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Abstract

Background and Aims: Large-scale data on the hepatitis 
D virus (HDV)/hepatitis B virus (HBV) co-infection rate is 
needed to estimate the current epidemiology of HDV in Chi-
na. This study aimed to estimate the current epidemiology 
of HDV. Methods: Patients with chronic HBV infection, with 
documented serum hepatitis B surface antigen (HBsAg) posi-
tivity for more than six months, were enrolled across China. 
Blood samples were collected at baseline for central evalu-
ations of HDV antibody and HBsAg quantification. Assess-
ments for antibodies of hepatitis A virus, hepatitis C virus, 
hepatitis E virus, and human immunodeficiency virus, as well 
as HDV RNA quantification, were performed in patients who 
tested positive for HDV antibodies. Results: Of the 5,044 en-
rolled patients between September 24, 2021, and December 
28, 2022, 4,936 patients were included in the analysis. The 
mean age (±standard deviation) was 42.9 ± 9.9 years, and 
69.8% of patients were male. The mean alanine aminotrans-
ferase level was 34 ± 58 U/L, and 1,509 (30.6%) patients 
were hepatitis B e antigen-positive. The mean (standard de-
viation) HBsAg level at baseline was 3,535 ± 11,292 IU/mL 
among 4,842 patients who were HBsAg positive. The rate of 
HBV infection and HDV antibody positivity was 0.24% (95% 
confidence interval: 0.1–0.4%), and only one patient was 
HDV RNA positive. Conclusions: The prevalence of HDV an-
tibody positivity was 0.24% in Chinese patients with chronic 

HBV infection, and only one patient with both anti-HDV an-
tibody and HDV RNA positivity was observed in this study.
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Introduction
Hepatitis D virus (HDV)/hepatitis B virus (HBV) co-infection 
is considered the most severe form of chronic viral hepatitis 
due to its unfavorable clinical outcomes.1 HDV does not form 
its own viral envelope and relies on the surface glycoproteins 
of HBV to replicate.2,3 The global prevalence of HDV infec-
tion is estimated to be 0.98%, while the prevalence of HDV 
among hepatitis B surface antigen (HBsAg)-positive patients 
is reported to be around 4.5–14.6%.4,5

HDV infection can occur as a simultaneous infection of 
HBV and HDV (acute hepatitis) or in patients with chronic 
HBV (superinfection).6 Acute hepatitis due to simultaneous 
HBV and HDV infections rarely leads to chronic hepatitis D 
(<10%),7 but the chronicity rate in HDV superinfection is 
high. Chronic HBV/HDV co-infection accelerates the progres-
sion of hepatitis to a more severe stage compared to HBV 
mono-infection.6,8 The relative risk of developing cirrhosis 
doubles in patients with HDV/HBV co-infection compared 
with those with HBV alone. Approximately 15% of patients 
with HDV/HBV co-infection develop cirrhosis within one to 
two years, and 70–80% within five to ten years.6 Further-
more, persistent HDV infection is associated with the devel-
opment of hepatocellular carcinoma and deaths related to 
liver disease.
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China has the world’s largest burden of HBV infection.9 A 
study that extracted data from the Global Burden of Disease 
2019 database suggested that 23,355,000 patients are in-
fected with HBV in China, accounting for 29% of global HBV 
infections.10 However, despite the higher prevalence of HDV 
infection in patients with HBV compared to the general popu-
lation, HDV infection testing is not routinely performed for 
chronic HBV patients in clinical practice in China. A study ret-
rospectively analyzing 3,065 HBsAg-positive patients in Chi-
na showed that HDV was unevenly distributed among HBsAg 
carriers.11 The study revealed that the geographic hotspots 
for HDV in China were concentrated around Inner Mongolia 
and Xinjiang, with co-infection rates of 13.9% (35/251) and 
3.9% (7/180), respectively. No HDV infection was observed 
in 2,634 samples from other provinces or cities. These stud-
ies indicate that the prevalence of HDV varies widely across 
different regions in China. However, the current evidence 
may be limited by study design, selection biases, and differ-
ing diagnostic methods, which could explain the discrepan-
cies in prevalence rates between studies. Therefore, more 
studies are needed to better understand the epidemiological 
distribution of HDV among patients with HBV or severe liver 
disease.

Currently, no drug is approved for the treatment of chronic 
HDV infection in China. Pegylated interferon-α has been com-
monly used to treat HDV for the past 30 years.12 Suppression 
of HDV replication with pegylated interferon-α could only be 
observed in 20–30% of patients, with frequent off-treatment 
virological relapse and significant side effects during treat-
ment.12 More recently, bulevirtide was granted conditional 
approval by the European Medicines Agency for the treat-
ment of chronic HDV infection in adult patients with compen-
sated liver disease.13,14 Other modes of action that interfere 
with steps of the HDV replication cycle are currently in clinical 
evaluation.15,16

With the current study, we provide further insights into the 
prevalence and distribution of HBV/HDV co-infection across 
China, with the goal of identifying the target patient popula-
tion for developing HDV treatments.

Methods

Study design and patients
This prospective exploratory study was conducted to en-
roll up to 5,500 patients with chronic HBV infection at nine 
hospitals across China. Study sites were selected based on 
feasibility and to cover geographic locations across North, 
South, West, and East China. These tertiary hospitals were 
higher-tier institutions, serving a larger population in the re-
gion. The study was divided into part 1 (first 5,000 patients) 
and part 2 (additional up to 500 patients enrolled under pro-
tocol amendment 2). An additional inclusion criterion was 
added for part 2 to increase the chances of identifying pa-
tients with active HDV/HBV co-infection. Eligible patients for 
both parts were aged 18–65 years; had chronic HBV infection 
with documented serum HBsAg positivity for more than six 
months before screening, or alternative markers (hepatitis B 
e antigen [HBeAg] positivity or HBV DNA positivity at least 
six months prior to screening); and had HBV DNA, alanine 
aminotransferase (ALT), and HBeAg test results within six 
months before screening. For part 2, patients additionally 
had to have high ALT (>40 U/L) and low HBV DNA (<104 IU/
mL) test results within six months before screening. There 
were no further exclusion criteria in this study.

Serum samples were collected within 14 days after screen-
ing. Detection of antibodies against HDV, hepatitis A virus 

(HAV), hepatitis C virus (HCV), hepatitis E virus (HEV), and 
human immunodeficiency virus (HIV), and quantification of 
HBsAg and HDV RNA, were performed at central laborato-
ries (HDV antibodies and HBsAg tests: Guangzhou Huayin 
Medical Research Institute Co. Ltd, Guangzhou, China; HDV 
RNA tests: Fenglin Clinical Laboratory, Shanghai, China; HAV, 
HCV, HEV, and HIV tests: Guangzhou Huayin Medical Labora-
tory Center Co. Ltd, Guangzhou, China). Clinical information, 
such as age, sex, serum levels of HBV DNA and ALT, HBeAg 
status, prior interferon treatment, liver disease status (de-
compensated or not), and liver stiffness (measured by Fibro-
Scan®) or biopsy (if available), was collected from patients’ 
medical history recorded at local sites within six months be-
fore screening. The study was conducted in accordance with 
the principles of the Declaration of Helsinki, Good Clinical 
Practice, and applicable regulatory requirements. The proto-
col and all amendments were approved by the Institutional 
Review Board before implementation. All patients provided 
informed consent prior to enrollment. This study was report-
ed following the STROBE checklist for cohort studies (https://
www.strobe-statement.org/checklists/).

Assessments and study endpoints
All patients were screened for anti-HDV antibodies (HDV Ab 
ELISA kit, Dia.Pro Diagnostic Bioprobes Srl, Milan, Italy) and 
evaluated for HBsAg quantification (Elecsys HBsAg II Kit, 
Roche Diagnostics, Rotkreuz, Switzerland). HDV status was 
determined by the signal-to-cutoff (Co/S) value of the an-
tigen, where specimens with a result of Co/S values > 1.1, 
0.9 ≤ Co/S values ≤ 1.1, and Co/S values < 0.9 were con-
sidered HDV antibody positive, gray-zone, and HDV antibody 
negative, respectively. Quantification of HDV RNA (RoboGene 
HDV RNA Quantification Kit 2.0, Roboscreen Diagnostics, 
Leipzig, Germany) and detection of HAV IgM (Detection Kit 
for IgM Antibody to Hepatitis A Virus [ELISA], Beijing Wan-
tai BioPharm-Engineering Co. Ltd, Beijing, China), HCV IgG 
(Diagnostic Kit for Antibody to Hepatitis C Virus [ELISA], 
Shanghai Kehua Bio-Engineering Co. Ltd, Shanghai, China), 
HEV IgM (Detection Kit for IgM antibody to Hepatitis E Virus 
[ELISA], Beijing Wantai BioPharm-Engineering Co. Ltd, Bei-
jing, China), and HIV antibodies (Diagnostic Kit for Antibody 
to Human Immunodeficiency Virus [ELISA], Shanghai Kehua 
Bio-Engineering Co. Ltd, Shanghai, China) were performed in 
patients with HDV antibodies. All assays (including HDV anti-
body and HDV RNA assays) conducted by the central labora-
tory were validated. The lower limit of quantification for the 
HDV RNA test was 57.50 IU/mL. No study treatment was 
administered to the enrolled patients; only serious adverse 
events related to the study procedure (blood sample collec-
tion) were recorded.

The primary endpoints were the proportion of HDV infec-
tion (HDV antibody positivity) in Chinese patients with chron-
ic HBV infection (part 1) and active HDV infection (positiv-
ity of both HDV antibody and HDV RNA) in Chinese patients 
with chronic HBV infection whose ALT was >40 U/L and HBV 
DNA was <104 IU/mL (part 2). Secondary endpoints were 
the proportion of patients positive for HDV RNA among those 
with HDV antibodies and their HDV RNA levels. Co-infection 
rates of HAV/HCV/HEV/HIV in patients with HDV antibodies, 
the correlation between HBsAg and HDV RNA levels, and the 
risk factors for HDV infection were predefined exploratory 
endpoints.

Statistical analysis
No formal sample size estimation was performed for this ex-
ploratory study. An estimated 5,000 patients were needed 
for part 1 (assuming a 1% HBV and HDV co-infection rate 
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and 10% of those having ALT > 40 U/L and HBV DNA < 104 
IU/mL) and 500 for part 2 (assuming a 10% HBV and HDV 
co-infection rate with the additional inclusion criteria) so that 
approximately 10 potential patients with HBV and HDV co-
infection, with ALT > 40 U/L and HBV DNA < 104 IU/mL, 
could be identified for a phase II study. Results were summa-
rized using descriptive statistics, and 95% confidence inter-
vals (CIs) were calculated with the Clopper–Pearson method. 
Missing values were not imputed. All statistical analyses were 
performed using R software (version 4.1.2, Vienna, Austria).

Results
Between September 24, 2021, and December 28, 2022, 
5,046 patients were screened, and blood samples were col-
lected from 5,044 patients (Fig. 1). In total, 108 patients 
were excluded from the analysis due to major protocol de-

viations (n = 107) and blood sample hemolysis (n = 1). The 
most common major protocol deviation was failure to provide 
HBV DNA, ALT, or HBeAg results assessed within six months 
prior to screening.

A total of 4,936 patients were included in the analy-
sis—4,891 patients from part 1 and 45 patients from part 
2. The mean age was 42.9 ± 9.9 years, and 3,443 (69.8%) 
patients were male (Table 1). Based on the medical his-
tory within six months before screening, the mean ± SD 
ALT was 33.9 ± 57.3 U/L, and 1,509 (30.6%) patients were 
HBeAg positive. The mean baseline HBsAg level was 3,534.7 
± 11,291.9 IU/mL among 4,842 patients who had qualita-
tive results. Most patients (n = 4,363 [88.4%]) were on 
nucleos(t)ide analog treatment, and 4,231 (85.7%) patients 
had low HBV DNA (<100 IU/mL). Based on medical history, 
105 (2.1%) patients had signs of liver decompensation. The 
mean liver stiffness (measured by FibroScan®) was 7.6 ± 5.7 
kPa among 3,323 patients with available data.

All 12 patients who tested positive for HDV antibodies 
were enrolled in part 1. The co-infection rate based on HDV 
antibody positivity was 0.25% (12/4,891; 95% CI: 0.1–
0.4%) in patients with chronic HBV infection (part 1) and 
none (0/45) in patients with chronic HBV infection and ALT 
> 40 U/L and HBV DNA < 104 IU/mL (part 2). Among the 
4,936 patients (parts 1 and 2) included in the analysis, the 
overall co-infection rate of HBV and HDV was 0.24% (95% 
CI: 0.1–0.4%); the HDV antibody status was positive in 12 
patients, gray-zone in 35 patients, and negative in 4,889 pa-
tients. The geographic location and HDV antibody positivity 
of each study site are shown in Table 2 and Figure 2. None of 
the 107 patients who were excluded from the analysis due to 
major protocol deviations tested positive for HDV antibodies.

Among the 12 patients who tested positive for HDV anti-
bodies, the mean age was 45.3 ± 9.4 years, and 10 (83.3%) 
patients were male (Table 1). Based on the medical histo-
ry within six months before screening, the mean ± SD ALT 
was 110.7 ± 311.6 U/L, and four (33.3%) patients were 
HBeAg positive. The mean baseline HBsAg level was 1,032.6 
± 1,280.5 IU/mL. Ten (83.3%) patients had low HBV DNA 
(<100 IU/mL). No patients had signs of liver decompensa-

Table 1.  Demographic and baseline characteristics

Total (n = 4,936) HDV Ab+ (n = 12)

Age, mean (SD), years 42.9 (9.9) 45.3 (9.4)

Sex, n (%)

    Male 3,443 (69.8) 10 (83.3)

    Female 1,493 (30.2) 2 (16.7)

ALT, mean (SD), U/L 33.9 (57.3) 110.7 (311.6)

HBeAg status, n (%)

    Positive 1,509 (30.6) 4 (33.3)

    Negative 3,427 (69.4) 8 (66.7)

HBsAg quantity, mean (SD), IU/mL 3,534.7 (11,291.9)a 1,032.6 (1,280.5)

HBV DNA, n (%)

    Low (<100 IU/mL) 4,231 (85.7) 10 (83.3)

    Medium to high (≥100 IU/mL) 705 (14.3) 2 (16.7)

Decompensated liver, n (%) 105 (2.1) 0 (0)

Liver stiffnessb, mean (SD), kPa 7.6 (5.7)c 7.0 (3.5)d

an = 4,842; bmeasured by FibroScan®; cn = 3,323; dn = 6. Ab, antibody; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface 
antigen; HBV, hepatitis B virus; HDV, hepatitis D virus; SD, standard deviation.

Fig. 1.  Trial profile. 
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tion. The mean liver stiffness (measured by FibroScan®) was 
7.0 ± 3.5 kPa among six patients with available data.

Statistical estimation of HDV RNA levels in patients with 
HDV antibodies was not feasible, as HDV RNA (302 IU/mL) 
was only measurable in one patient who tested positive for 
HDV among those with HDV antibody positivity and gray-

zone results. Among HDV antibody-positive patients, the rate 
of HCV antibody positivity was 25% (95% CI: 5.5–57.2%, 
n = 3), and no patients tested positive for HAV, HEV, or HIV 
antibodies.

Patients with HDV antibodies had statistically significantly 
lower levels of HBsAg than patients who were negative for 

Table 2.  Geographic location and HDV antibody positivity of each study site

Study site
Geographic 
location in  
China

Number of 
enrolled 
patients

Number of 
patients with 
HDV Ab+

Incidence 
of HDV 
Ab+ (%)

West China Hospital, Sichuan University Southwestern 1,117 2 0.18

The Second Affiliated Hospital of Chongqing Medical University Southwestern 564 1 0.18

Nanfang Hospital of Southern Medical University Southern 1,052 2 0.19

Guangzhou Eighth People’s Hospital Southern 1,001 4 0.4

The First People’s Hospital of Foshan Southern 945 1 0.11

Beijing Ditan Hospital, Capital Medical University Northern 174 0 0

Peking University People’s Hospital Northern 50 2 4

The First Hospital of Jilin University Northeastern 24 0 0

Shanghai Public Health Clinical Center Eastern 9 0 0

Ab, antibody; HDV, hepatitis D virus.

Fig. 2.  Incidence of HDV antibody based on geographic locations in China. HDV, hepatitis D virus.
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HDV antibodies at baseline (mean ± SD: 1,032.6 ± 1,280.5 
IU/mL [n = 12] vs. 3,540.9 ± 11,305.0 IU/mL [n = 4,830], 
p-value of Welch 2-sample t-test = 1.37 × 10−5).

No adverse events were reported in the study.

Discussion
In this study, we screened 5,046 patients with chronic HBV 
infection at nine hospitals across China, of which the preva-
lence of HDV antibody positivity was 0.24%. The evaluation 
of the HBV and HDV co-infection rates across China is crucial 
due to the lack of robust epidemiological data for HDV. This 
seroprevalence study provides insights into the prevalence of 
HDV, which could be useful for patient recruitment in future 
clinical studies.

Available epidemiological data for HDV in China have either 
been outdated,17 limited to local populations,18 or based on 
extrapolation.4,5 A previous epidemiological survey conduct-
ed more than two decades ago showed that the prevalence 
of HDV in the general population from disease surveillance 
points in Fujian was low (2.10%).17 More recent studies on 
HDV prevalence in China have included a limited number of 
patients from local populations18 or analyzed blood samples 
retrospectively.11 The current study suggests that the preva-
lence of HDV in China is much lower than the 5.57% reported 
in a recent meta-analysis that included 17,163 patients with 
HBsAg positivity from 20 studies.4 The discrepancy in HDV 
prevalence between our study and the literature could be at-
tributed to improvements in the specificity of detection meth-
ods for HDV antigen and antibody compared to those used 
decades ago. Decreasing HBV infection rates in China19 may 
also have contributed to a lower HDV co-infection rate. Fur-
thermore, patient populations differed across studies. Most 
patients enrolled in the current study were from outpatient 
settings and did not have liver cirrhosis or decompensation; 
thus, the co-infection rate is expected to be higher in patients 
with late-stage liver disease. Additionally, we did not recruit 
patients from Inner Mongolia and Xinjiang, where geographic 
hotspots of HDV in China have been reported.11

HDV is usually dominant over HBV in patients with co-
infection,20 leading to suppressed HBV DNA and detectable 
HDV RNA in most cases. Clinical symptoms of HBsAg posi-
tivity, combined with low or suppressed HBV DNA and in-
creased inflammatory activity (e.g., fluctuating ALT levels), 
are suggestive of HBV/HDV co-infection.6,8 Our study showed 
that chronic HBV-infected patients with HDV antibodies had 
higher ALT levels and statistically significantly lower HBsAg 
levels than those without HDV co-infection. However, the dif-
ference in HBsAg (1,000 IU/mL vs. 3,500 IU/mL) has limited 
clinical implications, as the degree of difference could not be 
used to identify patients with HDV. Furthermore, the current 
study suggests that the combination of suppressed HBV DNA 
(<104 IU/mL) and increased inflammation (ALT > 40 U/L) is 
rare in Chinese patients with chronic HBV infection, as evi-
denced by the low enrollment rate after the implementation 
of additional inclusion criteria.

It was noted that three of the twelve (25%) patients with 
chronic HBV and HDV antibodies tested positive for HCV 
antibodies, and none of the 12 patients tested positive for 
HAV, HEV, or HIV antibodies. A previous report showed that 
a delay in the identification of HDV infection can be a diag-
nostic problem and therapeutic challenge in patients with 
HBV and HCV co-infection.7 Furthermore, patients with tri-
ple infection of HBV, HCV, and HDV have an increased risk 
for progression to hepatocellular carcinoma.21 Therefore, 
HDV screening should be considered in patients with HBV/
HCV co-infection, especially in those who continue to have 

elevated ALT levels despite nucleos(t)ide analog treatment 
for HBV.

The study had several strengths. To our knowledge, this 
was the largest study in China to prospectively assess HDV 
antibodies, HDV RNA, and HAV/HCV/HEV/HIV antibodies 
robustly in a central laboratory using high-quality test kits 
among the HBV-infected population. Furthermore, the cur-
rent study enrolled patients across various regions in China 
to avoid extrapolating the prevalence of HBV and HDV co-
infection from a single site or area and did not recruit pa-
tients from geographic hotspots of HDV in China. The study 
also had some limitations. First, there might be potential 
sampling bias since patients were enrolled from nine hospi-
tals. Additionally, results of HBV DNA and ALT were collect-
ed from patients’ medical history within six months before 
screening, and the status of patients may have changed by 
the time of screening. Furthermore, different local hospitals 
used different detection methods and cutoffs for clinical lab-
oratory assessments (e.g., normal range of ALT). Another 
limitation was that many other planned analyses could not 
be performed due to the low rates of HDV antibodies and 
HDV RNA, which restricted the study’s capacity to estimate 
co-infection rates of HAV/HCV/HEV/HIV in patients with 
HDV antibodies, explore the correlation between HBsAg and 
HDV RNA levels, and identify risk factors associated with 
HDV infection. Nonetheless, our study provides an accurate 
assessment of HDV prevalence based on a larger patient 
population and broader geographical coverage. Future stud-
ies could include other regions in China, such as Inner Mon-
golia and Xinjiang, to provide a more comprehensive as-
sessment of the incidence and prevalence of HDV in China. 
Furthermore, in-depth analyses of viral load, genotype, and 
clinical characteristics in patients with HDV RNA positivity, 
as well as analyses of the dynamics of HDV infection, could 
assist in developing effective treatment strategies and for-
mulating public health policies.

Conclusions
This large-scale exploratory study demonstrated that the 
prevalence of HDV antibody positivity was very low (0.24%) 
in Chinese patients with chronic HBV infection, with only one 
of the 4,936 patients enrolled in the study testing positive 
for HDV RNA.
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