Asia-
Pacific guidelines of NAs discontinuation criteria are eligible
for inclusion. HBeAg positive patients were required to achieve
HBeAg seroconversion and undetectable HBV DNA for at
least 12 months of consolidation therapy. HBeAg negative
patients were required to achieve undetectable HBV DNA
and then at least 18 months of intensive treatment (Liaw
et al., 2012; Terrault et al., 2016). Additional eligibility criteria
were age >18 years, HBsAg positivity and undetectable HBV
DNA at the time of NAs discontinuation. Exclusion criteria
included coinfection with hepatitis C virus, hepatitis D virus, or
human immunodeficiency virus, immunocompromised status or
malignancy, autoimmune liver disease, alcohol abuse, previous
history of liver transplantation, and other severe or active
disease. History of decompensated liver disease or presence of
decompensated cirrhosis (Figure 1).

This study was conducted in accordance with the 1975
Declaration of Helsinki. The study protocol was approved by the
West China Hospital Ethics Committee, and informed consent
was obtained from each patient.

Follow-Up, Endpoint

When NAs treatment was discontinued, each patient was tested
for pgRNA, HBcrAg and other indicators. Patients were followed
up every 3 months after discontinuation for a minimum of
12 months or VR, with biochemical and virological tests
performed at each follow-up visit. The primary study endpoint
was VR within 1 year of discontinuation, defined as HBV
DNA levels >2,000 IU/mL with or without elevated alanine
aminotransferase (ALT). Patients with VR had been restarted on
NAs therapy and were managed according to CHB guidelines.
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Laboratory Testing

Serum biochemical indexes were measured according to standard
procedures (Olympus AU5400, Olympus Corporation, Tokyo,
Japan). Serum HBsAg levels were quantitatively measured
using an Elecsys® HBsAg II Quant Assay (Roche Diagnostics,
Penzberg, Germany). Serum HBeAg status was assessed using
electrochemiluminescence immunoassay (Roche Diagnostics,
Indianapolis, IN, United States). Serum HBV DNA concentration
was quantitatively determined using a Cobas TagMan assay kit
(Roche Diagnostics, Branchburg, NJ, United States), with a lower
limit of detection of 20 IU/mL.
