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Abstract
BACKGROUND
The screening practices for hepatitis D virus (HDV) are diverse and non-standardized worldwide, and the exact prevalence of HDV is uncertain. 

AIM
To estimate HDV prevalence and investigate viral marker quantity trends in patients with hepatitis D.

METHODS
We collected 5594 serum samples from patients with hepatitis B in Jilin Province, China (3293 males and 2301 females, age range of 2 to 89 years). We then conducted tests for hepatitis B surface antigen (HBsAg), hepatitis B Virus (HBV) DNA, anti-hepatitis D antigen (HDAg), and HDV RNA.

RESULTS
We found that the prevalence of anti-HDAg and HDV RNA among hepatitis B patient were 3.6% (3.2-4.2%) and 1.2% (0.9-1.5%), respectively, 87.69% of hepatitis D patients were 51-70 years old. HDV infection screening positive rate of patients with HBV DNA levels below 2000 IU/mL (2.0%) was higher than those above 2000 IU/mL (0.2%). Among anti-HDAg positive patients, the HDV RNA positive rate was positively correlated with the HBsAg level and anti-HDAg level. There was a weak correlation between HBsAg and anti-HDAg levels among hepatitis D patients.

CONCLUSION
Our study highlights the importance of considering multiple factors when assessing the severity of HDV infection, comprehensive evaluation of patients’ clinical and laboratory parameters is necessary for proper diagnosis and treatment.
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Core Tip: The screening practices for hepatitis D virus (HDV) are diverse and non-standardized worldwide, the exact prevalence of HDV is uncertain. To estimating HDV prevalence and investigate viral marker quantity trends in patients with hepatitis D, we collected serum samples from patients with hepatitis B, and tested hepatitis B surface antigen, hepatitis B virus (HBV) DNA, anti-hepatitis D antigen (HDAg), and HDV RNA. We found that the prevalence of anti-HDAg and HDV RNA among hepatitis B patient in Jilin Province were 3.6% and 1.2%, respectively. HDV infection screening positive rate was higher in patients with lower HBV DNA levels, and with higher anti-HDAg levels.

INTRODUCTION
Hepatitis D virus (HDV) has a diameter of 35-37 nm[1] and is composed of RNA, hepatitis D antigen (HDAg), and an envelope containing hepatitis B surface antigen (HBsAg)[2]. HDV is a satellite virus of hepatitis B virus (HBV), co-infection of HBV and HDV results in extensive liver tissue damage and severe fulminant hepatitis. Patients with chronic hepatitis B who are super-infected with HDV experience an accelerated progression of the disease to cirrhosis and an increased risk of developing hepatocellular carcinoma[3]. Chronic hepatitis D (CHD) is the most severe form of viral hepatitis[4].
According to the World Health Organization (WHO), an estimated 296 million people were living with chronic hepatitis B infection globally in 2019[5]. China has the highest number of hepatitis B patients in the world, about 86 million people were living with HBsAg[6,7]. Since 1992, China has provided free HBV vaccination to newborns[8], at that time, the HBsAg carrier rates among general population was about 9.75%, which declined to about 7.18% in 2006[9], and was about 6.1% in 2016[7].
HDV is widespread worldwide, and its prevalence varies by geography[10]. The screening practices for HDV are diverse and non-standardized. Guidelines from the European Association for the Study of the Liver and the Asia Pacific Association for the Study of Liver (EASL/APASL) recommend HDV screening for all individuals who are positive for HBsAg[11]. The American Association for the Study of Liver Diseases recommends HDV screening for certain high-risk groups, with the recommended screening test being anti-HDAg. If the test is positive, HDV RNA testing should be performed[12,13]. In many endemic areas, the screening rate is inaccessible.
The global prevalence of HDV remains uncertain due to deficiencies in screening, especially HDV RNA testing. Different meta-analyses have estimated varying prevalence rates. Chen et al[14] estimated the prevalence of HDV to be 0.98% (0.61-1.42) among the general population and 14.57% (12.93-16.27) among HBsAg-positive individuals. Miao et al[15] estimated the prevalence of HDV to be 0.80% (0.63-1.00) among the general population and 13.02% (11.96-14.11) among HBV carriers. Stockdale et al[16] estimated the prevalence of anti-HDAg to be 0.16% (0.11-0.25) among the general population and 4.5% (3.6-5.7) among HBsAg-positive individuals, and the prevalence of HDV RNA to be 0.09% (0.07-0.15) among the general population.
China has the highest number of hepatitis D patients in the world, with estimated HDV prevalence rates of 0.69% (0.24-1.36) among the general population and 10.16% (8.50-11.95) among HBsAg-positive individuals[15]. Regional studies had conducted and reported prevalence rates of HDV RNA among HBV carriers ranging from 0.0% (Beijing, Tibet, etc) to 13.55% (Inner Mongolia)[17-22].
This study aims to estimate the prevalence of HDV in Jilin Province, China. Promoting research on the prevalence of HDV can help raise awareness of CHD, improve screening rate and identify hepatitis D patients as early as possible to reduce HDV transmission. We also studied the trend in the quantity of HBsAg, HBV DNA, anti-HDAg, and HDV RNA among hepatitis D patients. This information may provide some guidance for screening practices: Hepatitis B patients with quantitatively characteristic viral markers are more likely to be dual-infected with HDV, and hence should be screened for HDV infection.

MATERIALS AND METHODS
Study specimens
Form April 2021 to August 2022, a total of 5594 hepatitis B serum samples were collected from outpatient center of the First Hospital of Jilin University, comprising 3293 males and 2301 females, with an age range of 2 to 89 years. Fasting venous blood was centrifuged at 4000 rpm for 10 min to obtain serum. This study was approved by the Ethics Committee of the First Hospital of Jilin University (AF-IRB-029-06). The serum samples were separated into several aliquots of approximately 400 μL each and stored at -80 °C for the detection of HBV DNA, HBsAg, anti-HDAg, and HDV RNA. The basic information of the patients was recorded, and the specimen inclusion criteria were HBsAg positive or HBV DNA positive.

Detection of hepatitis B surface antigen
We used the Architect i2000SR platform and Abbott Architect reagents (Abbott Laboratories, Abbott Park, IL, United States) to detect HBsAg, as previously described (Chemiluminescence Microparticle Immunoassay, CMIA)[23]. HBsAg levels were measured with a dynamic range of 0-250 IU/mL. If the detection value of the original sample was higher than 250 IU/mL, it was properly diluted to obtain the final data.

Detection of hepatitis B virus DNA
Serum (400 μL) were used to detect HBV DNA by the Roche COBAS AmpliPrep/COBAS TaqMan system (Roche Diagnostics, Basel, Switzerland), as previously described (Quantitative Polymerase Chain Reaction, qPCR)[23]. The lowest detection limit was 20 IU/mL.

Detection of anti-hepatitis D antigen
We used the HDV IgG Antibody Detection Kit (Wantai, Beijing, China) to detect anti-HDAg IgG (hereinafter referred to as anti-HDAg), according to the manufacturer’s instructions (Enzyme Linked Immunosorbent Assay, ELISA). The absorbance at 450 nm was measured using an SBYMB-001 microplate reader system (Thermo, Waltham, MA, United States), and the cut-off value was 0.12 plus the mean of the negative control.

Detection of HDV RNA
We selected anti-HDAg-positive specimens and used a nucleic acid extraction reagent (Jianwei, Shandong Province, China) to extract nucleic acid from 400 μL of serum, following the manufacturer’s instructions. The extraction was performed on an EZ Bead nucleic acid extraction instrument (Jianwei, Shandong Province, China).
We used the RoboGene HDV RNA Quantification Kit 2.0 (AJ Roboscreen GmbH, Leipzig, Germany) to detect HDV RNA, according to the manufacturer’s instructions (real time qPCR, RT-qPCR). The RT-qPCR was performed on an Mx3005P system (Agilent, Santa Clara, CA, United States), and the lowest detection limit was 6 IU/mL.

Statistical analysis
All statistical analyses were performed using SPSS version 26.0. Categorical variables were expressed as percentages and 95% confidence intervals (CI), and compared using the χ2 test. Continuous variables with a normal distribution were expressed as mean ± SD. Continuous variables with non-normally distribution was expressed as median and interquartile range (IQR), Mann-Whitney U test was used for comparison of two groups, and Kruskal-Wallis test was used for comparison of multiple groups. Correlations between viral markers were assessed using simple linear regression models and Pearson’s correlation coefficient (r). All tests were two-tailed, and a P value of less than 0.05 was considered statistically significant. Graphs were generated using GraphPad Prism 8.0.

RESULTS
Prevalence of HDV among hepatitis B patients in Jilin Province, China
Among hepatitis B patients in Jilin Province, China, the prevalence of anti-HDAg was 3.6% (203/5594, 95%CI: 3.2%-4.2%), and the prevalence of HDV RNA was 1.2% (65/5594, 95%CI: 0.9%-1.5%). Among anti-HDAg positive patients, the HDV RNA positive rate was 32.0% (65/203, 95%CI: 25.7%-38.9%). We divided these 5594 hepatitis B patients into three infection groups: 5391 patients were anti-HDAg negative and HDV RNA negative (HBV mono-infected patients); 138 patients were anti-HDAg positive and HDV RNA negative (indicating resolved hepatitis D, persistent infection with very low viraemia, or a false negative PCR test result[24]. Hereinafter referred to as HDV-resolved patients); and 65 patients were anti-HDAg positive and HDV RNA positive (HBV-HDV dual-infected patients).

Gender
Among the 5594 patients, there were 3168 males and 2223 females in the HBV mono-infected group, 86 males and 52 females in the HDV-resolved group, and 39 males and 26 females in the HBV-HDV dual-infected group. The differences in gender distribution among the three groups were not statistically significant (P > 0.05, χ2 = 0.737).
Among the 3293 male and 2301 female hepatitis B patients, there was no significant difference in the anti-HDAg screening positive rates [3.8% (male) vs 3.4% (female), P > 0.05, χ2 = 0.639] or the HDV RNA screening positive rates [1.2% (male) vs 1.1% (female), P > 0.05, χ2 = 0.035]. Among male and female anti-HDAg positive patients, there was also no significant difference in the HDV RNA positive rates [31.2% (male) vs 33.3% (female), P > 0.05, χ2 = 0.100] (Table 1).

Age
The age range of HBV mono-infected patients was from 2 years to 89 years, with a median of 50 years (IQR: 41-58 years). HDV-resolved patients had an age range from 32 years to 72 years, with a mean of 57.9 years ± 0.7 years. For HBV-HDV dual-infected patients, the age range was from 35 years to 72 years, with a mean of 57.0 years ± 0.9 years. Statistically significant differences were detected among their age (P < 0.05, H = 99.902), the age of HBV mono-infected patients was found to be lower than that of HDV-resolved patients and HBV-HDV dual-infected patients (P < 0.05), and there was no significant difference in age between HDV-resolved patients and HBV-HDV dual-infected patients (P > 0.05) (Figure 1A). 
Among the Hepatitis B patients, those who were 30 years old or younger (323 patients) and those who were over 80 years old (13 patients) were all negative for anti-HDAg and HDV RNA. The remaining 5258 patients (aged 31-80) were divided into five groups based on age: 31-40, 41-50, 51-60, 61-70, and 71-80 years old, respectively. The screening positive rates of anti-HDAg in the five age groups were 0.7% (7/1009, 95%CI: 0.3%-1.4%), 1.5% (21/1412, 95%CI: 0.9%-2.3%), 6.1% (107/1762, 95%CI: 5.0%-7.3%), 6.4% (59/928, 95%CI: 4.9%-8.1%), and 6.1% (9/147, 95%CI: 2.8%-11.3%), respectively. Similarly, the screening positive rates of HDV RNA in the five age groups were 0.2% (2/1009, 95%CI: 0.0%-0.7%), 0.3% (4/1412, 95%CI: 0.1%-0.7%), 2.4% (42/1762, 95%CI: 1.7%-3.2%), 1.6% (15/928, 95%CI: 0.9%-2.7%), and 1.4% (2/147, 95%CI: 0.2%-4.8%), respectively (Figure 1B).
Based on preliminary observations, the screening positive rates of anti-HDAg and HDV RNA in the 31-40 and 41-50 age groups appear to be lower than those in the 51-60, 61-70, and 71-80 age groups. Upon combining the corresponding age groups, the anti-HDAg screening positive rate in patients aged 31-50 years old (1.2%, 95%CI: 0.8%-1.7%) was found to be lower than in patients aged 51-80 years old (6.2%, 95%CI: 5.3%-7.1%, P < 0.05, χ2 = 88.403). Similarly, the HDV RNA screening positive rate in patients aged 31-50 years old (0.2%, 95%CI: 0.1%-0.5%) was lower than in patients aged 51-80 years old (2.1%, 95%CI: 1.6%-2.7%, P < 0.05, χ2 = 35.902).
Among the five age groups of patients who tested positive for anti-HDAg, the HDV RNA positive rates were 28.6% (2/7, 95%CI: 3.7%-71.0%), 19.0% (4/21, 95%CI: 5.4%-41.9%), 39.3% (42/107, 95%CI: 30.0%-49.2%), 25.4% (15/59, 95%CI: 15.0%-38.4%), and 22.2% (2/9, 95%CI: 2.8%-60.0%), respectively (Supplementary Figure 1A). However, the differences in these HDV RNA positive rates were not statistically significant (P > 0.05, χ2 = 5.809).

Hepatitis B surface antigen
In HBV mono-infected patients, the quantity of HBsAg ranged from 0 to 123935.00 IU/mL, with a median of 881.41 IU/mL (IQR: 0.01-3651.62 IU/mL). Among these patients, 38.6% had quantities ranging from 0 to 2.5 × 102 IU/mL, 13.2% had quantities ranging from 2.5 × 102 IU/mL to 1.0 × 103 IU/mL, 37.8% had quantities ranging from 1.0 × 103 IU/mL to 1.0 × 104 IU/mL, and 10.4% had quantities ranging from 1.0 × 104 IU/mL to 1.3 × 105 IU/mL (Figure 2A).
For HDV-resolved patients, the HBsAg quantity ranged from 0 to 20685.00 IU/mL, with a median of 65.83 IU/mL (IQR: 0.00-1245.30 IU/mL). Among these patients, 61.8% had quantities ranging from 0 to 2.5 × 102 IU/mL, 13.0% had quantities ranging from 2.5 × 102 IU/mL to 1.0 × 103 IU/mL, 13.0% had quantities ranging from 1.0 × 103 IU/mL to 1.0 × 104 IU/mL, and 12.2% had quantities ranging from 1.0 × 104 IU/mL to 1.3 × 105 IU/mL (Figure 2A).
For HBV-HDV dual-infected patients, the HBsAg quantity ranged from 0 to 22070.00 IU/mL, with a median of 892.90 IU/mL (IQR: 37.26-5525.50 IU/mL). Among these patients, 41.3% had quantities ranging from 0 to 2.5 × 102 IU/mL, 11.1% had quantities ranging from 2.5 × 102 IU/mL to 1.0 × 103 IU/mL, 33.3% had quantities ranging from 1.0 × 103 IU/mL to 1.0 × 104 IU/mL, and 14.3% had quantities ranging from 1.0 × 104 IU/mL to 1.3 × 105 IU/mL (Figure 2A).
Statistically significant differences were detected among their HBsAg quantity (P < 0.05, H = 14.639), the quantity of HBsAg in HDV-resolved patients was found to be lower than that in HBV mono-infected patients and HBV-HDV dual-infected patients (P < 0.05), and there was no statistically significant difference in HBsAg quantity between HBV mono-infected patients and HBV-HDV dual-infected patients (P > 0.05) (Figure 2A).
Hepatitis B patients were categorized into four groups based on their HBsAg quantity: 0-2.5 × 102, 2.5 × 102-1.0 × 103, 1.0 × 102-1.0 × 104, and 1.0 × 104-1.3 × 105 IU/mL, respectively. The anti-HDAg screening positive rates in these four HBsAg groups were 6.4% (102/1589, 95%CI: 5.3%-7.7%), 4.3% (23/531, 95%CI: 2.8%-6.4%), 2.5% (37/1491, 95%CI: 1.8%-3.4%), and 5.6% (24/426, 95%CI: 3.6%-8.3%), respectively. The HDV RNA screening positive rates were 1.6% (26/1589, 95%CI: 1.1%-2.4%), 1.3% (7/531, 95%CI: 0.5%-2.7%), 1.4% (21/1491, 95%CI: 0.9%-2.1%), and 2.1% (9/426, 95%CI: 1.0%-4.0%), respectively (Figure 2B).
Among the four HBsAg groups with anti-HDAg positive patients, the HDV RNA positive rates were 25.5% (26/102, 95%CI: 17.4%-35.1%), 30.4% (7/23, 95%CI: 13.2%-52.9%), 56.8% (21/37, 95%CI: 39.5%-72.9%), and 37.5% (9/24, 95%CI: 18.8%-59.4%), respectively (Supplementary Figure 1B).

Hepatitis B virus DNA
In HBV mono-infected patients, the quantity of HBV DNA ranged from 0 to 1.10 × 109 IU/mL, with a median of 3.38 × 102 IU/mL (IQR: 5.05 × 101 IU/mL-6.69 × 103 IU/mL). Among these patients, 24.9% had quantities ranging from 0 to 5 × 101 IU/mL, 42.5% had quantities ranging from 5 × 101 IU/mL to 2 × 103 IU/mL, 12.3% had quantities ranging from 2 × 103 IU/mL to 2 × 104 IU/mL, 15.4% had quantities ranging from 2 × 104 IU/mL to 2 × 107 IU/mL, and 4.9% had quantities ranging from 2 × 107 IU/mL to 2 × 109 IU/mL (Figure 3A).
For HDV-resolved patients, the median of the HBV DNA quantity was 1.41 × 101 IU/mL (IQR: 0-1.10 × 102 IU/mL), ranging from 0 to 3.33 × 107 IU/mL. Among them, 67.2% of patients had a range of 0 to 5 × 101 IU/mL, 25.4% had a range of 5 × 101 IU/mL to 2 × 103 IU/mL, 3.3% had a range of 2 × 103 IU/mL to 2 × 104 IU/mL, 3.3% had a range of 2 × 104 IU/mL to 2 × 107 IU/mL, and 0.8% had a range of 2 × 107 IU/mL to 2 × 109 IU/mL (Figure 3A). 
In the HBV-HDV dual-infected patients, the median of the HBV DNA quantity was 1.86 × 101 IU/mL (IQR: 2.06-7.07 × 101 IU/mL), ranging from 0 to 1.80 × 104 IU/mL. Among them, 68.3% of patients had a range of 0 to 5 × 101 IU/mL, 27.0% had a range of 5 × 101 IU/mL to 2 × 103 IU/mL, 3.2% had a range of 2 × 103 IU/mL to 2 × 104 IU/mL, and 1.6% had a range of 2 × 104 IU/mL to 2 × 107 IU/mL (Figure 3A).
Statistically significant differences were detected among their HBV DNA quantity (P < 0.05, H = 190.771), the HBV DNA quantity of HBV mono-infected patients was higher than that of HDV-resolved patients and HBV-HDV dual-infected patients (P < 0.05), and there was no statistically significant difference in the HBV DNA quantity between HDV-resolved patients and HBV-HDV dual-infected patients (P > 0.05) (Figure 3A).
Hepatitis B patients were classified into five groups according to their HBV DNA quantity: 0-5 × 101, 5 × 101-2 × 103, 2 × 103-2 × 104, 2 × 104-2 × 107, and 2 × 107-2 × 109 IU/mL, respectively. The anti-HDAg screening positive rates of the five HBV DNA groups were 10.9% (125/1142, 95%CI: 9.2%-12.9%), 2.7% (48/1786, 95%CI: 2.0%-3.5%), 1.2% (6/511, 95%CI: 0.4%-2.5%), 0.8% (5/637, 95%CI: 0.3%-1.8%), and 0.5% (1/200, 95%CI: 0.0%-2.8%), respectively. The HDV RNA screening positive rates were 3.8% (43/1142, 95%CI: 2.7%-5.0%), 1.0% (17/1786, 95%CI: 0.6%-1.5%), 0.4% (2/511, 95%CI: 0.0%-1.4%), 0.2% (1/637, 95%CI: 0.0%-0.9%), and 0.0% (0/200, 95%CI: 0.0%-1.8%), respectively (Figure 3B).
According to preliminary observations, the anti-HDAg and HDV RNA screening positive rates of the first two HBV DNA quantity groups (0-2 × 103 IU/mL) appeared to be higher than the last three groups (2 × 103 IU/mL-2 × 109 IU/mL). After combining the corresponding groups, the anti-HDAg screening positive rate of patients with HBV DNA quantity between 0-2 × 103 IU/mL (5.9%, 95%CI: 5.1%-6.8%) was higher than that of patients with 2 × 103 IU/mL-2 × 109 IU/mL (0.9%, 95%CI: 0.5%-1.5%, P < 0.05, χ2 = 56.157), and the HDV RNA screening positive rate of 0-2 × 103 IU/mL patients (2.0%, 95%CI: 1.6%-2.6%) was also higher than that of 2 × 103 IU/mL-2 × 109 IU/mL patients (0.2%, 95%CI: 0.0%-0.6%, P < 0.05, χ2 = 21.216).
Among the five HBV DNA groups, the HDV RNA positive rates of anti-HDAg positive patients were 34.4% (43/125, 95%CI: 26.1%-43.4%), 35.4% (17/48, 95%CI: 22.2%-50.5%), 33.3% (2/6, 95%CI: 4.3%-77.7%), 20.0% (1/5, 95%CI: 0.5%-71.6%), and 0.0% (0/1, 95%CI: 0.0%-97.5%) respectively (Supplementary Figure 1C).
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In HDV-resolved patients, the absorbance of anti-HDAg ranged from 0.170 to 3.740, with a median of 1.397 (IQR: 0.613-2.043). Among HBV-HDV dual-infected patients, the absorbance of anti-HDAg ranged from 0.370 to 3.800, with a mean of 2.219 ± 0.103. The absorbance of anti-HDAg in HDV-resolved patients was lower than that in HBV-HDV dual-infected patients (P < 0.05, Z = -5.461) (Figure 4A).
Anti-HDAg positive patients were categorized into four groups based on the absorbance of anti-HDAg: 0.170-1.711, 1.711-2.355, 2.355-2.865, and 2.865-3.800. The HDV RNA positive rates for the four anti-HDAg groups were 16.7% (16/96, 95%CI: 9.8%-25.6%), 32.1% (17/53, 95%CI: 19.9%-46.3%), 59.3% (16/27, 95%CI: 38.8%-77.6%), and 59.3% (16/27, 95%CI: 38.8%-77.6%) respectively (Figure 4B).

Hepatitis D virus RNA
Among HBV-HDV dual-infected patients, the HDV RNA quantity ranged from 7.10 to 2.35 × 107 IU/mL, the median was 4.61 × 102 IU/mL (IQR: 4.95 × 101 IU/mL-8.99 × 103 IU/mL) (Figure 5). The HDV RNA quantity of 3 (4.62%) patients ranged from 0 to 101 IU/mL, 20 (30.77%) patients ranged from 101 to 102 IU/mL, 14 (21.54%) patients ranged from 102 to 103 IU/mL, 12 (18.46%) patients ranged from 103 to 104 IU/mL, 12 (19.46%) patients ranged from 104 to 105 IU/mL, 2 (3.08%) patients ranged from 105 to 106 IU/mL, 1 (1.54%) patient ranged from 106 to 107 IU/mL, 1 (1.54%) patient ranged from 107 to 108 IU/mL.

Correlations between viral markers
The Pearson’s correlation coefficients among the viral markers of HBV-HDV dual-infected patients were analyzed. The R values suggest that the correlations between the viral markers were weak, with all coefficients being less than 0.3. HBsAg and anti-HDAg had a weak correlation (r = 0.256, P = 0.043), but there were no significant correlations between HBsAg and HBV DNA, HBsAg and HDV RNA, or anti-HDAg and HDV RNA (r = 0.151, P = 0.241; r = 0.101, P = 0.431; r = 0.224, P = 0.073, respectively). The correlations between HBV DNA and anti-HDAg, and HBV DNA and HDV RNA were even weaker (r = 0.082, P = 0.529; r = 0.041, P = 0.750, respectively).

DISCUSSION
The prevalence of anti-HDAg among hepatitis B patients in Jilin Province, China was 3.6%, which is lower than the estimated prevalence in China (10.16%)[15] and worldwide (4.50%-14.57%)[14-16]. The prevalence of HDV RNA was 1.2%, which is slightly higher than the global meta-analysis estimates (0.09%)[14-16], and similar to other provinces in China (0%-13.55%)[17-22]. Gender did not seem to influence the spread of HDV in Jilin Province, as the HDV screening positive rates were similar between different genders.
According to China Center for Disease Control, HBsAg prevalence among 1-4, 5-14, and 15-29 years old general population was 9.9%, 10.6%, and 9.8%, respectively in 1992. Which declined to 0.3%, 0.9%, and 4.4%, respectively in 2014[25]. Before China offering free HBV vaccination to newborns, the prevalence of HBV was similar across different age groups, and the vaccine has been effective in preventing HBV transmission to newborns. Our data indirectly verifies this conclusion, the majority (91.19%) of HBV mono-infected patients falling between 31 years old and 70 years old, among which distributed relatively even.
The ages of HDV-resolved patients and HBV-HDV dual-infected patients were mainly (78.83% and 87.69%, respectively) between 51 and 70 years old, and the anti-HDAg and HDV RNA screening positive rates were higher in patients aged 51-80 than in those aged 31-50. Before 1992, the health, medical and hygiene conditions of China were suboptimal, and the awareness about viral hepatitis prevention was poor. HDV infected Chinese adults (currently in the 51-80 years age group) severely through risk behaviors such as unsafe sexual contact and injection, and infected minors (currently in the 31-50 years age group) occasionally through intrafamilial transmission. In 1992, along with HBV vaccination widespread and economic development, the suboptimal conditions and the awareness about viral hepatitis prevention were improved too. When HBV patients aged 31-50 became adults, the decline of risk behaviors might be one of the reasons for their relatively low HDV positive rate. Since HDV requires HBV for secretion and infection[26], HBV vaccination is effective in preventing HDV transmission to newborns.
The positive rate of HDV RNA among anti-HDAg positive patients was 32.0%, and there were no statistically significant differences between genders or age groups. A previous meta-analysis estimated that approximately one-third of anti-HDAg positive patients have undetectable HDV RNA[24], while another estimated that the pooled proportion of anti-HDAg positive patients with HDV RNA detection was 58.5%[16]. The positive rate of HDV RNA among anti-HDAg positive patients in Jilin Province seems relatively low. More research is needed to understand it, one possible reason was, as we previously reported, most hepatitis D patients in Jilin Province were infected with HDV Genotype 1[18], which secretes high virus titers with extremely delayed kinetics[27]. The delay of HDV secretion providing patients’ immune system with more time to respond to the HDV before it proliferates extensively and widespread.
We observed that the HBsAg level of HBV-HDV dual-infected patients and HBV mono-infected patients were similar, but the HBV DNA level of the former was significantly lower than the latter. This conclusion was consistent with previous studies that showed HBV DNA were significantly decreased after HDV infection, without decrease in HBsAg levels[28-32].
Before the study, we hypothesized that the HBsAg and HBV DNA levels of HDV-resolved patients and HBV mono-infected patients would be similar, due to minor HDV replication and interference in both groups of patients. But the study data showed that the levels of the former were both significantly lower than the latter. Additionally, we found that among anti-HDAg positive patients, the HDV RNA positive rate was positively correlated with the HBsAg level, except for an abnormal decrease in the 1 × 104-1 × 105 group. According to previous research results, the HBsAg level kept relatively stable in hepatitis B patients before and after HDV infection[28-32]. We speculate that, before HDV acute infecting those HDV-resolved patients, their immune systems maintain the HBsAg on low level already, and were more capable of resolving HDV acute infection than those who with high level HBsAg. Otherwise, HDV-resolved patients might eliminate HDV alone with some HBV after HDV acute infection, leading to decrease in HBsAg and HBV DNA.
Our study data suggests that to effectively screen HDV and save medical resources, screening hepatitis B patients for HDV infection whose HBV DNA quantity is lower than 2 × 103 IU/mL. Additionally, hepatitis B patients whose HBV DNA quantity is between 2 × 103 IU/mL-2 × 107 IU/mL can be screened for HDV infection if clinical symptoms imply HDV infection, while those whose HBV DNA quantity is higher than 2 × 107 IU/mL seem don’t need HDV screening. For anti-HDAg positive patients, those with a higher HBsAg level have a higher possibility of dual-infection with HDV, but patients with a low HBsAg level should also be screened for HDV infection. Finally, using the Wantai kit (mentioned in 2.4), we found that patients with anti-HDAg level lower than 0.370 were HDV RNA negative and may have undetectable HDV RNA according to the patient’s condition.
The quantity of HDV RNA in HBV-HDV dual-infected patients from Jilin Province was mainly between 1 × 101 IU/mL to 1 × 105 IU/mL (92.06%), with a significant proportion (30.77%) concentrated between 1 × 101 IU/mL to 1 × 102 IU/mL. These findings suggested that the HDV RNA level was not very high and may not accurately reflect the severity of the disease.
In our study, we investigated the correlations between HBsAg, HBV DNA, anti-HDAg, and HDV RNA in HBV-HDV dual-infected patients. Our analysis revealed a weak correlation between HBsAg and anti-HDAg, while the correlations between other viral markers were not statistically significant. The complex physiological process underlying HDV generation may contribute to the lack of strong quantitative correlation between viral markers. Additionally, other factors such as the patient’s health status, medication use, and viral load fluctuations can influence viral marker level.
We used the HDV IgG antibody detection kit produced by Wantai company in Beijing, which has a high market share in China. The test is easy to perform and can be conducted in conventional hospitals, ensuring the authenticity of the data. Despite good quality, it is an indirect ELISA kit and other components in the serum may competitively bind to HDAg, the cross-reactivity may lead to false positive results or overestimation[33]. Further, we only detected anti-HDAg IgG, which present in the serum of individuals after resolution of acute HDV infection, or who have developed CHD[34]. The absence of IgM (indicates acute or active infection[35]) detection may result in missing some patients with HDV acute infection, and lead to underestimation of HDV positivity rates. In addition, all samples were from Jilin Province, which may not fully reflect the overall situation in China.

CONCLUSION
In Jilin Province, China, the prevalence of anti-HDAg was 3.6% and the prevalence of HDV RNA was 1.2% among hepatitis B patients. These rates were related to age, and the majority of hepatitis D patients were 51-70 years old. The experimental data suggests that screening for HDV infection is more likely to yield positive results in hepatitis B patients with lower HBV DNA level. Patients with lower HBsAg levels appear to resolve HDV acute infection, while those with higher anti-HDAg levels are more likely to test positive for HDV RNA. A weak correlation was observed between HBsAg and anti-HDAg in hepatitis D patients. Overall, our study highlights the importance of considering multiple factors when assessing the severity of HDV infection, comprehensive evaluation of patients’ clinical and laboratory parameters is necessary for proper diagnosis and treatment.

ARTICLE HIGHLIGHTS
Research background
The screening practices for hepatitis D virus (HDV) are diverse and non-standardized worldwide, and the exact prevalence of HDV is uncertain.

Research motivation
To estimate the prevalence of HDV in Jilin Province, China.

Research objectives
Promoting research on the prevalence of HDV can help raise awareness of chronic hepatitis D, improve screening rate and identify hepatitis D patients as early as possible to reduce HDV transmission.

Research methods
We collected 5594 serum samples from patients with hepatitis B in Jilin Province, China (3293 males and 2301 females, age range of 2 to 89 years) and then conducted tests for hepatitis B surface antigen (HBsAg), hepatitis B virus (HBV) DNA, anti-hepatitis D antigen (HDAg), and HDV RNA.

Research results
The prevalence of anti-HDAg and HDV RNA among hepatitis B patient were 3.6% (3.2%-4.2%) and 1.2% (0.9%-1.5%), respectively, 87.69% of hepatitis D patients were 51-70 years old. HDV infection screening positive rate of patients with HBV DNA levels below 2000 IU/mL (2.0%) was higher than those above 2000 IU/mL (0.2%). Among anti-HDAg positive patients, the HDV RNA positive rate was positively correlated with the HBsAg level and anti-HDAg level. There was a weak correlation between HBsAg and anti-HDAg levels among hepatitis D patients.

Research conclusions
Our study highlights the importance of considering multiple factors when assessing the severity of HDV infection, comprehensive evaluation of patients’ clinical and laboratory parameters is necessary for proper diagnosis and treatment.

Research perspectives
From the perspective of medical institutions.
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Figure Legends
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Figure 1 Constituent ratio of age among three infection groups’ patients and the hepatitis D virus screening positive rate of hepatitis B patients with different age. A and B: Age was compared using Kruskal-Wallis test, error bars represent 95% confidence interval. Note: The screening positive rate of hepatitis D virus in patients who were 30 years old or younger, and who were over 80 years old were 0.0%, and not shown in figure 1B. HDAg: Hepatitis D antigen; HDV: Hepatitis D virus.
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Figure 2 Constituent ratio of hepatitis B surface antigen among three infection groups’ patients and the hepatitis D virus screening positive rate of hepatitis B patients with different hepatitis B surface antigen. A and B: Hepatitis B surface antigen (HBsAg) was compared using Kruskal-Wallis test, error bars represent 95% confidence interval. HBsAg: Hepatitis B surface antigen; HDAg: Hepatitis D antigen; HDV: Hepatitis D virus.
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Figure 3 Constituent ratio of hepatitis B virus DNA among three infection groups’ patients and the hepatitis D virus screening positive rate of hepatitis B patients with different hepatitis B virus DNA. A and B: Hepatitis B virus DNA was compared using Kruskal-Wallis test, error bars represent 95% confidence interval. HBV: Hepatitis B virus; HDV: Hepatitis D virus.
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Figure 4 Distribution of anti-hepatitis D antigen among two infection groups’ patients and hepatitis D virus RNA positive rate of patients with different anti-HDAg. A and B: Anti-hepatitis D antigen was compared using Mann-Whitney U test, error bars represent 95% confidence interval. HDAg: Hepatitis D antigen; HDV: Hepatitis D virus.
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Figure 5 Distribution of the hepatitis D virus RNA among hepatitis B virus-hepatitis D virus dual-infected patients. HDV: Hepatitis D virus.

Table 1 Differences in the positive rate of hepatitis D virus between gender
	
	Male
	Female

	
	+/total
	%
	95%CI
	+/total
	%
	95%CI

	Anti-HDAg screening positive rate among hepatitis B patients
	125/3293
	3.8
	3.2-4.5
	78/2301
	3.4
	2.7-4.2

	HDV RNA screening positive rate among hepatitis B patients
	39/3293
	1.2
	0.8-1.6
	26/2301
	1.1
	0.7-1.7

	HDV RNA positive rate among anti-HDAg positive patients
	39/125
	31.2
	23.2-40.1
	26/78
	33.3
	23.1-44.9


HDAg: Hepatitis D antigen; HBV: Hepatitis B virus; HDV: Hepatitis D virus; 95%CI: 95% confidence interval.
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