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The many faces of coronavirus disease 2019: COVID-19 and the liver imupdates

The coronavirus disease 2019 (COVID-19) continues to pose un-
precedented challenges to patients, physicians, and healthcare setups
alike. Its numerous clinical ramifications remain unabated, with
increasing medical literature establishing its involvement in the onset
and perpetuation of a myriad of extrapulmonary manifestations. Of
these extrapulmonary manifestations, hepatic impairment has been
extensively reported by researchers and clinicians. While hepatic
impairment is noted to be an established possible sequel of a COVID-19
infection, its pathophysiological basis remains unclear [1,2]. In order to
devise effective, all-encompassing management protocols, it is impera-
tive to thoroughly elucidate the pathophysiology and clinical manifes-
tations of COVID-19 plays in causing liver injury. Herein, we aim to
review the literature to date on hepatic manifestations of COVID-19 in
patients with no pre-existing liver disease, patients with chronic liver
disease and patients with liver transplantation.

Viral tropism heavily depends on the presence of virus-specific re-
ceptors at the membrane of a host cell [3]. For SARS-CoV-2, this is
mediated by the virus’ spike (S) protein interacting with the ACE-2 and
TMPRSS-2 receptors, ultimately resulting in an endocytic cell-entry
pathway [3]. Pertinently, the SARS-CoV-2 RNA has been found in
extrapulmonary organs such as the liver. However, the cellular sites of
replication have yet to be elucidated. The liver injury seen in COVID-19
patients is generally mild, even in the setting of pre-existing liver con-
ditions and in severe COVID-19. The major concern, however, stems
from the liver’s pivotal role in drug metabolism and core endogenous
processes such as coagulation, osmotic pressure maintenance, and acute
phase reactant production. Understanding the mechanisms by which
SARS-CoV-2 could gain entry into a hepatocyte could therefore prove
beneficial for the development of therapeutic targets and management
strategies.

There are three proposed mechanisms which have been found to
cause liver damage COVID-19 patients. The first mechanism is through a
direct effect of the virus. ACE-2 receptor expression is a major deter-
minant of a cell’s susceptibility to SARS-CoV-2 infection [2,4]. The
ACE-2 receptors are ubiquitous throughout the body, particularly in
type II pneumocytes and the hepatobiliary system [2]. A recent RNA
sequencing study found similar levels of ACE-2 expression in chol-
angiocytes when compared to those in lung alveoli, the primary infec-
tion site for COVID-19 [5]. ACE-2 receptors were found to be expressed
in 59.7% of cholangiocytes, a proportion similar to that in type II
pneumocytes. This insinuates the vulnerability of cholangiocytes to
SARS-CoV-2 [2,4,5]. A potential deleterious cytopathic effect of
SARS-CoV-2 is biliary tree dysfunction and imminent liver dysfunction
[4]. This notion has also been corroborated by the elevated levels of
gamma-glutamyl transferase (GGT) observed in several SARS-CoV-2
case series [2].

In healthy hepatocytes, the ACE-2 receptor levels were significantly
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lower, at 2.6% [5]. However, these levels were elevated in specific cir-
cumstances. Firstly, fibrosis and cirrhosis increase ACE-2 receptor
expression, supporting the results from previous studies that indicated a
higher risk for SARS-CoV-2 hepatocellular tropism in patients with un-
derlying liver injury [3]. Similarly, hypoxia is another circumstance in
which ACE-2 expression is upregulated in hepatocytes. This serves as a
potential explanation for the dissemination of extrapulmonary mani-
festations in patients who develop more severe hypoxic COVID-19
symptoms such as ARDS. The possible mechanisms by which
COVID-19 causes liver injury are delineated in Fig. 1.

The pathway for viral entry into hepatocyte cell lines might also
utilize the PIKfyve-TCP2 endocytic pathway present in the liver and
gallbladder at similar levels to the lungs [3]. Other studies have showed
that preincubation of the beta-coronavirus’ S protein with trypsin
enhanced the affinity for its receptor on the host cell surface. Trypsin,
among other proteases, is expressed in the hepatic epithelial cells as they
are crucial for remodeling the extracellular matrix. This enhanced af-
finity for the S protein in the presence of trypsin may be enough to
compensate for the lower levels of ACE-2 expression in healthy hepa-
tocytes. An important distinction needs to be made, however, between
viral entry into a cell and viral replication—and consequently pro-
liferation—within the cell. Notably, SARS-CoV-2 was able to replicate in
the hepatocyte cell line as well as overexpress proinflammatory cyto-
kines that perpetuate underlying hepatic damage [6]. The endocytic
pathway is elucidated by Fig. 2 below.

SARS-CoV-2 tropism might occur by infecting monocyte-derived
macrophages. Since monocyte-derived macrophages are known to ex-
press ACE-2 receptors, it is not surprising that lung alveolar macro-
phages stained positive in immunohistochemical detection of SARS-
CoV-2 [3]. However, the specialized hepatic tissue macrophages,
Kupffer cells, did not stain; this was despite the fact that Kupffer cells
proliferated in the setting of a COVID-19 infection [3]. It was subse-
quently discovered that Kupffer cells do not express ACE-2 receptors, at
least in healthy human livers, from which these RNA sequences were
analysed. Reliable comparison calls for similar quantification in
COVID-19 patients with underlying liver conditions. When the liver is
injured, monocyte-derived macrophages extravasate into the liver. If
these immune cells were infected with SARS-CoV-2, they could poten-
tially be carriers to ACE-2 receptor-expressing hepatocytes.

The second mechanism of liver damage is through a dysregulated
immune response. Severe COVID-19 patients have an increased activa-
tion of inflammatory markers [2-4]. This occurs due to upregulated
innate immune response with T-cell lymphopenia [3]. These mecha-
nisms could lead to a cytokine storm, which in turn could lead to pul-
monary and extrapulmonary injuries including hepatic inflammation
and injury [2]. The overactivation of the immune response leads to an
activation of cytotoxic (CD8") T-cells that survey the body and induce
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the destruction of virally infected cells. Intracellular molecules released
by these apoptosed cells can thus increase inflammatory signals.

The third mechanism of liver damage is through drug-induced
toxicity from drugs employed to treat COVID-19. This is especially
important in two patient populations: patients with pre-existing chronic
liver disease and liver transplant patients. The former are more sus-
ceptible to drug toxicity due to impaired drug metabolism. Contrarily,
liver transplant patients may be on immunosuppressants that have po-
tential interactions with other drugs [7]. Numerous drugs have been
used worldwide in order to treat COVID-19 patients, from antipyretics
and steroids to antimalarials and antivirals. Hepatotoxicity has already
been proven to be a potential side effect of a number of these drugs,
including remdesivir, lopinavir/ritonavir, paracetamol, macrolides, and
quinolones [2,3].

Autopsies that were performed on COVID-19 patients with no un-
derlying hepatic conditions revealed steatosis [3]. Multiple studies
involving cell lines showed that endoplasmic reticulum (ER) stress
markers were significantly elevated during SARS-CoV-2 infection [3]. As
ER stress is a major influencing factor for de novo lipogenesis in hepa-
tocytes, SARS-CoV-2 has been implicated in heralding the onset of he-
patic steatosis [3]. Compounding this is the mammalian target of
rapamycin (mTOR), a regulator of autophagy and inducer of de novo
lipogenesis. Cell lines infected with MERS-CoV exhibited hyper-
activation of their mTOR signalling pathway; inhibition of mTOR by
rapamycin in these infected cell lines inhibited MERS-CoV viral repli-
cation [3]. Given the anti-autophagosomal properties of SARS-CoV-2, it
might indeed share its mechanism of infection with that of the other
coronavirus family members: by direct infection and activation of the
mTOR signaling pathway. This is exacerbated by an indirect pathway
involving IL-6 stimulation, which further upregulates mTOR activity. As
we know SARS-CoV-2 infection upregulates IL-6 production, the resul-
tant cytokine storm effects could lead to even further propagation of
mTOR signaling and thus contribute to steatosis.

Hepatic injury in COVID-19 patients has been posited to be a direct
consequence of the viral infection. Pathological studies have established
the presence of SARS in both liver cells and bile duct cells [8]. Other
etiologies of hepatic involvement encompass drug reactions, an aberrant
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immune response, and hypoxia secondary to COVID-19 induced respi-
ratory compromise [9]. Interestingly, studies from China have reported
the presence of liver-related comorbidities in approximately 2-11% of
COVID-19 patients [8,9]. Furthermore, 14-53% of COVID-19 cases are
noted to present with elevated levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) [10]. The disease severity has
also been suspected to correlate strongly with derangements in the
ALT/AST levels. Guan et al. noted that AST was elevated in 112 (18.2%)
of 615 non-severe patients and 56 (39.4%) of 142 severe patients [11].
Similarly, ALT was elevated in 19.8% non-severe patients and 28.1%
severe patients [11]. In another study comprising 5700 patients, 39% of
the patients exhibited ALT levels greater than 60 U/L while 58.4% of the
patients presented with AST levels greater than 40 U/L [12]. The same
study reported that 56 patients (0.98%) of all the participants pro-
gressed to acute hepatic injury, as indicated by AST or ALT levels greater
than 15 times the reference value, out of which 53 died [12]. However,
most studies have reported liver dysfunction due to COVID-19 to be
generally mild and transient [13]. Nevertheless, liver dysfunction sec-
ondary to a COVID-19 infection has been associated with worse clinical
outcomes, with a recent study demonstrating a deteriorating clinical
picture in patients with significant hepatic impairment [14].

Chronic liver disease (CLD) is a lifelong pathological process that is
characterized by continuous, sustained destruction of the liver paren-
chyma and its gradual replacement by fibrous tissue, resulting in
reduced hepatic function [15]. A meta-analysis found that the preva-
lence of CLD in COVID-19 patients is 3% [95% CI 0.03, 0.04] [16]. CLD
in COVID-19 patients correlated with an exacerbation of COVID symp-
tomatology (pooled OR 1.48 [95% CI 1.17, 1.87], p = 0.001) and a
higher overall mortality (pooled OR 1.78 [95% CI 1.09, 2.93], p = 0.02)
[16]. In patients with underlying liver disease, the mortality rate was
30-36% [17]. Although it can be argued that there is a low incidence of
pre-existing liver pathologies among COVID-19 infections, the high
mortality rate should prompt further research into strategizing an
altered therapeutic regimen with careful precautions for this small, yet
vulnerable, patient group. Clinically, these patients may not tolerate
some of the drugs and biological agents routinely used to treat a
COVID-19 infection. Drugs such as baricitinib and tocilizumab, for

The pathophysiology of COVID-19 induced liver damage
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Fig. 1. The pathophysiology of COVID-19 induced liver damage.
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Fig. 2. The COVID-19 endocytic pathway responsible for hepatic impairment.

instance, could potentially reactivate conditions like hepatitis B virus
(HBV) infection. Similarly, the characteristic hepatotoxicity that occurs
due to the uptake of a COVID-19 pharmacological regimen is a major
concern for patients with CLD [3]. Lastly, it is possible that SARS-CoV-2
itself exacerbates any underlying liver disease by compromising the
remaining functional liver tissue during an ongoing infection.

Another major concern with SARS-CoV-2 was the danger it posed to
immunosuppressed patient populations, of which liver transplant (LT)
patients make up one of the largest groups [18]. In one large, multi-
center study examining the clinical characteristics and outcomes of 126
LT and 43,508 non-LT patients, adjusted analysis showed that 40% of
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the patients in the LT group required hospitalization compared to 23%
in non-LT (risk ratio [RR], 1.72, p < 0.0043) [18]. Unadjusted analyses
of risk ratios were similarly significant when comparing risk of mortality
(RR 2.28, p = 0.0069), thrombosis (RR 3.55, p < 0.001), and ICU
requirement (RR 2.64, p = 0.0013). However, when adjusted analyses
were performed, there was no difference in mortality, thrombosis or ICU
requirement. Another study found that in 111 LT patients, mycophe-
nolate immunosuppression was an independent predictor of severe
COVID-19 (RR 3.94 [95% CI 1.59-9.74], p = 0.003) [19]. In light of this,
dose reduction upon hospital admission could potentially curb a severe
COVID-19 course, however, complete cessation of immunosuppression
is discouraged. Furthermore, due to the strain that COVID-19 has placed
on healthcare systems, LT transplant candidates are undergoing higher
levels of risk stratification and consideration, in part due to our
continuously evolving understanding of donor-derived disease [20].
Waiting times have increased dramatically. While this careful manage-
ment and scrutiny is necessitated by the current pandemic, the future
healthcare toll and burden that these delays will undoubtedly bring
about h not clear yet.

As we tread uncharted waters in combating a generation-defining
pandemic, it is imperative that we continue to cogitate and devise
novel therapeutic strategies for infected patients with preexisting liver
comorbidities. It is indeed through a meticulous understanding of the
viral pathophysiology that extraintestinal manifestations can be curbed,
with a subsequent amelioration of disease outcomes in the aforesaid
patient population.
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