www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Epidemiological characteristics and
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Due to the emergence of direct-acting antiviral (DAA), more attention has been devoted to the
prevalence and antiviral treatment of chronic hepatitis C in the Kashi region of Xinjiang, China, over
the past decade. This study aimed to investigate the epidemiology, genotype (GT) distribution,
diagnosis, and antiviral treatment of chronic hepatitis C virus (HCV) infection in this region from 2018
to 2022 and to highlight the challenges in achieving effective management. This retrospective study
included individuals with HCV antibody (HCV-ADb) positivity at the First People’s Hospital of Kashi
from January 1, 2018, to August 31, 2022. Clinical data, including HCV RNA data, GT distribution, and
DAA treatment history, were collected. Patients were followed up via telephone to assess treatment
adherence and reasons for refusal. The HCV-Ab positivity rate increased from 1.7% in 2018 to 2.9% in
2022. Among the 4,928 HCV-Ab-positive individuals, 2174 (44%) underwent HCV RNA testing, with
1,088 (22%) confirmed positive. Of these patients, 707 were genotyped, with GT1b (70.7%) being

the most prevalent GT. Due to limited access to DAA, only 327 (30%) RNA-positive patients received
antiviral treatment, 243 (74%) of whom completed the course. Barriers to receiving DAA included high
costs, low disease awareness, and limited healthcare access. These findings underscore the severity
of the chronic HCV epidemic in Kashi, where healthcare access is inadequate, including limited HCV
RNA testing and DAA treatment coverage. Tailored public health interventions and improvements in
healthcare infrastructure are essential for better managing chronic HCV infection in this high-burden
region.
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Persistent hepatitis C virus (HCV) infection is a major cause of chronic liver disease, and this virus significantly
contributes to the global burden of liver-related conditions! ™. In 2020, it was estimated that 56.8 million people
worldwide were infected with HCV, resulting in 257,000 HCV-related deaths’. China bears a high burden of
chronic HCV infection, with approximately 9.487 million people infected in 2020, yet only a small proportion
of patients received treatment with direct-acting antivirals (DAAs)>®. In 2019, the incidence rate of hepatitis C
was approximately 16 per 100,000 population nationwide, around 36 per 100,000 population in Xinjiang, and
approximately 61 per 100,000 population in the Kashi region’. From 2005 to 2019, the overall incidence rate
of hepatitis C in the general population of the Kashi region exhibited an upward trend, with an average annual
increase of 11.5%’.

HCYV is characterized by high genetic diversity, with eight genotypes (GTs) and over 100 subtypes identified
to date®. In Asia, particularly in Central Asia, East Asia, Southeast Asia, and the Asia-Pacific region, GT1
(especially subtype 1b) is the most common GT!. A nationwide survey conducted in China revealed that the
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most prevalent subtype was 1b (63.4%), followed by 2a (17.3%)°. The distribution of HCV GTs in Xinjiang is
similarly diverse, with GT1b being the most predominant GT, followed by GT2a, GT3a, GT3b, and GT6a'".

The epidemiological situation of hepatitis C in the Kashi region is alarming, with DAA treatment outcomes
being suboptimal. Additionally, there is a lack of relevant literature on this topic. This study retrospectively
analysed the epidemiology, diagnosis, and treatment of HCV among a hospital-based cohort from 2018 to 2022
and aimed to enhance the prevention and treatment of HCV infection in China. The ultimate goal is to achieve
the ambitious target set by the World Health Organization (WHO) of eliminating viral hepatitis as a public
health threat by 2030.

Methods

Study design and study patients

During the investigation period, with the exception of the First People’s Hospital of Kashi, the major hospitals
in the Kashi region, which includes one city and eleven counties, lacked the capacity for hepatitis C diagnosis,
genotyping, and liver fibrosis testing and were limited to HCV antibody (HCV-Ab) screening. In 2018, the First
People’s Hospital of Kashi began to administer Elbasvir/Grazoprevir (EBR/GZR), thereby becoming the only
medical institution in this region equipped with DAA. In 2021, the hospital began to administer Ledipasvir/
Sofosbuvir (LDV/SOF) and SOF/Velpatasvir (VEL). During this study period, patients with chronic hepatitis C
in this region were primarily treated at the infection department of the First People’s Hospital of Kashi (Table 1).
This study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional
Review Board of the First People’s Hospital of Kashi.

This study was a retrospective analysis involving subjects who tested positive for HCV-Ab at the First People’s
Hospital of Kashi from January 1, 2018, to August 31, 2022. The exclusion criteria were as follows: HCV-Ab
negative, HCV-Ab-positive but HCV RNA negative, and duplicate data for the same patient who completed HCV
RNA testing. Additionally, patients who did not participate in the follow-up phone survey or had inaccessible or
significantly incomplete medical records were also excluded. The flowchart is shown in Fig. 1.

Study assessment
Patient visit dates, HCV-Ab screening results, and HCV RNA test results were extracted from the hospital’s
electronic medical records and laboratory information systems by the hospital’s information technology
department. This process was conducted under strict confidentiality protocols and in compliance with
institutional guidelines to ensure patient privacy. Data completeness and accuracy were ensured through cross-
referencing between electronic medical records and the laboratory information system. Any discrepancies
identified during this process were resolved through manual verification by the research team. Data related
to DAA treatment and reasons for treatment refusal were collected through follow-up phone calls using a
structured questionnaire. To address communication barriers due to local ethnic languages, two trained local
clinicians conducted the phone interviews after undergoing pre-interview training to ensure a standardized
data collection process. Reasons for refusing DAA treatment were categorized based on pre-defined themes and
analyzed quantitatively to identify trends and barriers. To enhance data quality, validation was performed by
comparing collected data with electronic medical records. Priority was given to medical record entries to resolve
any inconsistencies, ensuring the reliability of the dataset.

For missing or incomplete data, a systematic review and processing approach was employed. Cases with
critical data points (e.g., treatment status, treatment outcomes) that were severely missing and could not be

Local availability of diagnostic items Local availability of DAA
Medical institution HCV-ADb screening | HCV-RNA testing | HCV genotyping | Liver stiffness measurement | EBR/GZR | LDV/SOF | SOF/VEL
First People’s Hospital of Kashi | V V V v V y R
Kashi City* V X X X X X X
Shufu County v X X X X X X
Shule County R X X X X X X
Yingjisha County V X X X X X X
Zepu County v X X X X X X
Shache County v X X X X X X
Yecheng County v X X X X X X
Maigaiti County V X X X X X X
Yuepuhu County v x X X X X X
Jiashi County N X X X X X X
Bachu County V X X X X X X
Taxkorgan County® V x x x X X X

Table 1. The implementation status of hepatitis C diagnosis and treatment programs in the major medical
institutions of the Kashi region from 2018 to 2022. *Kashi City refers to the main medical institutions in the
city, excluding the First People’s Hospital of Kashi. ®Taxkorgan County refers to Taxkorgan Tajik Autonomous
County. Ab, Antibody; DAA, Direct-acting antiviral; EBR, Elbasvir; GZR, Grazoprevir; HCV, Hepatitis C virus;
LDV, Ledipasvir; SOF, Sofosbuvir; VEL, Velpatasvir.
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; > Data missing for 109 individuals.
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Fig. 1. Investigation flowchart Ab, Antibody; DAA, Direct-acting antiviral; ETVR, End-of-treatment
virological response; HCV, Hepatitis C virus; SVR, Sustained virological response.

retrieved through follow-up phone calls or verification of medical records were excluded from the relevant
analyses to avoid introducing bias. For cases with missing follow-up data where clear trends or reference points
were available, the backward fill method was applied. This approach involved supplementing the missing data
points using information from subsequent medical records, such as treatment status or laboratory test results.
This method was adopted in this study based on the specific circumstances to maximize the balance between
data accuracy and the reliability of the results. We conducted a thorough examination of the available data to
ensure that the imputed values were consistent with the general trends observed in the cohort. We also carefully
considered the nature of the missing data, and filled in gaps based on the assumption that later follow-up data
could reasonably reflect earlier trends.

To better understand the diagnosis and treatment of hepatitis C, this study employed two methods to assess
progress during the course of care. First, the proportion of patients at each step relative to those with HCV-Ab
positivity was calculated. Second, the proportion of patients who moved to the next step of the treatment process
was determined.

The primary outcome measures of the investigation were HCV-Ab positivity, HCV RNA positivity, and
the achievement of a sustained virological response (SVR). HCV-AD titres above 1.0 S/co, as measured by an
enzyme-linked immunosorbent assay (Abbott, Shanghai, China), were considered positive. The detection limit
for the HCV RNA viral load, determined via real-time fluorescent quantitative PCR (Sansure Biotech Inc.,
Hunan, China), was 100 IU/mL, with levels at or above this threshold considered positive. A more sensitive
PCR assay was not available at this hospital during the investigation period. SVR12 and SVR24 were defined as
undetectable HCV RNA in serum or plasma at 12 and 24 weeks after completing antiviral therapy, respectively.
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HCV RNA
HCV-Ab-positive | HCV-Ab positivity rate, % HCV RNA-positive | positivity rate,

Year | HCV-ADb screening, n | cases, (95% CI) HCV RNA testing, n | cases, n % (95% CI)
2018 51,714 873 1.7 (1.6-1.8) 365 129 35.3 (30.4-40.5)
2019 44,895 1122 2.5(2.4-2.6) 436 192 44.0 (39.3-48.8)
2020 31,918 865 2.7 (2.5-2.9) 330 194 58.8 (53.3-64.2)
2021 42,323 1170 2.8 (2.6-2.9) 705 372 52.8 (49.0-56.5)
2022* | 30,707 898 2.9 (2.7-3.1) 338 201 59.5 (54.0-64.7)
Total | 201,557 4928 2.4 (2.4-2.5) 2174 1088 50.0 (47.9-52.2)

Table 2. Trends in HCV-Ab and HCV RNA positivity rates from 2018 to 2022. *Data for 2022 include only the
period from January 1 to August 31. Ab, Antibody; CI, Confidence interval; HCV, Hepatitis C virus.

65— -@- HCV-AD positivity rate (%)
60— - HCV RNA positivity rate (%)

T T T T 1
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Fig. 2. Trends in HCV-Ab and HCV RNA positivity rates with 95% CIs (2018-2022) *Data for 2022 include
only the period from January 1 to August 31. Ab, Antibody; CI, Confidence interval; HCV, Hepatitis C virus.

Patients who did not return for follow-up testing were classified as not having achieved SVR. HCV genotyping
was performed on serum samples from HCV RNA-positive individuals using the PCR fluorescent probe method
(Sansure Biotech Inc., Hunan, China). Due to sensitivity limitations of the genotyping assay, only individuals
with an HCV RNA viral load greater than 1000 IU/mL were eligible for genotyping. These procedures were
conducted in accordance with the standard diagnostic protocols of the clinical laboratory at the First People’s
Hospital of Kashi.

Statistical analysis

Categorical data are presented as counts and percentages, and 95% confidence intervals (95% Cls) for positivity
rates were calculated via the Clopper-Pearson exact method. The data obtained from the structured questionnaire
were categorized and quantitatively analyzed by summarizing them into groups and presenting the results in
terms of frequencies and percentages. To assess trends over time, a Chi-square test for trend was conducted to
evaluate whether there were significant increases or decreases in key variables such as HCV-AD positivity rates
and HCV RNA positivity rates across the study period. A two-tailed p value <0.05 was considered statistically
significant. Statistical analysis was conducted via SPSS 29.0 (IBM Corp., Armonk, NY, USA), and bar charts,
line graphs, and pie chart were created via GraphPad Prism 10.1.0 (GraphPad Software, San Diego, CA, USA).

Results

Raw epidemiological data on HCV-Ab positivity

The patients included in this study were from all 12 counties and cities within the Kashi region, representing
both urban and rural populations, as well as diverse ethnic groups, including Han Chinese and various ethnic
minorities. However, due to the inability to obtain complete demographic data for all patients, a systematic
analysis could not be performed.

The HCV-Ab and HCV RNA positivity rates from 2018 to 2022 are shown in Table 2; Fig. 2. As indicated in
the table, the overall HCV-AD positivity rate was 2.4% (95% CI: 2.4-2.5%), and the overall HCV RNA positivity
rate was 50.0% (95% CI: 47.9-52.2%). Over the period from 2018 to 2022, both the HCV-Ab and HCV RNA
positivity rates in the Kashi region showed an increasing trend. A Chi-square test for trend was conducted to
evaluate this change over time. The HCV-AD positivity rate demonstrated a significant linear increase (Pearson
Chi-square=181.854, df=4, p<0.001; linear association=145.397, df=1, p<0.001). Similarly, the HCV RNA
positivity rate also showed a significant increasing trend, with a Pearson Chi-square of 62.037 (df=4, p<0.001)
and a linear association value of 47.621 (df=1, p<0.001), further emphasizing the significant rise in HCV
positivity over the study period.
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Fig. 3. DAA treatment cascade percentages among 4,928 HCV-Ab-positive individuals Ab, Antibody; DAA,
Direct-acting antiviral; HCV, Hepatitis C virus; SVR, Sustained virological response.
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Fig. 4. Comparison of confirmed hepatitis C cases and DAA treatment numbers from 2018 to 2022 *Data for
2022 include only the period from January 1 to August 31. *Estimated full-year data for 2022. Ab, Antibody;
DAA, Direct-acting antiviral; HCV, Hepatitis C virus.

Gaps between the diagnosis and treatment of hepatitis C

Among the 4,928 HCV-Ab-positive individuals, 44% (2,174/4,928) underwent confirmatory HCV RNA testing,
with 50% (1,088/2,174) testing positive. However, only 30% (327/1,088) of the HCV RNA-positive patients
received treatment with DAA, and 74% (243/327) completed the treatment course. Among those who completed
treatment with DAA, 73% (177/243) achieved SVR12, and among those who achieved SVR12, 38% (68/177)
further achieved SVR24 (Fig. 3). Aside from two patients who experienced virological breakthrough, all patients
who did not achieve SVR12 or SVR24 were lost to follow-up.

The status of hepatitis C diagnosis and DAA treatment in the Kashi region from 2018 to 2022 is shown in
Fig. 4. Since data for 2022 were only available from January 1 to August 31, we estimated the full year’s data by
multiplying the average monthly data by 12 months. When excluding the data from 2022, both the number of
confirmed hepatitis C cases and the number of individuals receiving DAA treatment increased annually. There
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was a particularly significant increase in 2021. However, the number of confirmed hepatitis C cases was much
lower than the number of positive HCV-Ab screenings, and the number of individuals receiving DAA treatment
was also significantly lower than the number of confirmed cases.

HCV GT distribution

Among the 1,088 confirmed hepatitis C patients, genotyping data were available for 707 individuals (Fig. 5).
Among the 707 individuals, 90.4% (639/707) were from ethnic minority groups. In the Kashi region, HCV
included four GTs and seven subtypes: 1a, 1b, 2a, 2b, 3a, 3b, and 6a. The predominant subtype was 1b, accounting
for 70.7% of the cases.

Reasons for 156 patients not receiving DAA treatment

We conducted follow-up surveys via telephone, and 156 patients provided reasons for refusing DAA treatment
(multiple responses were allowed). The reasons included the high cost of DAA treatment (41.7%), coinfection
with infectious diseases such as HIV or syphilis (31.4%), unawareness of the harm of hepatitis C (17.9%),
asymptomatic patients refusing treatment (14.7%), not being informed about the need for treatment (10.3%),
inconvenience of frequent follow-ups (9.0%), unavailability of DAA at local hospitals (7.1%), long duration of
DAA treatment (5.8%), long distance to the hospital (5.8%), patients being under 12 years old (4.5%), concerns
about the side effects of DAA (1.3%), and pregnancy (0.6%) (Fig. 6). All patients who cited the high cost of DAA
treatment were unaware that it could be covered by basic medical insurance. Among these patients, 62 were only
willing to receive DAA if the total cost was less than 1,000 RMB, whereas 3 were willing to pay between 1,000
and 3,000 RMB out of pocket.

Discussion

HCV poses a significant threat to public health, leading to liver failure and hepatocellular carcinoma. The global
distribution of HCV is uneven. HCV infections in mainland China account for one-sixth of all cases worldwide,
making it the country with the highest absolute number of infections worldwide®. Given the substantial number
of HCV-positive individuals in China, the governments efforts to achieve the WHO?’s targets of 90% diagnostic
coverage and an 80% treatment rate by 2030 could significantly impact the global burden of HCV-related
diseases!'!. In 2019, reported cases from Kashi accounted for 28.66% of all cases in Xinjiang. From 2015 to 2019,
Kashi reported an average of 2,007 hepatitis C cases annually, and there was an uneven distribution across the
region’. Our investigation retrospectively analysed the HCV-Ab positivity rate, HCV GT distribution, hepatitis
C diagnosis status, and treatment status in the Kashi region. Although the HCV-ADb positivity rate and the
number of confirmed cases have increased in recent years, the proportion of patients receiving DAA remains
relatively low. The results indicate that the hepatitis C epidemic in this area is critical, with suboptimal treatment
outcomes, and that local health authorities and medical institutions face considerable challenges.

From 2018 to 2022, the overall HCV-Ab positivity rate in the Kashi region was 2.4% (95% CI: 2.4-2.5%).
This positivity rate is significantly higher than the national HCV-AD prevalence rate of 0.43% reported in 2006
and the prevalence rate of 0.40% reported among populations in western China'?. Additionally, the HCV-Ab
positivity rates in Gansu (1.08%) and Chongqing (1.7%) are also higher than the national HCV-Ab prevalence
rate reported in 2006'>. This evidence suggests that there may have been a certain degree of increase in the
HCV-ADb positivity rate in China in recent years, particularly in the western regions. Statistical analysis using
the Chi-square test for trend demonstrated that both the HCV-Ab positivity rate (p<0.001) and HCV RNA
positivity rate (p<0.001) showed significant upward trends. These findings suggest that the burden of HCV
infection in the region has been rising steadily over the past several years, indicating a potential increase in the
incidence of HCV in this area. This increasing trend may be attributed to several factors. The first factor may be
increased screening efforts: China’s “Action Plan for Eliminating the Public Health Hazard of Hepatitis C (2021~
2030)” advocates for comprehensive screening in medical institutions, with strategies such as “testing all who
should be tested” for key populations and “testing all who wish to be tested” for the general population. With
strong support from national policies, public awareness of hepatitis C has gradually increased, leading more
people to undergo HCV screening either voluntarily or as a result of medical protocols and thereby identifying

70.7% GT1b
9.5% GT3a
7.1% GT3b
6.7% GT2a
2.1% GT2b
1.7% GTla
1.6% Not detected
0.7% GT6a

OREEREAD

Total=707

Fig. 5. Genotype distribution among 707 HCV-infected individuals GT, Genotype; HCV, Hepatitis C virus.
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Fig. 6. Reasons for 156 patients not receiving DAA treatment DAA, Direct-acting antiviral; HIV, Human
immunodeficiency virus.

more potential cases. Second, there has been increased exposure among high-risk populations. In recent years,
due to advancements in medical technology, the frequency of invasive medical procedures in the Kashi region
has gradually increased, leading to a corresponding increase in infection risk. Additionally, high-risk groups in
this region, such as blood transfusion recipients and intravenous drug users, are more susceptible to infection.
Analysis of global trends and regional data suggested that the issue of injection drug use in China has been
worsening annually'®. The prevalence of HCV-Ab positivity among intravenous drug users in mainland China
is approximately 70.8%°. Third, socioeconomic factors may play a role in the prevalence of HCV. Kashi is one
of China’s impoverished regions and is characterized by poor public sanitation, low individual awareness of self-
protection, and a high incidence of risky behaviours, all of which contribute to the spread of HCV. Additionally,
the low socioeconomic status in this region may limit access to healthcare services, and inadequate oversight and
monitoring mechanisms may further increase the risk of HCV transmission.

Among the 707 HCV-infected individuals, the predominant subtype was 1b (70.7%), which is consistent
with the national distribution of HCV GTs!”. However, the proportions of subtypes 3a (9.5%) and 3b (7.1%)
were greater than that of subtype 2a (6.7%), in contrast with the findings of a previous study, which indicated
that the predominant HCV GTs in Xinjiang were subtypes 1b, 2a, 3a, 3b, and 6210, This difference may be related
to the demographic composition of the 707 HCV-infected individuals in this study, 90% of whom were from
ethnic minority groups. The proportion of HCV GT3 was higher among ethnic minorities than among the
Han population!®. However, due to the limitations inherent in retrospective studies, this research lacks detailed
demographic information, which restricts the representativeness of the sample and the external validity of the
findings.

According to estimates by the Polaris Observatory HCV Collaborators, Chinas hepatitis C diagnosis rate
increased to 40% in 2022, but it still falls significantly short of the global target of 90%! 8. Insufficient awareness
of the harm of chronic HCV infection, combined with the often asymptomatic nature of the virus, reduces
public attention to the dangers of HCV, thereby making it challenging to achieve target diagnosis rates'.
Excluding the incomplete statistics for 2022 (which only include data from January 1 to August 31, 2022), the
number of confirmed hepatitis C cases and those receiving DAA in the Kashi region has increased annually,
with a particularly significant increase observed in 2021. This encouraging upwards trend may be related to
the introduction of LDV/SOF and SOF/VEL at the First People’s Hospital of Kashi in 2021, which improved
drug accessibility. The cascade of care for HCV-Ab-positive individuals in the Kashi region, from the screening
stage to the diagnosis and treatment stages, highlighted vital issues in this region’s screening and treatment
processes. Fewer than half (44%) of the 4,928 HCV-Ab-positive individuals underwent HCV RNA testing,
which is consistent with a study conducted in Jiangsu Province, which reported a testing rate of 51.3%'°. An
online survey conducted in China revealed that individuals with lower educational attainment, residents of rural
or western regions, and current alcohol consumers presented insufficient knowledge about HCV and were less
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likely to undergo HCV testing?®. During the investigation period, HCV RNA testing was not widely available
in medical institutions across the Kashi region, with only the First People’s Hospital of Kashi able to perform
this test. The Kashi region covers a total area of 162,000 square kilometres. Except for Kashi city, gaining access
the First People’s Hospital of Kashi from the surrounding counties involves long distances and inconvenient
transportation. Additionally, the two-step diagnostic process, which includes HCV-ADb screening followed by
HCV RNA confirmatory testing, is time-consuming. The delayed availability of test results can lead to difficulties
in follow-up for patients who initially test positive. The high cost of HCV RNA testing also makes it unaffordable
for low-income individuals. Moreover, patients’ lack of awareness about the importance of HCV RNA testing
contributed to low testing rates. Many individuals did not fully understand the necessity of confirmatory testing
after screening positive for HCV-Ab, which is common in regions with lower levels of public health education
regarding viral hepatitis. These factors hinder the timely diagnosis of HCV infection and delay the initiation of
prompt antiviral treatment.

In our investigation, only 30% of confirmed patients with chronic HCV infection received treatment with
DAA, indicating a low treatment coverage rate. Similarly, a study conducted in Jiangsu reported that only 38.7%
of patients received treatment with DAA'. Both figures fall significantly short of the WHO’s treatment target of
80%!. Among the 483 patients who participated in the follow-up survey in this study, 67.7% received treatment
with DAA. The relatively high proportion of patients receiving DAA treatment may be due to a greater willingness
to participate in follow-up among those who were treated. In contrast, patients who did not receive treatment
may have been less inclined to participate, possibly due to a loss of hope or other reasons. Among the 327 patients
who received treatment with DAA, 243 (74%) completed the full course, based on their GTs and the presence
or absence of liver cirrhosis. Some patients discontinued treatment after only 28 days of initial DAA treatment,
whereas others abandoned further treatment because of the long distances from their places of residence to the
hospital. Poor treatment adherence may also be related to economic pressure and limited awareness of hepatitis
C. Among the patients who completed the full course of treatment, 73% (177/243) achieved SVR12, and 38%
(68/177) achieved SVR24. Patients who did not return for follow-up testing were considered not to have achieved
SVR. Aside from two patients who experienced virological breakthrough, all patients who did not achieve
SVR12 or SVR24 were lost to follow-up. After completing the DAA treatment course, many patients believed
that they were cured and were therefore unwilling to return to the hospital for follow-up testing. While our study
did not perform a detailed analysis of specific patient characteristics such as socioeconomic status, distance from
the hospital, lack of public awareness, or other factors that may have influenced loss to follow-up. Patients who
face financial difficulties, long travel distances, or other logistical barriers may be less likely to complete follow-
up appointments, which in turn could affect their treatment outcomes, including achieving SVR12 or SVR24.
Despite the fact that follow-up could theoretically be conducted remotely via phone or telemedicine, practical
logistical barriers such as difficulties in maintaining consistent patient contact, lack of reliable communication
channels, and limited resources for follow-up contributed to the observed loss to follow-up. In addition, time
constraints and the need for intensive staff involvement for data collection further limited our ability to perform
a comprehensive analysis of these factors.

To enhance follow-up adherence, we propose several approaches. Patient education programs should
be strengthened to increase awareness of the importance of SVR monitoring and the risk of reinfection.
Telemedicine and remote monitoring can facilitate follow-up consultations, particularly for patients in rural
areas, reducing logistical barriers. Integrating post-treatment monitoring into primary healthcare services can
improve accessibility and reduce the burden on specialized centers. Additionally, providing incentives, such
as cost reductions, transport reimbursement, or mobile clinics, may encourage follow-up adherence. Finally,
establishing patient support systems, such as dedicated care coordinators, can help ensure that patients remain
engaged in long-term monitoring. These strategies, when tailored to local healthcare infrastructure, may improve
retention and optimize treatment outcomes.

An analysis was conducted on the reasons for treatment refusal among the 156 patients who declined DAA
therapy. The treatment refusal rate in the Kashi region was 32.3%, which is higher than the 10.5% reported in a
study from Taiwan?!. However, patients in both regions reported similar reasons for refusing treatment. A study
in the United States reported that 69% of patients faced barriers when initiating DAA treatment, including issues
related to psychosocial factors, healthcare providers, medical systems, and insurance coveragezz. The reasons
for refusing treatment are varied and often multifactorial, making them difficult to overcome through a single
intervention. A research indicated that the majority of patients who did not receive DAA (96.9%) continued to
visit hospitals and clinics for other medical care?!. These findings highlight the need for substantial improvements
in public knowledge about hepatitis C prevention and treatment in the Kashi region. There is still much work to
be done to raise awareness and ensure better health outcomes.

During the study period, the First People’s Hospital of Kashi was the only medical institution in the region
capable of performing HCV RNA testing and providing DAA treatment. However, with the implementation of
China’s “Action Plan for Eliminating the Public Health Hazard of Hepatitis C (2021-2030)”, major healthcare
institutions in the Kashi region have progressively enhanced their diagnostic capabilities. According to this plan,
each district is required to establish a mechanism for eliminating the public health threat of HCV, with at least
one healthcare institution per county designated to provide HCV antiviral treatment. Additionally, all secondary
and tertiary general hospitals, specialized infectious disease hospitals, and disease control centers are mandated
to have the capacity to perform both HCV-Ab and HCV RNA testing. Currently, eight types of DAA are included
in the National Health Insurance list in China. The First People’s Hospital of Kashi has introduced five of these
DAA, and it is expected that other healthcare institutions in the region may also incorporate additional DAA
in the future, further improving accessibility. The inclusion of these DAA in the national health insurance list
has significantly alleviated the financial burden on low-income patients. However, further expansion of the
insurance coverage is necessary. We recommend expanding the coverage of DAA to include more treatment
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regimens and implementing national or provincial-level subsidies to further reduce patient out-of-pocket
expenses. Such measures will improve treatment accessibility, encourage more patients to seek and complete
treatment. In addition to expanding coverage, we suggest drawing from the experiences of countries such as
Egypt and Pakistan, which have successfully negotiated lower DAA prices through centralized procurement
or national agreements with pharmaceutical companies?»?*%. These strategies can help reduce the cost of DAA
further. To improve accessibility in remote and rural areas, we recommend implementing mobile clinics that
provide screening and treatment services to underserved populations. Increasing public education on HCV and
available treatment options is crucial. We propose raising awareness about the importance of HCV RNA testing
and DAA treatment through community outreach programs. This can be achieved by collaborating with local
media, community health workers, and public health campaigns. Egypt has successfully established a model
for managing and treating HCV, which has significantly reduced the national HCV infection rate?®. Egypt’s
success has been regarded as a benchmark for other low- and middle-income countries in addressing the HCV
epidemic. We believe that applying similar strategies could help improve HCV control in China, particularly in
underserved areas such as Kashi region.

This study had several inevitable limitations. First, this was a retrospective investigation, which might be
subject to selection bias and incomplete data collection. Second, the investigation population was limited to
those who sought care at the First People’s Hospital of Kashi, potentially excluding a broader representation of
HCV-infected individuals in this region. Third, the reliance on telephone-based follow-up surveys may have
produced response bias, as those who were more compliant or engaged with the healthcare system were more
likely to participate.

Conclusions

GT1b was the most prevalent HCV GT in the Kashi region, followed by GT3a and GT3b. Ongoing challenges in
this area include the high prevalence of chronic HCV infection and the limited coverage of HCV RNA testing
and DAA antiviral treatment. To achieve the WHO’s hepatitis C elimination goals, much greater efforts are
needed to improve healthcare services, particularly the availability of DAA, and to increase awareness among
both medical staff and the public about HCV elimination.

Data availability
The original contributions presented in the study are included in the article. Further inquiries can be directed to
the corresponding authors.
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