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1  | INTRODUC TION

The SARS-CoV-2 pandemic has affected nearly every country 
and territory in the world. The primary target organ for SARS-
CoV-2 infection is the respiratory system. However, short- and 

long-term effects on multiple other organ systems have now been 
well documented, including effects on cardiovascular,1 renal,2 gas-
trointestinal,3 hepatic,3,4 endocrine5 and neurologic systems.6,7 
Gastrointestinal symptoms have been described in up to 15% of pa-
tients and abnormal liver enzymes in up to 36% of the hospitalized 
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Abstract
Background: Impact of SARS-CoV-2 infection upon hospitalization, intensive care 
unit (ICU) admissions and mortality in persons with hepatitis C virus (HCV) infection 
is unknown.
Methods: We used the Electronically Retrieved Cohort of HCV infected Veterans 
(ERCHIVES) database to determine the impact of HCV infection upon the rates of 
acute care hospitalization, ICU admission and all-cause mortality. We identified 
Veterans with chronic HCV infection and propensity score matched controls without 
HCV in ERCHIVES. We excluded those with HIV or hepatitis B virus coinfection.
Results: We identified 975 HCV+ and 975 propensity score matched HCV− persons 
with SARS-CoV-2 infection. Mean FIB-4 score (±SD) was higher in those with HCV 
(1.9 ± 2.1 vs 1.2 ± 0.9; P <  .0001) and a larger proportion of those with HCV had 
cirrhosis (8.1% vs 1.4%; P < .0001). A larger proportion of HCV+ were hospitalized 
compared to HCV- (24.0% vs 18.3%; P = .002); however, those requiring ICU care and 
mortality were also similar in both groups (6.6% vs 6.5%; P = .9). Among those with 
FIB-4 score of 1.45-3.25, hospitalization rate/1000-person-years was 41.4 among 
HCV+ and 20.2 among HCV−, while among those with a FIB-4 > 3.25, the rate- was 
9.4 and 0.6 (P < .0001). There was no difference in all-cause mortality by age, gender, 
FIB-4 score, number of comorbidities or treatment with remdesivir and/or systemic 
corticosteroids.
Conclusions: HCV+ persons with SARS-CoV-2 infection are more likely to be admit-
ted to a hospital. The hospitalization rate also increased with higher FIB-4 score. 
However, admission to an ICU and mortality are not different between those with 
and without HCV infection.
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patients.8,9 Conversely, patients with pre-existing cirrhosis are at 
a higher risk of liver function deterioration and higher mortality.10 
The effect of hepatitis C virus (HCV) infection upon the severity of 
SARS-CoV-2 infection is not known. We recently demonstrated that 
persons with HCV are infrequently tested for SARS-CoV-2 infec-
tion with a positivity rate of 6.2% among those who were tested.11 
Several reports have suggested that newer antiviral agents for HCV 
may also be effective against SARS-CoV-2.12,13 However, no clinical 
studies have assessed the impact of HCV upon severity of SARS-
CoV-2 illness, rate of hospitalization and mortality compared with 
an appropriately matched population without HCV infection. We 
sought to determine these outcomes in a population of Veterans 
with HCV infection and propensity score matched controls without 
HCV infection.

2  | METHODS

2.1 | Data sources

We used the Electronically Retrieved Cohort of HCV Infected 
Veterans (ERCHIVES) for the current study. Creation of ERCHIVES 
has been described in numerous previous publications.11,14-19 Data 
are updated annually to include Veterans with newly diagnosed 
HCV and corresponding controls. Briefly, all Veterans with a posi-
tive HCV antibody test from 2001 onwards are identified through 
the VA Corporate Data Warehouse (VA CDW). Age, gender and race 
matched controls are identified based on a negative HCV antibody 
test in the same year. Clinical, laboratory, pharmacy, anthropometric 
and vital signs data are retrieved for each case and control using es-
tablished definitions and algorithms. Smoking status was retrieved 
from the Health Factors Dataset (Ref).

2.2 | Definitions

The diagnosis of SARS-CoV-2 infection was confirmed from the 
VA CDW, where a standard nasopharyngeal swab is tested using 
RT-PCR to confirm the diagnosis.11 If multiple tests were done on a 
single individual, any positive test was considered to be a positive 
diagnosis for SARS-CoV-2 infection, with first positive test used as 
the index date. Each individual could be entered into the respec-
tive study group only once. Presence of comorbidities was defined 
using established and published definitions based on International 
Classification of Diseases, 9th or 10th edition (ICD-9/10) diag-
nostic codes, laboratory values and/or pharmacy prescription for 
specific conditions.14-19 Liver fibrosis stage was calculated using 
the FIB-4 score using an average of two values closest to, but be-
fore baseline. Treatment for SARS-CoV-2 infection was defined as 
prescription of 2 or more doses of remdesivir or systemic corti-
costeroids after a positive SARS-CoV-2 test. Smoking status was 

categorized into current, past or never smoker, as listed in the 
Health Factors Dataset.

2.3 | Cohort construction

Within the ERCHIVES database, we identified all Veterans with a posi-
tive HCV antibody and at least one positive HCV RNA. We excluded 
those with HIV or HBV coinfection at any time point. For each person 
with HCV and a positive SARS-CoV-2 test, we identified one propen-
sity score matched control with at least one confirmed negative HCV 
antibody test or undetectable HCV RNA who remained negative dur-
ing the duration of recorded follow-up. Propensity score matching was 
based on age, race, gender, body mass index, and presence of hyper-
tension, diabetes, coronary artery disease, stroke or cancer, smoking 
status and alcohol use. We used the nearest-neighbour matching (1:1) 
technique with a calliper of 0.25 standard deviation.

2.4 | Primary outcomes

Primary outcome measures were hospitalization and all-cause mor-
tality. Hospitalization was treated as a binary variable and defined as 
any admission to an acute care facility that occurred within 14 days 
after a positive SARS-CoV-2 test. Hospitalization was subdivided 
into those who were admitted to an acute care unit with no intensive 
care unit (ICU) stay and those who were admitted or transferred to 
an ICU setting for any duration of time.

2.5 | Statistical analyses

Baseline characteristics of those with and without HCV were com-
pared using the chi-squared or student's t-test, as appropriate. 
Proportion of persons who were hospitalized without or with any ICU 
stay was determined and compared for both groups. Mortality rates 
were calculated and compared for persons with and without HCV 
overall, and within subgroups by gender, age, comorbidity count, liver 
fibrosis stage and treatment status. All statistical analyses were com-
pleted using SAS Version 9.4 (SAS Institute Inc).

Key points

•	 Persons with HCV and SARS-CoV-2 infection are more 
likely to be admitted to a hospital.

•	 The hospitalization rate is higher among those with 
higher FIB-4 score.

•	 However, admission to an ICU and mortality are not dif-
ferent between those with and without HCV infection.
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2.6 | Ethical approval

The study was approved by the Institutional Review Board at VA 
Pittsburgh Healthcare System. A waiver of informed consent re-
quirement has been granted to studies related to ERCHIVES.

3  | RESULTS

Among 237  679 persons with chronic HCV in the ERCHIVES da-
tabase, 3937 were excluded because of HIV coinfection and 2917 
were excluded because of HBV coinfection. Among the remaining 
230  825 persons, 17  518 (7.6%) were tested for SARS-CoV-2 and 
1095 (6.2% of those tested) had at least one positive test. (Figure 1) 
Of these, 975 had a propensity score matched HCV uninfected con-
trols, resulting in 975 matched pairs in each group available for final 
analyses. The groups were well-matched for age, race, gender and 
presence of comorbidities other than smoking. (Table 1) Mean body 
mass index (BMI) was similar in both groups (28.5 vs 28.7; P =  .4) 
though a larger proportion of those with HCV had a BMI of 25 or 
lower (28.1% vs 22.5%; P =  .01). Mean FIB-4 score (±standard de-
viation, SD) was significantly higher in those with HCV (1.9 ± 2.1 vs 
1.2 ± 0.9; P <  .0001) and a significantly larger proportion of those 
with HCV had advanced fibrosis or cirrhosis based on a FIB-4 score 
of >3.25 (8.1% vs 1.4%; P < .0001). An equal proportion of persons 
in both groups received remdesivir, systemic corticosteroids or both. 
A larger proportion of persons with HCV+ were hospitalized (24.0% 

vs 18.3%; P = .002); however, those requiring ICU care was similar in 
both groups. Mortality was also similar in both groups (6.6% vs 6.5%; 
P = .9). (Table 1).

In subgroup comparisons, there was no difference in hospital-
ization or ICU admission between those with and without HCV by 
age, race, gender or presence of comorbidities (Tables  2 and 3). 
Hospitalization rates were significantly higher among those with 
HCV who had more advanced liver fibrosis. Among those with a 
FIB-4 score of 1.45-3.25, hospitalization rates per 1000 person-
years were 41.4 among HCV+ and 20.2 among HCV−, while among 
those with a FIB-4 score of >3.25, the rates were 9.4 and 0.6 
(P <  .0001). Hospitalization with ICU stay were similarly higher in 
those with FIB-4 score of 1.45-3.25 and >3.25 in persons with HCV 
(Table 3).

There was no difference in all-cause mortality by age, gender, 
liver fibrosis score, number of comorbidities or treatment with rem-
desivir and/or systemic corticosteroids. However, the number of 
events in each subgroup was relatively small to make meaningful 
comparisons (Table 4).

4  | DISCUSSION

To our knowledge, this is the first study specifically looking at the 
impact of HCV infection upon the risk of hospitalization and all-
cause mortality compared with a well-matched population without 
HCV infection, and to assess the impact of liver fibrosis stage upon 
these outcomes. Overall hospitalization was higher among persons 
with HCV, but admission to an ICU or all-cause mortality were not 
different in persons with and without HCV.

Based on earlier studies abnormal liver enzymes are present in 
22%-40% of hospitalized patients with SARS-CoV-2 infection and 
associated with a higher rate of admission to ICU, mechanical ven-
tilation and mortality compared with those with normal liver en-
zymes.4,9,20,21 Pre-existing liver disease has been reported in up to 
6% of those with SARS-CoV-2 infection, although the exact nature 
and distribution of these has been rarely reported. Patients with 
SARS-CoV-2 infection who have pre-existing cirrhosis, 96% require 
hospital admission or a prolongation of hospital stay and infection is 
frequently associated with deterioration of liver function and higher 
mortality.10 In about one third of the 50 patients in this study, the 
aetiology of cirrhosis is viral hepatitis.10 Our study is the largest, and 
to our knowledge the first study to specifically determine the im-
pact of HCV infection upon hospitalization and mortality rates. We 
found that a higher proportion of persons with HCV required hos-
pitalization, but there was no difference in the proportion requiring 
admission or transfer to the ICU or mortality. We carefully matched 
the groups for age, gender, race and multiple comorbidities. It is well 
documented that the prevalence of several medical, psychiatric and 
substance use disorders is different in those with HCV compared 
with those without HCV22 and comorbidities are associated with 
poorer outcomes in persons with SARS-CoV-2 infection. The appar-
ent lack of difference in severity of disease (as measured by the need F I G U R E  1   Cohort construction and study flow sheet
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for ICU care) and mortality indicates that any possible differences in 
these outcomes in persons with and without HCV may be explained, 
at least in part, by the differential prevalence of these comorbidities.

In subgroup comparisons, the only factor associated with a 
higher rate of hospitalization or ICU admission in persons with 

HCV (compared to those without HCV) was more advanced liver 
fibrosis as measured by the non-invasive FIB-4 score. When com-
paring those with and without HCV with similar FIB-4 score, the 
rates of hospitalization and ICU admission were much higher in 
those with HCV. This indicates that any potential increased risk 

HCV POS
Propensity score 
matched HCV NEG

N = 975 N = 975

Median age, years (IQR) 52.0 (48,58) 53.0 (48,58) .32

Race, % .91

White 29.0% 29.6%

Black 53.8% 52.6%

Hispanic 5.8% 5.6%

Other/Unknown 11.3% 12.1%

Gender, % male 96.1% 96.8% .39

Body mass index

Mean, SD 28.5 (5.5) 28.7 (5) .45

≤25 28.1% 22.5% .01

>25-30 37.7% 42.6%

>30 34.1% 35.0%

BMI missing

FIB-4 score

Mean FIB-4 score (SD) 1.9 (2.1) 1.2 (0.9) <.0001

FIB-4 < 1.45 47.8% 70.5% <.0001

FIB-4 1.45-3.25 39.5% 18.8%

FIB-4 > 3.25 8.1% 1.4%

FIB-4 missing 4.6% 9.3%

Comorbidities

Hypertension 35.8% 35.4% .85

Diabetes 13.8% 14.1% .84

Coronary artery disease 6.3% 6.6% .78

Stroke 1.7% 1.9% .74

Cancer 3.0% 3.0% 1.00

Smoking .0004

Current smoker 36.5% 35.0%

Former smoker 17.7% 15.2%

Never smoker 14.6% 21.8%

Unknown 31.2% 28.0%

Alcohol use disorder 14.0% 12.4% .28

Treatment

Remdesivir only 4.9% 4.2% .45

Systemic corticosteroids only 2.8% 3.0% .79

Remdesivir + systemic 
corticosteroids

1.5% 1.4% .85

Outcomes

Hospitalized never in ICU 24.0% 18.3% .002

Hospitalization with any ICU 13.0% 12.5% .73

Died 6.6% 6.5% .93

TA B L E  1   Baseline characteristics 
of persons with SARS-CoV-2 infection 
among persons with and without hepatitis 
C virus infection
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of adverse outcomes in persons with HCV is not dependent only 
on the degree of liver fibrosis. Whether the difference is as a re-
sult of viral or host factors is unknown. More studies are needed 
to understand the true association between HCV and severity of 
SARS-CoV-2 illness.

Overall mortality was not different between those with and 
without HCV. In subgroup comparisons, the number of events were 
generally small in the subgroup to make meaningful comparisons. 
However, no large numerical differences were apparent by age, gen-
der, liver fibrosis stage or burden of comorbidities.

Treatment for SARS-CoV-2 is a rapidly emerging field. 
Numerous observational studies and randomized clinical trials 
have been published assessing the role of antivirals, corticoste-
roids, IL-6 blockers and other agents. Remdesivir, a nucleoside 
analogue prodrug with inhibitory effects against several patho-
genic animal and human coronaviruses in animal models, including 
SARS-CoV-2 in vitro, and the Middle East Respiratory Syndrome 
(MERS) coronavirus, was the first drug approved by the US Food 
and Drug Administration for the treatment of SARS-CoV-2 infec-
tion.23,24 Systemic corticosteroids have also shown benefit in a 
subgroups of patients with more severe disease.25 A very small 
proportion of persons in our study received remdesivir, systemic 

corticosteroids or both agents. The number of events among those 
receiving these agents was too small to make any meaningful com-
parisons of their effect on mortality.

The strengths of our study include a large national sample, which 
was carefully matched between the two study groups, racial and geo-
graphic diversity of the study population and availability of extensive 
longitudinal data. Several limitations of our study should also be noted. 
This was an observational study, and while we carefully matched the 
groups on propensity scores, there is always a potential for residual 
confounding. We did not assess the impact of other interventions, 
including supplemental oxygen use, mechanical ventilation and other 
potential therapeutic agents. We also did not assess the improvement 
in symptomatology, oxygen requirements, functional status or other 
clinical manifestations of SARS-CoV-2 infection.

In conclusion, persons with HCV who develop SARS-CoV-2 infec-
tion are more likely to be admitted to a hospital compared with a well-
matched group without HCV infection. However, admission to an ICU 
and mortality are not different between those with and without HCV 
infection. In subgroup comparisons, those with HCV and advanced 
fibrosis are more likely to be hospitalized and admitted to the ICU, 
although no difference in mortality was observed between those with 
and without HCV and the same degree of liver fibrosis.

TA B L E  2   Hospitalization rates per 1000 person-years of follow-up by demographic and clinical factors in patients with SARS CoV-2 
infection

HCV+ HCV−
P-value 
(HCV+ vs 
HCV−)N Rate (95% CI)

P-value (within 
group) N Rate (95% CI)

P-value (within 
group)

Age .18

≤60 27 18.5 (12.7,27) comparator 20 11.5 (7.4,17.9) comparator

>60-70 135 18 (15.2,21.4) .90 88 13.1 (10.7,16.2) .18

>70 72 17.6 (14,22.2) .83 70 13.8 (10.9,17.5) .03

Race .92

White 60 16.6 (12.8,21.3) comparator 42 11 (8.1,14.9) comparator

Black 136 18.6 (15.7,22) .45 107 14.5 (12,17.5) .26

Hispanic 11 12.3 (6.8,22.2) .37 10 11.3 (6,21) .32

Other/Unknown 27 22.7 (15.6,33.1) .17 19 13.8 (8.8,21.7) .46

Gender .19

Female 5 11.5 (4.7,27.7) comparator 1 2.4 (0.3,17.3) comparator

Male 229 18.2 (16,20.7) .31 177 13.5 (11.7,15.7) .18

Baseline FIB-4 
score

<.0001

FIB-4 < 1.45 100 14.7 (12.1,17.9) comparator 130 13.5 (11.4,16) comparator

FIB-4 1.45-3.25 97 20.7 (16.9,25.3) .02 36 15.4 (11.1,21.4) .13

FIB-4 > 3.25 22 27.4 (18,41.6) .01 1 6.3 (0.8,45.1) .63

FIB-4 missing 15 21 (12.6,34.8) .20 11 8 (4.4,14.5) .05

Comorbidities .31

None 71 14.7 (11.6,18.5) comparator 60 13.8 (10.7,17.8) comparator

1-2 123 17.5 (14.6,20.9) .24 97 12 (9.8,14.6) .46

3 or more 40 34.8 (25.5,47.5) <.0001 21 19.9 (13,30.5) .01

Abbreviation: HCV, hepatitis C virus infection.
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TA B L E  4   All-cause mortality rate per 1000 person-years of follow-up in various subgroups by HCV status

HCV+ HCV−
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(HCV+ vs HCV−)N Rate (95% CI)

P-value  
(within group) N Rate (95% CI)

P-value  
(within group)

Overall 64 4.9 (3.8,6.2) N/A 63 4.6 (3.6,5.9) N/A .78

Males 64 5 (3.9,6.5) comparator 62 4.7 (3.7,6.1) comparator .70

Females 0 No event N/A 1 2.4 (0.3,17.3) .51 N/A

Age group

≤60 2 1.3 (0.3,5.5) comparator 4 2.3 (0.8,6.1) comparator .55

>60-70 26 3.4 (2.3,5.1) .21 23 3.4 (2.2,5.1) .46 .97

>70 36 8.8 (6.3,12.2) .01 36 7.1 (5.1,9.8) .03 .36

Liver fibrosis stage

FIB-4 < 1.45 31 4.5 (3.2,6.4) comparator 44 4.5 (3.4,6.1) comparator .98

FIB-4 1.45-3.25 24 5.1 (3.4,7.6) .67 13 5.5 (3.2,9.6) .54 .81

FIB-4 > 3.25 6 7.4 (3.3,16.6) .27 1 6.3 (0.8,45.1) .75 .88
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COVID-19 treatment
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Abbreviation: HCV, hepatitis C virus infection.
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