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a b s t r a c t
The ongoing pandemic of coronavirus disease 2019 (COVID-19) pandemic poses a serious threat to
healthcare systems globally. Information regarding how the infection affects the liver and relevance
of pre-existing liver disease as a risk factor for acquiring the infection or having a severe disease are still
scarce. Also, considerations in liver transplant patients, those having hepatocellular carcinoma or under
immunosuppressive therapy are being matter of analysis as information is being generated. Different
treatments for COVID-19 are currently under study, some of which may be associated to hepatotoxicity.
In the present review we discuss current data on the COVID-19 and liver, aiming to provide hepatologists
with updated information to face this pandemic.
© 2020 Fundación Clı́nica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Overview
The global pandemic of novel coronavirus disease 2019 (COVID19) caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) began in Wuhan, China, in December 2019, and has
since spread worldwide [1]. On March 11, 2020, the World Health
Organization (WHO) declared the SARS-CoV-2 outbreak a pandemic due to the constantly increasing number of cases outside
China [2]. As of April 20, nearly 2.5 million confirmed cases and
more than 155,000 deaths in 213 countries and territories worldwide had been reported in the COVID-19 pandemic, according to
WHO. However, despite these increases that are widely reported,
many people are being discharged from hospitals and making a full
recovery.
As the number of cases grows around the globe, both through
increased detection and viral spread, it is essential to develop
strategies to protect persons who are most vulnerable to have
severe illness from SARS-CoV-2 infection. The Centers for Disease Control and Prevention (CDC) has issued specific guidance for
persons at greater risk for serious morbidity and mortality from
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COVID-19, including patients with chronic liver diseases among
many others [3].
In this article, we review current data on how COVID-19 may
affect the liver in patients with and without previous liver disease and how a pre-existing liver disease may affect COVID-19
outcomes. We aim to provide clinical hepatologists with updated
information to face this pandemic in daily practice.

2. General considerations
The first and most evident consequence of COVID-19 pandemic is its impact on routine care of patients with chronic liver
diseases. Traditional clinical care of patients with chronic diseases in ambulatory settings changed since the appearance of this
pandemic. To avoid transmission, almost all face-to-face routine
controls are suspended and follow-up by telemedicine or by phone
is recommended[4,5]. Telemedicine may not be available in many
countries, but any means of virtual consultation must be used to
avoid clinical visits.
In patients with chronic liver disease all recommendations from
local authorities for the general population should be applied. Since
patients with cirrhosis may be at higher risk of poor outcome, counseling about warning symptoms should be provided. Immediate
contact is recommended upon the appearance of signs or symp-
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toms compatible with COVID-19 and/or decompensated cirrhosis
for urgent referral and management [5].

3. Evaluating patients with COVID-19 and abnormal liver
tests
Liver dysfunction may be common in patients admitted for
COVID-19. Elevated alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were reported in 16–53% of patients
[6]. Patients with severe COVID-19 seem to have higher rates of liver
dysfunction. In a large study from China, AST/ALT were elevated in
18.2/19.8% of patients with mild and in 39.4/28.1% with severe disease [7]. Another smaller study from China found similar results:
AST was elevated in 62% of patients in the intensive care unit (ICU)
compared with 25% in those who did not require care in the ICU [8].
In patients with subclinical disease, AST and ALT were elevated in
8.7 and 8.9% of patients, respectively [9]. In a study from New York,
including 5700 patients, 58.4% developed AST values >40 U/L and
39% ALT >60 U/L [10]. In this same cohort, 56 patients (2.1%) developed acute hepatic injury defined as an elevation in AST or ALT of
>15 times the upper limit of normal. Of these 56 patients, 3 were
18–65 years old (3/1373, 0.2%) and discharged alive, and 53 died:
25 were 18–65 years old (25/134, 18.7%) and 28 were >65 years old
(28/469, 6.7%) [10]. Therefore, the frequency of liver dysfunction
increases the more severe is the COVID-19.
Liver damage in patients with coronavirus infections might be
directly caused by the viral infection of liver cells since pathological
studies in patients with SARS confirmed the presence of the virus
in liver tissue. Angiotensin-converting enzyme 2 (ACE2), the entry
cell receptor for SARS-CoV2, is expressed in both liver cells and
bile duct cells [11]. Since its expression is much higher in bile duct
cells, COVID-19 liver injury appears to be more related to its damage
than to liver cells injury [11]. But this remains to be confirmed in
COVID-19 patients [6]. ALT/AST elevation may also be explained by
drug hepatotoxicity, cytokine storm and/or pneumonia-associated
hypoxia [6,11].
In most studies, liver dysfunction appears to be mild, transient,
not clinically significant and to have no impact on COVID-19 outcomes [12]. Despite these results, patients with abnormal liver test
of hepatocellular type or mixed type at admission had higher risk
of progressing to severe disease during hospitalization in a recent
study [13].

4. Cirrhosis and pre-existing liver diseases
The prevalence of pre-existing liver diseases in patients with
COVID-19 ranges from 2 to 11% [6]. In the New York study only
0.4% of patients had pre-existing cirrhosis [10]. Even if its impact
on COVID-19 disease is yet unknown, cirrhosis has been associated
with increased mortality in patients with acute respiratory distress
syndrome (ARDS) [14]. Given that cirrhotics have poor immune
function and worse outcomes when critically ill, more intensive
surveillance or individually tailored therapeutic approaches are
needed for severe patients with COVID-19 with pre-existing liver
diseases [6,14].
In a study from China including 202 patients, obesity and the
presence of non-alcoholic fatty liver disease (NAFLD) were independently associated with an increased risk of COVID-19 disease
progression and a higher likelihood of abnormal liver function from
admission to discharge [15]. Other report from China including 214
patients showed that the presence of metabolic associated fatty
liver diseases (MAFLD) and obesity were associated with increased
risk of severe COVID-19 disease even after adjusting for age, sex,
smoking, diabetes, hypertension, and dyslipidemia [16].

Besides the care of the critically ill, the care of compensated
cirrhotics remains a challenge in this COVID-19 pandemic [5,17].
As previously mentioned, telemedicine/phone contact must be
used, wherever possible. Visits to specialized centers and routine
laboratory testing can be postponed and can be performed
locally/off-site whenever needed.
There is some controversy regarding screening procedures for
varices and hepatocellular carcinoma (HCC). Even if delayed screening is safe for most patients, it may increase the relative risk of
complications like variceal hemorrhage at the population level
or diagnosis of HCC at a later stage [5,17]. Decision should be
made according to available resources at each center and individual risk assessment. Urgent endoscopic procedures, such as variceal
bleeding, bacterial cholangitis or other life-threatening conditions
should not be delayed and carried out according recommendations
[18].
In case of decompensated disease, care should be maintained
according to guidelines but considering minimal exposure to
medical staff, by using telemedicine/visits by phone wherever possible/required to avoid admission [5]. It is recommended to testing
for SARS-CoV-2 in patients with acute decompensation.

5. Patients with hepatocellular carcinoma
There is no information about HCC and COVID-19. Nevertheless, patients with cancer may have a higher risk of COVID-19 and
poorer outcomes from COVID-19 than individuals without cancer.
It is recommended to pay more intensive attention in case of rapid
deterioration in patients with cancer [19].
In patients with HCC, care and treatment should be maintained
according to guidelines, including continuing systemic therapies,
but considering minimal exposure to medical staff, by using
telemedicine/visits by phone whenever possible/required [5]. The
International Liver Cancer Association (ILCA) has released a guideline with recommendations for treatment of HCC during COVID-19
pandemic that can be consulted for further information [20].

6. Liver transplant candidates
The main arguments for reducing liver transplantation during
the COVID-19 pandemic are: 1) The unacceptable high morbidity
and mortality (20.5%) of patients undergoing elective surgery in the
incubation period of COVID-19 [21]; 2) The need to reserve ICU beds
and related resources for COVID-19 patients; 3) The potential risk of
starting potent immunosuppressive therapy in a time of high risk of
SARS-CoV-2 infection. Accordingly, it is recommended that donors
and recipients are routinely tested for SARS-CoV-2 before transplantation [5]. The potential risk of nosocomial COVID-19 should
be part of the consent for procedures including liver transplantation.
The COVID-19 pandemic has completely changed the way we
take care of patients with cirrhosis. Reserving health resources
for the sickest in an attempt to reduce hospital utilization may
result in an impact in the care of patients with cirrhosis unfolding in three waves: (1) A period of resource utilization only for
emergencies among patients with liver disease; (2) A “return to
normal” period with increase in decompensations and overload
of deferred morbidity care; (3) A protracted period of suboptimal outcomes due to missed diagnoses, disease progression,
increased waiting list mortality and loss to follow-up [17]. Liver
transplantation activity has decreased in most centers, many completely halting living-donor liver transplantation (LDLT). Instead
of a complete shutdown of liver transplant programs, a more
individualized decision should be made based on the currently
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available local resources and the particular phase of the pandemic.
7. Post-livertransplant and patients on
immunosuppression
Patients on immunosuppressive drugs – either to avoid rejection in transplanted patients or for treatment of autoimmune
liver disease – are considered at higher risk of severe illness [3].
Immunosuppression may increase risk for infection or reactivation
of viral agents [22] and specifically for respiratory infections such
as influenza, immunocompromised patients have an increased risk
for more severe disease [23]. A report from Italy shows that mortality after liver transplantation is concentrated in patients older than
65 years and transplanted more than 10 years ago [24]. Nevertheless, it is interesting to note that small series have reported good
clinical outcomes of patients infected with SARS-CoV-2 while in
on immunosuppression, presumably because the cytokine release
syndrome with increased serum levels of IL-6, IL-8 and TNF-␣
is blunted in these population [25,26]. It has been reported persistent viral shedding in posttransplant patients with COVID-19
[27].
Currently there is no rationale for reducing or adjusting
immunosuppressive medications in stable patients in anticipation
of COVID-19. Immunizations should be encouraged, with focus on
influenza and Streptococcus pneumoniae. A different setting is the
patient already infected with SARS-CoV-2, in whom it should be
considered reducing corticosteroid dose to a dose sufficient to avoid
adrenal insufficiency. Azathioprine or mycophenolate dose may be
reduced if there is lymphopenia or pulmonary deterioration [28].
Minimizing in-person visits and prioritizing telemedicine is recommended.
8. Potential treatments for COVID-19 and liver implications
of such therapies
At the time of writing this article, 442 interventional trials for COVID-19 are listed in ClinicalTrials.gov (162 in phase
3 and 4), but no accepted specific drug therapy has been
approved. When possible and available, patients should receive
these experimental therapies in the context of a clinical study.
Nonetheless, many drugs are being used either off label or
in compassionate use programs, therefore an understanding
of potential liver-related side-effects of these medications is
required.
SARS-CoV-2 is an enveloped single-stranded RNA positivesense virus with a genome comprising 29,903 nucleotides [29].
This RNA encodes for structural and 16 non-structural proteins. Among the structural proteins, S (spike), M (membrane), E
(envelope) and N (nucleocapsid) [30] are critical for virion attachment and assembly and potentially susceptible for drug/antibody
inhibition. Among the 16 non-structural proteins (nsp), two proteases (3-chymotrypsin-like protease and papain-like protease),
and the RNA-dependent RNA polymerase (RdRp) are some targets for drug therapy [31]. The structure of the RdRp was
recently resolved [32], a step toward design of new specific antivirals.
Targeting the host immune response to the viral infection is a
different approach, aiming at controlling the systemic hyperinflammation (“cytokine storm”) [33] found in patients who progress to
severe stages of the disease.
A database of periodically updated drug-drug interaction
between experimental COVID-19 therapies and common drugs
can be reviewed at the drug interactions site of the Liverpool
University (covid19-druginteractions.org). Information regarding
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drug-induced liver injury can be obtained in the NIH maintained
site LiverTox [34].
8.1. Remdesivir
Remdesivir (GS-5734), interestingly for hepatologists, is a
nucleotide analog pro-drug synthesized in the quest for finding
anti-hepatitis C (HCV) treatments [35,36]. It has structural similarity to tenovofir. This compound was later found to have activity
against Ebola virus in animal models [37], but failed in clinical trials [38]. Remdesivir has been used in more than 500 patients for
Ebola virus disease (EVD). Liver toxicity was not reported, but this
is difficult to rule out, given the frequent occurrence of abnormal
liver enzymes at baseline as a feature of EBD. Robust in silico, in vitro
and animal models data support the anti-viral activity of remdesivir
against SARS-CoV-2 and related viruses [39–42]. A recent report of
compassionate use of remdesivir for COVID-19 showed promising
effectivity (68% clinical improvement and 18% mortality in severe
patients) [43]. This report was not controlled and excluded patients
with ALT or AST > 5 times the upper limit of normal. In the 53 analyzed patients, 23% patients had increased liver enzymes, leading
to remdesivir discontinuation in 2 patients. No report of bilirubin
elevation was mentioned. Remdesivir is an intravenous drug and
currently 5- and 10-day treatment duration are being explored. No
hepatic or renal adjustments are recommended, but in trials it has
been used mainly with creatinine clearance >30 mL/min. The cyano
group in the remdesivir molecule provides specificity of action,
avoiding inhibition of host mitochondrial DNA polymerase, thus
reducing the potential for lactic acidosis or mitochondrial toxicity. There are at least 6 ongoing clinical trials of remdesivir for
COVID-19 with several thousands of patients enrolled, all excluding
patients with ALT or AST >5 times the upper limit of normal. Based
on current experience of other nucleoside/nucleotide analogs in
patients with cirrhosis it may be anticipated a better safety profile
compared to other drug classes. It has been suggested to control
liver enzymes daily if remdesivir is used [44]. No relevant drugdrug interactions are predicted for this compound. Remdesivir is
likely to be the first approved anti-viral treatment for SARS-CoV-2,
so – if approved – it will require collecting real world experience
in registries especially when used in a more diverse population,
specifically in patients with liver disease or abnormal baseline liver
enzymes and patients receiving other medications to reveal any
important drug interaction.
8.2. Other nucleoside/nucleotide analogs
Several nucleoside/nucleotide analogs have been proposed as
therapies for COVID-19. Favipravir is an approved guanine analog
approved in Japan for treating infuenza. It has been explored in a
small clinical trial with inconclusive results [45]. Galidesivir is an
iv nucleoside analog currently in a phase 1 trial for COVID-19 in
Brazil. It has been proposed that anti-HCV drugs such as sofosbuvir
and ribavirin could be re-purposed for treating SARS-CoV-2 [46,47].
The hepatic safety of these compounds is largely known to hepatologists, but unfortunately to date no conclusive data is available
about effectivity against COVID-19.
8.3. Protease inhibitors
Lopinavir/ritonavir is an approved protease inhibitor used
for HIV infection. A randomized controlled trial showed that in
hospitalized patients with FiO2 < 94%, lopinavir/ritonavir showed
no clinical benefit [48]. Hepatotoxicity was reported in 2–10%.
Lopinavir/ritonavir has numerous drug-drug interactions, especially with immunosuppressive drugs such as mTOR and
calcineurin inhibitors. Most centers have discontinued its use.
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8.4. Chloroquine/hydroxychloroquine
Chloroquine and its derivative hydroxychloroquine are old antimalarial and immunomodulatory drugs that have shown in vitro
activity against SARS-CoV-2 in tissue culture, with an EC50 in
the micromolar range [42,49]. The proposed mechanism of action
of chloroquine is not clear. Inhibition of glycosylation of host
receptors and prevention of endosome acidification may play a
role in entry inhibition, but immunomodulatory mechanisms have
also been proposed [50]. Hydroxychloroquine with or without
azithromycin was assessed in a study of 36 patients [51]. Due to
the uncontrolled nature of the study and the small sample size, no
conclusive evidence of clinical efficacy could be established. Chloroquine and hydroxychloroquine have been linked to arrhythmias
due to QTc prolongation. In a pre-print article a high-dose chloroquine was linked to increased mortality and led to prematurely
halting the study [52]. These drugs are not usually associated to
liver toxicity [53], but there are significant drug-drug interactions,
particularly with anti-rejection immunosuppressants.
8.5. Host mediated treatments
Tocilizumab is a humanized monoclonal antibody against the
interleukin 6 (IL-6) receptor that is being used in patients in
advanced stages of the disease to treat the cytokine release syndrome [54]. Small series and case reports suggest beneficial effects
[55,56], but there are no results of randomized controlled trials.
Liver enzyme elevation is common with tocilizumab, but only
rarely linked to severe liver injury [57]. Tocilizumab increases the
risk of hepatitis B virus (HBV) reactivation [58].
9. Teaching and research activities
Clinical activity is inseparable from teaching and research, and
hepatology is no exception. Medical students and residents rotating in different departments are potential vectors of COVID-19. At
the same time, they have an enormous opportunity to contribute to
patient care and learn invaluable lessons from this pandemic [59].
In a bold move, Italy decided to rush 10,000 interns into service, as
the medical services started to collapse [60]. Two main challenges
arise in the current situation: (1) Ensuring adequate protection and
safety of all health personnel, including medical students and residents. (2) Adapting medical education to flexible online methods
to avoid important gaps in the medical curriculum. This requires
flexibility and creativity.
A flood of publications regarding COVID-19 has emerged since
January 2020. It has been criticized that in the pursuit of getting
fast publication, the quality of the research and peer evaluation has
suffered. Papers in preprint servers (not peer-reviewed) are being
cited more than ever. Many investigators are turning their energy
to study the effect of this infection in patients in their respective
fields, organizing patient registries and writing recommendations
for societies. It is advised that hepatologists maintain a high degree
of skepticism while reading the medical literature. Engaging with
journalists to accurately translate technical information and correcting erroneous information in social media is also advisable to
fight misinformation and fake news.
Clinical research unrelated to COVID-19 has been greatly altered
during this pandemic, due to quarantines and concerns regarding
patient an research team safety. The FDA issued a guidance calling
for ensuring safety of clinical trials participants and flexibility for
amending clinical protocols, particularly for including alternatives
to in-patient visits [61]. Basic research has been similarly affected.
One potential positive side of the situation is that researchers in
quarantine may have more time to focus on writing, which has

resulted in an uptick in the number of new submissions for some
journals [62] and also an increase in the request for reviewing
papers.
10. Conclusion
Pre-existing liver disease appears to have little impact on
COVID-19 outcomes. ALT/AST abnormalities are common, especially in patients with severe disease, but its impact is unknown.
There are many explanations for these abnormalities. Further
research should focus on the causes of liver injury in COVID-19 and
the effect of existing liver-related comorbidities on treatment and
outcomes of COVID-19. Its outcomes and different factors influencing it may vary between countries and between continents.
Local information from each country is particularly important to
understand this heterogenous disease.
There is no doubt that COVID-19 is having a major impact on
clinical practice and patient care. Although all attention is focused
today on COVID-19, the care of patients with chronic diseases
should not be neglected, since this could have catastrophic outcomes.
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