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In mid-December 2019, in Wuhan, in the Hubei province of
China, a cluster of five patients with severe acute respiratory
syndrome (SARS) was admitted to a hospital and diagnosed
with pneumonia of unknown etiology. According to the
epidemiological follow-up, the initial cases were linked to
a seafood andwet animalwholesalemarket.1OnFebruary 12,

2020, theWorld Health Organization (WHO) named the new
coronavirus severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and the disease coronavirus disease
(COVID)-19, which has since been classified as a pandemic.
As of June 30, 2020, there were more than 10.1 million cases
and 503,862 deaths,2 with the United States, Russia, United
Kingdom, Brazil, Spain, India, and Italy being the most
affected countries by the pandemic. A higher prevalence
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Abstract Liver injury can result from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infectionwithmore than one-third of COVID-19 patients exhibiting elevated liver enzymes.
Microvesicular steatosis, inflammation, vascular congestion, and thrombosis in the liver
havebeen described in autopsy samples fromCOVID-19 patients. Several factors, including
direct cytopathic effect of the virus, immune-mediated collateral damage, or an exacerba-
tion of preexisting liver disease may contribute to liver pathology in COVID-19. Due to its
immunological functions, the liver is an organ likely to participate in the viral response
against SARS-CoV-2 and this may predispose it to injury. A better understanding of the
mechanismcontributing to liver injury is needed to develop and implement earlymeasures
to prevent serious liver damage in patients suffering from COVID-19. This review
summarizes current reports of SARS-CoV-2 with an emphasis on how direct infection
and subsequent severe inflammatory response may contribute to liver injury in patients
with and without preexisting liver disease.
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has been reported in adults aged 18 to 64 years, representing
approximately 70% of the infected population.3 However,
individuals 65 years or older have the highest case fatality
rates.4,5

Lethality due to COVID-19 has been associated with an
exacerbated inflammatory response, namely, a cytokine storm
characterized by high circulating levels of proinflammatory
cytokines and chemokines,6,7 a phenomenon that is not
uncommon to the previously identified coronaviruses, SARS-
CoV and Middle East respiratory syndrome-coronavirus
(MERS-CoV) which appeared in 2002 and 2012, respectively.8

In both cases, severe disease is known to manifest as a severe
acute respiratorydistress syndrome (ARDS), and inmanycases
liver damage may occur. Manifestations of hepatic injury
caused by either virus are similar, and are evident mainly
due to elevated transaminase levels, observed in 60% in the
case of SARS-CoV–infected patients.9 Liver histological
changes in SARS-CoV includemild tomoderate lobular inflam-
mation and cells in mitosis,9 whereas in MERS moderate
steatosis, scattered calcifications,mildportal tract, and lobular
lymphocytic inflammation are reported.10

This novel COVID-19 disease parallels many aspects of the
previous coronavirus epidemics, including the importance of
the severe inflammatory response syndrome (SIRS) which
contributes to ARDS, and eventually progresses to multi-
organ failure (MOF). In this process, the whole system is at
risk, as other organs, besides the lungs, suffer from a by-
stander effect, and the liver is no exception. This inflamma-
tory process is potentiated by the continuous activation of
the inflammasome,8which is induced not only by the release
of damage-associated molecular patterns (DAMPs) from
injured tissues but also by virulence factors unique to these
coronaviruses. SARS-CoV-2, with its particular and appar-
ently more successful infectious capacity, has also proven to
induce reactive hepatitis, as evidenced by liver function test
(LFT) abnormalities, which correlatewith an increased riskof
severe disease.11,12 Additionally, it is now known that liver
damage also occurs due to direct infection of the hepato-
cytes, and not only as a consequence of the sustained
inflammatory response. In this review, we will summarize
current reports of SARS-CoV-2, its infectionmechanisms and
contribution to SIRS, as well as possible liver dysfunction in
patients with and without preexisting liver disease.

SARS-CoV-2 Infection Mechanisms

The genome of SARS-CoV-2 comprises 29.9 kb and shares
79.6% sequence identity to SARS-CoV and 50% genome
sequence homology with MERS-CoV.13 Moreover, it has
96% genome identity to a bat coronavirus, suggesting it
originated in bats.14

SARS-CoV-2 is a beta-coronavirus of the family of CoVs
and the causal agent of COVID-19. Similar to SARS-CoV,
SARS-CoV-2 mediates its entry to the target cell through
binding to the angiotensin-converting enzyme 2 (ACE2)
functional receptor,13 a type I membrane protein found in
several tissues including lungs, heart, kidneys, intestine, and

liver.13,15 Thus, the tropism of virus infection is determined
by tissue expression and distribution of the receptor.16

As with all CoVs, SARS-CoV-2 has a positive single-
stranded RNA genome which contains two genomic open
reading frames (ORFs: ORF1a and ORF1b) and nine ORFs that
are part of the sub-genomic RNA. The translation of ORF1a
and ORF1b encodes a polyprotein containing the replicase
which has proteases that cleave the polyprotein to release
nonstructural proteins (nsp) to form the replicase–transcrip-
tase complex. The other nine ORFs code for conserved
structural proteins like the spike protein (S), the envelope
protein E, the membrane protein (M), the nucleocapsid
protein, and at least six accessory proteins (3a, 6, 7a, 7b, 8,
and 10).17

CoVs initiate their infection when the S protein is cleaved
by host proteases like cathepsin L and the transmembrane
protease serine 2 (TMPRSS2) in the case of SARS-CoV-2,
enabling the virus the ability of attachment, fusion, and
entry. This is mediated by binding to the host cell through
the receptor-binding domain (RBD) in its S1 subunit18which
binds directly to the peptidase domain of ACE215 and by
fusing the viral and host membranes through its S2
subunit.18 Its entry can also be mediated by endocytosis
which is driven by PIKfyve and two pore segment channel 2
(TPC2).19,20 Once inside the host cell cytoplasm, the repli-
case–transcriptase complex is assembled and generates new
genomic RNA and sub-genomic RNA, used as a mRNA mold.
The structural proteins are synthesized by the endoplasmic
reticulum and transported to the cytosol where the virions
are built and finally transported to the cell membrane to be
exocytosed.11

Remarkably, the S protein in SARS-CoV-2 is expressed as a
proprotein convertase (PPC), which is proteolytically cleaved
by cytosolic furin, inducing preactivation of the S protein.
Once activated, it exposes the S1 and S2 subunit, thereby
enhancing the entry of SARS-CoV-2. Thus, it is the combina-
tion of these proteases that favors the processing of the S
protein and the virus internalization in susceptible cells. It is
important to note that in cells with low cathepsin L and/or
low expression of TMPRSS2, the furin preactivation process
can promote SARS-CoV-2 infection.21 Also, it has been
demonstrated that the S1 CTD (C terminal domain) binds
to human ACE2 (hACE2) by its RBD and that this interaction
happens between the external subdomain of SARS CoV-2-
CTD that binds with the hACE2 N-terminal domain (NTD)
subdomain I.22 Interestingly, this interaction is four times
higher than that observed for the homologous regions of
SARS-CoV S protein. This is because the RBD ismore compact
and presents more atoms that interact with the hACE2
NTD.23 Importantly, this RBD undergoes conformational
changes between standing-up/-down positions that favor
receptor binding or immune evasion, respectively. Surpris-
ingly, the RBD from SARS-CoV-2 is more frequently found to
be in the standing-down position, which prevents immune
recognition by the host, but at the same time affects RBD
availability for binding. However, this is compensated with
the high affinity for its receptor and a preactivation process
facilitating SARS-CoV-2 entry to the host, which combined
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with the low immune response produced, increases SARS-
CoV-2 pathogenicity.21

Physiopathology of the Inflammatory
Response in SARS-CoV-2–Infected Patients

While we currently do not completely understand COVID-19
pathophysiology, we know now that SARS-CoV-2 causes simi-
lar clinical characteristics as thosemanifested in SARS-CoVand
MERS-CoV infections,6 including severe respiratory symptoms.

The clinical presentation of SARS-CoV-2–infected
patients mainly consists of fever, fatigue, dry cough, anorex-
ia, myalgia, and gastrointestinal (GI) symptoms such as
diarrhea, nausea, vomiting, and abdominal pain.12 However,
loss of smell and taste and less frequently dermatological
findings such as maculopapular plaques, urticaria, vesicles,
and livedo reticularis24 have also been reported.

It is suggested that since ACE2 is mostly expressed in type
II alveolar cells, the injury to these cells explains the severe
alveolar damage and minimal upper airway symptoms16

observed in these patients, seen as bilateral ground-glass
opacity and subsegmental areas of consolidation by chest
computed tomography.6

The systemic inflammatory response syndrome25 is a
cardinal feature of lung disease caused by SARS-CoV-2, as
evidenced by elevated levels of CRP, procalcitonin, and serum
amyloid A.26 Severe SIRS culminates in respiratory failure
due to ARDS, which along with secondary hemophagocytic
lymphohistiocytosis are considered important causes of a
hyperinflammatory state that can progress to MOF.7

Indeed, COVID-19 infection is characterized by a cytokine
storm with high circulating levels of proinflammatory cyto-
kines and chemokines including interleukin (IL)-1β, interferon
(IFN)-γ, inducible protein (IP)-10, and MCP-1, similarly with
SARS-CoV and MERS patients.6 Importantly, the bronchoal-
veolar lavage (BAL) fluid of ARDS nonsurvivors has elevated
and persistent levels of IL-1β, IL-6, IL-8, and tumor necrosis
factor (TNF)-α in association with increased endothelial per-
meability, elevated BAL/plasma ratios of all of these cytokines,
suggests a pulmonary origin.27 There is evidence pointing to
the activated inflammasomeas one of the criticalmediators of
this cytokine storm, as increased levels ofmRNA transcripts of
caspase-1, IL-1β, and IL-18 have been found in the peripheral
blood of these patients.28 Thus, a similar or more potent
inflammatory response can be expected in COVID-19, as
explained by the fact that coronaviruses such as SARS-CoV,
MERS, and SARS-CoV-2 encode activators of the NOD-like
receptor pyrin domain-containing 3 (NLRP3) inflammasome,
the most studied multimeric protein complex that amplifies
inflammatory signals.

One of those activators in SARS-CoV-2 is ORF3a, which
induces NF-kB activation, chemokine production, Golgi frag-
mentation, ER stress, and cell death.29 In addition, it promotes
inflammasome assembly via ubiquitination of apoptosis-asso-
ciated speck-like protein containing CARD (ASC),30 thus pro-
moting pro-IL-1β gene transcription. Likewise, E protein also
activates theNLRP3 inflammasome.8Besidesbeinga structural
protein, E protein is an ion channel, exerting its activity in the

membrane of the ER. The release of Ca2þ from the ER contrib-
utes to the activation of the inflammasomecomplex, leading to
the release of proinflammatory cytokines such as TNF-ɑ, IL-1,
and IL-6. The accumulation of these cytokines promotes an
exacerbated proinflammatory response that contributes to the
SIRS, whose consequences may be lethal.25,31

Recently, inoculation of murine coronavirus mouse hepati-
tis virus A-59 (MHV-A59) in mice has been proposed as an
effective animalmodel to studyARDS causedby SARS-CoVand
MERSinfections,whichwouldavoid thenecessaryhigh level of
containment required otherwise. After intranasal inoculation,
MHV-A59 was found to induce pathologic features of acute
lung injurywhichwere additionally associatedwith increased
levels of IP-10, IFN-γ, TNF-α, and IL-1β, suggestive of the
elevated inflammatory response expected in these infections,
and interestingly a suppressed antiviral type I IFN response as
well.32 A study of inflammasome activation with a similar
mouse model (intracranial inoculation of MHV-A59) showed
results consistent with a protective role, as infected caspase-1
knockout (KO)micehad reduced survival (40 vs. 90% inWT) in
addition to increased viral replication in the liver and spleen.
Furthermore, IL-18 KO mice had a much lower survival, even
though the infective dose was smaller (10 vs. 90% in WT);
elevated viral load and poor viral clearance were also seen in
the liver of these mice, all of which were associated with
impaired IFN-γ production. However, results from IL-1 KO
mice suggested a pathological role as survival tended to be
higher than inWTmice, althoughamodel-specific effect could
not be ruled out.33 Thesefindings hint to the complexity of the
immune system, whose response depends on the type and
intensity of the stimuli, with the possibility of being over-
whelmed if persistent.

An additional physiopathological component that contrib-
utes to the inflammatory response, including the activation of
the inflammasome, is the DAMP released as part of the
bystander effect related to the multiorgan involvement inher-
ent to ARDS. Indeed, IL-33, a molecule released after epithelial
cell damage or necrosis, is found at high levels in the serum of
ARDSpatients.34 Likewise, alveolar epithelial cells areknown to
be activated by S100A8 via TLR4 promoting neutrophil recruit-
ment to the lungs,35 while mitochondrial DAMPs (DNA and
proteins) on the other hand increase systemic endothelial
permeability by upregulating the expression ofHMGB1, anoth-
er important DAMP, and also activate neutrophils and enhance
their adherence to the endothelium.36 This severe immune
response also leads to an impaired coagulation cascade, pre-
disposing these patients to the formation of microthrombosis,
disseminated intravascular coagulation, and MOF.31

Direct or Collateral Liver Damage in
SARS-CoV-2

The liver is a key organ in all metabolic processes. It harbors
the body’s largest macrophage pool and its parenchymal and
nonparenchymal cells (hepatic stellate cells and liver sinu-
soidal endothelial cells) are primed to sense and activate
immune responses via pathogen recognition receptors (PRR)
such as toll-like receptor (TLR) 4.37 This is of great
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importance owing to the liver’s dual blood supply, of which a
significant number of antigens arrive from the gut via the
portal vein. In this sense, the liver is an organ likely to
participate in the viral response against SARS-CoV-2, whose
known functional receptor, ACE2, has been detected in
cholangiocytes,38 vascular endothelium, and perivenular
hepatocytes.39

Liver injury has been observed in SARS-CoV-2–infected
patients40 with an incidence of 36% (range, 21–52%),41 and
liver samples obtained from autopsies of COVID-19 patients
showmicrovesicular steatosis and inflammation.42–44While
the specific mechanisms of liver injury have not been fully
identified, the following ones have been proposed and are
summarized in ►Fig. 1.

Direct Cytopathic Effects of SARS-CoV-2 on
Parenchymal Cells
In theory, all viruses have a certain degree of cytopathic
effects, as they hijack the cell’s translational machinery. The
extent to which cells respond to the viruses varies according
to their own physiological transcriptional activity.

Among the parenchymal cells composing the liver, chol-
angiocytes have been reported to express higher ACE2,38 and
therefore could provide access for the virus to gain entry into
the liver and cause damage. In a 3D culture model of human
cholangiocytes, 2.92% of the cells expressed ACE2 and 51.54%
of the cells expressed TMPRSS2 after single-cell RNA sequenc-
ing, which was also confirmed by immunostaining. Interest-
ingly, 68% of those ACE2þ cells coexpress TMPRSS2, which
makes cholangiocytes an easy target for SARS-CoV-2 infection.
Indeed, not only the expression of SARS-CoV-2 nucleocapsid
(N) protein inside cholangiocytes was demonstrated in this in
vitro system 24 hours after infection, but an increase in viral
load by genomic RNA analysis was also observed.45 More
importantly, the infection of cholangiocytes by SARS-CoV-2
altered their bile acid (BA) transporting function reducing the
expression of the apical sodium-dependent BA transporter
and the cystic fibrosis transmembrane regulator.45,46 Viral
load in these organoids decreased after 48 hours and was
associatedwith ahighexpressionofgenes related to apoptosis,
suggesting that SARS-CoV-2 infection induces cholangiocyte
death.46 Cholestasis has been recently reported in 7 out of 11

Fig. 1 Liver injury in COVID-19. When the virus infects the liver parenchyma, its virulence factors promote apoptosis. With the establishment of
SIRS, proinflammatory cytokines make target organs susceptible, including the liver. They mainly cause mitochondrial dysfunction but can also
activate the inflammasome via DAMPs. With these two processes put together, a liver with low functional reserve due to a chronic injury is
vulnerable to damage either by the virus itself or by the inflammatory state. IFN, interferon; IL, interleukin; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; SIRS, severe inflammatory response syndrome; TNF, tumor necrosis factor. (BioRender was used to make the figures.)
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autopsies performed in COVID-19 patients at amedical center
in Austria, with nuclear pleomorphism in cholangiocytes and
ductular proliferation.47

Despite this evidence, COVID-19 patients with liver dam-
age do not exhibit severe alterations in gamma-glutamyl
transferase (GGT) or alkaline phosphatase (ALP) levels.48

Instead, moderate elevations of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) are observed,
suggesting a direct effect on hepatocytes.

ACE2 expression inhepatocytes of normal liver tissue is low
and has been observed only in occasional perivenular hep-
atocytes.39 However, in cirrhotic human liver, ACE2 has been
detected in most hepatocytes within the cirrhotic nodules.
Additionally, hepatocytes cultured under hypoxic conditions

have a significant increase of ACE2 expression at the mRNA
level. The rate of expression increases in parallel to the dura-
tion of hypoxia.39 Likewise, hepatic steatosis seems to influ-
enceACE-2expression. Inmicemodelsofhigh fatdiet–induced
NASH, increased hepatic ACE2 mRNA and protein expression
have been observed,49 and this expression was even higher
when animals were treated with PPARγ agonists such as
pioglitazone.49 While this phenomenon has not been shown
in humans yet, this is an intriguing finding, since COVID-19
disease has been observed to be more severe in patients with
diabetes and/or an elevated body mass index.

Studies have shown infection of hepatocytes by SARS-
CoV,9,50 from which the behavior of SARS-CoV-2 can be
predicted (see►Fig. 2). Importantly, the presence of multiple

Fig. 2 Pathogenesis of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and possible mechanisms of hepatic injury. The targets of
SARS-CoV-2 are angiotensin-converting enzyme 2 (ACE2) expressing cells. Current evidence demonstrates that hepatocytes are one of these
target cells as the presence of viral particles in the cytoplasm has been observed. The viral internalization mainly occurs by endocytosis, although
viral–host membrane fusion is also a possibility. This is mediated by the interaction of the S protein and ACE2. Liver injury can occur directly due
to viral replication within hepatocytes; however, some of its virulence factors are known to function as inflammasome activators and
proapoptotic proteins that induce the secretion of inflammatory cytokines, DAMPs, and hepatocyte apoptosis. On the contrary, the liver may
suffer from the bystander effect and may respond and contribute to the inflammatory milieu, with consequences on the integrity of its
hepatocytes. Interestingly, the hepatocyte may have a higher susceptibility for SARS-CoV-2 infection owing to the four times higher affinity of
the S protein to ACE2, compared with SARS-CoV. It should also be considered that hepatocytes do not express ACE2 under normal conditions and
that hypoxia related to severe inflammatory response syndrome or underlying liver disease may predispose them to infection by upregulating
ACE2 expression, thus contributing to liver dysfunction. (BioRender was used to make the figures.)
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SARS-CoV-2 virions inside hepatocytes was recently demon-
strated by transmission electron microscopy in autopsy liver
tissue obtained from two patients with COVID-19.51 Micro-
photography also demonstratedmitochondrial swelling in the
hepatocytes. Microvesicular steatosis, inflammation, and apo-
ptotic bodies in the liver confirmed by TUNEL assay were also
observed.51 Infection of liver tissue by SARS-CoV-2 has also
been demonstrated through quantification of the ORF1ab and
the N protein by qPCR in one out of four cases in a case series
fromWuhan, China.43 While it is not clear from these studies
whether SARS-CoV-2gains entry intohepatocytes through the
ACE2 receptor,51 it is known that SARS-CoV-2 possesses
proteins like protein 7a and other nonstructural proteins
which once inside the cells can induce apoptosis,9 such as
that observed in these two patients.

Considering that COVID-19 patients suffer from severe
hypoxia, and based on the earlier evidence indicating that
hypoxic conditions upregulate the expression of ACE2 recep-
tor on hepatocytes, one could argue that there is a big
possibility that hepatocytes get directly infected by SARS-
CoV-2 and that such infection is mediated by ACE2 receptor.
However, we cannot rule out the possibility of additional
receptors used by SARS-CoV-2 to enter hepatocytes. With
this limited evidence, we cannot definitely conclude that the
presence of the virus inside hepatocytes indicates viral
replication. But what is possible is that cell death may be
caused by lymphocytes recognizing infected hepatocytes.52

SARS-CoV-2 and Immune-Mediated Collateral Damage
Recognition of viruses through PRRs present on immune cells is
crucial to halt the virus’s life cycle, through the activation of
mechanisms such as the inflammasome.29On the contrary, the
virulence factors are also capableof inducingadevastatingSIRS.
Indeed, SARS-CoV-2 has proteins like ORF3 and protein E that
induce pyroptosis, a type of inflammatory cell death, by pro-
moting the activation of the inflammasome in macrophages
and lymphocytes which amplifies inflammatory signals.30,53

The high presence of macrophages and other immune
cells in the liver suggests an increased susceptibility for the
entrance of SARS-CoV-2 to this organ, and a possible mech-
anism for associated hepatic dysfunction.38 The liver may
also contribute to the heightened inflammatory response,
especially when injured. SARS-CoV–infected macrophages
have demonstrated elevated levels of proinflammatory cyto-
kines, which contribute to the pathogenesis of the dysregu-
lated inflammatory response that is typical of SARS.54

Evidence suggests that the liver is one of the organs
frequently affected by SARS-CoV and its associated SIRS.
Reactive hepatitis as detected by elevated serum ALT levels
was found in 24% of 294 SARS patients at admission and
increased up to 69% during the disease course.55 Similarly,
early hepatic dysfunction, defined as a serumbilirubin� 33 μ-
mol/L (� 2mg/dL) was found with a prevalence of 17.6% in a
cohort of 805 ARDS patients at admission, with significant
increases inbilirubin levels observedduring the clinical course
of nonsurvivors.56

In a comparison analysis between SARS patients with
normal and abnormal serum ALT levels, the latter had higher

IL-1β, IL-6, and IL-10 levels.57 Higher IL-6 levels have been
significantly associated with death in ARDS patients.58 Proin-
flammatory cytokines which are the mediators of hyperim-
mune responses induced by viral infections can lead to severe
damage ofdifferentorgans including the liver. Hepatocytes are
known tobevery susceptible to thedifferent proinflammatory
cytokines.When rat hepatocytes are subjected to septic stress
and incubated with IL-1β, overproduction of nitric oxide is
enhanced, which results in mitochondrial dysfunction and
consequent altered hepatocyte energy metabolism.59 IL-1β
and IL-6 are the main inducers of C-reactive protein (CRP),
which is produced in the liver.60Hepatic enzyme alterations in
SARS-CoV-2–positivepatients are also commonandhavebeen
associated with the severity of the infection.48,61–64 Although
CRPand IL-6 levels havebeen associatedwith highermortality
rates and severity of disease,65 reports in the literature are
contradictory. Some studies have reported no difference in the
elevation of proinflammatory biomarkers between patients
with and without altered liver enzymes.51 Other studies have
shown an association between abnormal LFTs and increased
neutrophil counts51,66,67 and diminished lymphocytes.67

These patients also had a significantly longer hospital
stay,51,66,68 severe lung injury as assessed by computed
tomography or chest radiograph,51,66 and severe disease and
admission to the intensive care unit (ICU).51,69 A similar
pattern seems to occur in children, as higher total bilirubin
(TBIL) and ALT levels were found in those with severe COVID-
19 disease, which also had elevated levels of inflammatory
biomarkers such as IL-6, IL-10, CRP, and D-dimer, as well as
diminished CD3þ T cell and NK cell counts. Nevertheless, only
high TBIL levels and NK cell counts were identified by uni-
variable analysis as the only significant risk factors associated
with the development of severe pneumonia.65

Based on the aforementioned evidence, it is very possible
that one of the mechanisms contributing to the damage
observed in the liver of these patients is related to collateral
damage produced by SARS-CoV-2–infected cells which upre-
gulate the inflammasome and produce large amounts of cyto-
kines to help combat the virus. However, this overactivation of
the immune system may result in collateral damage to both
infected and uninfected host cells stimulated either by the
secreted cytokines or by the viral antigens. Additionally, in
severe COVID-19 patients, this exacerbated systemic inflam-
matory response inducesmacro-andmicrocirculatorydysfunc-
tion that leads to a profound global hypoperfusion resulting in
hypoxia, hypotension, and a hypercoagulable state.47 This has
been noted in relevant histopathologicalfindings from the liver
of patients undergoing autopsy, where, besides important
mononuclear infiltration, hepatocyte necrosis, vascular con-
gestion, and thrombosis have been observed.47 Therefore,
hypoxia, hypotension, and microvascular thrombosis should
be considered important causes of liver injury/dysfunction in
COVID-19 patients.

Preexisting Liver Disease and COVID-19
The liver is a vital organ. It is well perfused, being one of the
only vital organs that have a portal system. As such, it is
susceptible to injury when systemic inflammation ensues.

Seminars in Liver Disease Vol. 40 No. 3/2020

Direct or Collateral Liver Damage in SARS-CoV-2–Infected Patients Lizardo-Thiebaud et al.326

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Even though it has the capacity of compensatory hyperplasia,
the circulating cytokinesmay very well inhibit this. Therefore,
if the liver does not have enough functional reserve, when
traumatic events such as ARDS and SIRS berate the body, liver
failure may develop.

Initial data regardingwhether preexisting liver diseasewas
a predisposing factor for the development of liver injury and a
more severe course indicated it was not. A meta-analysis
considering nine single-center studies, the majority with
more than 100 participants demonstrated that chronic liver
disease was not significantly correlated with COVID-19 sever-
ity. However, it did show that patients with severe COVID-19
had ahigher likelihoodofdeveloping acute liverdysfunction.70

Somesingle-center cross-sectional studies fromChina have
shown no difference in the incidence of liver injury between
ICU and non-ICU patients.6,12,66 Others have shown that only
non-ICU patients had a history of liver disease; however,
abnormal LFTs were present only in ICU patients.6,12

However, the most recent studies have now shown an
important association between preexisting liver disease and
COVID-19 severity. A retrospective study including 202
patients identified a higher prevalence of nonalcoholic fatty
liver disease (NAFLD) in patients with severe COVID-19.
Multivariate regression analysis showed patients with NAFLD
were associated with COVID-19 progression (odds ratio, 6.4;
95% confidence interval: 1.5–31.2). These patients also had
higher likelihood of abnormal liver function fromadmission to
discharge (70 vs. 11.1%, p< 0.0001) when compared with
patients without NAFLD. However, there was no difference
in the frequency of elevated enzymes between stable and
severe COVID-19 infections.71 A multicenter study including
10 hospitals and a total of 5,771 patients demonstrated that
chronic liver disease was more prevalent in patients with
severe COVID-19 infection (1.2 vs. 2.1%). The study also
identified higher hepatic enzymes and bilirubin in patients
with severe disease.67 Finally, data coming from amulticenter
study including 37 health centers and more than 4 million
participants in the United States identified a higher mortality
and hospitalization rate in patients with preexisting liver
disease. Preexisting liver disease conferred a relative risk
(RR) of 3 (1.5,6) for mortality and a RR of 1.3 (1.1,1.6) for
hospitalization. Although they did not calculate differences in
the incidence of liver dysfunction between patients with
preexisting liver disease and those without, both groups had
a high number of patients with LFT abnormalities.72

Despite the conflicting data, overall the most recent
information including a high number of patients indicates
that preexisting liver disease confers a higher risk for devel-
oping severe COVID-19. Therefore, especial attention should
be paid to patients with COVID-19 and preexisting liver
diseases, considering the fact that there is evidence of an
upregulation of ACE2 (97-fold in a widespread parenchymal
pattern) in cirrhotic conditions, and in high-fat diet–induced
NASH in animal models,49 treated with PPARγ agonists such
as pioglitazone49 which could increase susceptibility to
SARS-CoV-2 infection.39 It should be considered that some
patientsmay have subclinical preexisting liver disease due to
the presence of metabolic syndrome. Of notice, glucose

intolerance, metabolic syndrome, and diabetes are consid-
ered risk factors for a severe outcome in patients with
COVID-19.73 The information described earlier together
with the reports of liver dysfunction in SARS-CoV-2 severe
cases40 highlights the necessity to study this relation to
implement early measures and prevent the permanent con-
sequences due to devastating liver damage.

Conclusion

COVID-19 is caused by the SARS-CoV-2, whose viral struc-
ture is similar to that of SARS and MERS. However, SARS-
CoV-2 infection has been demonstrated to be more patho-
genic due to unique properties of its S protein. The infection
was declared a pandemic in the beginning of the year,
affecting more than 4 million people around the world.
With a mortality rate of 3 to 4%, the severity of the disease
originates from the cytokine storm produced by the dys-
functional immune response to the virus and also due to the
viruses’ virulence factors. Liver injury develops in 36% of the
patients, with mild to moderate elevation of hepatic
enzymes. Recent studies highlighted in this review suggest
that the injury is likely caused by the immune dysregula-
tion, direct infection of the virus in liver parenchyma, and
also by preexisting liver disease. Further research into the
characterization of which mechanism predominates will
help in prioritizing measures to prevent liver damage in
patients with COVID-19.

Main Concepts and Key Points

• Liver injury has been observed in SARS-CoV-2–infected
patients.

• Liver samples obtained from autopsies of COVID-19
patients show microvesicular steatosis, inflammation,
vascular congestion, and thrombosis.

• Liver injury seen in COVID-19 diseasemay be due to direct
cytopathic effect of the virus, immune-mediated collater-
al damage, and an exacerbation of preexisting liver
disease.

• The liver is an organ likely to participate in the viral
response against SARS-CoV-2 and this may predispose
it to injury.
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