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Abstract

Background

Infection is a major complication in liver cirrhosis and causes major morbidity and mortality.
However, the incidence and mortality related to these conditions in patients infected with
hepatitis C virus (HCV) are unclear, as is whether antiviral therapy could change their infec-
tion risk.

Methods and findings

In this community-based cohort study, a total of 115,336 adults (mean age 52.2 years;
35.6% men) without cirrhosis participating in the New Taipei City Health Screening in 2005—
2008 were classified as having noncirrhotic HCV (NC-HCV) (n = 2,839), noncirrhotic hepati-
tis B virus (NC-HBV) (n=8,316), or no HBV or HCV infection (NBNC) (n= 104,181). Partici-
pants were followed to their first hospitalization for infection or death after data linkage with
the Taiwan National Health Insurance Research Database (NHIRD) and Death Registry. A
Cox proportional hazard regression model, adjusted for age, sex, body mass index (BMI),
smoking, alcohol consumption, education level, diabetes, renal function, systemic steroids,
and history of hospitalization, was used to calculate hazard ratios (HRs) and 95% confi-
dence intervals (Cls) for overall and individual sites of infection and infection-related mortal-
ity. The reference group was NBNC participants with normal to mildly elevated alanine
aminotransferase (ALT) (<1.5 times upper normal limit [UNL]) levels. To further address the
impact of antiviral treatment on infection risk, we conducted analyses of data from the
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nationwide NHIRD and compared the risks for hospitalization because of infections and
infection-related deaths between patients with HCV who received antiviral therapy (n=
20,264) and those who remained untreated (n= 104,360). During a median 8.2-year follow-
up, the incidence of hospitalization for infection was substantially higher in NC-HCV
patients. Compared to the reference group, NC-HCV was associated with a significantly
higher risk for hospitalization because of overall infections (adjusted HR: 1.22; 95% ClI:
1.12—-1.33), but we observed no increased risk for patients in the NC-HBV (adjusted HR:
0.94; 95% CI: 0.88—1.01) or NBNC group with moderate to markedly elevated ALT levels
(adjusted HR: 1.03; 95% CI: 0.93—1.14). For specific sites of infection, the NC-HCV group
had increased risks for septicemia and lower respiratory tract, reproductive, and urinary
tract infections. We noted no increased risk for infection-related death among patients with
NC-HCV. Patients with HCV who received antiviral therapy had significantly reduced infec-
tion-related hospitalization and death risks (adjusted HR: 0.79; 95% CI: 0.73-0.84 for infec-
tion-related hospitalization and adjusted HR: 0.08; 95% CI: 0.04—0.16 for infection-related
deaths). Study limitations include the exclusion of patients with cirrhosis from the cohort, the
possibility of unmeasured confounding, and the lack of information on direct-acting antiviral
agents (DAAs).

Conclusions

In this study, patients with NC-HCV were at increased risk for hospitalization for infection,
while no increased risk was observed for NC-HBV-infected patients.

Author summary

Why was this study done?

o Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are major causes of
chronic hepatitis that generally result in liver cirrhosis and subsequent hepatocellular
carcinoma.

o Other infections are a major complication and cause major morbidity and mortality in
patients with cirrhosis.

What did the researchers do and find?

« In this community-based cohort of more than 110,000 participants with 8 years of fol-
low-up, we found that patients without cirrhosis and with HCV infections (NC-HCV),
but not patients without cirrhosis and with HBV infections (NC-HBV), had a 22%
increased risk for hospitalization for overall infection episodes.

o For individual sites of infection, patients with NC-HCV had increased risks for septice-
mia and lower respiratory tract, reproductive, and urinary tract infections.

« Patients with HCV infection who received ribavirin plus peg-interferon therapy had a
20% reduced risk for hospitalization for all infections.
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What do these findings mean?

o Healthcare professionals should make early diagnosis and treatment when there is clini-
cal suspicion of infection syndrome in HCV patients.

« Further studies are needed to explore whether HCV eradication or other prevention
strategies (e.g., vaccination) could reduce the risk for hospitalization for infection.

Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic hepatitis and generally results in
liver cirrhosis and subsequent hepatocellular carcinoma after decades of exposure [1]. HCV
infects 130 to 210 million people worldwide, and 75% to 85% of them are persistently infected
after initial exposure to the virus [2]. Taiwan, as a hyperendemic area for chronic liver disease,
has the highest prevalence rate for HCV infection in Northeast Asia [3]. The HCV seropreva-
lence in Taiwan, according to an earlier nationwide community-based survey, varies greatly
among cities (ranging from 1.6% to 19.6%), and iatrogenic factors are reported to be the major
routes of transmission [4].

The incidence of bacterial infection is increased in patients with cirrhosis, which can be
explained by bacterial translocation and a decreased ability to clear cytokines and pathogens
from the circulation [5,6]. Patients infected with HCV may be predisposed to several other
infectious diseases, probably through transmission routes that these pathogens share with
HCV or because of an immunocompromised state resulting from cirrhosis or hepatocellular
carcinoma [7]. Several studies also suggest distinctive characteristics of HCV that cause
immune dysfunction and a subsequent increased vulnerability to infections [8-12]. In one
large, hospital-based case-control study among United States veterans, El-Serag and colleagues
found that HCV infection was associated with a broad range of infectious diseases [7]. Other
studies have shown that HCV infection is a risk or prognostic factor for various infectious dis-
eases with respect to specific pathogens [13-17] in patients with other comorbidities who are
undergoing certain procedures [18-22] or involving specific organ systems [17,23]. However,
most of these investigations were hospital-based studies with small case numbers and limited
control for confounding factors. To our knowledge, no study has comprehensively evaluated
the overall risk for infection or particular different sites of infection among patients infected
with HCV who do not have cirrhosis. Furthermore, no study has investigated the impact of
antiviral therapy on infection risks in patients with chronic HCV.

Using data from a large community-based health screening program, we conducted a
cohort study to examine the risk for a wide range of clinically important infectious diseases
and infection-related mortality among patients infected with hepatitis B virus (HBV) or HCV
and without cirrhosis (NC-HBV and NC-HCYV, respectively) under the hypothesis that
patients with HCV infection would have an increased risk for hospitalization for infectious dis-
ease and infection-associated mortality compared with those without HBV or HCV infection
(NBNC). Finally, we compared the risks for hospitalization for infection and infection-related
deaths between patients with HCV or HBV who received antiviral therapy with those who did
not receive antiviral therapy.
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Methods

Risks for infectious disease-related morbidity and mortality among
patients with NC-HBV or NC-HCV

Data source and study population. The study is a retrospective analysis of prospectively
collected data for 125,865 individuals who voluntarily participated in a free, community-based
health screening service for residents aged 20 years or older in New Taipei City from March 5,
2005, to July 27, 2008. Details of the study cohort have been described previously [24]. In brief,
the participants completed a questionnaire about their demographics, education level, and life-
style. Each participant provided written informed consent and underwent a standard physical
examination including anthropomorphic measurements and blood and urine analyses. Blood
samples were collected after an overnight fast, and first morning-voided urine was collected
and analyzed. Participants signed consent forms, and data related to individual identification
were removed and remained anonymized during the entire study process.

The screening program database was linked to the National Health Insurance Research
Database (NHIRD) and the National Death Registry using each participant’s unique national
identification number. In Taiwan, national health insurance is compulsory for all residents,
and the coverage rate is over 99% [25]. The National Taiwan University Hospital Research
Ethics Committee approved the protocol. The original prospective analysis plan is available
(S1 Text). The main analysis regarding the risks for infectious disease-related morbidity and
mortality among NC-HBV and NC-HCV patients was consistent with the prospective analysis
plan. The sensitivity analyses and the analyses exploring the effect of antiviral therapy on infec-
tious disease-related morbidity and mortality among viral hepatitis patients were specified at
the data analysis and revision stage. This study is reported according to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guideline (S2 Text).

Participants were excluded if they were (1) younger than 20 years old; (2) did not have a
baseline measurement of viral hepatitis markers, liver function tests, serum creatinine, body
mass index (BMI), and fasting glucose levels; (3) did not have complete information about cig-
arette smoking, alcohol consumption, and education level; (4) did not have any inpatient or
outpatient records in the NHI database; or (5) had a diagnosis of liver cirrhosis identified from
the diagnostic codes of the insurance database before and after the health screening program.
A previous validation study based on administrative databases reported good accuracy with a
positive predictive value of 90% and a negative predictive value of 87% when using the algo-
rithm to identify cirrhosis patients [26].

Measurement of liver disease status and other covariates. Based on information from
the baseline laboratory data, participants were classified into the following categories accord-
ing to their liver function test results and viral hepatitis marker status: (1) NBNC (subclassified
into patients with normal to mildly elevated liver enzyme [alanine aminotransferase (ALT)
level normal to 1.5 x upper normal limit (UNL)]) and with moderate to markedly elevated
(>1.5 x UNL) liver enzyme levels; (2) NC-HBV (positive for hepatitis B surface antigen); (3)
NC-HCV (positive for hepatitis C antibody); and (4) noncirrhotic with HBV/HCV coinfection
(NC-HBVHCV).

Information associated with conditions that may increase susceptibility to clinically signifi-
cant infectious diseases such as diabetes, renal function, BMI, education level, cigarette smok-
ing, alcohol consumption, systemic steroid use, and history of hospitalization were also
collected. Diabetes was defined as meeting any of the following criteria: (1) fasting plasma glu-
cose (FPG) over 126 mg/dL or (2) prescription of any antidiabetic agent (verified from the
health insurance claims database) for more than 28 days in the previous year before the base-
line survey. Participants were classified into the following categories: no diabetes, diabetes
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with FPG < 130 mg/dL, diabetes with FPG 131-200 mg/dL, and diabetes with FPG > 200 mg/
dL. Renal function was defined by estimated glomerular filtration rate (¢GFR) using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) study equation. Participants
were classified into the following categories according to their eGFR level and whether they
received dialysis therapy: >90 mL/min/1.73 m?, 60-89 mL/min/1.73 m?, or <59 mL/min/1.73
m? or receiving dialysis. Information about hemodialysis or peritoneal dialysis was obtained
from the NHI database. BMI was calculated by dividing weight (in kilograms) by the square of
the patient’s height (in meters). Weight and height were self-reported by the participants. The
baseline information on demographic variables (e.g., sex, age, level of education, and marital
status) and behavioral risk factors (e.g., smoking and alcohol use) was obtained from the ques-
tionnaire completed at cohort entry. Information about comorbid diseases, systemic steroid
use for >30 days in the year prior to study entry, and history of hospitalization within 6
months before hospitalization for an infection syndrome were obtained from the NHI data-
base. Inpatient and outpatient diagnosis and prescription files during the 12-month period
before study entry were used to ascertain patient comorbidities (including diabetes mellitus,
hypertension, cardiovascular disease, cerebrovascular disease, peripheral vascular disease, dys-
lipidemia, chronic liver and lung disease, autoimmune disease, dementia, cancer, human
immunodeficiency virus infection, opioid dependence or abuse, peptic ulcer disease, gastroin-
testinal bleeding, and proton pump inhibitor/H2-receptor blocker use) and to calculate Charl-
son comorbidity scores (International Classification of Diseases, ninth revision, Clinical
Modification [ICD-9-CM] codes and Anatomical Therapeutic Chemical codes were provided
in S1 Table).

Outcome and follow-up plan. The primary outcome of interest was incident hospitaliza-
tion for various prespecified systemic or localized infectious episodes ascertained from the
NHI claims database after study initiation. Hospitalizations for infection were further classified
according to the specific site of infection—including septicemia; lower respiratory tract, intra-
abdominal, reproductive, urinary tract, and skin and soft tissue infections; osteomyelitis; and
necrotizing fasciitis—as defined by the ICD-9-CM codes listed in S1 Table. Patients could
have more than one specific site of infection during their first hospitalization for infection. We
also analyzed infection-related mortality. The vital status and date of death for the study partic-
ipants was ascertained by linkage with a unique identification number through the National
Death Registry. Infection-related death was defined by the death certificate codes according to
ICD-9 and ICD-10. The cohort participants were followed from the health screening date up
to the first hospitalization for infection, death (based on vital registry), or December 31, 2014,
whichever occurred first.

Statistical analysis. The number of patients co-infected with HBV and HCV was small;
thus, the category of NC-HBVHCYV was not included in the analysis. We tabulated the fre-
quency distribution of baseline characteristics and laboratory data, as well as Charlson comor-
bidity score, among patients in the 4 liver disease groups. Crude incidence rates were
calculated for hospitalization for overall and individual sites of infection and infection-related
mortality, along with 95% confidence intervals (Cls) using Poisson distribution. The Kaplan-
Meier analyses and log-rank tests were used to compare the outcome in different liver disease
categories. We used Cox proportional regression models to estimate the hazard ratios (HRs)
and 95% ClIs of these infections for different liver disease categories and compared these to
those of NBNC patients with normal to mildly elevated liver enzyme levels. Important risk fac-
tors—including age, sex, BMI, smoking, alcohol consumption, education level, diabetes, eGFR
category, systemic steroids use, and history of hospitalization—were chosen and adjusted in
the analysis. To avoid overadjustment of intermediate variables on a causal pathway, we did
not control for comorbidities (e.g., cardiovascular diseases, autoimmune diseases) that were
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considered extrahepatic manifestations of HCV infection in the main analysis [27]. We per-
formed sensitivity analyses to investigate the robustness of the results under different assump-
tion-based scenarios and alternative modeling of independent variables, as follows: (1) BMI
was adjusted as a categorical variable (following the World Health Organization classification:
underweight [<18.5 kg/m?], normal weight [>18.5 kg/m? and <25 kg/m’], overweight [>25
kg/m* and <30 kg/m?], and obese [>30 kg/m?]) instead of as a continuous variable using
splines in the main analysis, as well as adjusted for continuous FPG and continuous eGFR; (2)
we excluded participants with a diagnosis of human immunodeficiency virus infection, opioid
dependence or abuse, receiving dialysis, and those with an aspartate aminotransferase to plate-
let ratio index (APRI) > 1.5; and (3)we excluded patients with NC-HCV or NC-HBYV receiving
antiviral therapy during the study period, and we additionally controlled for Charlson comor-
bidity score.

To further explore the mechanism associated with increased susceptibility to infection
among the NC-HCV population, we performed stratified analyses in patients with HCV
according to the extent of ALT elevation (<1.5 x UNL or >1.5 x UNL), APRI (< or > median
APRI level) [28], and alcohol use (never or ever alcohol use). We also performed subgroup
analyses to investigate whether the risk may be modified by age (> 50 versus <50 years of age)
and sex. Potential effect modification was assessed by observing overlap of the 95% Cls in the
subgroups. All analyses were conducted using SAS software version 9.4 (SAS Institute, Cary,
North Carolina).

Evaluate the impact of anti-HCV treatment on the risks of infectious
disease morbidity and mortality

The emerging and promising treatments for HCV, direct-acting antiviral agents (DAAs), were
approved in 2014 and covered by NHI since 2017. Because our study period (2005-2014) pre-
dated the NHI reimbursement of DAAs, we could not evaluate the effect of DAA treatment on
infection risk based on current data. To further address the impact of contemporary viral hep-
atitis treatment on infection risk, we conducted a retrospective cohort analysis using data from
the nationwide NHIRD (23 million beneficiaries).

Patients who had at least one hospital admission or one outpatient visit with HCV or HBV
diagnosis between January 1, 2004, and December 31, 2014, were identified from the NHIRD.
By using serological test results in the New Taipei City Health Screening Database as the gold
standard for HCV and HBV infection, we found a positive predictive value of 87% and 90%
and a negative predictive value of 99% and 94% when using the above algorithm to identify
patients infected by HCV and HBV, respectively. We excluded patients age 20 years or youn-
ger on the dates of first HCV or HBV diagnosis and those with ambiguous sex information.
Also excluded were patients who had conditions or factors that substantially increase risk for
infections—including those with human immunodeficiency virus infection, organ transplanta-
tion, cancer, alcoholism-associated disorders, systematic autoimmune diseases, organ-specific
autoimmune diseases, and liver cirrhosis and those who received dialysis. Patients who were
censored on the date of first antiviral therapy prescription, those who had both HBV and HCV
infection, and prevalent users of antiviral therapy also were excluded.

Study drugs and study cohort assembly. We identified hepatitis C-infected patients who
initiated ribavirin plus peg-interferon o.-2b or ribavirin plus peg-interferon o.-2a, the two most
common antiviral regimens for HCV treatment, on the same day at outpatient visits between
January 1, 2004, and December 31, 2014. For patients with HBV, those who initiated lamivu-
dine, tenofovir, entecavir, or telbivudine at outpatient visits during the same period were iden-
tified. Initiation was defined as having been free of any prescription for an antiviral agent 1
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year prior to the first prescription date (index date). We defined the date of viral hepatitis diag-
nosis as the earliest of the following: date of the first outpatient viral hepatitis diagnosis, date of
the first admission for viral hepatitis diagnosis, or date of the first antiviral agent dispensing
during this window. For each patient with HCV or HBV who never received antiviral therapy
during the study period, we randomly assigned a date as the index date, according to the distri-
bution of the index dates of those who initiated antiviral therapy.

Follow-up and outcomes. The outcome of interest was the first hospitalization for various
prespecified systemic or localized infectious episodes ascertained from the NHI claims data-
base after study initiation. We followed patients from the index date to the earliest of the fol-
lowing: outcome occurrence, death, disenrollment from the NHI program, or December 31,
2015. Patients continued to contribute person-time and number of outcome events regardless
of whether their antiviral regimens were changed during the follow-up period.

Covariate assessment. Information on potential baseline confounders included age, sex,
comorbidities, other medication use, and resource utilization. We assessed comorbidities,
other medication use, and resource utilization within 360 days prior to the index date. We
determined comorbidities according to inpatient and outpatient diagnosis files and deter-
mined other medication use according to pharmacy dispensing claims of outpatient clinics
and community pharmacies. We measured resource utilization based on records for hospital
admission and outpatient visits.

Statistical analyses. Baseline demographics, comorbidities, medication use, and resource
utilization among patients with HCV or HBV who received and did not receive antiviral ther-
apy were tabulated and compared with standardized differences, calculated as the difference in
means or proportions of a covariate between two groups divided by the pooled standard devia-
tion of the covariate. The crude incidence rates for hospitalization for all infection, specific site
of infection, and infection-related death were computed, and their 95% ClIs were estimated
based on a Poisson distribution.

We estimated baseline propensity scores (PSs) using the covariates associated with demo-
graphics, comorbidities, medication use, and resource utilization with a logistic regression
model to predict the probability of initiating the study regimen for individual patients. Given
that many more patients with HCV or HBV did not receive antiviral therapy than did receive
it, we mainly conducted a 1 to 1-5 PS matching (matching each hepatitis patient initiating
antiviral therapy to 1-5 patients who never received antiviral therapy) using a nearest-neigh-
bor algorithm with a maximum matching caliper of 0.025 on the PS scale. We assessed whether
adequate balance in covariates was achieved using standardized differences, with the values
less than 0.1 indicating good balance between comparison groups. We performed Cox propor-
tional hazard modeling to estimate the HR and the 95% ClIs for incident hospitalization for
infection comparing patients with viral hepatitis who received antiviral therapy to those who
did not in the original cohort and in the 1:1-5 PS-matched cohort.

Auxiliary analyses. Patients with viral hepatitis who received antiviral therapy differed
substantially in liver disease severity from those who did not. The parameters associated with
liver disease severity were seldom recorded in the claims database, and these factors may also
influence infection risk. For this reason, we undertook additional analyses to mitigate potential
residual confounding. We used high-dimensional PS (hd-PS) to identify and include in the PS
model an additional 100 empirically identified variables, such as whether the patients under-
went evaluation of liver enzymes, HBV/HCV viral load measurement, abdominal sonography,
and liver biopsy. The hd-PS is a semiautomated algorithm that identifies, prioritizes, and
selects for inclusion in the PS model a large number of covariates that act like confounders
based on empirical associations between treatments and outcomes. This approach is

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002894 September 13,2019 7/26


https://doi.org/10.1371/journal.pmed.1002894

@’PLOS ‘ MEDICINE

Infectious disease risk among patients with hepatitis B or C

accordingly helpful in dealing with covariates that are proxies for confounders but not pre-
specified or those that are imbalanced between treatments and outcomes because of chance
[29].

Results

Risks of infectious disease morbidity and mortality among patients with
NC-HBV or NC-HCV

A total of 115,336 participants were included in the analysis, with 100,791 NBNC participants
with normal to mildly elevated liver enzyme levels, 3,390 NBNC patients with moderate to
markedly impaired liver enzyme levels, 8,316 NC-HBYV patients, and 2,839 NC-HCV patients
(Fig 1). The mean age was 49.7 to 57.0 years among all liver disease categories, and a female
predominance pattern was noted in all but the NBNC group with moderate to markedly ele-
vated liver enzyme levels (Table 1). NBNC patients with moderate to markedly elevated liver
enzyme levels more often had obesity and consumed more alcohol, and a higher proportion of
them had hypertension and poorly controlled diabetes. NC-HCV patients were older, had
higher Charlson comorbidity scores and a lower education level, drank less, and had a higher
percentage of some comorbidities (including ischemic heart disease, congestive heart failure,
peripheral vascular disease, renal failure, dementia, chronic lung disease, stroke, peptic ulcer
disease [including those treated with gastric acid-suppressive medications: proton pump
inhibitors or H2-receptor blockers]), systemic steroid use, and hospitalization (including
because of infection or gastrointestinal bleeding) before entering the study.

The characteristics of participants who were included in the final analysis, those who were
excluded because of missing data, and the random sample of 1 million nationwide NHI benefi-
ciaries in 2010 are summarized in S2 Table. We found that participants excluded in the final
analysis were younger and thus had a lower percentage of diabetes, hypertension, ischemic
heart disease, and disorders of lipid metabolism. Compared with the random sample of 1 mil-
lion nationwide NHI beneficiaries in 2010, the study participants ultimately included had a
higher percentage of women and those ages 41 to 70 years, although similar distributions of
comorbidities were noted between included study participants and the general population.

During a median follow-up of 8.2 years, 70.9% of those categorized as NC-HCV had been
prescribed gastric acid-suppressive medications, and 7.19% had been hospitalized for gastro-
intestinal bleeding. Similarly, 75.90% and 9.09% of patients in the NC-HBVHCYV category
received acid-suppressive agents and were admitted for gastrointestinal bleeding, respectively.
In contrast, the prevalences in other categories were 61.2%-63.2% and 3.48%-3.85% in NBNC
and NC-HBYV participants, respectively. Meanwhile, 339 (12.10%) of NC-HCV and 339
(4.09%) of NC-HBYV patients received antiviral therapy for viral hepatitis during the study
period.

During follow-up, a total of 14,279 incident cases of infection leading to hospitalization
were identified (Table 2). The crude incidence rate for overall infection was 16.13 (95% CI:
15.84-16.41) and 16.04 (95% CI: 14.57-17.66) per 1,000 person-years in NBNC patients with
normal to mildly elevated and moderate to markedly elevated liver enzymes, respectively;
13.11 (95% CI: 12.27-14.01) per 1,000 person-years in NC-HBV patients; and 27.94 (95% CI:
25.74-30.32) per 1,000 person-years in NC-HCV patients. Patients infected with HCV had the
highest crude incidence rate for all infections, certain site-specific infections (especially septi-
cemia, lower respiratory tract, and reproductive and urinary tract infection), and infection-
related deaths. The event-free probabilities for overall infection and infection-related mortality
were lower in the NC-HCYV category than in other liver disease categories (Figs 2 and 3, log-
rank p < 0.0001).

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002894 September 13,2019 8/26


https://doi.org/10.1371/journal.pmed.1002894

@'PLOS ‘ MEDICINE

Infectious disease risk among patients with hepatitis B or C

People participated in the New Taipei City
Health Screening in 2005-2008 (N = 125,865)

Excluded due to:
Age<20 years (N =473)
Those who did not have baseline
measurement of viral hepatitis marker,

liver function test, serum creatinine,

BMI, and fasting glucose level (N =
5,148)

Those who did not have complete
information about cigarette smoking,
alcohol consumption, and education
level (N = 2,404)

Those who did not have any
outpatient/inpatient visit record in the
National Health Insurance Database (N
=232)

Exclude participants with liver cirrhosis

diagnosis before and after the health

screening program (N=2,085)

Excluded patients with hepatitis B and C co-
infection (N=187)

Non-cirrhotic participants included in the
analysis (N = 115,336)

Non-cirrhotic hepatitis C (N = 2,839)

Non-cirrhotic hepatitis B (N = 8,316)

No HBV and HCV infection (N =104,181)
ALT normal to 1.5x UNL (N =
100,791)

ALT > 1.5x UNL (N = 3,390)

Fig 1. Flow chart for study participants’ enrollment. ALT, alanine aminotransferase; BMI, body mass index; HBV,
hepatitis B virus; HCV, hepatitis C virus; UNL, upper normal limit.

https://doi.org/10.1371/journal.pmed.1002894.9001
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Table 1. Characteristics of study participants with different liver disease category at study entry (N = 115,336).

NBNC NC-HBV NC-HCV
ALT normal to 1.5 x UNL | ALT > 1.5 x UNL
Number 100,791 3,390 8,316 2,839
Newly diagnosed viral hepatitis* T T 75.46 70.66
Male 34.60 54.10 39.95 34.52
Age, mean (SD) 52.36 (11.77) 50.09 (10.74) 49.70 57.04
(10.91) (11.87)
20-40 15.47 20.12 20.61 7.54
41-50 31.71 31.68 36.46 23.56
51-60 29.27 31.95 26.58 31.21
61-70 15.51 12.63 11.77 23.18
71-100 8.04 3.63 4.58 14.51
BMI
Underweight 2.75 0.50 3.13 3.21
Normal 58.92 27.32 58.85 56.78
Overweight 31.93 52.01 31.60 32.90
Obesity 6.40 20.18 6.42 7.12
Cigarette smoking
Never 79.33 69.03 77.02 76.40
Quitted 6.45 10.06 6.71 6.31
Current 14.22 2091 16.27 17.29
Alcohol consumption
Never 60.78 52.48 60.03 68.47
Quitted 1.92 2.89 1.97 3.59
Regular 6.93 10.74 7.46 6.55
Sometimes 30.37 33.89 30.54 21.38
Education level
Illiterate 7.79 6.58 6.66 17.29
Literate but not attending elementary school 2.12 1.80 1.62 4.12
Elementary school 25.46 22.95 22.44 33.96
Junior high school 16.24 16.17 17.85 16.63
High school 28.19 29.09 30.48 18.63
College 18.53 21.00 19.02 8.70
Graduate school 1.68 2.42 1.92 0.67
Systemic steroid use >30 days before study beginning 1.30 1.45 0.96 2.32
History of hospitalization within 6 months before study entry 2.75 3.48 2.55 4.54
History of hospitalization within 6 months before hospitalization for infection 2.42 2.51 1.97 5.11
syndrome
History of hospitalization for infection within 6 months before study entry 0.43 0.53 0.32 0.70
Comorbidities (%)
Diabetes
Fasting glucose <90 0.18 0.21 0.14 0.35
Fasting glucose 91-130 2.13 3.57 1.54 2.85
Fasting glucose 131-200 4.61 11.92 3.56 6.34
Fasting glucose >200 1.73 4.37 1.78 2.61
Hypertension 18.71 25.37 14.65 23.99
Ischemic heart disease 6.05 6.58 4.50 8.03
Myocardial infarction 0.21 0.24 0.30 0.39
Cardiac dysrhythmia/atrial fibrillation 2.75 2.83 2.20 3.52
(Continued)
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Table 1. (Continued)

NBNC NC-HBV NC-HCV
ALT normal to 1.5 x UNL | ALT > 1.5 x UNL

Congestive heart failure 1.31 1.30 1.00 2.78
Stroke 1.38 1.50 0.89 2.57
Peripheral vascular disease 0.44 0.35 0.34 0.81
Disorders of lipid metabolism 11.87 17.37 9.11 13.70
Chronic lung disease 7.61 7.64 6.73 12.89
eGFR

>90 56.14 57.40 59.13 45.40

60-89 38.22 38.47 37.27 45.23

<59 or on dialysis therapy 5.64 4.13 3.61 9.37
Autoimmune disease 2.72 2.98 2.18 3.10
Dementia 0.23 0.15 0.06 0.63
Cancer 1.88 1.62 1.64 2.43
Human immunodeficiency virus infection <0.01 0.00 0.00 0.00
Opioid dependence or abuse <0.01%
Charlson comorbidity score 0.41 (0.86) 0.52 (0.94) 0.47 (0.84) | 0.77 (1.12)
Prior history of peptic ulcer disease within 1 year before screening program 18.11 17.52 17.71 25.36
Proton pump inhibitor or H2-receptor blocker use within 1 year before screening 16.19 16.02 16.70 21.63
program
Hospitalization for gastrointestinal bleeding within 1 year before screening program 0.31 0.21 0.28 0.95
Laboratory data (mean, SD)
Albumin (g/dL) 4.60 (0.26) 4.70 (0.28) 4.62 (0.26) 4.52 (0.28)
AST (U/L) 23.40 (6.40) 58.59 (37.24) 27.88 38.31

(19.40) (32.59)
ALT (U/L) 22.30 (9.36) 89.57 (48.49) 30.34 4281
(29.97) (49.58)

APRI 0.22 (0.11) 0.58 (0.48) 0.29 (0.27) 0.44 (0.50)
APRI category (%)$

<0.5 98.64 57.54 93.34 78.00

>0.5, <1 1.24 33.72 5.46 15.34

>1,<1.5 0.07 5.61 0.52 3.24

>1.5,<2 0.02 1.62 0.39 1.66

>2 0.02 1.51 0.29 1.76

“Newly diagnosed viral hepatitis was defined as no records of diagnostic codes regarding viral hepatitis in administrative database within 1 year before participation in

the screening program.
"Not applicable.

*The exact case numbers in either category were too small to be retrieved because of the authority’s policy regulation.
$The number of participants who had available APRI data were 100,710 for NBNC with ALT normal to 1.5x UNL, 3,387 for NBNC with ALT > 1.5x UNL, 8,309 for

NC-HBV, and 2,836 for NC-HCV.

Abbreviations: ALT, alanine aminotransferase; APRI, AST to Platelet Ratio Index; AST, aspartate transaminase; BMI, body mass index; eGFR, estimated glomerular
filtration rate; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, no HBV or HCV infection; NC-HBV, noncirrhotic with HBV infection; NC-HCV, noncirrhotic

with HCV infection; UNL, upper normal limit

https://doi.org/10.1371/journal.pmed.1002894.t001

Table 3 presents results from the Cox proportional hazard regression analysis that used

NBNC participants with normal to mildly elevated liver enzyme levels as a reference group.
After controlling for important risk factors, NC-HCV patients had a significantly increased
risk for overall infection (adjusted HR: 1.22; 95% CI: 1.12-1.33) but not for infection-related
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Table 2. Follow-up duration, number of incident cases, and crude incidence of hospitalization for infection syndrome and infection-related mortality

(N =115,336).

NBNC NC-HBV NC-HCV
ALT normal to 1.5 x UNL ALT > 1.5 x UNL
N 100,791 3,390 8,316 2,839
Follow-up duration
Total person-years 770,446 25,929 66,122 20,476
Median follow-up years (interquartile range) 8.18 (2.39) 8.15(1.92) 9.05 (2.92) 7.64 (2.50)
Hospitalization for infection
All infections
Number of incidence cases 12,424 416 867 572

Crude incidence rate’

16.13 (15.84-16.41)

16.04 (14.57-17.66)

13.11 (12.27-14.01)

27.94 (25.74-30.32)

Septicemia

Number of incidence cases

2,180

64

135

112

Crude incidence rate’

2.83 (2.71-2.95)

2.47 (1.93-3.15)

2.04 (1.72-2.42)

5.47 (4.55-6.58)

Lower respiratory tract

Number of incidence cases

3,508

93

208

182

Crude incidence rate”

4.55 (4.40-4.71)

3.59 (2.93-4.40)

3.15 (2.75-3.60)

8.89 (7.69-10.28)

Intra-abdominal

Number of incidence cases

1,619

77

110

63

Crude incidence rate’

2.10 (2.00-2.21)

2.97 (2.38-3.71)

1.66 (1.38-2.01)

3.08 (2.40-3.94)

Reproductive and urinary tract

Number of incidence cases

4,949

151

373

235

Crude incidence rate’

6.42 (6.25-6.61)

5.82 (4.97-6.83)

5.64 (5.10-6.24)

11.48 (10.10-13.04)

Skin and soft tissue

Number of incidence cases

1,594

57

116

55

Crude incidence rate”

2.07 (1.97-2.17)

2.20 (1.70-2.85)

1.75 (1.46-2.10)

2.69 (2.06-3.50)

Osteomyelitis

Number of incidence cases

228

8

11

9

Crude incidence rate’

0.3 (0.26-0.34)

0.31 (0.15-0.62)

0.17 (0.09-0.30)

0.41 (0.21-0.79)

Necrotizing fasciitis

Number of incidence cases 46 NA* NA* 3

Crude incidence rate’ 0.06 (0.04-0.08) NA* NA* 0.15 (0.05-0.45)
Infectious intestinal diseases

Number of incidence cases 333 10 22 16

Crude incidence rate’

0.43 (0.39-0.48)

0.39 (0.21-0.72)

0.33 (0.22-0.51)

0.73 (0.45-1.19)

Infection-related deaths

Number of cases

369

11

17

26

Crude mortality rate”

0.45 (0.41-0.50)

0.40 (0.22-0.72)

0.25 (0.15-0.39)

1.27 (0.86~1.86)

*Total case number of necrotizing fasciitis among participants without viral hepatitis but with moderate-to-marked impaired liver function and those with NC-HBV

was 4. The exact case number in each category could not be retrieved because of the authority’s policy regulation.

Crude incidence rate or mortality rate per 1,000 person-years.
Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; NA, not applicable; NBNC, no HBV or HCV infection; NC-HBV,

noncirrhotic with HBV infection; NC-HCV, noncirrhotic with HCV infection; UNL, upper normal limit

https://doi.org/10.1371/journal.pmed.1002894.t002

mortality (adjusted HR: 1.37; 95% CI: 0.92-2.05). Significantly increased risks were also found
for septicemia and lower respiratory tract, reproductive, and urinary tract infections. In con-
trast, NBNC patients with moderate to markedly elevated liver enzyme levels and NC-HBV
patients were not associated with overall infections. The adjusted HR for hospitalization for
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Fig 2. The Kaplan-Myer curves for the incidence of any hospitalization due to infection in different liver disease
categories. The red line (“no HBV or HCV infection ALP normal to 1.5xUNL”) represents NBNC participants with normal
to mildly elevated liver enzyme; the green line (“no HBV or HCV infection ALP > 1.5x UNL”) represents NBNC participants
with moderate to markedly elevated liver enzyme; the blue line (“non-cirrhotic Hepatitis B”) represents patients with
NC-HBV; and the orange line (“non-cirrhotic Hepatitis C”) represents patients with NC-HCV. ALT, alanine
aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; UNL, upper normal limit.

https://doi.org/10.1371/journal.pmed.1002894.9002

overall infection was 0.94 (95% CI: 0.88-1.01) for the NC-HBV group and 1.03 (95% CI: 0.93-
1.14) for NBNC with moderate to markedly elevated ALT levels. Being in these two groups
was not associated with a higher risk for any site-specific infection or infection-related death.
Similar results were found in the sensitivity analysis that adjusted for categorical BMI and con-
tinuous FPG and eGFR; excluded high-risk populations, such as those with human immuno-
deficiency virus infection, opioid dependence or abuse, dialysis, or high APRI; excluded
patients receiving treatment during follow-up; and additionally controlled for Charlson
comorbidity score (5456 Tables).

In the analyses exploring possible factors associated with increased susceptibility to infec-
tion in NC-HCV patients, consistently elevated risks for hospitalizations from all infections
were noted regardless of ALT level and APRI (S7 Table). With regard to alcohol use, those
who reported never drinking alcohol still had a significantly increased risk for overall infec-
tion. Otherwise, patients with low APRI had a higher risk for infection-related mortality
(adjusted HR: 2.23; 95% CI: 1.35-3.69). Because of small patient numbers after stratification,
no precise estimation was possible, especially for the risk of site-specific infections.

In the subgroup analysis, the association between NC-HCV and overall infection was statis-
tically significant in patients aged over 50 years (S8 and S9 Tables). Otherwise, no obvious
effect modification by sex was noted in patients with HCV with regard to overall hospitalized
infection and infection-related mortality (510 and S11 Tables).
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Fig 3. The Kaplan-Myer curves for infection-related mortality in different liver disease categories. The red line (“no
HBV or HCV infection ALP normal to 1.5x UNL”) represents NBNC participants with normal to mildly elevated liver
enzyme; the green line (“no HBV or HCV infection ALP > 1.5x UNL”) represents NBNC participants with moderate to
markedly elevated liver enzyme; the blue line (“non-cirrhotic Hepatitis B”) represents patients with NC-HBV; and the orange
line (“non-cirrhotic Hepatitis C”) represents patients with NC-HCV. ALT, alanine aminotransferase; HBV, hepatitis B virus;
HCV, hepatitis C virus; UNL, upper normal limit.

https://doi.org/10.1371/journal.pmed.1002894.9003

Evaluate the impact of anti-HCV treatment on the risks for infectious
diseases morbidity and mortality

The impact of HCV antiviral treatment on infection risks. We identified 124,624 eligible
patients with HCV (20,264 initiated the study regimen of ribavirin plus peg-interferon o-2b or
ribavirin plus peg-interferon a-2a and 104,360 patients did not receive antiviral therapy) (Fig 4).

Before PS matching, patients with chronic HCV initiating antiviral therapy were younger,
more likely to be men, and more likely to have moderate-severe liver disease and peptic ulcer
disease, but they were less likely to have comorbidities such as congestive heart failure, stroke,
chronic lung disease, and dementia and thus had a lower Charlson comorbidity score. Mean-
while, patients receiving treatment for HCV were less likely to have experienced hospitaliza-
tion because of infection-related episodes but more likely to have had hospitalizations because
of liver disease-related episodes compared to patients who did not receive antiviral therapy
(S12 Table).

To further explore the potential differences in baseline characteristics between patients with
treated versus untreated HCV, we also analyzed data from the New Taipei City Health Screen-
ing Program. Patients with HCV who received antiviral therapy were more likely to have a
higher education level and higher eGFR, although they also had higher liver enzymes and
APRI scores compared with patients with untreated HCV (S3 Table).
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Table 3. The association between different liver disease categories and risk of hospitalization for infection syndrome and infection-related mortality compared
with NBNC patients with normal to mildly elevated liver enzyme levels (N = 115,336).

Hospitalization for infection NBNC NC-HBV NC-HCV
ALT normal to 1.5 x UNL ALT > 1.5 x UNL
HR Crude HR Adjusted HR* Crude HR Adjusted HR* Crude HR Adjusted HR*
All infections 1.0 (Reference) 1.00 (0.90- 1.03 (0.93- 0.80 (0.75- 0.94 (0.88- 1.74 (1.60- 122 (1.12-
1.10) 1.14) 0.86) 1.01) 1.89) 1.33)
Septicemia 1.0 (Reference) 0.87 (0.68- 0.96 (0.75- 0.71 (0.59- 0.89 (0.75- 1.95 (1.61- 1.26 (1.04-
1.12) 1.23) 0.84) 1.06) 2.36) 1.53)
Lower respiratory tract 1.0 (Reference) 0.79 (0.64- 1.02 (0.83- 0.68 (0.59- 0.90 (0.78- 1.96 (1.69- 1.25 (1.08-
0.97) 1.25) 0.78) 1.04) 2.28) 1.45)
Intra-abdominal 1.0 (Reference) 1.41 (1.13- 1.25 (0.99- 0.79 (0.65- 0.81 (0.67- 1.47 (1.14- 1.22 (0.95-
1.78) 1.58) 0.95) 0.99) 1.89) 1.58)
Reproductive and urinary 1.0 (Reference) 0.91 (0.77- 0.95 (0.81- 0.87 (0.78- 1.00 (0.90- 1.79 (1.57- 1.28 (1.12-
tract 1.07) 1.12) 0.96) 1.11) 2.04) 1.46)
Skin and soft tissue 1.0 (Reference) 1.06 (0.82- 0.85 (0.65- 0.85 (0.70- 0.97 (0.80— 1.30 (0.99- 0.93 (0.71-
1.38) 1.12) 1.02) 1.17) 1.70) 1.22)
Osteomyelitis 1.0 (Reference) 1.05 (0.52— 1.01 (0.50- 0.55 (0.30— 0.66 (0.36— 1.48 (0.76— 0.94 (0.48-
2.12) 2.07) 1.01) 1.20) 2.88) 1.84)
Necrotizing fasciitis 1.0 (Reference) 0.65 (0.09- 0.43 (0.06- 0.76 (0.24- 0.86 (0.27- 2.44 (0.76- 1.57 (0.48-
4.69) 3.16) 2.44) 2.77) 7.86) 5.11)
Infectious intestinal diseases 1.0 (Reference) 0.89 (0.48- 0.91 (0.48- 0.76 (0.49- 0.83 (0.54- 1.81 (1.10- 1.37 (0.83-
1.68) 1.71) 1.17) 1.28) 2.99) 2.28)
Infection-related deaths 1.0 (Reference) 0.89 (0.49- 1.52 (0.83- 0.50 (0.31- 0.87 (0.53— 2.58 (1.73- 1.37 (0.92-
1.62) 2.79) 0.82) 1.41) 3.84) 2.05)

*Adjusted for continuous age, sex, BMI (spline function with 3 knots), smoking (current, noncurrent), alcohol consumption, education level, FPG (categorical), eGFR
(categorical), systemic steroids use >30 days before study entry, and history of hospitalization within 6 months before hospitalization for infection syndrome.
Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HBV, hepatitis B virus;
HCV, hepatitis C virus; HR, hazard ratio; NBNC, no HBV or HCV infection; NC-HBV, noncirrhotic with HBV infection; NC-HCV, noncirrhotic with HCV infection;
UNL, upper normal limit

https://doi.org/10.1371/journal.pmed.1002894.t003

In the PS-matching analysis that included 68,723 HCV-infected patients (16,558 initiated
with antiviral therapy and 52,165 untreated patients), improvement of balance in baseline
characteristics was observed between two comparison groups.

The median follow-up time was 4.2 years for HCV-infected patients who received antiviral
therapy and 4.1 years for patients with untreated HCV (S13 Table). The crude incidence rate
of hospitalization for all infections was substantially lower among patients with HCV who
received antiviral therapy (14.87; 95% CI: 14.09-15.69 per 1,000 person-years) compared with
those who did not receive antiviral therapy (25.99; 95% CI: 25.52-26.47 per 1,000 person-
years). Lower crude incidence rates were also noted among treated patients with HCV and cer-
tain site-specific infections (septicemia, lower respiratory tract, reproductive/urinary tract and
skin and soft tissue infection). After PS matching, the adjusted incidence rates of overall infec-
tion and some site-specific infection—including septicemia and lower respiratory tract and
reproductive/urinary tract infection—remained lower in the treated group compared with the
untreated group. Patients with treated HCV also had lower infection-related mortality rates
compared with the untreated group both before (0.13 [95% CI: 0.07-0.22] versus 3.31 [95% CI:
3.15-3.48] per 1,000 person-years) and after (0.13 [95% CI: 0.05-0.33 versus 1.32 [95% CI:
1.18-1.47] per 1,000 person-years) PS matching.

Table 4 presents results from the Cox proportional hazard regression analysis in which
HCV-infected patients who did not receive antiviral therapy were considered a reference
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Patients with hepatitis B or C virus infection
identified from the nationwide National Health
Insurance Research Database between January 1
2004 and December 31 2014 (N=1,586,057)

Excluded due to

® Age<20 years or undetermined gender
(N=30,256)

® Patients who already had outpatient or
inpatient diagnosis of disease during the study
period:
- Human immunodeficiency virus infection

(N=9,007)
- Opioid dependence or abuse (N=11,706)
- Organ transplantation (N=51,383)
- Cancer (N=290,572)
- Alcoholism-associated disorders (N=74,044)
- Systemic autoimmune diseases (N=105,764)
- Organ specific autoimmune disease (N=
72,712)

- Liver cirrhosis (N=57,037)
- Dialysis (N=8237)

® Patients who were censored on the index date
(N=1,266)

® Patients who had both hepatitis B and C
infection (N=52,502)

® Prevalent users of antiviral therapy (N=2,975)

Potential study population
Patients with hepatitis C who received antiviral
therapy (N=21,752)
®  Ribavirin plus peginterferon a-2b or
ribavirin plus peginterferon a-2a (N=
20,264)
Patients with hepatitis C who did not receive
antiviral therapy (N = 104,360)

Patients with hepatitis B who received antiviral
therapy (N=31,148)
®  [amivudine or tenofovir or entecavir
or telbivudine (N= 25,453)
Patients with hepatitis B who did not receive
antiviral therapy (N = 661,336)

Fig 4. Assembly of study cohorts that evaluate the impact of antiviral treatment on the risks for infectious diseases morbidity and
mortality in HCV and HBV patients.

https://doi.org/10.1371/journal.pmed.1002894.g004
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Table 4. Risk of hospitalization for infection syndrome and infection-related mortality comparing HCV patients who received antiviral therapy with those who did
not receive antiviral therapy.

Hospitalization for HCV patients who did not receive HCYV patients who received antiviral therapy

infection antiviral therapy

HR HR before PS matching HR after PS matching HR after hd-PS matching

(95% CI) (95% CI) (95% CI)

All infections Reference 0.57 (0.54-0.60) 0.79 (0.73-0.84) 0.88 (0.82-0.94)
Septicemia Reference 0.45 (0.40-0.51) 0.71 (0.61-0.82) 0.86 (0.74-1.01)
Lower respiratory tract Reference 0.37 (0.34-0.42) 0.58 (0.51-0.66) 0.69 (0.60-0.78)
Intra-abdominal Reference 0.88 (0.75-1.03) 0.97 (0.80-1.18) 0.97 (0.79-1.18)
Reproductive and urinary Reference 0.50 (0.46-0.56) 0.82 (0.74-0.92) 0.93 (0.83-1.04)
tract
Skin and soft tissue Reference 0.73 (0.63-0.84) 0.80 (0.68-0.95) 0.91 (0.77-1.09)
Osteomyelitis Reference 0.88 (0.61-1.29) 1.15 (0.75-1.78) 1.28 (0.82-2.01)
Necrotizing fasciitis Reference 0.49 (0.27-0.89) 0.47 (0.23-0.93) 0.41 (0.17-0.98)
Infectious intestinal Reference 1.06 (0.83-1.37) 1.13 (0.84-1.54) 1.24 (0.91-1.70)
diseases
Infection-related deaths Reference 0.04 (0.02-0.07) 0.08 (0.04-0.16) 0.13 (0.07-0.25)

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; hd-PS, high-dimensional propensity score; HR, hazard ratio; PS, propensity score

https://doi.org/10.1371/journal.pmed.1002894.1004

group. After PS matching, among patients with HCV, having received antiviral therapy was
associated with a significantly reduced risk for hospitalization for all infections (HR: 0.79; 95%
CI: 0.73-0.84) and infection-related deaths (HR: 0.08; 95% CI: 0.04-0.16). Lower risks were
also found for many site-specific infections—including septicemia; lower respiratory tract,
reproductive, urinary tract, and skin and soft tissue infections; and necrotizing fasciitis. As
noted, we also performed an analysis aimed at reducing residual confounding by hd-PS, with
better comparability in terms of baseline characteristics among comparison groups. In this
analysis, although risk estimates shifted more toward the null, a consistent reduction in risks
of hospitalization for all infections (adjusted HR: 0.88; 95% CI: 0.82-0.94) and infection-
related deaths (adjusted HR: 0.13; 95% CI: 0.07-0.25) was still found in patients with HCV
treated by antiviral therapy compared with untreated patients.

The impact of HBV antiviral treatment on infection risks. A total of 686,789 eligible
patients with HBV (25,453 who initiated the study regimen of lamivudine, tenofovir, entecavir,
or telbivudine and 661,336 who did not receive antiviral therapy) were included in the analysis
(Fig 4). Patients receiving anti-HBV treatment were younger and predominantly male, were
more likely to have moderate-severe liver and peptic ulcer disease, and had a slightly higher
Charlson comorbidity score compared with patients whose HBV was untreated (S14 Table).
They were also more likely to have experienced any cause of hospitalization or hospitalization
because of infection, liver disease, and gastrointestinal bleeding compared to patients who did
not receive antiviral therapy. Similar to patients treated for HCV, in the analysis of data from
the New Taipei City Health Screening Program, patients with treated HBV were more likely to
have a higher education level, although they also had higher liver enzyme values and APRI
scores compared with untreated patients (S3 Table). A better balance of baseline characteristics
between treated and untreated groups was reached after matching with PS and hd-PS.

With a median follow-up of 4.4 years, the crude incidence of overall hospitalization for
infection was 8.71 (95% CI: 8.20-9.25) per 1,000 person-years for patients with HBV who
received antiviral therapy and 9.09 (95% CI: 8.98-9.19) per 1,000 person-years for untreated
patients, lower than that for the HCV-infected population (S15 Table). A higher crude
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incidence for reproductive/urinary tract and skin/soft tissue infection was observed among
patients with HBV who did not receive antiviral therapy. The incidence rates of overall infec-
tion after matching for PS and hd-PS were 8.56 (95% CI: 8.04-9.63) and 8.62 (95% CI: 8.09-
9.18) per 1,000 person-years, respectively, for patients with HBV who received antiviral ther-
apy and 10.48 (95% CI: 9.93-11.06) and 10.08 (95% CI: 9.54-10.66) per 1,000 person-years for
untreated patients. A higher incidence rate for skin and soft tissue infection was still noted
among patients who did not receive antiviral therapy after PS matching.

Compared with untreated patients with HBV, patients treated for HBV infection had
reduced risks for hospitalization for all infections after matching for PS (adjusted HR: 0.80;
95% CI: 0.73-0.87) and hd-PS (adjusted HR: 0.83; 95% CI: 0.76-0.90) (S16 Table). With regard
to site-specific infections, a decrease in risk for lower respiratory tract (adjusted HR: 0.80; 95%
CI: 0.73-0.87) and skin and soft tissue infection (adjusted HR: 0.53; 95% CI: 0.43-0.65) was
observed in patients with HBV receiving antiviral therapy after matching for PS. Similar results
were found in the analysis matching for hd-PS. A lower risk for infection-related death was
also observed by hd-PS analysis in patients treated for HBV.

Discussion

In this community-based cohort study of volunteers participating in a health screening pro-
gram, the presence of a NC-HCV infection conferred a greater risk for hospitalization for
overall infections, including sepsis and different infection syndromes, particularly among
those over age 50. In contrast, no increased risk for infection-related hospitalization was
observed in the NC-HBV and NBNC groups with moderate to markedly elevated ALT levels,
most of whom had alcoholic or fatty liver disease.

Because of the mechanism of immune dysfunction (portosystemic shunting, defective cellu-
lar defense, and low complement levels), along with excessive activation of pro-inflammatory
cytokines, patients with liver cirrhosis are immunocompromised and susceptible to infections
[5,6]. We also observed a higher risk for infection in patients in the NC-HCV category. As
shown in our exploratory stratified analysis, the elevated risk was independent of ALT level or
APRI, which serve as markers of liver injury and fibrosis, respectively. These results suggest a
possible unique role for HCV in causing immune dysfunction. Studies have uncovered several
alterations associated with peripheral immune depression in patients with HCV infection,
including depressed phagocytosis and the killing capacity of polymorphonuclear cells and
monocytes; reduced CD3+, CD8+, and CD16+ cell counts; impaired CD4+CD8+-dependent
antibacterial activity; and dendritic cell decrease/dysfunction [8-10]. Dolganiuc and colleagues
found a unique pattern of Toll-like receptor (TLR) expression in monocytes and T lympho-
cytes, by which pathogens are recognized to shape the innate and adaptive immune responses,
along with elevated TLR RNA expression, which may contribute to susceptibility to infections
in patients infected with HCV [11]. Inhibition of the complement system and functional
impairment of the membrane attack complex were also noted in patients infected with HCV
[12]. Other factors attributed to increased infection risks include receiving interferon-based
therapy for viral hepatitis that commonly causes the adverse events of neutropenia and clini-
cally significant infections [30-32]. In our study, only 6% of patients in the NC-HBV and
NC-HCV categories received antivirals—including interferon-based therapy—during the
study period. However, after excluding those receiving antiviral therapy during follow-up, a
consistently increased risk for overall infection was observed among patients with HCV (S6
Table). Additionally, gut dysbiosis and increased bacterial translocation may play a role in
explaining the increased risk of infection in patients infected with HCV [33,34]. One study
demonstrated a higher change in gut microbiota in cirrhotic patients with HCV compared
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with those with cirrhosis and HBV [35]. Finally, although the pattern of HCV transmission in
Taiwan is mainly iatrogenic and less commonly associated with high-risk behaviors (e.g., illicit
drug use, high-risk sexual behavior), shared risk factors such as low socioeconomic status, pov-
erty, or frequent exposure to medical injection or acupuncture may also predispose these
patients to clinically generalized or localized infections.

Few clinical research studies have extensively evaluated the association between HCV infec-
tion and the risk of sepsis and specific infection syndromes. Only one study examined the risk
of several predefined infections among HCV-infected patients. In a large, hospital-based case-
control study based on veterans, El-Serag and colleagues reported that patients with HCV, with
or without cirrhosis, had a significantly higher prevalence of other blood-borne viral infections,
immunodeficiency-related infections, tuberculosis, sexually transmitted diseases, and bacterial
infections than patients without HCV infections [7]. Although the sample was predominantly
male and possibly had different patterns of HCV transmission [36], the study presented the
same argument: that HCV infection may be associated with certain infections, including bacte-
rial, viral, or fungal infections. Other studies have demonstrated that HCV infection is a prog-
nostic or risk factor for some pathogen-specific infections. Among patients hospitalized with
invasive pneumococcal disease, Marrie and colleagues found that the existence of anti-HCV
antibodies was associated with a higher risk of in-hospital mortality and complications [13]. In
a population-based surveillance study in the Calgary Health Region, Canada, patients with
HCV had a 5-fold increased relative risk for Staphylococcus aureus bacteremia [15]. The pres-
ence of HCV seropositivity is a risk factor for bloodstream or bacterial infections following cer-
tain procedures, including hemodialysis via tunneled vascular access catheters [18], kidney
transplantation [21], transjugular intrahepatic portosystemic shunting [20], and allogeneic
hematopoietic cell transplantation [19]. In addition, HCV is suspected as a risk factor or a com-
mon coexisting condition for skin/soft tissue infection and necrotizing fasciitis [16,17,23]. Our
study showed a nonsignificant increase in the risk for necrotizing fasciitis.

Although more cases are needed for a precise estimate of some site-specific or localized
infections, our research suggested that in addition to bloodstream infections, HCV-infected
patients might also be prone to certain individual sites of infections such as lower respiratory
and reproductive/urinary tract infections, and probably necrotizing fasciitis. Thus, as sug-
gested in guidelines of infection prevention for patients with cirrhosis, avoidance of raw or
uncooked foods—especially seafood—and close contact with at-risk animals or sick people
and wound exposure to flood or seawater may be applicable to patients with HCV [6]. Health-
care professionals should encourage HCV-infected patients to employ preventive strategies to
reduce the risk for infection and to take special precautions when encountering patients with
HCV who have initial symptoms of infection. Screening for HCV might be considered if
patients exhibit the clinical phenomena of immune dysfunction such as recurrent episodes of
systemic or site-specific infections. Whether vaccination against the influenza virus and inva-
sive pneumococcal disease will attenuate infection-related mortality and morbidity among
patients with HCV needs to be rigorously evaluated in the future.

Little is known about the risk of infection among patients with nonalcoholic fatty liver dis-
ease (NAFLD). However, some studies have suggested a higher risk of bacterial infection
among these patients through the mechanisms of diabetes and obesity, which are shared risk
factors with NAFLD and, probably, altered immunity [37,38]. Changes in gut microbiota, bac-
terial overgrowth, increased gut permeability, and increased lipopolysaccharide levels have
also been described in patients with nonalcoholic steatohepatitis (NASH), with reports of
increasing risks of endotoxemia and primary bacteremia of gastrointestinal origin [39-41]. In
our study, the incidence and risk for overall infection-related hospitalization was not higher
among NBNC patients with moderate to markedly elevated liver enzyme levels (presumed
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NASH) compared with those with normal liver enzymes. However, a higher crude incidence
for intra-abdominal infection was noted, but the increased risk was no longer statistically sig-
nificant after adjustment for important risk factors such as diabetes. Because the study partici-
pants were volunteers from a health screening service and were relatively healthy and more
health-conscious (only 20% of participants had obesity and had diabetes among NBNC
patients with moderate to markedly elevated liver enzyme levels), further studies focusing on
high-risk patients are needed to examine the risk of infection among patients with NASH.

In our analyses examining the impact of antiviral therapy on infection risks, patients with
HCV who received ribavirin plus peg-interferon therapy, compared to untreated patients with
HCV, had reduced risks for hospitalization for all infections, many site-specific infections, and
infection-related deaths. Although the apparent negative association among patients treated
for HCV can be interpreted as the effect of antiviral therapy on infection risks, other possible
explanations may include a better care quality for these patients, because a similar risk reduc-
tion also emerged in a comparison of patients with HBV who were treated compared with
those who were untreated. Furthermore, although we applied a hd-PS matching technique to
control baseline differences between comparison groups, we cannot exclude the possibility
that residual confounding factors—such as fewer comorbid diseases or higher education level
or socioeconomic status—may also have played a role in the observed association between
patients receiving treatment for HCV and having reduced risks for hospitalization for infec-
tion and infection-related mortality. Further investigation regarding the effect of antiviral ther-
apy on infection risks for patients with HCV, including the effect of novel DAAs, are needed.

The strength of this study included the use of community-based health screening data from
a large number of participants, with long follow-up. Thus, with sufficient information on
patient lifestyle and laboratory data, we could extensively evaluate the risk for infection among
patients in the different liver disease categories and further explore possible mechanisms of
action. With the linkage to the administrative database, prolonged longitudinal follow-up for
any clinically significant infection event, with very low missing rate, would be possible.

However, the study had several limitations. First, the definition of HCV infection was based
on anti-HCV seropositivity in our study, and it is likely that most patients were chronically
infected after their initial HCV exposure. The risk of infection associated with active HCV
[42], different HCV subtypes, and viral load needs further investigation [43-45]. Second,
although 75.5% and 70.1% of NC-HBV and NC-HCYV patients were newly diagnosed with
viral hepatitis at this screening service, we did not have information about the number of years
that patients had been living with HBV or HCV because the clinical symptoms after infection
are usually vague and nonspecific. Third, participants were grouped and analyzed according to
baseline information and laboratory data. Because no subsequent data were available during
follow-up, we could not exclude the possibility that patients with HCV infection progressed
more rapidly to liver cirrhosis than those in other liver disease categories; such a change could
have contributed to the increased infection risks. However, in our analysis excluding high-risk
patients for liver cirrhosis (APRI > 1.5 at baseline) or focusing on patients with low baseline
APRI, we found consistently elevated risks for hospitalization because of infections and a nota-
bly increased risk for infection-related death in patients with low APRI among HCV-infected
patients, suggesting a mechanism independent of the extent of liver fibrosis. Otherwise, as the
Kaplan—-Meier curves for overall infection indicate, the separation of curves between NC-HCV
and the reference category appeared early after study initiation and persisted until the end.
Visualizing a stable risk difference over time implies a minor role of interval fibrosis progres-
sion in the increased infection risk among HCV-infected patients, by which a back-loaded
curve would be observed. Fourth, the occurrence of any hospitalization for infection, as well as
existing comorbidities, was based on ICD-9-CM codes from inpatient and outpatient records;
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thus, there might be inaccuracies from the diagnosis, coding, or reporting. Nevertheless, the
misclassification should be nondifferential and would bias the results toward the null. Fifth, we
could not identify the pathogen or the source (e.g., originally from the community or as an
opportunistic infection during hospitalization) associated with each infection episode, and the
cases of certain site-specific infections were too few to make a precise estimate. Sixth, although
we adjusted for crucial variables associated with susceptibility to infection in our analysis, there
may be residual confounding from old age, frailty, vaccination status, or poor general health sta-
tus. Also, we could not exclude the possibility that the higher risk for lower respiratory tract
infection may result from a higher prevalence of patients with HCV receiving gastric acid-sup-
pressive agents or who were hospitalized for gastrointestinal bleeding [46]. Seventh, we used
self-reported BMI to control for the potential influence of adiposity on infection risk in the
present analysis. Studies have suggested that men tend to overreport their heights and women
tend to underreport their weights. Meanwhile, BMI cannot distinguish between weight from

fat and weight from muscle and bone [47]. Eighth, our results were based on data from a
health-screening program in New Taipei City, from which—according to the protocol for
enrollment—patients with liver cirrhosis and missing data on baseline or follow-up information
were excluded. Because the missing rate was low (6% of missing on baseline and <0.2% on fol-
low-up information) and reasons underlying the missing data were likely to be independent of
both exposure categories and the outcome, the bias from missing data should be negligible.
However, the volunteers were thought to be relatively healthier and have a higher health liter-
acy. The results might not be generalizable to the general population. Lastly, we could not evalu-
ate the effect of DAA treatment on infection risk based on current data because the study
period (2005-2014) pre-dated the NHI reimbursement of DAAs since 2017.

In addition to patients with liver cirrhosis, patients infected with HCV and without cirrhosis
had a higher risk for generalized and some site-specific infections. These results suggest that
special precautions should be taken when an HCV-infected patient presents with initial symp-
toms of clinical infection. Furthermore, large-scale population-based studies are needed to eval-
uate the effectiveness of certain infection-prevention strategies (e.g., preventive antibiotic use,
vaccination) or DAA therapy in reducing the risk of infection in this patient population.
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