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HCV Ab titer and ALT level indicate occult hepatitis C virus
infection in treatment-naive HCV Ab-positive and HCV Ab-
negative patients: a 3-year prospective cohort study
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ABSTRACT The phenotype of occult hepatitis C virus (HCV) infection (OCl) in anti-HCV
treatment-naive patients remains elusive. A prospective 3-year cohort study of 218
anti-HCV treatment-naive patients was conducted. OCl was defined as positive HCV
RNA in peripheral blood mononuclear cells (PBMCs) of patients with negative serum
HCV RNA. Among the 128 HCV antibody (Ab)-positive patients, 15 (11.7%) had OCl;
higher HCV Ab titers were noted in patients with OCI than in those without OCI (84.25
+ 64.76 vs 46.60 + 46.07 ng/mL, P = 0.006), and the HCV Ab titer was a marker of OCI
(cutoff: >53.2 ng/mL). The 3-year cumulative incidence (Cl) of cardiovascular events was
greater in patients with OCl than in those without OCI (84% vs 46.4%, P = 0.043). Among
the 90 HCV Ab-negative patients, 5 (5.6%) had OCI; the alanine aminotransferase (ALT)
levels were greater in patients with OCl than in those without OCl (114.4 £ 71.6 vs 67.2
+ 87.4 U/L, P = 0.035). A greater Cl of autoimmune disease was noted in patients with
OCl than in those without OCI (20% vs 1.2%, P = 0.006). Among anti-HCV treatment-naive
patients, the prevalence rates of OCl were 11.7% in HCV Ab-positive patients and 5.6%
in HCV Ab-negative patients. High HCV Ab titers in HCV Ab-positive patients require
caution regarding OCI and cardiovascular events, and cryptogenic hepatitis warrants
suspicion of OCl and autoimmune diseases.

IMPORTANCE Among anti-HCV treatment-naive patients, the prevalence rates of OCl
were 11.7% in HCV Ab-positive patients and 5.6% in HCV Ab-negative patients. High
HCV Ab titers (cutoff: >53.2 ng/mL) in HCV Ab-positive patients require caution regarding
OCl and cardiovascular events, and cryptogenic hepatitis warrants suspicion of OCl and
autoimmune diseases.
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H epatitis C virus (HCV) is a human pathogen responsible for chronic liver diseases,
infecting approximately 71.1 million individuals worldwide (1). Hepatic complica-
tions, such as hepatocellular carcinoma (HCC) (2), cirrhosis and steatotic liver disease
(3), and extrahepatic complications, including mixed cryoglobulinemia (4), extrahepatic
cancers (5), cardiometabolic events (6), and autoimmune diseases (7), are associated
with chronic hepatitis C (CHC). Like CHC, occult HCV infection (OCI), defined as the
presence of the HCV genome in either liver tissue or peripheral blood mononuclear
cells (PBMCs), despite constant negative results from tests for HCV RNA in serum (8),
seems to significantly affect patient prognosis. For example, OCI has been associated
with increased mean alanine aminotransferase (ALT) levels and mortality among patients
who underwent hemodialysis (9) and with susceptibility to hepatic decompensation and
post-therapy HCC among CHC patients who developed sustained virological response
(SVR) following direct-acting antiviral (DAA) therapy (10). There are the following two
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types of OCls: seronegative [anti-HCV antibody (Ab)-negative and serum HCV RNA-nega-
tive] (11, 12) and seropositive (anti-HCV Ab-positive and serum HCV RNA-negative).
The latter is also called secondary OCI (13), which represents either OCl in patients who
were assumed to have spontaneous HCV clearance without any prior HCV treatment
or OCl in CHC patients who acquired SVRs following anti-HCV therapies. OCl indicates
ongoing viral replication, and the percentage of HCV replication in the PBMCs of OCI
patients is similar to that in the PBMCs of CHC patients (13). The risk of intrafamily HCV
transmission is even greater in OCl patients than in CHC patients, as the prevalence of
HCV infection among family members of OCI patients (9.8%) is greater than that among
CHC patients (3.4%) (14). Both seronegative and seropositive patients are assumed to
have no HCV infection, neither patient group would receive anti-HCV therapies, and
the emergence of OCI in these patients hinders HCV elimination. Although the gold
standard for diagnosing OCl is liver biopsy, examination of PBMCs may be a reliable,
safer alternative method for diagnosing OCl (14), as HCV-RNA is detected in the PBMCs
of 92.3% of patients with intrahepatic HCV-RNA (15), and serial testing of PBMCs helps
increase the detection rate of OCl (16). Although some of these data come from China
(17), most of the available OCI information has come from studies based in Western
countries (13). OCl information remains elusive, especially in Taiwan, an Asian country
endemic for hepatitis C (4).

Accordingly, we aimed to elucidate the prevalence rates and associated phenotypes
of OCl, diagnosed by positive HCV RNA in PBMCs on at least two occasions among
anti-HCV treatment-naive patients with either seronegative or seropositive OCI, by
conducting a prospective study to evaluate the presence of OCl and various complica-
tions every 3-6 months during follow-up.

MATERIALS AND METHODS
Patients

The study included HCV Ab-positive and HCV Ab-negative patients. The former group
was composed of anti-HCV treatment-naive patients with HCV Abs but undetectable
serum HCV RNA (on at least two occasions, 6 months apart). The latter group was
composed of HCV Ab-negative patients with undetectable serum HCV-RNA (at least two
occasions, 6 months apart). Subjects with human immunodeficiency virus or hepatitis B
virus infection, hemochromatosis, autoimmune liver diseases, or a solid organ trans-
plant at baseline were excluded. The flowchart of patient enrollment and follow-up is
summarized in Fig. 1.

Study design

Patients were consecutively recruited from a Taiwan tertiary referral center between
July 2020 and October 2023. Several factors, including sex, age, body mass index
(BMI), HCV Ab (Roche Elecsys Anti-HCV I, ZUG, Switzerland), HCV RNA (Roche Cobas
AmpliPrep/COBAS TagMan HCV Test 2.0, ZUG, Switzerland), HCV genotype (Roche
Cobas GT, ZUG, Switzerland), aspartate transaminase (AST), alanine aminotransferase
(ALT), alpha-fetoprotein (AFP), cryoglobulins, presence of hepatic cirrhosis, estimated
glomerular filtration rate (eGFR), homeostatic model assessment for insulin resistance
(HOMA-IR), total cholesterol (TC), triglycerides (TGs), and mixed cryoglobulinemia,
were assessed and recorded at baseline. Biochemical tests were performed at the
clinical pathology laboratories of the hospital using routine automated techniques, and
cryoglobulins were measured using the double immunodiffusion method (18).

Occult HCV infection surveys

PBMCs from the enrolled patients were isolated by Ficoll Paque PLUS (Pharmacia Biotech,
Quebec, Canada) with gradient fractionation. HCV RNA was extracted from 1 x 10’
PBMCs using TRIzol (Invitrogen) following the manufacturer’s instructions (19) and was
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Patients with positive HCV
Ab but negative serum
HCV RNA (n=147)

Patients with negative HCV
Ab and negative serum
HCV RNA (n=94)

Patients with HBV infection (n=16)
Patients with AILD (n=2) <
Patients with hemochromatosis (n=1)

A4

Patients with AILD (n=1)
Patients with solid organ
transplantation (n=1)

Patients with HBV infection (n=2)

HCV Ab-positive patients (n=128), OCI (+), n=15
HCV Ab-negative patients (n=90), OCI (+), n=5

mean: 657 days; median:791 days

Follow-up duration:

® Follow-up duration:
mean: 439 days; median:695 days

Loss of follow-up (n=0) Loss of follow-up (n=0)

® Events: ® Events:

1. Cardiovascular events: n=63 1. Cardiovascular events: n=34
2. Autoimmune diseases: n=11 2. Autoimmune diseases: n=2
3. Extrahepatic cancers: n=15 3. Extrahepatic cancers: n=2
4. Liver cirrhosis: n=4 4. Liver cirrhosis: n=2

5. HCC:n=2 5. HCC:n=0

6. Mortality: n=2 6. Mortality: n=0

° [

HCV Ab-negative patients with (n=5)
and without OCI (n=85)

HCV Ab-positive patients with (n=15)
and without OCI (n=113)

FIG 1 Flowchart of patient enrollment. HCV, hepatitis C virus; HBV, hepatitis B virus infection; AILD, autoimmune liver disease;

OCl, occult HCV infection; HCC, hepatocellular carcinoma.

assessed using an HCV RNA (Roche) kit. Given that OCI can be transient, with a trend
toward a decrease in the HCV viral load to levels undetectable by conventional methods
after 12-18 months (20), HCV RNA from PBMCs was assessed for each patient on at least 2
occasions 6 months apart. The viral load of each person was taken as the highest value of
all the positive results from each measurement.

Outcomes

Cardiovascular events were defined as ischemic heart disease, coronary revascularization,
stroke, heart failure, cardiac arrest, or cardiovascular death and were identified using the
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9, CM)
by patient reports and confirmed by a review of medical records/registries. Cancers were
diagnosed based on pathology and confirmed by specialists for each primary cancer,
and the diagnosis and stage of each cancer followed the National Cancer Registry (21,
22). Hepatic events included cirrhosis and HCC. The diagnosis of liver cirrhosis and HCC
(23) was made as described previously. Patients were also assessed for autoimmune
diseases, including Sjogren syndrome, systemic lupus erythematosus, systemic sclerosis,
rheumatoid arthritis, autoimmune thyroid disease, psoriasis, ulcerative colitis, Crohn’s
disease, and autoimmune liver diseases (7), during a 3-year follow-up.

Statistics

All statistical analyses were performed using either Statistical Product and Service
Solutions (SPSS ver. 21.0, SPSS, Inc,, Chicago, IL, USA) or MedCalc (MedCalc ver. 12.4,
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MedCalc Software Corp., ME, USA) software. Continuous variables are presented as
the means + standard deviations (SDs), and categorical variables are presented as
the frequencies and percentages. To compare different variables in different groups,
continuous variables were analyzed using Student’s t tests, whereas categorical variables
were analyzed using the chi-squared tests or Fisher's exact tests, as appropriate.
Nonparametric analyses were performed when indicated. Multivariate regression models
were used to assess the association between dependent and independent factors by
adjusting for all independent variables with P < 0.05 in univariate analyses. Kaplan—
Meier or univariate Cox regression analyses were used to assess the relationships
between various variables and patient events. Receiver-operating characteristic (ROC)
analyses were performed to evaluate whether the independent variables were significant
predictors of the dependent variables. The Youden index was calculated to identify the
best cutoff values of the independent variables from the coordinate points of the ROC
curves. Genotype association tests were performed using logistic regression analyses
with additive models. Statistical significance was defined at the 5% level based on
two-tailed tests of the null hypothesis.

RESULTS
Baseline characteristics

At baseline, a total of 218 patients (128 anti-HCV treatment-naive patients who were
positive for HCV Abs but negative for serum HCV RNA and 90 patients who were negative
for HCV Abs and serum HCV RNA) were enrolled (Table 1). Among the 128 HCV Ab-posi-
tive patients, 46 (35.9%) were males, and 15 (11.7%) had OCI; the mean and median ages
of these patients were 60.5 and 62.0 years, respectively. Among the 90 HCV Ab-negative
patients, 49 (54.4%) were males, 5 (5.6%) had OCl, and the mean and median ages
were 49.1 and 50.0 years, respectively (Table 2). The HCV Ab-positive patients were
older, had lower BMIs and ALT levels, and had a lower rate of fatty liver than the HCV
Ab-negative patients (Table 1). Among the 15 HCV Ab-positive OCI patients, 5 (33.3%)
were males, with mean and median ages of 58.9 and 60.0 years, respectively (Table
2); the mean and median viral loads were 1,046 IU in 10" PBMCs and 28.38 IU in 10’
PBMCs, respectively, and the viral loads ranged from 5.45 IU in 10’ PBMCs to 14,883 IU
in 10’ PBMCs. Among the 15 OCl patients, 6 (40%) had only one positive result for HCV
RNA in PBMCs among 2-3 surveys (the highest variation in viral load among the same
individual with several detections was 0 ~ 14,883 IU in 10’ PBMCs). Among the five HCV
Ab-negative OCl patients, two (40%) were males, with mean and median ages of 42.2
and 46.0 years, respectively; their mean and median viral loads were 2,356 IU in 10’
PBMCs and 111.7 IU in 10’ PBMCs, respectively, and their viral loads ranged from 29.04 IU
in 107 PBMCs to 7,100 IU in 10’ PBMCs. Among the five OCl patients, two (40%) had only
one positive result for HCV RNA in PBMCs according to two or three tests (the highest
variation in the viral load in the same individual with several detections was 0-7,100 1U
in 10’ PBMCs). There was no significant difference in viral load between HCV Ab-positive
and HCV Ab-negative OCl patients. Genotypes were not assessable in any of the OCl
patients. All 15 HCV Ab-positive OCI patients had a normal liver function, whereas all
five HCV Ab-negative OCI patients had an abnormal liver function. Specifically, among
HCV Ab-positive patients, the ALT levels in those with and without OCI ranged from
6 U/L to 33 U/L (normal <36 U/L) and from 7 U/L to 97 U/L, respectively. Among the
HCV Ab-negative patients, the ALT levels in those with and without OCI ranged from 49
U/L to 223 U/L and from 7 U/L to 97 U/L, respectively. Regardless of HCV Ab positivity,
most of the investigated baseline factors were comparable between patients with and
without OCls (Table 2). However, among the HCV Ab-positive patients, higher HCV titers
were noted in patients with OCI than in those without OCl. The cutoff titer of HCV Ab
for predicting OCl was >53.2 ng/mL (sensitivity: 71.4%; specificity: 67.0%; area under the
ROC curve (AUROC): 0.701; 95% CI: 0.600-0.770; P = 0.0254) among the HCV-positive
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TABLE 1 Comparison of baseline characteristics between patients with and without HCV Abs?

Characteristic HCV Abs (+) (n = 128) HCV Abs (-) (n =90) P value
Males, n (%) 46 (35.9) 49 (54) 0.007
Age (years) 60.51+12.62 49.07 £12.76 <0.001
BMI (kg/mz) 2584421 27.75+4.20 0.001
HCV Abs (ng/ml) 50.88 +49.16 NA NA
AST (U/L) 24.02+9.44 42.15+6.84 0.015
ALT (U/L) 24.69 = 15.91 69.84 + 86.00 <0.001
AFP (ng/ml) 3.07+1.84 294+1.14 0.955
eGFR (ml/min/1.73 m? 95.99 + 34.62 98.15+22.39 0.615
TC (mg/dL) 191.15+£37.27 199.22 +£37.21 0.038
TGs (mg/dL) 140.12 £ 95.74 158.37 £92.67 0.274
HOMA-IR 247 +£293 2.66+1.84 0.857
FIB-4 1.45+7.89 1.11+£2.13 0.123
Fatty liver, n (%) 74 (57.8) 86 (95.6) <0.001
Cirrhosis, n (%) 4(3.1) 2(2.2) 0.69
MG, n (%) 29 (22.7) 11(12.2) 0.209

“BMI, body mass index; NA, not assessable; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP,
alpha-fetoprotein; eGFR, estimated glomerular filtration rate; TC, total cholesterol; TGs, triglycerides; HOMA-IR,
homeostasis model assessment of insulin resistance; FIB-4, fibrosis-4 score; MC, mixed cryoglobulinemia.

patients (Fig. 2); among the HCV Ab-negative patients, higher ALT levels were noted in
patients with OCl than in those without OCI (Table 2).

Outcomes

The follow-up durations and main outcomes are shown in Fig. 1. Among the 128 HCV
Ab-positive patients, most of their extrahepatic cancers (n = 15) were colon cancers (n
= 3, 20%) (Table S1). Two (1.6%) patients died due to terminal lung cancer or sepsis.
Neither of the two patients who died had OCI. Specifically, compared with the HCV
Ab-positive patients without OCI, those with OCl had a greater cumulative incidence
of cardiovascular events (84% vs 46.4%, P = 0.043) (Fig. STA), but no significant differ-
ences in the cumulative incidences of autoimmune diseases (6.7% vs 15.6%, p=0.762)
(Fig. S1B), extrahepatic cancer (6.7% vs 19.6%, p=0.352) (Fig. S1Q), liver cirrhosis (6.7%
vs 2.7%, p=0.403) (Fig. S1D), HCC (0% vs 3.6%, P = 0.549) (Fig. ST1E), and mortality

TABLE 2 Comparison of baseline characteristics between patients with and without OCI*

Microbiology Spectrum

HCV Ab-positive patients (n = 128)

HCV Ab-negative patients (n = 90)

Characteristic OCl (+) (n=15) OClI (-) (n=113) P value OCl (+) (n=5) OClI (-) (n=85) Pvalue
Males, n (%) 5(33.3) 41(36.6) 0.553 2 (40.0) 47 (55.3) 0.415
Age (years) 58.71+ 16.41 61.21+12.27 0.494 4220+ 15.16 49.75 +12.42 0.194
BMI (kg/m?) 25.25+3.08 2591+ 4.42 0.589 27.22+5.10 27.79 £4.15 0.767
HCV Abs (ng/mL) 84.25+60.76 48.38 +£46.02 0.010 NA NA NA
AST (U/L) 26.77 £10.80 23.92+£9.38 0313 42.00 £ 15.22 40.19+62.78 0.949
ALT (U/L) 16.77 £8.07 2495+ 15.58 0.066 114.60 £ 71.67 64.01 + 85.07 0.035
AFP (ng/mL) 2.60+0.50 3.07+1.96 0.428 298 +1.37 3.02+£1.19 0.948
eGFR (mL/min/1.73 m?) 87.90 £ 36.91 97.19 £ 35.69 0.425 114.00 + 33.27 97.34 £ 20.78 0.139
TC (mg/dL) 203.67 +£30.84 187.24 £37.54 0.150 192.80 + 50.72 200.95 + 35.94 0.632
TGs (mg/dL) 192.92 + 189.65 134.65 +78.48 0314 170.00 + 175.58 155.96 + 85.29 0.868
HOMA-IR 2.99 +£3.77 2.45+2.92 0.569 3.16 £ 1.81 2.57 £1.80 0.522
FIB-4 1.39+0.63 1.49+0.82 0.728 0.69 +0.32 1.13+2.18 0.689
Fatty liver, n (%) 6 (40) 68 (60.2) 0.114 5(100) 81 (95) 0.792
Cirrhosis, n (%) 1(6.7) 3(2.7) 0.396 0(0) 2(2.4) 0.891
MC, n (%) 5(33.3) 24(21.2) 0.206 2 (40) 11(12.9) 0.557

90Cl, occult HCV infection; BMI, body mass index; NA, not assessable; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR,
estimated glomerular filtration rate; TC, total cholesterol; TGs, triglycerides; HOMA-IR, homeostasis model assessment of insulin resistance; FIB-4, fibrosis-4 score; MC, mixed
cryoglobulinemia.
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(0% vs 4.4%, P = 0.515) (Fig. S1F) were noted between these two groups. Multivariate
analysis revealed that only age was independently associated with cardiovascular event
development (Table 3). Among the 90 HCV Ab-negative patients, none had HCC. One
patient developed lung cancer, and one developed thyroid cancer. A greater cumulative
incidence of autoimmune disease was noted in the HCV Ab-negative patients with OCI
than in those without OCI (20% vs 1.2%, P = 0.006) (Fig. S2A), but these two groups
had similar cumulative incidences of cardiovascular events (33.3% vs 38%, P=0.819) (Fig.
S2B), extrahepatic cancers (0% vs 9.7%, P = 0.564) (Fig. S2C), and liver cirrhosis (0% vs
2.2%, P = 0.717) (Fig. S2D). No independent factors were noted among the investigated
baseline factors for autoimmune diseases in HCV Ab-negative patients. Interestingly,
higher cumulative incidences of extrahepatic cancer (17.5% vs 7.3%, P = 0.015) (Fig. S3A)
and autoimmune diseases (14.4% vs 2.2%, p=0.043) (Fig. S3B) were noted in the HCV
Ab-positive patients than in the HCV Ab-negative patients. Similar cumulative incidences
of cardiovascular events (62% vs 37.8%, P = 0.118) (Fig. S3C), HCC (3% vs 0%, P = 0.32)
(Fig. S3D), and liver cirrhosis (3.1% vs 2.2%, p=0.689) (Fig. S3E) were noted between the
HCV Ab-positive and HCV Ab-negative patients.

DISCUSSION

Among the general population, OCI rates have been reported to range from 2.2%
to 3.3%, and OCI rates reach 57% among individuals with abnormal liver function
(13). The OCI rates in HCV Ab-positive and HCV Ab-negative patients were 11.7% and
5.6%, respectively, which are within the reported range (2.2%-57%) (13). Using in situ
hybridization assays on liver biopsies with RNAscope, the OCI rate of treatment-naive
HCV Ab-positive patients in China was reported to be 6.7% (15), which is lower than

HCV Ab (ng/ml)

100 = —

80 |-

60 =

Sensitivity

100-Specificity

FIG 2 The area under the receiver-operating characteristic curve for the ability of HCV Abs to predict OCI among HCV-positive

patients.
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TABLE 3 Cox regression for baseline factors of cardiovascular events in HCV Ab-positive patients?

Univariate

Variable Crude HR (95% Cl) P value
Age (years) 1.029 (1.007-1.052) 0.0104#
BMI (kg/mz) 1.024 (0.967-1.085) 0.413
HCV Abs (ng/mL) 1.000 (0.995-1.005) 0.936
AST (U/L) 1.015 (0.992-1.035) 0.198
ALT (U/L) 1.005 (0.989-1.021) 0.580
AFP (ng/mL) 0.991 (0.849-1.156) 0.908
eGFR (mL/min/1.73 m?) 0.996 (0.987-1.004) 0.327
Total cholesterol (mg/dL) 0.995 (0.987-1.002) 0.186
TGs (mg/dL) 1.000 (0.997-1.003) 0.911
HOMA-IR 1.058 (0.985-1.137) 0.124
FIB-4 1.216 (0.886-1.670) 0.227
Fatty liver (yes) 1.143 (0.689-1.898) 0.604
Cirrhosis (yes) 1.59 (0.489-5.072) 0.433
Mixed cryoglobulinemia (yes) 1.001 (0.937-1.069) 0.975
odCl 1.514 (0.784-2.92) 0.216

“HR, hazard ratio; Cl, confidence interval; BMI, body mass index; NA, not assessable; AST, aspartate aminotransfer-
ase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR, estimated glomerular filtration rate; TC, total
cholesterol; TGs, triglycerides; HOMA-IR, homeostasis model assessment of insulin resistance; FIB-4, fibrosis-4
score; MC, mixed cryoglobulinemia; OCl, occult HCV infection; #, only one factor (age) was identified as a
significant factor by univariate analysis, and thus multivariate analysis was not conducted.

that (11.7%) of our treatment-naive HCV Ab-positive patients; thus, we are confident that
PBMCs are a feasible alternative to liver tissue for detecting OCl. Regardless of HCV Ab
positivity, 40% of the OCI patients had only one detection of HCV RNA in 2-3 surveys
of PBMCs, and the viral loads detected in different surveys were quite diverse for the
same individuals. This finding was consistent with the observation that HCV viremia
levels fluctuated during the follow-up period (16) and explained why the reported OCI
incidence rates are inconsistent, ranging from 0% (24) to 55% (8).

Notably, among the HCV Ab-positive patients, all patients with OCI had normal ALT
levels, whereas some of the patients without OCl had abnormal ALT levels. In these
HCV Ab-positive OCl patients, the viral loads in the PBMCs were quite variable, ranging
from 5.45 1U to 14,883 IU in 107 PBMCs; the mean viral load of 1,046 IU in 10’ PBMCs
(i.e., 104.6 1U/million PBMCs) seemed to be lower than that (357.4 + 42.1 1U/million)
reported among SVR patients with hepatic decompensation (10). Whether HCV in these
HCV Ab-positive patients resides mostly in PBMCs with a low viral load and keeps the
host liver indolent requires further investigation. In contrast, all the HCV Ab-negative OCI
patients exhibited abnormal liver function. Notably, in HCV Ab-negative patients with
elevated liver function test results, HCV RNA was detected in liver biopsy specimens
from 74.2% of the patients (25), and the estimated frequency of OCI among patients
displaying hepatic dysfunction was as high as 57% (26). Future studies are needed to
determine whether OCl tends to elicit hepatic injury in patients who fail to produce HCV
Abs in response to HCV infection. Given that the general CHC rate in Taiwan is only
3.3% (27), the OCl rate of 5.6% in HCV Ab-negative patients with abnormal liver function
suggests the necessity to comprehensively investigate OCI among cryptogenic hepatitis
patients in Taiwan to accelerate HCV elimination, as HCV RNA in PBMCs is infectious (19)
and likely transmitted sexually (28).

Various prevalence rates of infection with some HCV genotypes, such as genotypes 1
(17, 29), 2 (17, 30), 3 (15, 19), and 6 a (17), have been reported in OCI patients; alterna-
tively, OCl might be a universal phenomenon involving all genotypes (31). However, in
the present study, no HCV genotype associated with OCI could be documented, and
the viral loads might have been too low to identify the HCV genotype. Male sex and
age above 30 years have been associated with the presence of OCl (25). However, in
the present study, females accounted for the majority (over 60%) of OCI cases among
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both HCV Ab-positive and HCV Ab-negative patients, and no significant difference in age
was noted between patients with and without OCI. Any ethnic factor accounting for this
discrepancy awaits discovery in the future.

Fibrosis and necroinflammatory activity have been detected in the liver in up to
5% and 35% of OCI patients, respectively (31). However, all HCV Ab-positive patients
with OCl had normal liver function, and the cumulative incidences of hepatic events
were similar between the HCV Ab-positive patients with and without OCI. In addition to
the low HCV load in PBMCs of the enrolled patients, as mentioned previously, further
investigation is needed with respect to whether the presence of HCV in PBMCs of
treatment-naive HCV Ab-positive patients suggests “residence selection” for HCV to
cause negligible harm to the liver. Although all the HCV Ab-negative patients with OCI
had higher ALT levels than their counterparts, no difference in the cumulative incidence
of hepatic events was noted between the HCV Ab-negative patients with and without
OCl, probably due to the small number (n = 5) of these OCI patients. Current evidence
suggests that SVR in CHC patients reduces the incidence and mortality of cardiovascular
disease and type 2 diabetes (3) and highlights the causal relationship between HCV
infection and cardiovascular events. Although only age was an independent factor for
cardiovascular events among HCV Ab-positive patients, given that demographic and
metabolic profiles were comparable between HCV Ab-positive patients with and without
0Odl, the finding of higher cumulative incidences of cardiovascular events in patients with
OClI than those without OCI might at least partially stem from OCl-related inflammation,
particularly HCV residing in PBMCs, which might elicit local endothelial inflammation
(3). Thus, among HCV Ab-positive patients, the presence of OCl indicates the necessity
of tailored follow-up for emergent cardiovascular events. On the other hand, the link
between HCV infection and autoimmune disease (6) is in line with the observations of
a greater cumulative incidence of autoimmune diseases in HCV Ab-negative patients
with OCI than in those without OCl and in more HCV Ab-positive patients than in HCV
Ab-negative patients. In addition, a higher cumulative incidence of extrahepatic cancer
was noted in HCV Ab-positive patients than in HCV Ab-negative patients, highlighting
the oncogenic potential of HCV infection in many extrahepatic cancers (5) and their
occasional irreversibility after HCV clearance. On the other hand, although OCl is a risk
factor for lymphoma (28), only one HCV Ab-positive patient without OCI developed
lymphoma in our cohort. Whether OCl has any role in lymphoma development requires
further investigation.

There are several limitations to the current study. First, the total number of 218
cases might be too small to determine the general OCl prevalence in Taiwan, especially
because some patients were HCV Ab-positive and the others were HCV Ab-negative.
Second, given that all the patients were serum HCV RNA negative, and some were even
HCV Ab negative, their PBMC HCV RNA levels are expected to be low, which might
account for why the HCV genotype was not detectable. However, although the kit to test
for PBMC HCV RNA included a negative control, the possibility of false-positive results
cannot be excluded completely as the HCV genotype was not assessable. Third, although
among the HCV Ab-negative patients, a higher cumulative incidence of autoimmune
diseases was noted in patients with OCl than in those without OCI, the low number
of cases (particularly, only five OCl patients) might lead to bias in the statistical results.
Future large-scale cohort studies of both HCV Ab-positive and HCV-negative Taiwanese
patients, with PBMC RNA tests performed via a qualitative real-time polymerase chain
reaction assay and sophisticated molecular techniques, are needed to verify the results
and elucidate the fundamental mechanisms underlying the findings described herein.

In summary, in 128 HCV Ab-positive patients and 90 HCV Ab-negative patients,
the OCI rates were 11.7% and 5.6%, respectively. High HCV Ab titers (cutoff
value: >53.2 ng/mL) and ALT levels indicate OCI in HCV Ab-positive and HCV Ab-neg-
ative patients, respectively. Special caution is needed for cardiovascular events in HCV
Ab-positive patients with OCl and for autoimmune diseases in HCV Ab-negative patients
with OCI.

August 2025 Volume 13 Issue 8

Microbiology Spectrum

10.1128/spectrum.02922-24 8


https://doi.org/10.1128/spectrum.02922-24

Research Article

ACKNOWLEDGMENTS

We thank Mr. Chun-Kai Liang from the Department of Gastroenterology and Hepatology,
Chang Gung Memorial Hospital, Taiwan, for his assistance with the data mining.

This study was supported by grants from the Chang Gung Medical Research
Program (CMRPG1N0111~3, CMRPG3L1191~2, CMRPG3M0211~3, CMRPG1K0111~3,
and CORPG3P0591~3) and the National Science Council, Taiwan (MOST 113-2629-
B-182A-002-) to M.L.C. The funders had no role in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript. All authors have read
the journal's authorship agreement and policy on the disclosure of potential conflicts of
interest.

M.L.C. and C.H.C.: Conceptualization,study design and implementation, manuscript
drafting, and critical revision of the manuscript for important intellectual content. W.T.C.:
statistics and manuscript writing. L.H.P. and R.N.C.: data collection and manuscript
writing. All the authors have read and approved the final manuscript.

AUTHOR AFFILIATIONS

'Division of Hepatology, Department of Gastroenterology and Hepatology, Chang Gung
Memorial Hospital at Linkou, Taoyuan, Taiwan

’Department of Medicine, College of Medicine, Chang Gung University, Taoyuan, Taiwan
3Graduate Institute of Health Industry Technology, Research Center for Food and
Cosmetic Safety, and Research Center for Chinese Herbal Medicine, College of Human
Ecology, Chang Gung University of Science and Technology, Taoyuan, Taiwan

“Molecular Infectious Disease Research Center, Chang Gung Memorial Hospital at Linkou,
Taoyuan, Taiwan

*Division of Pediatric Infectious Diseases, Department of Pediatrics, Chang Gung
Memorial Hospital at Linkou, Taoyuan, Taiwan

AUTHOR ORCIDs

Ming-Ling Chang  http://orcid.org/0000-0003-4902-4401
Cheng-Hsun Chiu & http://orcid.org/0000-0003-4324-7743

FUNDING
Funder Grant(s) Author(s)
Chang Gung Memorial CMRPG1NO111~3, CMRPG3L1191~2,  Ming-Ling Chang
Hospital CMRPG3MO0211~3, CMRPG1KO0111~3

and CORPG3P0591~3
National Science Council, MOST 113-2629-B-182A-002- Ming-Ling Chang
Taiwan

DATA AVAILABILITY

The data sets used and/or analyzed during the current study are available from the
corresponding author upon reasonable request. De-identified data are available upon
reasonable request, due to the amount and sensitivity of the data.

ETHICS APPROVAL

The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the Chang Gung Memorial Hospital Institutional Review
Board (IRB no. 104-7005B). Informed consent was obtained in writing from each patient.

ADDITIONAL FILES

The following material is available online.

August 2025 Volume 13 Issue 8

Microbiology Spectrum

10.1128/spectrum.02922-24 9


http://orcid.org/0000-0003-4902-4401
http://orcid.org/0000-0003-4324-7743
http://dx.doi.org/10.13039/100012553
http://dx.doi.org/10.13039/501100001868
https://doi.org/10.1128/spectrum.02922-24
https://doi.org/10.1128/spectrum.02922-24

Research Article

Supplemental Material

Microbiology Spectrum

Figure S1 (Spectrum02922-24-s0001.tif). Cumulative incidences of various outcomes of
HCV-positive patients.
Figure S2 (Spectrum02922-24-s0002.tif). Cumulative incidences of various outcomes of
HCV Ab-negative patients.
Figure S3 (Spectrum02922-24-s0003.tif). Cumulative incidences of various outcomes of
all patients.
Supplemental legends (Spectrum02922-24-s0004.docx). Legends for Fig. S1 to S3.

Table S1 (Spectrum02922-24-s0005.docx). Extrahepatic cancers of HCV Ab-positive
patients.

REFERENCES

1.

2.

August 2025 Volume 13

Spearman CW, Dusheiko GM, Hellard M, Sonderup M. 2019. Hepatitis C.
Lancet 394:1451-1466. https://doi.org/10.1016/50140-6736(19)32320-7
Chang M-L, Cheng J-S, Chen W-T, Shen Y-J, Kuo C-J, Chien R-N. 2025.
Mixed cryoglobulinemia decelerates hepatocellular  carcinoma
development in hepatitis C patients with SVR by downregulating
regulatory B cells: a 12-year prospective cohort study. Oncoimmunology
14:2470128. https://doi.org/10.1080/2162402X.2025.2470128

Chang M-L. 2016. Metabolic alterations and hepatitis C: from bench to
bedside. World J Gastroenterol 22:1461-1476. https://doi.org/10.3748/w
jg.v22.i4.1461

Cheng Y-T, Cheng J-S, Lin C-H, Chen T-H, Lee K-C, Chang M-L. 2020.
Rheumatoid factor and immunoglobulin M mark hepatitis C-associated
mixed cryoglobulinaemia: an 8-year prospective study. Clin Microbiol
Infect 26:366-372. https://doi.org/10.1016/j.cmi.2019.06.018

Cheng J-S, Chen T-C, Chen T-D, Ku H-P, Huang S-W, Wu T-S, Chien R-N,
Chang M-L. 2022. Association between breast cancer and hepatitis C: a
joint study of hospitalized patients and nationwide cohorts. Transl Res
245:117-129. https://doi.org/10.1016/j.trsl.2022.02.009

Chang M-L, Lin Y-S, Chang M-Y, Hsu C-L, Chien R-N, Fann CS. 2021.
Accelerated cardiovascular risk after viral clearance in hepatitis C
patients with the NAMPT-rs61330082 TT genotype: an 8-year prospec-
tive cohort study. Virulence 12:270-280. https://doi.org/10.1080/215055
94.2020.1870080

Cheng J-S, Lin Y-S, Hu J-H, Chang M-Y, Ku H-P, Chien R-N, Chang M-L.
2021. Impact of interferon-based therapy on hepatitis C-associated
rheumatic diseases: a nationwide population-based cohort study. J Clin
Med 10:817. https://doi.org/10.3390/jcm10040817

Elmasry S, Wadhwa S, Bang B-R, Cook L, Chopra S, Kanel G, Kim B, Harper
T, Feng Z, Jerome KR, Kahn JA, Saito T. 2017. Detection of occult
hepatitis C virus infection in patients who achieved a sustained virologic
response to direct-acting antiviral agents for recurrent infection after
liver transplantation. Gastroenterology 152:550-553. https://doi.org/10.
1053/j.gastro.2016.11.002

Barril G, Castillo I, Arenas MD, Espinosa M, Garcia-Valdecasas J, Garcia-
Fernandez N, Gonzélez-Parra E, Alcazar JM, Sanchez C, Diez-Baylén JC,
Martinez P, Bartolomé J, Carrefio V. 2008. Occult hepatitis C virus
infection among hemodialysis patients. J Am Soc Nephrol 19:2288-
2292. https://doi.org/10.1681/ASN.2008030293

Hanafy AS, Seleem WM, Basha MAA, Marei AM. 2019. Residual hepatitis C
virus in peripheral blood mononuclear cell as a risk factor for hepatocel-
lular carcinoma after achieving a sustained virological response: a
dogma or fiction. Eur J Gastroenterol Hepatol 31:1275-1282. https://doi.
org/10.1097/MEG.0000000000001459

Castillo I, Pardo M, Bartolomé J, Ortiz-Movilla N, Rodriguez-Iiiigo E, de
Lucas S, Salas C, Jiménez-Heffernan JA, Pérez-Mota A, Graus J, Lépez-
Alcorocho JM, Carrefio V. 2004. Occult hepatitis C virus infection in
patients in whom the etiology of persistently abnormal results of liver-
function tests is unknown. J Infect Dis 189:7-14. https://doi.org/10.1086/
380202

Castillo |, Rodriguez-liigo E, Bartolomé J, de Lucas S, Ortiz-Movilla N,
Lépez-Alcorocho JM, Pardo M, Carrefio V. 2005. Hepatitis C virus
replicates in peripheral blood mononuclear cells of patients with occult
hepatitis C virus infection. Gut 54:682-685. https://doi.org/10.1136/gut.2
004.057281

Austria A, Wu GY. 2018. Occult hepatitis C virus infection: a review. J Clin
Transl Hepatol 6:155-160. https://doi.org/10.14218/JCTH.2017.00053

Issue 8

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Castillo 1, Bartolomé J, Quiroga JA, Barril G, Carrefio V. 2009. Hepatitis C
virus infection in the family setting of patients with occult hepatitis C. J
Med Virol 81:1198-1203. https://doi.org/10.1002/jmv.21483

Wang Y, Rao H, Chi X, Li B, Liu H, Wu L, Zhang H, Liu S, Zhou G, Li N, Niu J,
Wei L, Zhao J. 2019. Detection of residual HCV-RNA in patients who have
achieved sustained virological response is associated with persistent
histological abnormality. EBioMedicine 46:227-235. https://doi.org/10.1
016/j.ebiom.2019.07.043

Castillo |, Bartolomé J, Quiroga JA, Barril G, Carrefio V. 2011. Long-term
virological follow up of patients with occult hepatitis C virus infection.
Liver Int 31:1519-1524. https://doi.org/10.1111/j.1478-3231.2011.02613.
X

Lin H, Chen X, Zhu S, Mao P, Zhu S, Liu Y, Huang C, Sun J, Zhu J. 2017.
Prevalence of occult hepatitis C virus infection among blood donors in
Jiangsu, China. Intervirology 59:204-210. https://doi.org/10.1159/00045
5854

Motyckova G, Murali M. 2011. Laboratory testing for cryoglobulins. Am J
Hematol 86:500-502. https://doi.org/10.1002/ajh.22023

Pham TNQ, MacParland SA, Mulrooney PM, Cooksley H, Naoumov NV,
Michalak TI. 2004. Hepatitis C virus persistence after spontaneous or
treatment-induced resolution of hepatitis C. J Virol 78:5867-5874. https:/
/doi.org/10.1128/JV1.78.11.5867-5874.2004

De Marco L, Manzini P, Trevisan M, Gillio-Tos A, Danielle F, Balloco C, Pizzi
A, De Filippo E, D'Antico S, Violante B, Valfre A, Curti F, Merletti F,
Richiardi L. 2012. Prevalence and follow-up of occult HCV infection in an
Italian population free of clinically detectable infectious liver disease.
PLoS One 7:e43541. https://doi.org/10.1371/journal.pone.0043541
Chang M, Tai J, Cheng J, Chen W, Yang S, Chiu C, Chien R. 2024. Factors
associated with treatment responses to pioglitazone in patients with
steatotic liver disease: a 3 - year prospective cohort study. Diabetes
Obes Metab 26:2969-2978. https://doi.org/10.1111/dom.15622

Tai J, Hsu C-W, Chen W-T, Yang S-S, Chiu C-H, Chien R-N, Chang M-L.
2024. Association of liver fibrosis with extrahepatic cancer in steatotic
liver disease patients with PNPLA3 [148M GG genotype. Cancer Sci
115:564-574. https://doi.org/10.1111/cas.16042

Chang M-L, Cheng J-S, Chien R-N, Liaw Y-F. 2020. Hepatitis flares are
associated with better outcomes than no flare in patients with
decompensated cirrhosis and chronic hepatitis B virus infection. Clin
Gastroenterol Hepatol 18:2064-2072. https://doi.org/10.1016/j.cgh.2020
.01.018

Celli R, Saffo S, Kamili S, Wiese N, Hayden T, Taddei T, Jain D. 2021. Liver
pathologic changes after direct-acting antiviral agent therapy and
sustained virologic response in the setting of chronic hepatitis C virus
infection. Arch Pathol Lab Med 145:419-427. https://doi.org/10.5858/arp
a.2020-0008-0OA

Idrees M, Lal A, Malik FA, Hussain A, Rehman | ur, Akbar H, Butt S, Ali M,
Ali L, Malik FA. 2011. Occult hepatitis C virus infection and associated
predictive factors: the Pakistan experience. Infect Genet Evol 11:442-
445. https://doi.org/10.1016/j.meegid.2010.12.004

Lotfi AA, Mohamed AE, Shalaby NA, Eissa DS, El-Dabaa E, Sallam AM,
Kamel MM, Abdelaziz H, EI-Afifi AM, Abdel-Moneim AS. 2020. Occult
hepatitis C virus infection in patients with malignant lymphoprolifera-
tive disorders. Int J Immunopathol Pharmacol 34:2058738420961202. ht
tps://doi.org/10.1177/2058738420961202

Chien R-N, Lu S-N, Pwu R-F, Wu GH-M, Yang W-W, Liu C-L. 2021. Taiwan
accelerates its efforts to eliminate hepatitis C. Glob Health Med 3:293-
300. https://doi.org/10.35772/ghm.2021.01064

10.1128/spectrum.02922-24 10


https://doi.org/10.1016/S0140-6736(19)32320-7
https://doi.org/10.1080/2162402X.2025.2470128
https://doi.org/10.3748/wjg.v22.i4.1461
https://doi.org/10.1016/j.cmi.2019.06.018
https://doi.org/10.1016/j.trsl.2022.02.009
https://doi.org/10.1080/21505594.2020.1870080
https://doi.org/10.3390/jcm10040817
https://doi.org/10.1053/j.gastro.2016.11.002
https://doi.org/10.1681/ASN.2008030293
https://doi.org/10.1097/MEG.0000000000001459
https://doi.org/10.1086/380202
https://doi.org/10.1136/gut.2004.057281
https://doi.org/10.14218/JCTH.2017.00053
https://doi.org/10.1002/jmv.21483
https://doi.org/10.1016/j.ebiom.2019.07.043
https://doi.org/10.1111/j.1478-3231.2011.02613.x
https://doi.org/10.1159/000455854
https://doi.org/10.1002/ajh.22023
https://doi.org/10.1128/JVI.78.11.5867-5874.2004
https://doi.org/10.1371/journal.pone.0043541
https://doi.org/10.1111/dom.15622
https://doi.org/10.1111/cas.16042
https://doi.org/10.1016/j.cgh.2020.01.018
https://doi.org/10.5858/arpa.2020-0008-OA
https://doi.org/10.1016/j.meegid.2010.12.004
https://doi.org/10.1177/2058738420961202
https://doi.org/10.35772/ghm.2021.01064
https://doi.org/10.1128/spectrum.02922-24

Research Article

28.

29.

August 2025 Volume 13

El Shazly Y, Hemida K, Rafik M, Al Swaff R, Ali-Eldin ZA, GadAllah S. 2015.
Detection of occult hepatitis C virus among healthy spouses of patients
with HCV infection. J Med Virol 87:424-427. https://doi.org/10.1002/jmv.
24074

Ayadi A, Nafari AH, Sakhaee F, Rajabi K, Ghaderi Y, Rahimi Jamnani F,
Vaziri F, Siadat SD, Fateh A. 2019. Host genetic factors and clinical
parameters influencing the occult hepatitis C virus infection in patients
on chronic hemodialysis: is it still a controversial infection? Hepatol Res
49:605-616. https://doi.org/10.1111/hepr.13325

Issue 8

30.

31.

Microbiology Spectrum

Pham TNQ, Mercer SE, Michalak TI. 2009. Chronic hepatitis C and
persistent occult hepatitis C virus infection are characterized by distinct
immune cell cytokine expression profiles. J Viral Hepat 16:547-556. https
://doi.org/10.1111/j.1365-2893.2009.01092.x

Carrefio V, Bartolomé J, Castillo I, Quiroga JA. 2012. New perspectives in
occult hepatitis C virus infection. World J Gastroenterol 18:2887-2894. ht
tps://doi.org/10.3748/wjg.v18.i23.2887

10.1128/spectrum.02922-24 11


https://doi.org/10.1002/jmv.24074
https://doi.org/10.1111/hepr.13325
https://doi.org/10.1111/j.1365-2893.2009.01092.x
https://doi.org/10.3748/wjg.v18.i23.2887
https://doi.org/10.1128/spectrum.02922-24

	HCV Ab titer and ALT level indicate occult hepatitis C virus infection in treatment-naive HCV Ab-positive and HCV Ab-negative patients: a 3-year prospective cohort study
	MATERIALS AND METHODS
	Patients
	Study design
	Occult HCV infection surveys
	Outcomes
	Statistics

	RESULTS
	Baseline characteristics
	Outcomes

	DISCUSSION


