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Background: The World Health Organization has proposed to eliminate hepatitis C by 2030, yet there is still a large gap to the goal. Screening for hepatitis C is cost-effective and efficient in medical institutions. The aim of this study was to identify the key populations for HCV antibody screening in hospital characterized by infectious diseases, and provide estimates of the proportion of HCV-infected persons in the Beijing Ditan hospital completing each step along a proposed HCV treatment cascade.

Methods: A total of 105,112 patients who underwent HCV antibody testing in Beijing Ditan hospital between 2017 and 2020 were included in this study. HCV antibody and HCV RNA positivity rate were calculated and compared by chi-square test.

Results: The positivity rate of HCV antibody was 6.78%. The HCV antibody positivity rate and the proportion of positive patients showed an upward trend along with age in the five groups between 10–59 years. In the contrary, a decreasing trend was observed in the three groups above 60 years. Patients with positive HCV antibody were mainly from the Liver Disease Center (36.53%), the Department of Integrative Medicine (16.10%), the Department of Infectious Diseases (15.93%) and the Department of Obstetrics and Gynecology (9.44%). Among HCV antibody positive patients, 6,129 (85.95%) underwent further HCV RNA testing, of whom 2097 were HCV RNA positive, the positivity rate was 34.21%. Of the patients who were HCV RNA positive, 64.33% did not continue with HCV RNA testing. The cure rate for HCV antibody positive patients was 64.98%. Besides, there was a significant positive correlation between HCV RNA positivity rate and HCV antibody level (r = 0.992, P < 0.001). The detection rate of HCV antibody among inpatients showed an upward trend (Z = 5.567, P < 0.001), while the positivity rate showed a downward trend (Z = 2.2926, P = 0.0219).

Conclusions: We found that even in hospitals characterized by infectious diseases, a large proportion of patients did not complete each step along a proposed HCV treatment cascade. Besides, we identified key populations for HCV antibody screening, namely: (1) patients over 40 years of age, especially those aged 50–59 years; (2) the Department of Infectious Diseases and the Department of Obstetrics and Gynecology patients. In addition, HCV RNA testing was highly recommended for patients with HCV antibody levels above 8 S/CO.
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1. Introduction

Hepatitis C is an inflammation of the liver caused by the hepatitis C virus (HCV). This virus can cause both acute and chronic hepatitis, ranging in severity from a mild illness to a serious, lifelong illness including liver cirrhosis and cancer. Hepatitis C has now become a serious public health problem due to its global prevalence. According to the World Health Organization (WHO), ~1.5 million people in 2019 were newly infected with HCV, while 58 million people had chronic HCV infection, exhibiting a 0.8% prevalence rate in the general population. Approximately 290,000 people died from hepatitis C mostly due to cirrhosis and hepatocellular carcinoma (primary liver cancer) (1).

China is known to have a large population, with many patients suffering from infectious diseases. Relevant studies have shown that although the prevalence of HCV is low in China, it is one of the countries with the largest number of HCV-infected patients in the world (2). It was estimated that there were ~10 million cases of HCV infection in China (3). However, from 2002 to 2021, the Chinese Center for Disease Control and Prevention (CDC) has received only a total of about three million reported cases, which makes about 70% HCV-infected people not being found or treated (4). Since HCV-related tests are not included in routine physical examination, and most patients with acute HCV infection have only slight discomfort or are asymptomatic, such patients are often ignored, eventually leading them to suffer from liver cirrhosis or hepatocellular carcinoma. Relevant studies have shown that for the first time, patients with decompensated liver cirrhosis caused by HCV spent on average 43 days in hospital, resulting in a huge medical and economic burden (5). In May 2016, the World Health Assembly adopted the first Global health sector strategy on viral hepatitis, 2016–2020, which stated that by 2030, an increase should be observed in the diagnosis of hepatitis C to 90%, the treatment rate should be increased to 80% (6). However, in 2019, only 21% of chronic HCV infections were diagnosed, treatment was given to 25% of patients in the Asia pacific region, which reveals a huge gap from the target (7). A study has projected that antiviral therapy could only prevent <15% of liver-related deaths caused by hepatitis C between 2002 and 2030. In the future, the fundamental way to reduce the number of deaths related to hepatitis C may include diagnosing and treating more patients rather than developing better treatments (8). Multiple studies have shown that screening for hepatitis C is cost-effective and efficient in medical institutions (9, 10). Here, we retrospectively analyzed the data of hepatitis C patients to identified the key populations for HCV antibody screening in hospital characterized by infectious diseases and provide estimates of the proportion of HCV-infected persons in the Beijing Ditan hospital completing each step along a proposed HCV treatment cascade. Our findings aimed to provide useful information for the development of hepatitis C screening strategies in China.



2. Materials and methods


2.1. Study design and patients

We retrospectively analyzed the data of HCV antibody and HCV RNA tests in Beijing Ditan Hospital from January 2017 to December 2020. Beijing Ditan Hospital is a Grade-A tertiary hospital featuring infectious diseases. It involves a comprehensive range of departments and a widely distributed patient population. The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Beijing Ditan Hospital, Capital Medical University. The ethical approval number is NO. DTEC-KY2022-027-01. Patients with incomplete information were excluded from this study and only the first test results of patients were retained. Ultimately, a total of 105,112 patients tested for HCV antibodies were included in this study.



2.2. Detection of HCV antibody and HCV RNA

Plasma samples were separated from the whole blood by centrifugation, and 150 μl of plasma was used to detect the HCV antibody by ARCHITECT i4000SR (Abbott, America). A value of S/CO <1 was considered non-reactive, while a value of S/CO ≥1 was considered reactive. The experiments were repeated twice. If both retests were non-reactive, the detection of HCV antibody was determined as negative, but if one or two retests were reactive, then it was considered positive. Six hundred fifty microliter centrifuged plasma was used to detect the presence of HCV RNA, detection was performed on a fully automated Roche COBAS AmpliPrep instrument, directly docked to the Roche COBAS TaqMan 96 Analyzer. All assay procedures were performed according to the manufacturer's protocols.



2.3. Statistical analysis

The data were analyzed using SPSS 24.0 and SAS 9.2 statistical software. The measured data were expressed as mean ± standard deviation (SD), while the counting data were expressed as the number of cases (percentage). The Chi-square test was used to compare the positivity rates between different groups. The Cochran-Armitage test was used to evaluate the trend. All P-values were based on two-tailed tests, and P < 0.05 was considered statistically significant.




3. Results


3.1. Demographic characteristics of the study population

A total of 105,112 patients tested for HCV antibody in Beijing Ditan hospital from January 2017 to December 2020 were included in this study. Of 105,112 patients, 54,616 were males, and 50,496 were females, with an average age of (43.49 ± 16.21) years. The patients were divided into nine age groups. As shown in Table 1, the main population detected for HCV antibody was 30–39 years group (24.73%), and the least was 10–19 years group (1.62%).


TABLE 1 Demographic characteristics of the included population.
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3.2. HCV antibody positivity rate in all age groups

A total of 7,131 patients were HCV antibody positive, and the positivity rate was 6.78%. The positivity rate of HCV antibody was highest in patients aged 0–2 years (19.92%), followed by 50–59 years (9.19%) and 60–69 years (9.14%). We further analyzed the proportion of positive patients in each group, the largest group was 50–59 years (23.53%), followed by 40–49 years (17.12%). The HCV antibody positivity rate was higher in females (7.52%) than in males (6.11%; X2 = 82.175, P < 0.001) and was significantly different in 20–69 years group (P < 0.05) but not in other groups (Figure 1B, Supplementary Table 2). The results demonstrated that, HCV antibody positivity rate and the proportion of positive patients showed an upward trend along with age in the five groups between 10–59 years. In the contrary, a decreasing trend was observed in the three groups above 60 years (Figure 1A, Supplementary Table 1).


[image: Figure 1]
FIGURE 1
 The relationship between HCV antibody positivity rate with age and sex. (A) HCV antibody positivity rate in different age groups and age distribution of positive patients. The line chart represents the positivity rate, the histogram represents the percentage of positive patients. (B) HCV antibody positivity rate in males and females of different age groups. *P < 0.05.




3.3. HCV antibody-positive patient's departmental origin

To understand the departmental origin of HCV antibody positive patients, we analyzed 7,131 patients from 27 departments. The results demonstrated that patients mainly originated from Liver Disease Center (36.53%), followed by the Department of Integrative Medicine (16.10%), Department of Infectious Diseases (15.93%), and Department of Obstetrics and Gynecology (9.44%; Figure 2, Supplementary Table 3). The results indicated that most of these patients may had a diagnosis of hepatitis C before coming to this hospital. Besides, the department of Obstetrics and gynecology should also be the priority department for hepatitis C screening.


[image: Figure 2]
FIGURE 2
 Departmental origin of HCV antibody positive patients. The color of the circle represents the percentage of patients. The size of the circle represents the number of patients, with larger circles indicating a larger number of patients.




3.4. HCV RNA positivity rate in all age groups

Of the 7,131 HCV antibody positive patients, 6,129 were tested for HCV RNA. Among 2097 HCV RNA positive patients, the lowest positivity rate was observed in the group of 0–2 years (3.46%), the highest positivity rate was observed in 70–79 years (46.25%). Besides, in the groups above 40 years, the positivity rate was higher than 30%. Overall, the HCV RNA positivity rate increased along with the age. HCV RNA positive patients were mainly concentrated in the age between 20–69, especially in 50–59 years (27.08%; Figure 3A, Supplementary Table 4).
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FIGURE 3
 The relationship between HCV RNA positivity rate with age and sex. (A) HCV RNA positivity rate in different age groups and age distribution of positive patients. The line chart represents the positivity rate, the histogram represents the percentage of positive patients. (B) HCV RNA positivity rate in males and females of different age groups. *P < 0.05.


Of the 6,129 patients who underwent HCV RNA testing, 2,844 were males and 3,285 were females. The positivity rate was higher in males (38.92%) than in females (29.92%; X2 = 54.946, P < 0.001), with significant differences in the 20–59 years and 70–79 years (P < 0.05) but not in the other groups (Figure 3B, Supplementary Table 5).



3.5. Correlation between HCV antibody level and HCV RNA

The correlation between serum HCV antibody levels and HCV RNA positivity rate was evaluated for 7,131 patients with corresponding results. A significant positive correlation between HCV RNA positivity rate and HCV antibody level was found by correlation analysis (r=0.992, P < 0.001). Specifically, when HCV antibody level was between 1–3 S/CO, HCV RNA positive patients were rare and the positivity rate was <1%. When the HCV antibody level was between 3 and 8 S/CO, the HCV RNA positivity rate gradually increased to about 20%. When the HCV antibody level was higher than 8 S/CO, the HCV RNA positivity rate was higher than 23.08%. The positive rate reached a maximum of 78% at antibody level between 17 and 18 S/CO (Table 2). The results above indicated the patients were highest recommended to complete HCV RNA test when HCV antibody level was higher than 8 S/CO in clinical practice.


TABLE 2 Correlation between HCV antibody level and HCV RNA.
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3.6. The care cascade of hepatitis C patient

To assess the treatment completion rate of hepatitis C patients at this hospital, we further matched HCV antibody and HCV RNA results in 7,131 HCV antibody positive patients over 4 years and conducted a care cascade analysis. Among them, 6,129 (85.95%) underwent further HCV RNA testing, the positivity rate was 34.21% (2,097/6,129). In the proportion of HCV RNA positive patients, there were only 35.67% patients (748/2,097) complete the whole treatment care cascade. Importantly, in the proportion who complete the treatment, 81.42% patients (609/748) reached the treatment endpoint. Besides, we can conclude from the second sub-column (Figure 4), there were even 14.05% HCV antibody positive patients (1,002/7,131) not complete the HCV RNA testing. The results suggested that, even in the hospital characterized by infectious disease, there were still a large portion (64.33%, 1,349/2,097) of patients not complete the treatment.


[image: Figure 4]
FIGURE 4
 The care cascade of hepatitis C patient. Each column represents a different subgroup. The area between the columns represents the number and percentage of patients. In the first sub-column, 9.53 S/CO represents the mean value of positive HCV antibodies.





4. Discussion

While the global HCV infection rate is 3%, China's infection rate is about 3.2%, which is slightly higher than the global infection rate. China is also one of the countries with the highest number of HCV infections in the world.

In this study, we compared the positivity rate of HCV antibody among nine age groups. The highest positivity rate of 19.92% was observed in patients aged 0–2 years, which was significantly higher than other groups. There were 230 patients <1 year old in the group of 0–2 years. The reason for the high HCV antibody positive rate in this group may be due to passively acquired HCV antibodies. These antibodies were considered to exist until 18 months after birth (11–13), the HCV RNA test should be carried out in this stage to determine an active infection rather than HCV antibody test (14). Interestingly, only nine patients aged 0–2 years were positive for HCV RNA in this study, with a positive rate of 3.46%. Similar to epidemiological surveys in the USA (15), the HCV antibody positivity rate were lowest in 10–19 years old. The positivity rate of HCV antibody in patients aged 10–59 years showed an increase along with the age, but in patients over 60 years old, it showed a decreased trend with age, which was consistent with previous research (10, 16, 17).

We further analyzed the percentage of HCV antibody positive patients in different age groups. They were mainly concentrated in 20–69 years, particularly in 50–59 years. In this study, both the positivity rate and the number of patients were significantly higher in those over 40 years than in under 40 years (P < 0.001), which was consistent with previous studies (18, 19). We speculated that this is primarily due to blood transmission, as HCV antibody testing was not included in the screening routine of blood donation before 1993. Additionally, older patients had less access to learn about the hepatitis C along with the lack of awareness of proactive hepatitis C screening. The positivity rate was found to be low in young people, which has proven the necessity of strict management of blood products and the implementation of hepatitis C prevention policy. The gradual decrease in the positivity rate in patients over 60 years old may be attributed to the death of some patients due to HCV-related cirrhosis or hepatocellular carcinoma (20).

Patients with positive HCV antibody in this hospital mainly originated from the Liver Disease Center and the Department of Integrative Medicine (mainly treats patients with liver disease), as most of the patients were undergoing treatment in this hospital or already knew they had HCV infection. Notably, 15.93% of the patients originated from the Department of Infectious Diseases, suggesting that a larger number of high-risk groups for HCV infection exist in the Department of Infectious Diseases, such as syphilis patients, men who have sex with men, HIV-infected patients and their sexual partners or those with a history of high-risk sexual behavior. Studies have shown that HIV-1 infected men who have sex with men (MSM) have a reinfection rate of 5.27/100 person years after successful treatment for HCV (21). Therefore, screening in patients with diseases that have a similar transmission route to HCV should be emphasized. About 10% of patients also originated from the Department of Obstetrics and Gynecology, studies have reported that the chance of HCV transmission from an HCV antibody positive mother to her newborn was about 2%; if the mother was positive for HCV RNA at the time of delivery, the chance of transmission could be 4% to 7% (3). Therefore, it is necessary to enhance screening for hepatitis C in patients in the Department of Obstetrics and Gynecology. Newborns born to HCV antibody positive mothers should also be tested for HCV antibody on a long-term basis, preferably with HCV RNA testing if possible.

The detection of HCV antibody can only be used as the basis for preliminary screening method, as it may be positive in the case of previous HCV infection, spontaneous virus clearance, or recovery after treatment. HCV RNA was considered as the “gold standard” for the diagnosis of HCV infection and the basis for the effectiveness of antiviral therapy. Previous studies have shown that only 50% of HCV antibody positive patients undergo HCV RNA testing (22), while in this current study was 85.95%, which was higher than the reported. HCV RNA positivity rate was 34.10%, which was lower than other hospitals in China (16), possibly because some patients cleared HCV spontaneously or after treatment. Of the 2,097 patients who were HCV RNA positive, 64.33% did not continue with HCV RNA testing, which may mean that a large number of patients were not receiving regular treatment. Our data showed that there was still a large gap compared to the targets set by the WHO. Besides, regardless of HCV antibody levels, a large proportion of patients were not tested for HCV RNA. Our results indicated that, the HCV antibody levels were strongly correlated with the HCV RNA positivity rate, and the results further indicated when HCV antibody levels were 8–9 S/CO, the HCV RNA positivity rate had exceeded 20%. Therefore, we strongly suggest that all patients with HCV antibody levels higher than 8 S/CO should be tested for HCV RNA to ensure more patients were diagnosed and treated.

The Chinese guidelines for the prevention and treatment of hepatitis C suggest that all patients with positive HCV RNA should be treated irrespective of liver cirrhosis, chronic kidney disease, or extrahepatic manifestations (3). However, only a minority received professional treatment (22). With the availability of direct antiviral agents (DAA), hepatitis C can be cured in only 3 months with fewer side effects. The cure rate in this study was 96.95%. Notably, seven patients had undetectable HCV RNA in their blood during treatment but were detected again in the subsequent treatment, i.e., virological breakthrough. Therefore, HCV RNA testing should be continued even if the patient achieves a sustained virologic response (SVR).

Among HCV antibody positive patients, HCV RNA positivity rate increased along with age, similar to the other studies (16, 19), which may indicate that younger patients were more likely to achieve the cure. It may also indicate that the younger the age, the lower the prevalence and the higher the false positive rate. Patients aged 50–59 years were also the main group of HCV RNA positive patients, accounting for 27.08%. In addition, the positivity rate and the number of patients over 40 years were higher than those under 40 years. This result reaffirms that patients over 40 years were the main population target for HCV infection and treatment, especially those aged 50–59 years.

In this study, the rate of HCV antibody positivity was higher in females than in males (7.52 vs. 6.11%, P < 0.001). Further comparison showed that HCV RNA positivity rate was higher in males than in females (38.92 vs. 29.92%, P < 0.001). Studies have shown that the best critical value for predicting HCV RNA positivity using HCV antibody was higher in women than in men (16), which may indicate that more women were false positive. Previous studies (16, 17, 20, 23) have shown conflicting conclusions in the comparison results of HCV antibody and HCV RNA positivity rates between men and women. Although the specific reason was not clear, the differences might be related to the different survey populations, different lifestyles, or other reasons.

To our knowledge, this is the early research focused on hepatitis screening and care cascade in a hospital characteristic by infectious diseases in China. The sample size was large, and the source of patients were widely distributed. However, there were some shortcomings in our study. First, our data were collected from mono-centric and the results may not be representative of hospitals in other parts of China. Second, we cannot provide information about the risk factors for HCV infection as this study was designed as a retrospective analysis. In the future, we will conduct a long-term follow-up of HCV-infected patients to further assess the risk factor of patients.



5. Conclusion

In conclusion, by analyzing the data from this hospital, we found that even in hospitals characterized by infectious diseases, 14.05% (1,002/7,131) of HCV antibody positive patients still do not undergo HCV RNA testing. Among HCV RNA positive patients, 64.33% did not complete the treatment care cascade, which may mean that a large number of patients were missing the regular treatment. Besides, we identified key populations for HCV antibody screening, namely: (1) patients over 40 years of age, especially those aged 50–59 years; (2) the Department of Infectious Diseases and the Department of Obstetric and gynecological patients. In addition, HCV RNA testing was highly recommended for patients with HCV antibody levels above 8S/CO.
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