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Abstract: The effects of a concomitant infection of hepatitis B virus (HBV) and severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) are still debated, with a recognized major
risk of HBV reactivation during immune-suppressive treatments. The aim of this study was
to determine the prevalence and predictive factors of HBV reactivation in a cohort of hospi-
talized patients with coronavirus disease 2019 (COVID-19) and a current or past hepatitis B
infection. In a monocentric retrospective observational study, we enrolled all consecutive
hospital admitted patients with COVID-19 pneumonia and a positive HBV serology (N = 84)
in our Infectious Diseases Unit from April 2021 to December 2023. We identified 18 (21%)
HBsAg-positive/anti-HBc-positive, 41 (49%) HBsAg-negative /anti-HBc-positive /anti-HBs-
positive, and 25 (30%) HBsAg-negative/anti-HBc-positive/anti-HBs-negative subjects.
The overall rate of hepatitis flare was 10.7%, without any HBsAg seroreversion, severe
HBYV reactivation, and/or need for new HBV antiviral therapy introduction. Systemic
corticosteroid treatment for COVID-19 and baseline anti-HBsAg status were associated
with this risk of HBV reactivation. In conclusion, the overall risk of hepatitis flares in
hospitalized COVID-19 was reasonably low, with higher doses of corticosteroids treatment
being the major risk factor for HBV reactivation, and anti-HBs-positive serological status as
a protective element.

Keywords: COVID-19; SARS-CoV-2; hepatitis B virus; chronic hepatitis B; HBV reactivation;
coinfection; superinfection; liver injury; prognosis; liver function

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of the
coronavirus disease 2019 (COVID-19), a global pandemic having important consequences
for public health, world economy, and clinical aspects [1]. The main clinical manifestation is
acute respiratory syndrome with lung involvement and interstitial pneumonia [2], although
multiorgan illness due to cardiovascular, neurological, and gastrointestinal failure has been
widely described [3]. Gastrointestinal symptoms are more often associated with the outset
of viral infection, especially in outpatients, and are generally related to a mild-to-moderate
course of the disease [4]. It is well known that liver function abnormalities are frequently
observed during the acute phase of viral illness; however, this aspect may be related to
both direct viral action on hepatocytes and systemic inflammation due to the “cytokine
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storm”, as previously and thoroughly documented [5,6]. The prevalence and size of the
liver injury during COVID-19 can depend on several factors, such as local epidemiology,
severity of illness, grade of hypoxemia, presence of comorbidities, but also use of drugs
with potential hepatotoxicity [7]. Due to these important variables, it is reasonable to state
that the overall mortality rate may occasionally be influenced by hepatic involvement, even
in the absence of an underlying liver disease, although this effect should be considered
as part of a larger whole in which some of the factors mentioned previously—such as the
severity of COVID-19 illness, comorbidities, and the presence of acute respiratory distress
syndrome (ARDS) or multiorgan failure—still play a prevalent role [8,9].

Hepatitis B virus (HBV) is an important cause of chronic hepatic infection related to
liver disease, cirrhosis, and hepatocellular carcinoma, affecting more than 250 million of
people worldwide [10]. Despite the quite relevant number of patients with a concomitant
infection of SARS-CoV-2 and HBYV, the actual clinical impact of this viral interaction is
still unclear. The overall prevalence of HBV infection in SARS-CoV-2-positive subjects
ranges from 0.8% to 14.0%, depending on the specific features of the studied populations,
such as geographical origin, availability of complete HBV diagnosis, sample size, and
local epidemiology [11]. Furthermore, the clinical impact of HBV infection on COVID-19
outcomes is another point of discussion: some studies evidenced an increased risk of
disease severity and mortality, while others observed no significant effects [12,13]. Finally,
few data are currently available about the role of SARS-CoV-2 infection on the clinical and
virological course of HBV, especially given the heterogeneous stages of HBV hepatitis in the
various study groups [6,14]. Regardless, the risk of HBV reactivation (both virological and
biochemical) has been well documented with most of the immunosuppressive therapies [15]
and in the course of COVID-19 [16,17], but the overall rate of severe liver injury has been
reasonably low [18].

Based on these premises, the aim of this study was to document the risk of HBV
reactivation in a cohort of hospitalized patients affected by COVID-19 in Italy.

2. Materials and Methods
2.1. Study Design

This was a retrospective study including all patients >18 years affected by SARS-CoV-2
and chronic current or past HBV infection, admitted from April 2021 to December 2023, at
our center of Infectious Diseases at Sant’Andrea Hospital, Vercelli (Italy), for COVID-19
pneumonia. All subjects gave written informed consent to their participation in this re-
search, which was conducted in strict adherence to the principles of the Declaration of
Helsinki of 1975, as revised in 2000. The study protocol was approved by the local institu-
tional ethics committee: Comitato Etico Interaziendale ASL VC, https:/ /aslvc.piemonte.
it/ organizzazione/responsabili-delle-strutture/organismi-collegiali / comitato-etico, IRB
code 0026301 (accessed on 20 October 2024).

2.2. Data Collection

Patients positive for hepatitis C (HCV)-RNA or markers of human immunodeficiency
virus (HIV) (i.e., anti-HIV antibodies = HIV-RNA), hepatitis D virus (HDV), or hepatitis
E virus (HEV) were excluded from this study. SARS-CoV-2 infection was defined as the
occurrence of a positive specific polymerase chain reaction (PCR) test, in the presence
or absence of symptoms at hospital admission. The selected patients had also complete
HBYV serology and liver function tests available with at least alanine transaminase (ALT)
levels. The baseline studied characteristics included: demographic data, functional and
clinical status, biochemical analyses, clinical and therapeutical course. Hepatitis B surface
anti-gen (HBsAg) was used to determine the current status of HBV infection (i.e., active or
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past); hepatitis B core antibody (anti-HBc) was tested in all subjects with HBsAg-negative
status with or without the presence of hepatitis B surface antibody (anti-HBs). HBV
reactivation during hospitalization due to COVID-19 was defined as at least one of these
different outcomes: HBV-DNA rise from the baseline level or reappearance of HBV-DNA
in individuals without detectable viral DNA; loss of anti-HBs with HBsAg reappearance
(the so-called reverse HBsAg seroconversion); hepatitis flare with increase in ALT levels
with or without symptoms when the main extrahepatic causes of increased transaminases
had been carefully excluded [18].

The following routine assays were used in our laboratory: for HBsAg detection,
LIAISON® XL MUREX HBsAg Quant (DiaSorin, Saluggia, Italy); for anti-HBc detec-
tion, LIAISON® Anti-HBc and LIAISON® HBc IgM (DiaSorin); for anti-HBs detection,
LIAISON® XL MUREX Anti-HBs & Plus (DiaSorin); for anti-HCV detection, LIAISON®
XL MUREX HCV Ab (DiaSorin); for anti-HDV detection, HDV Ab—ELISA (Dia.pro Di-
agnostic Bioprobes, Sesto San Giovanni, Italy); for anti-HEV detection, LIAISON® Murex
Anti-HEV IgG and LIAISON® Murex Anti-HEV IgM (DiaSorin); for anti-HIV detection,
LIAISON® XL MUREX HIV Ab/Ag (DiaSorin); for HBV-DNA detection, Alinity m HBV
(Abbott Laboratories, Abbott Park, IL, USA); for HCV-RNA detection, Alinity m HCV
(Abbott Laboratories); for SARS-CoV-2 RNA detection, ALINITY m Resp-4-Plex AMP KIT
(Abbott Laboratories).

2.3. Statistical Analysis

Continuous variables are summarized as medians and interquartile ranges (IQRs).
Categorical variables are described as frequencies and percentages. All data were assessed
for normality using a Shapiro-Wilk test, and categorical data were compared using a Mann—
Whitney or Kruskal-Wallis statistical test, as appropriate. To investigate continuous data,
the Spearman rank correlation was utilized. Associations were calculated using the x2-test.
Multivariate logistic regression analysis with stepwise forward selection was performed to
evaluate the factors related to HBV reactivation, with p values less than 0.05 as the criteria
for model inclusion. All p-values are two-tailed and are considered statistically significant
when <0.05. Statistical analyses were conducted by using SPSS software package ver. 26.0
(IBM, Chicago, IL, USA).

3. Results
3.1. Baseline Characteristics of the Patients

The baseline characteristics of patients are reported in Table 1. The overall number
of native liver subjects admitted with COVID-19 and available HBV serology was 386.
Three hundred and two individuals (78.2% of the screened subjects) had no previous
exposure to HBV infection and, consequently, were excluded from this analysis. The re-
maining 84 (21.8% of the screened population) were Caucasian anti-HBc-positive patients,
further divided into HBsAg-positive (N = 18, 21.4%); HBsAg-negative /anti-HBs-positive
(N = 41, 48.8%); HBsAg-negative/anti-HBs-negative (N = 25, 29.8%). Notably, concern-
ing comorbidities, no patient had an active rheumatological disease with the need for
concomitant immunosuppressive or systemic corticosteroid treatments. The presence of
circulating HBV-DNA was detected in four HBsAg-positive patients (22.2% of this subcat-
egory) and in one anti-HBc-positive/anti-HBs-negative subject (4% of this subcategory).
Three HBsAg-positive individuals (16.7% of this subcategory) were receiving antiviral
therapy with nucleoside analogue (NA) entecavir before hospital admission. No patient
had established cirrhosis.
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Table 1. Baseline characteristics of included patients (N = 84). Percentages refer to each column in

this table, unless otherwise indicated. Bold values denote statistical significance at p < 0.05 level.

HBsAg-Positive/

HBsAg-Negative/Anti-HBc-Positive

Anti-HBc-Positive Anti-HBs-Positive Anti-HBs-Negative P
Patients (N) 18 (21.4) ! 41 (48.8)1 25(29.8) 1 NS
Age (years) 61 [58.5-72.5] 74 [69-81] 73 [65-84] <0.001
Male sex (N) 15 (83.3) 30 (73.2) 18 (72.0) NS
Liver stiffness (kPa) 2 7.5[6.2-9.5] 7.8 [6.1-9.4] 7.1 [5.4-8.9] NS
Comorbidities (N)
Cardiovascular diseases 1(5.5) 3(7.3) 2 (8) NS
Diabetes 2 (11.1) 5(12.2) 4 (16) NS
COPD 1(5.5) 6 (14) 3(12) <0.001
Neurological diseases 1(5.5) 3(7.3) 1(4) NS
Psychiatric diseases 0 (0) 1(24) 14) NS
Kidney diseases 1(5.5) 2 (4.9) 2 (8) NS
Malignancies 3 1(5.5) 2 (4.9) 2 (8) NS
WBCs (10° /L) 8346 [6155-9445] 8125 [6710-10,943] 7934 [6155-9934] NS
Platelets (10° /L) 213 [171-319] 225 [199-278] 239 [182-285] NS
eGFR (mL/min) 62.5 [49-72.5] 60.5 [43-78] 59.5 [41.5-77] NS
CRP (mg/L) 12.6 [9.3-21.9] 14.5 [11.2-25.3] 11.4 [10.9-21.3] NS
ALT (U/L) 31 [17-51] 30 [21-66] 25 [18-41] NS
Ferritin (ng/mL) 630 [481-1040] 661 [552-1209] 600 [480-1124] NS
D-dimer (ng/mL) 47 [18-190] 41 [26-168] 50 [27-189] NS
NLR (ratio) 5.8 [2.5-9.3] 5.1[1.8-8.7] 5.9 [3.1-7.4] NS
HBV-DNA positivity (N) 4 4(22.2) 0 (0) 1(4) <0.001
HBV-DNA (IU/mL) 189 [180-308] - 66° <0.001
Treatment with NAs (N) 3(16.7) 0 (0) 0 (0) <0.001
Corticosteroid treatment (N) 7 10 (55.5) 25 (60.9) 14 (56) NS
Remdesivir treatment (N) © 9 (50) 23 (56) 15 (60) NS

Abbreviations: Alanine aminotransferase (ALT); hepatitis B core antibody (anti-HBc); hepatitis B surface antibody
(anti-HBs); chronic obstructive pulmonary disease (COPD); C-reactive protein (CRP); estimated glomerular
filtration rate (eGFR); hepatitis B surface antigen (HBsAg); hepatitis B virus (HBV); number (N); nucleoside
analogues (NAs); neutrophil-to-lymphocyte ratio (NLR); nonsignificant (NS); white blood cells (WBCs); 1 these

percentages refer to the total number of recruited subjects (N = 84); ? at elastography (Fibroscan®); % all low-

rade malignant tumors not in active treatment, with no current or previous hepatocarcinomas; 4>20IU/mL;
interquartile range not calculable for one single patient; ® for COVID-19 treatment; 7 dexamethasone 6 mg/daily
for 5-10 days.

3.2. Outcomes in the Study Population

Table 2 summarizes the clinical outcomes in the study population according to HBV
status: time of hospitalization, intensive care unit (ICU) admission, continuous positive
airway pressure (CPAP)/noninvasive ventilation (NIV) support, sepsis, and/or death
within one month of hospital admission.

HBYV reactivation leading to an increase in HBV-DNA was observed in two patients
with HBsAg-positive status (11%, none in previous treatment with NAs) and in two with an
anti-HBc-positive/anti-HBs-negative pattern (8%), of which one was negative at baseline.
However, the rise in HBV-DNA was, in all cases, below 1.0 Log10 from baseline, and no
antiviral therapy was needed. HBsAg seroreversion was not detected.

Hepatitis flare with an increase in ALT levels was observed in 10.7% of the studied
population (again, not in patients being treated with NAs) and occurred more frequently in
HBsAg-positive /anti-HBc-positive (16.7%) and HBsAg-negative/anti-HBc-positive /anti-
HBs-negative (16.0%) patients than in HBsAg-negative/anti-HBc-positive/anti-HBs-
positive subjects (p = 0.003). In almost all cases, the rise was between 2.5 and 10 x the upper
normal level (ULN) of the local laboratory, defined as 65 U/L.
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Table 2. Outcomes observed in the study population. The percentages are referred to each column
of this table. (A) All patients; (B) patients with HBV reactivation. Bold values denote statistical
significance at the p < 0.05 level.

HBsAg-Positive/ HBsAg-Negative, Anti-HBc-Positive
Anti-HBc-Positive Anti-HBs-Positive Anti-HBs-Negative p
(N =18) (N =41) (N =25)
(A)
Hospitalization time (days) 12.5[9.5-14.0] 11.0 [8.5-12.5] 12.0 [9.5-14.5] NS
ICU admission (N) 3 (16.7) 5(12.2) 4 (16.0) NS
CPAP/NIV support (N) 5(27.8) 11 (26.8) 7 (28.0) NS
Sepsis (N) 1(5.5) 2 (4.8) 1(4.0) NS
Death (N) 1(5.5) 1(24) 2(8.0) 0.014!
(B)
Only circulating detectable HBV-DNA (N) 22(11.0) 0 (0.0 23(8.0) NS
HBsAg seroreversion (N) NA 0(0.0) 0(0.0) NS
Hepatitis flare (N) 3(16.7) 2 (4.8) 4 (16.0) 0.003 !
ALT peak (U/L) 667 [533-819] 204 4 146 [124-196]

Abbreviations: Alanine aminotransferase (ALT); hepatitis B core antibody (anti-HBc), hepatitis B surface antibody
(anti-HBs); hepatitis B surface antigen (HBsAg); hepatitis B virus (HBV); intensive care unit (ICU); continuous
positive airway pressure (CPAP); number (N); not applicable (NA); noninvasive ventilation (NIV); nonsignif-
icant (NS); ! HBsAg-positive plus anti-HBs-negative vs. anti-HBs-positive; 2 baseline vs. detected HBV-DNA
peaks, respectively: 190—890 IU/mL, 427—1286 IU/mL; ® baseline vs. detected HBV-DNA peak, respectively:
66—776 IU/mL, negative—917 IU/mL; 4 interquartile range not calculable for two samples.

In all four patients with viremia increase, HBV-DNA returned to levels that were
comparable to those at baseline at a three months follow-up; within the same time interval,
a similar trend was observed in the nine subjects who experienced a hepatitis flare. When
taking death events into account, in all cases, they were attributed by the treating physicians
to extrahepatic causes and not directly to HBV liver failure, although it is worth noting that
those who were anti-HBs-positive had lower death rates than the other two subgroups.

3.3. Factors Associated with HBV Reactivation

The considered factors possibly associated with HBV reactivation included age, sex,
comorbidities, ICU admission, CPAP /NIV support, sepsis, presence of circulating HBV-
DNA, anti-HBs positivity, and COVID-19 treatment with corticosteroids and/or remde-
sivir. Multivariate analysis—performed among those variables with p < 0.05 at univariate
analysis—identified the following as possible independent predictors of HBV reactivation:
ICU admission (OR 3.914, p = 0.008) and corticosteroid treatment (OR 4.367, p = 0.002).
Conversely, anti-HBsAg-positive status was found to be a protective factor against viral
reactivation (OR 0.804, p = 0.014). These analyses are extensively reported in Table 3.

Table 3. Factors associated with HBV reactivation. (A) Univariate analysis; (B) multivariate analysis.
Bold values denote statistical significance at the p < 0.05 level.

Factors OR 95% CI p
(A)
Age (years) 1.224 0.916-14.783 0.893
Sex 1.789 0.915-11.313 0.776
Cardiovascular diseases 2.223 0.714-9.667 0.591
Diabetes 1.018 0.996-4.927 0.885

COPD 3.392 0.812-7.776 0.714
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Table 3. Cont.

Factors OR 95% CI 4
Neurological diseases 1.298 0.671-5.672 0.727
Psychiatric diseases 0.782 0.619-2.562 0.678
Kidney diseases 1.444 0.932-4.873 0.843
Malignancies 1.782 0.716-6.715 0.698
Hospitalization time 3.673 0.834-9.128 0.778
ICU admission 2.278 1.036-9.476 0.012
CPAP/NIV support 2.789 0.987-11.972 0.678
Sepsis 1.446 1.119-6.337 0.014
NLR 3.415 0.067-12.993 0.765
HBV-DNA positivity 1.014 0.772-12.443 0.746
Anti-HBs positivity 0.814 0.972-0.765 0.012
Corticosteroid treatment 4.017 2.018-19.338 0.007
Remdesivir treatment 1.114 0.986-6.718 0.783

(B)
ICU admission 3.914 1.966-11.451 0.008
Sepsis 1.091 0.967-7.816 0.089
Anti-HBs positivity 0.804 0.713-0.987 0.014
Corticosteroid treatment 4.367 2.561-16.445 0.002

Abbreviations: Chronic obstructive pulmonary disease (COPD); continuous positive airway pressure (CPAP);
hepatitis B virus (HBV); anti-hepatitis B surface antibodies (HBs); intensive care unit (ICU); noninvasive ventilation
(NIV); neutrophil-to-lymphocyte ratio (NLR); odds ratio (OR).

4. Discussion

Data regarding viral superinfections/coinfections in patients with COVID-19 are lim-
ited and still emerging. According to the Centers for Disease Control and Prevention
(CDC), a superinfection is an infection following a previous infection, while a coinfec-
tion is an infection concomitant with the initial infection. Although the two terms are
used interchangeably, they are different clinical entities, which is particularly relevant
when discussing SARS-CoV-2 infection. In any case, superinfections and coinfections can
potentiate microbial pathogenesis, increasing COVID-19 morbidity and mortality [19]. Re-
garding superinfections, they have been demonstrated to trigger latent virus reactivations
through different types of stimuli, including immunosuppression [20]. Not surprisingly,
patients with severe COVID-19 are characterized by impaired immunity, hyperinflamma-
tion, lymphopenia, and cytokine storm [21]. The viruses so far more frequently reported in
coinfection with SARS-CoV-2 are influenza A virus and Epstein—Barr virus (EBV), while
EBYV, herpes simplex virus 1, and cytomegalovirus have been more frequently observed
in superinfection/reactivation cases [22]. In rather few instances, hepatitis B virus (HBV)
reactivation in chronic patients has also been documented [23,24]. In both reactivation
and coinfection groups, patients frequently report cardiovascular disease, diabetes, and
immunosuppression as comorbidities, acute kidney injury as a complication, and lym-
phopenia and elevated D-dimer/C-reactive protein levels [25-28].

Focusing on SARS-CoV-2 and HBV interactions, the latter is a recognized major public
health problem worldwide due to its causal role in acute and chronic liver damage [29].
Similarly, there is growing evidence that COVID-19 can cause abnormal liver function and
hepatic impairment [30,31]. However, when analyzing the direct effects of COVID-19 on
chronic hepatitis B (CHB), most evidence supports that SARS-CoV-2 infection may not
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increase the risk of severe liver injury, provided that baseline liver function is preserved.
Conversely, there are also many reports on the possible effects of CHB on SARS-CoV-2
infection (including its direct complications, mortality, and incidence of severe forms).
With regard to this latter issue, it can be assumed that the immune status of the host is
influenced to some extent by CHB, which in turn may affect the consequences of infection
with SARS-CoV-2 [32].

Considering both diseases at the same time and their mutual interactions, most stud-
ies have so far produced inconsistent results on whether SARS-CoV-2 and HBV co- and
superinfections increase the overall risk of death and critical illness [33,34]. Furthermore,
whether there is a difference in the risk of such unfavorable outcomes between the different
CHB infection phases and stages of liver damage is still a matter of debate. As a matter
of fact, there are some reports describing how patients with SARS-CoV-2/HBV have an
increased global risk of poor prognosis (such as ICU admission and /or death), which is—at
least to some extent—mediated by abnormal liver function [35], but this finding has not
been confirmed by others [36]. What emerged from our study population was that both the
overall ICU admission and the mortality rates were reasonably low (14.3% and 4.8%, re-
spectively) without significant differences between the different HBV serological categories.
These rates are slightly lower than those reported for mono-infected SARS-CoV-2 subjects
for the corresponding pandemic waves [37,38]. One possible simple explanation for this
could be the fact that Italy, i.e., the population in which this study was conducted and which
was so hard hit by the first waves of the disease, achieved one of the highest SARS-CoV-2
vaccination rates in the world: by the end of September 2023, 90.25% of the population
aged >12 years completed the first immunization schedule [39]. Precisely, SARS-CoV-2
vaccination is a recognized protective factor against the most clinically severe forms of
the disease [40].

Coming back to the previously cited and not fully answered issue—i.e., if patients with
SARS-CoV-2 and HBV co-superinfection are at risk of greater direct or indirect liver injury—
it should be considered that this interesting topic is rather complex and multifaceted.
Specifically, the natural course of this co-superinfection can lead to several grades of hepatic
involvement, depending on multiple extrahepatic factors, such as patient status, illness
severity, comorbidities, and/or immunosuppressive therapies (including SARS-CoV-2
antiviral treatments) [22,36,41-44]. What is well established is that, in most cases, the
advanced stage of COVID-19 is characterized by a hyperinflammatory state—the previously
cited cytokine storm—which can result in multiorgan impairment, including of the liver
itself. However, particularly during the first wave of pandemic, many confounding factors
were related to liver impairment despite having no direct causal relation to HBV status. As
a consequence, the reported available data on these two viral co-superinfections are not
fully conclusive, at least for this period [22]. In more detail, the presence of ARDS requiring
invasive or noninvasive (CPAP/NIV) mechanical ventilation approaches, and generally
speaking the occurrence of ICU admission, can increase the risk of liver impairment [11]. In
other words, for the same baseline stage of liver damage, it is the overall COVID-19 severity
that seems to be the most important factor leading to hepatic involvement, in addition
to more broadly affecting the overall prognosis [8], as more generally demonstrated for
SARS-CoV-2 infections not concurrent with HBV [45,46].

All these considerations aside, the data currently available in the literature show
that HBV co-superinfection can at most slightly affect clinical outcomes and liver
function [14,47-52]. These negative reports were confirmed in our research. As a mat-
ter of fact, in our study population, all death events were primarily attributed by the
treating physicians to extrahepatic causes and none—directly or indirectly—to the underly-
ing CHB. This result could be partially explained by the fact that none of the patients in our
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case series had advanced liver fibrosis or established cirrhosis. In this respect, the patients
with the most advanced liver disease are those who have the worst prognosis during
SARS-CoV-2 intercurrent infections, as has been well documented for cirrhosis, including
the HBV-derived forms [53-57]. However, an additional consideration is that this evidence
was mainly generated during the first and the second waves of the pandemic, while more
recent studies centered on patients recruited in the same time frame as the present study
did not always confirm these findings [36,44]. Finally, we can speculate that our study
population, though not randomized, was well balanced amongst the three considered
HBYV serological patterns concerning both the key demographic characteristics and the
prevalence of comorbid diseases, which allowed us to analyze both the overall and the
liver-related prognoses without these albeit important parameters as possible confounding
factors, with a methodology similar to that reported by other groups [36,44].

An additional important issue when addressing liver damage is the potential for HBV
reactivation. This has been generally recognized as a complication of immunosuppressive
treatments, particularly cytotoxic chemotherapy, in individuals with prior exposure to HBV,
as well as those who are chronically infected with hepatitis B. In any case, the key initial
event is a loss of HBV immune control, which leads to an increase in HBV-DNA, with also
possible hepatitis flares [58,59]. From this point of view, antiviral therapy for SARS-CoV-2
can also act as a major trigger. The most common current therapies for COVID-19 involved
in the HBV reactivation are tocilizumab, baricitinib, and, not surprisingly, systemic cor-
ticosteroids [16,17]. In this respect, the highest risk of reactivation is for those who are
HBsAg-positive and receiving tocilizumab [60], as previously well documented in subjects
not affected by SARS-CoV-2 [61,62]. However, in our study population, no individual
received such treatment, so this specific issue could not be addressed.

Instead, our research confirmed that moderate to high doses of corticosteroids (>10 mg
of methylprednisolone or equivalent dosages) are possibly related to hepatitis flares [17].
According to our local diagnostic and therapeutic care pathway, high doses of dexametha-
sone (6 mg/daily for 5-10 days) were administered in a large part (58.3%) of our cohort.
The rationale for this approach was derived from the RECOVERY (Randomised Evaluation
of COVID-19 Therapy) trial that compared patients treated with dexamethasone with
subjects receiving usual care; the reported incidence of death was significantly lower in the
dexamethasone group among individuals receiving invasive mechanical ventilation (29.3%
vs. 41.4%) or oxygen without invasive mechanical ventilation (23.3% vs. 26.2%) [63]. Based
on this premise, dexamethasone therapy was recommended by both the Committee for
Medicinal Products for Human Use (CHMP) of the European Medicines Agency and the
Italian Medicines Agency as soon as September 2020 in subjects with respiratory failure.
The administration of this therapeutical regimen, especially if early, was then confirmed as
being able to significantly improve the prognosis of people with COVID-19 pneumonia in
most of the studies conducted until now [64,65]. However, while this strategy is generally
well tolerated, in subjects with present and even past HBV infection, it can result in an
increased risk of HBV reactivation, even if administered just for a few days [66]. Hence, rou-
tine testing for HBV serology is recommended in all individuals prior to commencing these
immunosuppressive treatments [67]. In our experience, corticosteroid treatment—justified
by the fact that the vast majority of our patients required oxygen supplementation—was
confirmed as the major independent predictive factor of hepatitis flares, although the most
severe event (i.e., reverse HBsAg seroconversion) was not observed.

One additional consideration is that—probably due to the limited duration of the
administered corticosteroid therapy according to the protocol—hepatitis flares occurred
quite frequently (10.7%), but no subject required HBV antiviral therapy and/or other
specific supportive treatments, and the transaminase levels normalized after the COVID-19
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resolution. Conversely, anti-HBs status was found to be a strong protective factor against
HBYV reactivation, suggesting that this test may be useful for prospectively estimating the
risk of hepatitis flares in patients with COVID-19. By contrast, as expected, those most
susceptible to liver enzyme elevation were HBsAg-positive.

In any case, when interpreting the results, some major limitations of this study should
be kept in mind, such as its retrospective design, the relatively limited sample size, the
different characteristics of the patients included during various waves of the pandemic,
the use of local protocols for COVID-19 treatment (including corticosteroids), and—most
important of all—the inclusion of only hospitalized patients with frequent systemic illness
and/or multiorgan involvement. Aside from these considerations, these latter aspects, to
the best of our knowledge, are not formally reported in the current COVID-19 guidelines,
and have been scarcely discussed in the literature [22,24,35,68]. Thus, it is our opinion that
they should be prospectively confirmed in larger studies.

The only other variable that our research found to be associated with HBV reactivation
at multivariate analysis, i.e., ICU admission, was likely attributable to the higher and/or
more prolonged dose of corticosteroids that was administered before and during the stay in
the critical care facility [11,67,69,70], as suggested by other authors, although there are few
reports documenting this possibility in patients with the most severe forms of COVID-19
and not receiving any corticosteroid treatment [23].

5. Conclusions

HBYV reactivation in a cohort of Italian patients hospitalized for COVID-19 was ob-
served in 10.7%, but no seroreversion or clinically relevant hepatic flare events were docu-
mented. Corticosteroids, particularly at higher doses, were predictive of HBV reactivation,
while anti-HBs-positive status was a protective factor, suggesting that it may be detected at
baseline for a better risk stratification.
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