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Abstract

Objective: The prevalence of hepatitis C virus (HCV) infection is typically evaluated based on the current rate of
positivity of anti-HCV antibody; however, HCV RNA positivity is considered the main criterion for antiviral treatment of
HCV infection in the clinical setting. In this study, we evaluated the prevalence of HCV infection based on anti-HCV and
HCV RNA detection in the population of Liaoning Province, and investigated the correlation between serum HCV RNA
positivity and anti-HCV levels.

Methods: A total of 192,202 patients who underwent serum anti-HCV examination at Shengjing Hospital in 2018 were
enrolled in the study. Anti-HCV production was tested using a chemiluminescence assay, and serum HCV RNA
detection was performed with Roche COBAS TagMan (CTM) Analyzer.

Results: The prevalence of anti-HCV was 1.21 and 0.93% among male and female patients in Liaoning Province,
respectively. The positive rates of anti-HCV and serum anti-HCV levels were both age-related, in which patients over 40
years of age had a significantly higher anti-HCV positive rate than those younger than 40 years. Among the anti-HCV-
positive patients, the average HCV RNA positive rate was 51.66 and 35.93% in males and females, respectively.
Spearman rank analysis showed a significantly positive correlation between serum HCV RNA positivity and the level of
anti-HCV. The best cut-off value using serum anti-HCV levels to predict the positivity of HCV RNA was determined to be
9.19 signal-to-cut-off ratio (s/co) in males and 10.18 s/co in females.

Conclusion: The prevalence of anti-HCV in the general population of Liaoning Province was around 1.04%, which was
higher than that previously reported from a national survey of HCV infection in China. Approximately 42.9% of the anti-
HCV-positive patients also tested positive for HCV RNA. However, the positive correlation between the serum anti-HCV and
HCV RNA levels suggests that the positivity of serum HCV RNA can be predicted according to the anti-HCV level in anti-
HCV-positive patients, which can improve screening and facilitate timely intervention to prevent the spread of infection.
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Background

Chronic hepatitis C virus (HCV) infection is a high risk
factor for the development of chronic hepatitis, liver cir-
rhosis, and hepatocellular carcinoma [1]. According to the
World Health Organization, approximately 185 million
people worldwide become infected with HCV, and about
350,000 deaths are caused by HCV infection each year [2,
3]. In 1992, a sero-epidemiological survey of viral hepatitis
in China showed that the prevalence of anti-HCV detected
in samples was 3.2%, leading to an estimate of approxi-
mately 40 million people infected with HCV in China [4].
In 2006, the China Center for Disease Control and Pre-
vention reported that the prevalence of anti-HCV in cen-
tral China (0.67%) was slightly higher than that in eastern
and western China (0.37 and 0.31%, respectively), whereas
the prevalence in northern China (0.53%) was significantly
higher than that in southern China (0.29%). These data
suggested that only 5.6 million people are infected with
HCV in China with a prevalence of about 1% [5].

With the successful development of direct antiviral
agents (DAAs) for HCV and their excellent clinical thera-
peutic efficacy, HCV infection has now become a clinically
curable disease [6—8]. Therefore, it is essential to identify
patients in need of antiviral treatment in a timely and ef-
fective manner to provide proper therapy. Such effective
screening and intervention can not only help to eliminate
the active replication of HCV and prevent disease progres-
sion, but could also reduce the overall rate of infection
and prevalence of HCV in the population by minimizing
the chance of transmission [9, 10].

Although the majority of investigations on the prevalence
of HCV infection are based on a positive result for serum
antibodies against the virus (anti-HCV) [4, 5, 11, 12], the
main criterion to provide antiviral treatment for HCV in-
fection clinically is the detection of HCV RNA. Therefore,
it is necessary to further evaluate the prevalence of HCV
RNA to reassess the population that is most in need of anti-
viral treatment on the basis of the current epidemiological
survey of HCV infection.

To improve the screening of HCV infection, serum anti-
HCV examination was required in outpatients scheduled to
undergo invasive examinations and/or treatments, along
with patients at the emergency department and all inpatient
departments of Shengjing Hospital of China Medical Uni-
versity (hereafter referred to as Shengjing Hospital), which
is the largest public hospital in Shenyang and has been one
of the top 20 largest public hospitals in China since 2016.
Individuals that tested positive for anti-HCV were automat-
ically informed through the clinical warning system based
on the hospital information system (HIS), and the patients
were recruited for further HCV RNA detection.

Clinically, we found significant differences in serum anti-
HCV levels among the patients, and patients with low anti-
HCV levels tended to be negative for serum HCV RNA.
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This general finding led us to wonder about the relation-
ship between the serum anti-HCV level and the positivity
of HCV RNA. Therefore, we sought to explore whether we
could predict the status of serum HCV RNA according to
the result of anti-HCV testing. A review of the relevant
literature showed that there have been few systematic com-
parisons and assessments of the correlation between serum
anti-HCV level and HCV RNA [13, 14]. However, all of
these studies only focused on the level of anti HCV in
viremia-positive and negative patients. Moreover, all of
these studies were conducted outside China, and thus clin-
ical data for Chinese patients have not been reported.
Therefore, we conducted the present retrospective analysis
to evaluate the prevalence of anti-HCV and HCV RNA
among patients who were tested for serum anti-HCV pro-
duction at Shengjing Hospital in 2018 with follow-up for
HCV RNA detection.

Materials and methods

Patients

A total of 192,202 patients who received serum anti-HCV
testing at Shengjing Hospital from January 1, 2018 to De-
cember 31, 2018, including 77,500 males and 114,702 fe-
males, were included in this study. The anti-HCV results
were obtained from the database of the laboratory informa-
tion system (LIS) of Shengjing Hospital. All the patients
had no history of hepatitis B virus (HBV) and human im-
munodeficiency virus (HIV) infections. The patients were
divided into two groups based on the date of anti-HCV
examination: the training group included patients who
underwent an anti-HCV examination from January 1, 2018
to August 31, 2018, whereas the validation group included
patients who underwent anti-HCV examination from Sep-
tember 1, 2018 to December 31, 2018 [15]. We further ob-
tained the corresponding HCV RNA results from patients
who tested positive for serum anti-HCV from the LIS sys-
tem of Shengjing Hospital.

Laboratory tests

The serum anti-HCV and HCV RNA examinations were
performed at the Department of Clinical Laboratory of
Shengjing Hospital. If the patients had multiple positive re-
sults for anti-HCV and/or HCV RNA, we selected the first
result for analysis. Anti-HCV was tested using a chemilu-
minescence assay (Architect; Abbott Laboratories, Abbott
Park, IL, USA) according to the manufacturer’s recommen-
dations. An anti-HCV level > 1.0 signal-to cut-off ratio (s/
co) was regarded as a positive result. HCV RNA detection
was performed on a fully automated Roche COBAS Ampli-
Prep (CAP) instrument, directly docked to the Roche
COBAS TagMan (CTM) 96 Analyzer. Serum samples were
separated from the whole blood by centrifugation, and
650 pl of serum was used to detect the presence of HCV
RNA by an automated real-time reverse transcription-
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polymerase chain reaction (rRT-PCR) instrument accord-
ing to the manufacturer’s instructions. The rRT-PCR data
were analyzed with Ampli link software, version 3.3 [16].

Statistical analysis

Statistical analysis was conducted with the SPSS24.0 soft-
ware package (SPSS, Inc., Chicago, IL, USA). Data are pre-
sented as the median (minimum, maximum) unless
otherwise stated. Continuous variables were compared with
the Student t-test when appropriate, whereas categorical
variables are presented as percentages, and were compared
using the chi-squared test. The Spearman rank test was
used for evaluation of the correlation between the variables.
The diagnostic capability of anti-HCV in identifying pa-
tients with positive HCV RNA was assessed using receiver
operating characteristic (ROC) curves. The area under the
ROC curves (AUC) was calculated, and the statistical sig-
nificance of the difference from an AUC value of 0.5 was
determined. The optimum cut-off levels for anti-HCV were
then obtained. We calculated the sensitivity, specificity,
predictive values (both positive and negative), and the You-
den’s index of different levels of anti-HCV.P<0.05 was
considered statistically significant.

Results

Prevalence of anti-HCV in the patient population

Of the 77,500 male and 114,702 female patients who
were tested for serum anti-HCV, 940 (1.21%) and 1066
(0.93%) were anti-HCV-positive, respectively. The anti-
HCV-positive rate was significantly higher in males than
in females (P<0.001, x*=36.00). The anti-HCV level
was age-related (P = 0.003, x> = 19.961 for males and P =
0.015, x> =15.722 for females). However, there was no
significant differences in the anti-HCV level between
males and females(P = 0.225,x> = 1.471).

The positive rate of anti-HCV also differed significantly
according to age group, ranging from 0.18 to 2.40% in
males and from 0.20 to 2.07% in females, with a general
increase in positivity with increasing age (P < 0.001,x° =
601.419 for males and P < 0.001,x*> = 513.965 for females).
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The positive rate of anti-HCV in patients older than 40
years of age was significantly higher than that in patients
younger than 40years in both males and females (P<
0.001,x> = 554.605 for males and P < 0.001,x* = 422.166 for
females). Patients older than 60 years showed the highest
anti-HCV positive rate, whereas patients younger than 20
years showed the lowest positive rate. However, there was
no difference in anti-HCV positive rates between males
and females in patients younger than 20 years (P =0.144,
X2 = 2.134), whereas among patients older than 20 years,
males had a higher positive rate than females (P <
0.001,x* = 130.228), especially in those older than 40
years (P < 0.001,)(2 =36.495) (Table 1).

Prevalence of HCV RNA in anti-HCV-positive patients
Among the total 2006 anti-HCV-positive patients, 1289
(64.26%) returned for a serum HCV RNA examination,
the HCV RNA-positive rates is 42.9%. The average HCV
RNA-positive rates in male and female anti-HCV-
positive patients were 51.66 and 35.93%, respectively,
representing a significant difference (P<0.001, x*=
32.129). Consistent with the results for the serum anti-
HCV level, the positive rate of HCV RNA was also age-
related (P<0.001, x*=101.939) (Table 2), in which the
positive rate was significantly higher in patients over 40
years old than in those under 40 years old regardless of
gender (P < 0.001, x> = 93.929).

Correlation between anti-HCV level and HCV RNA

The positive rate of HCV RNA differed significantly ac-
cording to the anti-HCV levels (P <0.001, x* = 911.924).
The correlation between the serum anti-HCV level and
HCV RNA positivity was evaluated for 1289 patients
with available corresponding results. The Spearman rank
test showed a positive correlation between serum HCV
RNA positivity and the level of anti-HCV (P <0.001, r =
0.784; Table 3). Specifically, when the anti-HCV level
was lower than 3s/co, the positive rate of HCV RNA
was rarely low, whereas when the anti-HCV level was
between 3 and 8s/co, the positive rate of serum HCV

Table 1 Prevalence of anti-HCV and anti-HCV levels in male and female patients of different age groups

Males Females
Age (years)  Anti-HCV (+/-)  Anti-HCV positive rate (%)  HCV-Ab level (s/co)  Anti-HCV (+/-)  Anti-HCV positive rate (%)  HCV-Ab level (s/co)
0-10 43/24,058 0.18 1.93 (1.34, 5.40) 32/16,008 020 1.79 (139, 2.63)
11-20 5/3429 0.15 24 (1.53,857) 13/3038 043 1.86 (1.24, 4.89)
21-30 43/5343 08 6.37 (1.99, 14.57) 117/22,772 0.51 2.31 (143, 8.09)
31-40 60/8952 067 3.85 (168, 11.86) 147/26,361 0.55 265 (142,9.22)
41-50 118/6964 1.67 12.55 (6.86, 14.30) 161/14,170 112 791 (1.95, 13.24)
51-60 252/10,764 2.29 11.56 (444, 14.09) 228/13,847 1.62 1041 (2.70, 13.67)
61- 419/17,050 24 11.99 (3.00, 14.08) 368/17,440 207 935 (257, 13.37)
Total 940/76,560 1.21 11.3 (2.67,14.02) 1066/11,3636 0.93 5.53(1.87,13.09)
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Table 2 HCV RNA detection rate and positive rate in the anti-HCV-positive population of different ages

Age Males Females
V8arS)  Tosted for HOVRNA/  HCVRNA  HCV RNA HCV RNA Tested for HOV RNA/  HCVRNA  HCV RNA (+)/tested  HCV RNA
anti-HCV- positive test rate (%) (+)/tested for positive rate (%) anti-HCV-positive test rate (%) for HCV RNA positive
HCV RNA rate (%)
0-10  28/43 65.12 2/28 7.14 24/32 75 0/24 0
11-20 5/5 100 1/5 20 12/13 9231 112 833
21-30  33/43 76.74 12/33 3636 89/117 7607 17/89 19.1
31-40  41/60 6833 14/41 34,15 94/147 63.95 18/94 1915
41-50  65/118 5508 45/65 69.23 108/161 67.08 42/108 3889
51-60 168/252 66.67 98/168 5833 165/228 7237 76/165 46.06
61— 231/419 5513 123/231 5325 226/368 6141 104/226 4602
Total  571/940 60.74 295/571 5166 718/1066 67.35 258/718 3593

RNA gradually increased with the increase of anti-HCV
level, although the HCV RNA-positive rate was still
lower than 20%. However, when the anti-HCV level was
higher than 8 s/co, the positive rate of serum HCV RNA
significantly increased with increasing antibody levels.
To find the best cut-off value of serum anti-HCV levels
to predict the positivity of HCV RNA, the 1289 patients
were divided into the training group (897 patients, 396
males and 501 females who were tested for anti-HCV be-
fore August 31, 2018) and the validation group (392 pa-
tients, 175 males and 217 females who were tested for
anti-HCV after September 1, 2018). There were no signifi-
cant differences in gender, age, anti-HCV level, HCV

Table 3 Correlation between serum anti-HCV level and HCV RNA

RNA detection rate, and HCV RNA-positive rate between
the two groups (all P > 0.05; Table 4).

Diagnostic value of serum anti-HCV level for predicting
positive HCV RNA in the training group

The relationship between serum anti-HCV level and HCV
RNA was analyzed according to the ROC curve in the
training group. When cut-off anti-HCV levels of 9.19s/co
and 10.18 s/co were used for male and female patients, re-
spectively, the sensitivity was 0.969 and 0.936, and the spe-
cificity was 0.876 and 0.923, respectively. The positive
predictive value of HCV RNA positivity in males and fe-
males was 0.883 and 0.880, respectively, and the negative

Anti-HCV level Tested for HCV RNA/anti-HCV (+) HCV RNA test rate (%) HCV RNA (+)/tested for HCV RNA HCV RNA (+) rate (%)
(1,2 294/459 64.05 0/294 0.00
2,3) 135/194 69.59 0/135 0.00
(3,4 80/113 70.8 2/80 250
(4, 5) 50/67 74.63 1/50 2.00
(5, 6) 34/49 69.39 1/34 2.94
6,7) 33/51 64.71 3/33 9.09
(7,8) 25/38 65.79 4/25 16.00
8,9 23/32 71.88 10/23 4348
9, 10) 35/54 64.82 20/35 57.14
(10, 11) 45/72 62.50 35/45 77.78
(11,12) 58/101 5743 50/58 86.21
(12,13) 89/155 5742 78/89 87.64
(13, 14) 131/217 60.37 116/131 88.55
(14, 15) 135/220 61.36 122/135 90.37
(15, 16) 79/119 66.39 71/79 89.87
(16,17) 23/35 65.71 21/23 91.30
(17,18) 13/19 68.42 13/13 100.00
(18, o) 7/11 63.64 6/7 85.71
Total 1289/2006 64.26 553/1289 4290

Spearman rank test, r=0.784, P < 0.001
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Table 4 Demographic characteristics of patients in the training
and validation groups

Training group Validation group P (x> value)

Number 897 392

Age (years) 55 (405, 65) 53 (40, 63) 0.847 (0.037)
Sex (male/female)  396/501 175/217 0.869 (0.027)
HCV RNA (+/-) 383/514 170/222 0.823 (0.05)
Anti-HCV level 8.11 (2.21,13.645) 6.69 (202, 13.22) 0.796 (0.067)
Tested for HCV RNA  897/1382 392/624 0.367 (0.814)

predictive value was 0.967 and 0.960 in males and females,
respectively. The AUC value was 0.947 (0.923-0.971) for
male patients and 0.956 (0.939-0.974) for female patients

(Fig. 1).

Predictive ability of serum anti-HCV for HCV RNA in the
validation group

Application of the cut-off values obtained from the
training group to the validation group showed sensitivity
of 0.960 and 0.857, and specificity of 0.867 and 0.952 in
male and female patients, respectively. The positive pre-
dictive value was 0.906 and 0.896, the negative predictive
value was 0.942 and 0.933, and Youden’s index was
0.827 and 0.809 in males and females, respectively,
which indicated a good predictive effect with these de-
termined cut-off values of anti-HCV.

Discussion

Chronic hepatitis C has become a clinically curable dis-
ease with the successful application of DAAs, offering
the potential for the eradication of HCV. However, ef-
fective screening and timely treatment of patients with
HCV infection play key roles in controlling the preva-
lence of HCV infection. In particular, appropriate and
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accurate screening methods are important during this
process [17, 18].

Both serum anti-HCV and HCV RNA are common indi-
cators for HCV infection. Anti-HCV detection is sensitive
and convenient, and is therefore often used for screening of
HCV infection, whereas HCV RNA detection is considered
the “gold standard” for the clinical diagnosis of HCV infec-
tion and is the main criterion for antiviral therapy [9]. A
positive result for anti-HCV will activate the screening and
warning feedback network for HCV infection. That is, the
system will remind the doctor to carry out a follow-up
HCV RNA examination for anti-HCV-positive patients or
to transfer the patients to the department of infectious dis-
ease for further evaluation. Based on this system, the anti-
HCV screening rate of inpatients and outpatients has
reached up to 68.06 and 0.94%, respectively, at Shengjing
Hospital since 2016 [19]. Despite this relatively low screen-
ing rate for outpatients, majority of the population of child-
bearing age has undergone this test. Our results showed
that more than 60% of anti-HCV-positive patients also
underwent HCV RNA testing, making it possible to investi-
gate the correlation between these results.

The Shengjing hospital includes all major clinical de-
partments along with a large number of pediatric patients.
The majority of patients reside in Liaoning Province and
surrounding areas. Therefore, although our data were ob-
tained from the HIS system of a single institute, the sam-
ple can provide a good representation of the prevalence of
HCV infection in Liaoning Province. Overall, we found an
anti-HCV-positive rate of 1.04%, which is higher than the
rate of 0.53% reported previously in northern China in
2006 [4, 5]. We speculate that this increased anti-HCV-
positive rate may not reflect an actual increase in the inci-
dence of HCV infection in recent years, but is rather most
likely related to the increased awareness of the importance
of screening for HCV infection along with the increased
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Fig. 1 Receiver operating curves (ROC) for the ability of the anti-HCV level to predict the HCV RNA-positive status of male and female patients in
the training group
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sensitivity of anti-HCV detection methods. This is sup-
ported by the fact that the anti-HCV-positive population
was mainly over 40 years old, and the prevalence was quite
low in younger patients in the current study, consistent
with previous reports [20, 21].

In line with previous reports showing a difference in
anti-HCV-positive rates between sexes [22—25], the posi-
tive rates of both serum anti-HCV and HCV RNA in male
patients were significantly higher than those in female pa-
tients in the current study. Although the precise reasons
for this difference in prevalence of HCV infection accord-
ing to sex are not yet clear, it may be related to different
life styles, such as male homosexuality, sharing of equip-
ment used for drug injection, and tattoo, and thus men
may have a higher chance of being infected by HCV [26].

The prevalence of HCV infection among different age
groups has rarely been reported. Here, we showed a signifi-
cant difference in the serum anti-HCV-positive rate among
different age groups, which increased with increasing age
and was significantly higher in patients older than 40 years
than in those below 40 years old. This result is consistent
with previous studies [18, 27, 28] indicating that the infec-
tion rate of HCV in younger people is reducing, which is at-
tributed to the increasingly more strict and standardized
inspection and management of blood and blood products
[29]. Moreover, there was an interaction between age and
sex in that there was no sex difference in anti-HCV-
positive prevalence among patients younger than 20 years,
whereas males had a higher prevalence in patients older
than 20 years. This result further indicated that the differ-
ence in the HCV infection rate might not be related to sex
itself, but rather to the fact that men have a higher chance
of infection due to unhealthy behavior.

Only patients positive for HCV RNA require antiviral
therapy; however, not all patients that are positive for
anti-HCV harbor detectable levels of HCV RNA in the
serum. Nevertheless, we found a significant correlation
between the serum anti-HCV level and HCV RNA posi-
tivity; the positive rate of HCV RNA was significantly
lower in patients with a low anti-HCV level than in pa-
tients with a high anti-HCV level. When all of the anti-
HCV-positive patients were stratified for age and sex,
the positive rate of serum HCV RNA was consistent
with the prevalence of anti-HCV overall and within dif-
ferent age groups. HCV RNA positivity also gradually in-
creased with age among the anti-HCV-positive patients,
at below 20% in patients under 40 years old but more
than 50% in patients over 40 years old. This result fur-
ther suggested that patients over 40 years are the main
target population for HCV infection and treatment.

In the training group, we determined the cut-off values of
anti-HCV levels for predicting a serum HCV RNA-positive
status at 9.19s/co and 10.18 s/co in male and female pa-
tients, respectively, with high AUC values, sensitivity, and
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specificity, indicating the good predictive value of the anti-
HCV level for serum HCV RNA positivity. These results
were confirmed in the validation group. Serum anti-HCV
detection is widely used for screening HCV infection world-
wide owing to the simple and easy process, with relatively
high sensitivity, availability of standardized commercial Kkits,
and no requirement of specialized experimental instruments.
Based on our results, serum HCV RNA positivity can be ac-
curately predicted according to the simple measurement of
anti-HCV levels in most anti-HCV-positive patients, which
can facilitate timely screening and intervention in contexts
where HCV RNA detection is inconvenient or unavailable.

The main advantage of this study is that we provide data
based on a rare systematic analysis of the prevalence of
anti-HCV and HCV RNA in the population of Liaoning
Province in the northeast of China. At present, the preva-
lence of HCV infection reported in the literature is mostly
based on anti-HCV detection [4, 5, 11, 12]. We found that
Only 42.9% of all anti-HCV positive patients were positive
for HCV RNA, indicating that more than half of the anti-
HCV-positive patients do not need antiviral therapy; thus,
the number of patients who actually require antiviral ther-
apy may have been overestimated previously [30]. This
study further revealed a correlation between serum anti-
HCV levels and HCV RNA, with a lower positive rate of
HCV RNA in patients with a low level of serum anti-
HCV. This correlation could offer a solution to practical
problems in clinical laboratories to improve the screening
and identification of chronic hepatitis C patients.

However, there are still some shortcomings of this study.
First, the patient information was obtained from the re-
cords of a general hospital. Although the patients are widely
distributed across the region, they still cannot fully repre-
sent the characteristics of the local population. Moreover,
our data were derived from a single hospital excluding data
from other hospitals in the region, which could introduce
bias. In addition, this study employed a cross-sectional de-
sign, and the proportion of female patients was relatively
higher, which may have impacted the results.

Conclusion

Taken together, the prevalence of anti-HCV in Liaoning
Province was found to be around 1.04%, which was higher
than that reported previously from a national survey of
HCV infection [5, 11, 31]. However, less than half of the
anti-HCV-positive patients were HCV RNA-positive, which
indicted that using anti-HCV as the indicator of HCV in-
fection may result in overestimation of the number of pa-
tients requiring antiviral therapy. Nevertheless, the positive
correlation between the serum anti-HCV level and HCV
RNA suggests that HCV RNA positivity can be predicted
according to the specific serum anti-HCV level based on
our identified cut-off values, and should be separately con-
sidered according to gender.
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