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Abstract

northeast region of Iran.

less than 0.05 was considered statistically significant.

only 5.4% had COVID-19.
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Background: Coronavirus disease 2019 (COVID-19) is caused by an infection in the respiratory tract leading to extrapulmonary
manifestations, including dysregulation of the immune system and hepatic injury.

Objectives: Given the high prevalence of viral hepatitis and a few studies carried out on severe acute respiratory syndrome coro-
navirus 2 and hepatitis B virus (HBV), this study investigated the impact of COVID-19 on chronic hepatitis B (CHB) patients in the

Methods: In this cross-sectional study, the blood samples were collected from 93 CHB patients registered in the Patient Detection
Data Bank of Golestan University of Medical Sciences, Gorgan, Iran, and 62 healthy individuals as controls. Reverse transcription-
polymerase chain reaction was adopted to detect COVID-19 infection in all the participants’ nasopharyngeal samples. All the partic-
ipants were subjected to anti-hepatitis C virus, anti-hepatitis delta virus, and liver function tests. Then, HBV deoxyribonucleic acid
load was detected in CHB patients. The collected data were analyzed by statistical tests using SPSS software (version 20). A P-value

Results: In this study, 14% (13/93) and 32.25% (20/62) of CHB patients and control individuals were infected with COVID-19, respec-
tively. The mean age of CHB patients was 39.69 4-19.58 years, and 71% of them were female. The risk of developing COVID-19 in healthy
controls was observed to be 2.3 times higher than in patients with CHB (0.95% confidence interval: 1.242 - 4.290). On the other hand,
the mean values of aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase in CHB patients superinfected
with COVID-19 were higher than other participants. Out of 35.4% of patients with viral hepatitis B that were taking antiviral drugs,

Conclusions: Although CHB infection did not predispose COVID-19 patients to more severe outcomes, the data of this study suggest
that antiviral agents also decreased susceptibility to COVID-19 infection. Alternatively, careful assessment of hepatic manifestations
and chronic viral hepatitis infections in COVID-19 patients can lead to more favorable health outcomes.

1. Introduction

Coronavirus disease 2019 (COVID-19) is a newly arrived
respiratory disease that brings about severe acute syn-
dromes in the respiratory system. Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), which was first
detected in Wuhan, China, has spread to other parts of
the world at an uncontrolled pace and has become a ma-
jor public health threat ever since (1, 2). The knowledge-
gaining process regarding the pathogenesis of SARS-CoV-

2 is still considered an ongoing issue (3). The SARS-CoV-
2 that is attached to the angiotensin-converting enzyme-
2 receptors is widely detected in various parts of the hu-
man body, such as the pulmonary alveolar epithelial cells,
the endothelium, and the gastrointestinal tract,and might
bring about this multisystem disease (4). Itis frequently re-
ported that other organs and cell types are also impaired
in addition to the pulmonary system in patients suffering
from the ailment (3, 5). This is evidenced by the increments
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in leukocytopenia, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), thrombocytopenia, and lac-
tate dehydrogenase levels in COVID-19 patients (6, 7).

The evidence has emphasized that COVID-19 would in-
duce liver injury (8), where over 60% of COVID-19 patients
underwent hepatic dysfunction, especially those suffering
from the severe status of the disease (9). Therefore, the in-
fection caused by chronic hepatitis B (CHB) was reported
to be arecognized and independent risk factor for the pro-
gression of the illness to acute respiratory distress syn-
drome (6, 8,10). Studies have indicated that2-11% of COVID-
19 patients suffer from underlying chronicliver disease (11).
Viral coinfection in COVID-19 patients might cause more
complications during the recovery period of the patients
(12).

Viral hepatitis annually claims approximately 1.34 mil-
lion deaths worldwide; therefore, it is known as a major
reason of mortality around the world. It was reported
that most mortality and morbidity caused by viral hepati-
tis are due to chronic hepatitis B and C (13). Hepatitis B
virus (HBV), which is considered a prototypical member
of the Hepadnaviridae family, is widely distributed world-
wide (14), especially in Iran, and the global prevalence of
hepatitis B surface antigen (HBsAg) was estimated to be
about 3.9% (15, 16). Although commercially available vac-
cines have proven to be effective in reducing HBV infec-
tion, HBV is still known as a major public health threat
since almost 300 million individuals are struggling with
chronic infection worldwide. The HBV is also considered
to be the main reason for liver cirrhosis and hepatocellu-
lar carcinoma leading to numerous mortalities every year
(17-19). Furthermore, hepatitis C virus (HCV) infection is re-
garded as a global health issue bringing about sequelae
from chronic infection. It has been estimated that 3 - 4
million individuals are annually infected with this virus,
which puts the patients at risk of developing liver disease,
including cirrhosis and liver cancer, in chronic conditions
(20).

Patients infected with SARS-CoV-2 are diagnosed with
impaired liver function and the common symptoms of the
infection (20, 21). The evidence has indicated that the liver
injury in those with HBV and SARS-CoV-2 superinfection
follows a similar pattern and degree to that of inpatients
with SARS-CoV-2 alone (21). However, COVID-19 infection
was suggested to be a possible cause of liver damage and
induction of HBV activity in patients struggling with hep-
atitis B(22, 23). It has been shown that the effects of COVID-
19 are not associated with HBV infection despite the ele-
vated liver enzymes in some patients (2, 23). Overall, it can
be claimed that SARS-CoV-2/HBV superinfection has no pro-
found influence on the progression of COVID-19 in terms
of severity, mortality, and hospitalization (22, 23). Never-

theless, patients with severe COVID-19 and HBV superinfec-
tion simultaneously might encounter HBV reactivation be-
cause interleukin-1 and interleukin-6 are administered to
control cytokine storm and reduce the immune-mediated
multiorgan injury in COVID-19 patients (24-26).

Moreover, infection with SARS-CoV-2 with HBV or HCV
can impair liver function; therefore, hepatitis infection
might increase susceptibility to and severity of COVID-19
infection (2). However, it should be noted that hepatitis in-
fection showed no considerable improvement or suppres-
sive influence on the inflammatory response induced by
SARS-CoV-2, as evidenced by a “muted” induction of an in-
nate immune response in the liver tissues with chronic
hepatitis infection (27). In addition, studies on patients
with mixed infection of SARS-CoV-2, HBV, and HCV revealed
that such superinfection could cause delayed antibody re-
sponse (28). As SARS-CoV-2 and viral hepatitis, such as
HBV, HCV, and hepatitis delta virus (HDV), can cause liver
damage, it is urgently required to improve our knowledge
about the menace of SARS-CoV-2 infection in those suffer-
ing from CHB and other hepatitis infections.

2. Objectives

This study aimed to reveal whether CHB patients are
predisposed to severe COVID-19 infection by scrutinizing
the serologic markers and clinical manifestations.

3. Methods

3.1. Patients

A total of 93 CHB patients and 62 healthy individuals
as controls (HBsAg negative) were included within Septem-
ber 2020 and January 2021 in this cross-sectional study (Ta-
ble 1). The CHB patients were registered in the Patient De-
tection Data Bank of Golestan University of Medical Sci-
ences, Gorgan, Iran, as chronic HBV patients. The demo-
graphic information and antiviral administration records
of the participants were registered.

3.2. Serological Markers and Biochemical Assessments

The blood samples (6 mL) of the subjects were obtained
under standardized conditions in sterile tubes. After the
separation of plasma by centrifugation (3000 rpm for 5
minutes), multiple biochemical indicators, such as ALT,
AST, and alkaline phosphatase (ALP), were evaluated by au-
tomatic serum biochemical analyzers (Pars Azmoon Kit,
Pars Azmoon Co., Iran). Afterward, the measurement of
HBV serological markers, such as HBsAg, hepatitis B surface
antibody, hepatitis B envelope antigen (HBe-Ag), hepatitis
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Table 1. Inclusion Criteria for Participating in the Study
Group HBsAg HBs-Ab HBc-Ab HBe-Ag HBe-Ab SARS-CoV-2 RT-PCR
SARS-CoV-2 and chronic hepatitis B infected patients Positive Negative Positive Positive/negative Positive/negative Positive
Chronic hepatitis B monoinfected patients Positive Negative Positive Positive/negative Positive/negative Negative
SARS-CoV-2 monoinfected patients Negative Negative Negative Negative Negative Positive
SARS-CoV-2 and HBV-negative patients Negative Negative Negative Negative Negative Negative

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HBsAg, hepatitis B surface antigen; HBs-Ab, hepatitis B surface antibody; HBc-Ab, hepatitis
B core antibody; HBe-Ag, hepatitis B envelope antigen; HBe-Ab, hepatitis B envelope antibody; RT-PCR, reverse transcription-polymerase chain reaction; HBV, hepatitis B

virus

B envelope antibody, hepatitis B core antibody, and anti-
HCV and anti-HDV antibodies, was carried out based on the
enzyme-linked immunosorbent assay technique (Pishtaz
Teb, Iran).

3.3. Viral Nucleic Acid Extraction and Viral Load Test of Hepatitis
B

Nucleic acid was isolated from plasma using a viral
deoxyribonucleic acid (DNA) extraction kit (Payesh Gene
Rasti, Iran). The HBV viral load in 200 L of the HBsAg" par-
ticipants’ plasma was determined by an HBV PCR kit (Al-
tona, Germany).

3.4. Diagnosis of Severe Acute Respiratory Syndrome Coron-
avirus 2 Ribonucleic Acid

The diagnosis of COVID-19 infection was conducted in
all cases using real-time reverse transcription-polymerase
chain reaction (RT-PCR) to detect SARS-CoV-2 ribonucleic
acid in nasopharyngeal swab specimens (Pishtaz Teb, Iran).
Some patients were clinically diagnosed based on their
lung imaging features, especially computed tomography
(CT), and enrolled by the census method, and the results
were compared between the patients and controls.

3.5. Statistical Analysis

The continuous variables, such as demographic data,
are presented as median = standard deviation or frequen-
cies. The chi-square test or Fisher’s exact test was used for
the comparison of categorical variables. A P-value less than
0.05 was considered statistically significant. All data anal-
yses were performed using SPSS software (version 20; SPSS
Inc., Chicago, IL, USA). The flow diagram of the experimen-
tal design is shown in Figure 1.

4. Results

4.1. Basic Characteristics

Among 93 CHB patients and 62 healthy controls who
participated in this study, 65.2% were female. The mean
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age of the participants was 35.77 & 20.27 years. There were
no statistically significant differences between the age (P=
0.2) and gender (P = 0.4) of all participants with COVID-19
infection.

4.2. Comparisons of Laboratory Information Among Partici-
pants

Based on the results of the RT-PCR test, only 14% (13/93)
of participants with CHB were RT-PCR COVID-19 positive (cy-
cle threshold [CT] < 30). According to the assay, 18.2% and
18.75% of the patients were positive for RT-PCR SARS-CoV-
2 with anti-HCV and anti-HDV antibodies, respectively (Ta-
ble 2). On the other hand, in a 55-year-old married CHB
female subject, anti-HCV, anti-HDV, and RT-PCR SARS-CoV-2
(CT < 30) were simultaneously positive. Alternatively, this
patient was hospitalized for 3 days and took antiviral drugs
for 1 year. The results of liver function tests revealed that
the mean value of ALP in CHB superinfection COVID-19 pa-
tients was 403.68 =+ 313.12, which was higher than other
participants and exceeded the normal range (80 - 360 U/I).
On the other hand, the mean values of ALT and AST in CHB
superinfection COVID-19 patients were 26.30 =+ 11.79 and
28.76 £ 9.33, respectively, and higher than other partici-
pants (ref. range > 30) (Figure 2).

4.3. Relation Between Clinical Manifestations of Severe Acute
Respiratory Syndrome Coronavirus 2 Infection and Viral Hep-
atitis Patients

Serum HBV DNA loads were tested in CHB superinfec-
tion COVID-19 and CHB patients, and both had detectable
serum HBV DNA. Furthermore, the mean value of HBV
viral load in CHB patients (133484421 + 27820140) was
higher than in COVID-19 and HBV superinfected patients
(44649695 =+ 14118193). Totally, no mortalities occurred
during the entire study period,and 9% (3/33) of the patients
with SARS-CoV-2 were hospitalized for an average of 3 days.
Of all the patients in the SARS-CoV-2-HBV infected group,
only one of two cases in the SARS-CoV-2- HBV-HCV group
was hospitalized for 2 days in the intensive care unit (ICU).
Of the entire SARS-CoV-2 positive patients (control group),
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Figure 1. Flow diagram of the experimental design

Table 2. Demographic and Laboratory Information of Participants in Four Groups *

Gender . Anti-HCV g
Group Age —————————————  HBsAg HBs-Ab HBc-Ab REPCR result for Total antibod- Antl HDA\I
COVID19 antibodies
Male Female ies
SARS-CoV-2 and chronic hepatitis B infected 323+ 5/13(38.4) 813 Positive Negative Positive Positive (CT < 30) 13/93 (14) 21 (18.2) 3/16 (18.75)
patients 18 (6153)
Chronic hepatitis B monoinfected patients 391 £ 19 22/80 58/80 Positive Negative Positive Negative (CT > 30) 80/93(86) 9[11(81.8) 13/16 (81.25)
(27.5) (72.5)
SARS-CoV-2 monoinfected patients 35114 10/20 (50) 10/20 (50) Negative Positive Negative Positive (CT < 30) 20/62
or (32:25)
Negative
SARS-CoV-2 and HBV-negative patients 2817 + 1742 25[42 Negative Positive Negative Negative (CT > 30) 42[62
22 (40.4) (59.5) or (62.74)
Negative

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HBsAg, hepatitis B surface antigen; HBs-Ab, hepatitis B surface antibody; HBc-Ab, hepatitis B core antibody; RT-PCR, reverse transcription-polymerase chain
reaction; COVID-19, coronavirus disease 2019; HCV, hepatitis C virus; HDV, hepatitis delta virus; CT, cycle threshold

4 values are expressed as mean = standard deviation or No. (%).
25.4
e 5_

SARS-CoV-2 and HBV chronic hepatitis B SARS-CoV-2 mono- SARS-CoV-2 and HBV
coinfected patients mono-infected patients infected patients negative individuals

28. 76 24.54

B ALT AST WALP

Figure 2. Comparison of liver function enzymes between chronic hepatitis Band Coronavirus disease 2019 patients
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33.4% (11/33) of patients were hospitalized for an average
of 7 days, and 3 of 11 cases in this group were hospitalized
for 5 days in the ICU (Table 3). By comparing the above-
mentioned results, 30% (10/33) of CHB patients who were
infected with SARS-CoV-2 were not hospitalized, which was
higher than the group of SARS-CoV-2 single infected (27%).
As aresult, it was observed that having a hepatitis virus in-
fection somewhatreduced the chances of getting COVID-19
infection and the hospitalization process; however, it was
not statistically significant (95% confidence interval [CI]:
0.051-1.17).

Table 3. Association Between Coronavirus Disease 2019 Infection in Chronic Hepati-
tis B Patients and Hepatitis B Surface Antigen Negative Patients

COVID-19 positive patients (n =33); HBsAg No. (%)
HBsAg positive patients 13(39.4)
Hospitalized during the study 3(9)
HBsAg negative patients 20(60.6)
Hospitalized during the study 11(33.4)

Abbreviations: COVID-19, coronavirus disease 2019; HBsAg, hepatitis B surface
antigen

The majority of COVID-19 patients were provided with
supportive medication that was comprised of oxygen with
hydroxychloroquine, hydroxychloroquine, Kaletra, and
antibiotics. The most common antibiotics used for in-
patients were vancomycin, tavanex, azithromycin, and
meropenem.

According to the data collected on taking medication
in patients with hepatitis B, 15.1% (5/33) of all the patients
were treated with the antiviral drug, and only one case was
hospitalized (Table 3). The results of the present analysis re-
vealed that the risk of developing COVID-19 in healthy indi-
viduals was 2.3 times higher than in CHB patients (0.95% CI:
1.242 - 4.290). Antiviral treatment in CHB patients, includ-
ing tenofovir and entecavir, resulted in a decreased occur-
rence of SARS-CoV-2 positivity (adjusted odds ratio = 0.862;
0.95% CI, 0.257 - 2.884); nevertheless, the treatment did
not bring about severe clinical consequences of COVID-19.
There were no statistically significant differences between
antiviral treatment and COVID-19 (P > 0.05). Out of 33 pa-
tients whose COVID-19 was confirmed by laboratory tests
and RT-PCR, all of them underwent lung CT scans. Based on
the results, 15.1% of SARS-CoV-2 and CHB infected patients
and 36.3% of SARS-CoV-2 monoinfected patients had pul-
monary involvement, and 24.2% of the two groups had nor-
mal CT scans.
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5. Discussion

The COVID-19-related hepatic complications are par-
ticularly troublesome among patients with HCV, HBV, or
HBV/HCV coinfection with preexisting liver complications.
Considering the high pressure brought about by hepati-
tis B worldwide, the effect of SARS-CoV-2 infection on HBV
patients should be evaluated. This study summarized the
data of 93 chronic HBV patients and 62 patients with SARS-
CoV-2[HBV superinfection and without HBV. This study
showed that the mean values of ALT and AST in super-
infected HBV/SARS-CoV-2 patients were 26.30 =+ 11.79 and
28.76 + 9.33, respectively, and higher than HBV/COVID-19
monoinfected patients (> 30). Li et al. reported that out of
seven COVID-19 patients aged 33 - 49 years with chronic HBV
infection, six patients were male, two patients had HBV-
related cirrhosis, and 1 patient was positive for serum HBe-
Ag (29). However, in the present study, most participants
were female, with a mean age of 35.77 + 20.27 years. In
addition, 13.93% of all the cases were superinfected with
HBV/SARS-CoV-2.

Zou et al. reported that 14 patients with simultaneous
conditions of SARS-CoV-2 and chronic HBV suffered from
liver complications with severe COVID-19 witnessed in pa-
tients suffering from a liver injury (30). However, this study
did not observe more severe outcomes of COVID-19 infec-
tion in patients with HBV infection; nevertheless, 13.93% of
all the cases were SARS-CoV-2 and chronic HBV coinfected
patients, which is not in line with the results of the study
by Zou et al. (30). The HBV superinfection did not increase
the risk of disease severity or lead to a worse prognosis in
COVID-19 infection. Kang et al. reported that in 204,418 pa-
tients tested for SARS-CoV-2, the occurrence of CHB was ob-
served to be at a lower rate in those suffering from COVID-
19 infection than in those who were SARS-CoV-2 negative
(i.e., controls) (1). Kang et al. also mentioned that the oc-
currence of CHB led to a lower rate of SARS-CoV-2 positivity
and was responsible for the appearance of severe clinical
consequences of COVID-19 infection; however, it should be
noted that this value was observed to be insignificant (1). In
the present study, the percentage of SARS-CoV-2 positive pa-
tients was lower than SARS-CoV-2 negative in CHB patients,
which is consistent with the results of the study by Kang et
al. (1).

He et al. reported that out of 571 COVID-19 patients, 15
cases (2.6%) were observed to be HBV infected; nonethe-
less, only 3 cases (20%) were given an anti-HBV treatment
(entecavir) (31). He et al. also witnessed milder manifesta-
tions of severe events; however, they did not analyze the ef-
fect of antiviral treatment on prognosis (31). The aforemen-
tioned results are consistent with the results of the current
study regarding the anti-HBV therapy (34.40%) in HBV pa-
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tients. Additionally, in a cohort study by Chen et al., out
of 326 confirmed COVID-19 patients, 20 cases (6.1%) were re-
ported to be HBV superinfected (32), whichisinaccordance
with the results of the present study. However, in numer-
ous other articles, HBV superinfection in the patients un-
der study was not considerable, which is likely due to the
fact that a smaller number of the patients were given an-
tiviral medications, which might have influenced the re-
sults. In the present study, 35.40% of CHB patients had re-
ceived antiviral treatment, and 5.4% of HBV- positive pa-
tients were HBV/SARS-CoV-2 superinfected. A recently pub-
lished cohort investigation carried out on a larger scale
in Spain indicated that the occurrence of COVID-19 infec-
tion in patients with CHB who were given tenofovir was re-
duced (0.4%), which shows the positive influence of teno-
fovir on SARS-CoV-2 (33).

The present study showed that AST and ALT levels in
HBV/SARS-CoV-2 superinfected patients were higher than
in other participants. Liu et al. reported that some of
the COVID-19 patients that had or did not have the infec-
tion brought about by HBV experienced a higher occur-
rence of AST (9). Similar observations have reported im-
paired liver function in SARS patients, which is not in line
with the results of the present study. Superinfection has
a possible effect on the elevation of morbidity and mor-
tality when pandemics occur. The estimated viral superin-
fection was reported as 12.58% (95% ClI: 7.31-18.96). Blood
viruses (95% CI: 8.57 - 16.93) had the most frequent viral
superinfection; however, respiratory viruses (95% CI: 2.78
- 6.15) had less frequent viral superinfection (12). Another
study reported that11.6% of COVID-19 patients had superin-
fection, and superinfection with respiratoryviruses is com-
mon among COVID-19 patients (34). Superinfection with
hepatitis viruses and SARS-CoV-2 is also quite controversial.
A study demonstrated that SARS-CoV-2-HBV cases had mor-
tality rates of 4.7% and 15% in cross-sectional and case re-
port investigations, respectively; nevertheless, the occur-
rence of SARS-CoV-2-HCV cases showed an 8.3% mortality
(7), which is not in line with the findings of the current
study. The percentage of HBV/COVID-19 superinfection was
reported to be 13.93%; nonetheless, the rates of SARS-CoV-2
or HBV alone were 20.62% and 80.93%, respectively.

Mirzaie et al. reported a 4.7% mortality rate among
the reported cases of SARS-CoV-2-HBV coinfection and the
hospitalization of 86.4% (19 of 22) cases in the SARS-CoV-
2-HCV group (7). Although this finding can be consid-
ered an indication of higher hospitalization risk among
these patients, it also revealed that this condition is mainly
observed among patients suffering from severe COVID-19
with hepatic comorbidities (7). Another study conducted
by Mirzaie et al. indicated that 235 and 22 patients with
SARS-CoV-2 were infected with HBV and HCV, respectively,

and the majority of patients were male (7). The mean age
of HBV patients was 49.8 years, and the mortality rate was
6%; however, the mean age in SARS-CoV-2-HCV patients was
62.8 years. This was further apparent in Mirzaie et al.’s find-
ings, where 14.1% in the HBV group and 21.4% in the HCV
group were transferred to the ICU, and severe COVID-19 was
reported in 38.8% and 21.4% of HBV and HCV patients, re-
spectively (7, 35).

The results of the above-mentioned studies were some-
what consistent with the findings of the present study. Of
all of the patients in the SARS-CoV-2-HBV infected group,
only three patients (9%) were hospitalized, and one of two
cases in the SARS-CoV-2-HBV-HCV group were hospitalized
for 2 days in the ICU. In other words, 18.2% of the SARS-CoV-
2-HBV infected group were positive for HCV coinfection.
In addition, 30% of CHB patients who were infected with
SARS-CoV-2 were not hospitalized, which was higher than
the group of SARS-CoV-2 single infected (27%). Nevertheless,
in all 155 participants in the current study, no mortalities
occurred during the entire study period. As a result, it was
observed that having a hepatitis virus infection somewhat
reduced the chances of getting COVID-19 and the hospital-
ization process; nonetheless, it was not statistically signif-
icant (95% CI: 0.051-1.17).

5.1. Conclusions

Due to the COVID-19 pandemic, there has been plau-
sible negligence in mitigating viral hepatitis. On the
other hand, the hepatic manifestations of COVID-19 are
frequently observed among HBV patients. The results
of this study revealed that the abnormalities detected in
liver function could occur in COVID-19 patients suffering
from the infection caused by CHB. Nevertheless, no patient
showed severe liver injury when tested in hospitalization.
In addition, the results indicated that the occurrence of
COVID-19 infection in those suffering from CHB was not
as much as that in public and that an antiviral treatment
using tenofovir might reduce the risk of COVID-19 infec-
tion. The aforementioned findings showed that the im-
mune condition of the host is to some extent influenced by
CHB, which might affect the consequences of the infection
brought about by SARS-CoV-2.
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