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Abstract

In December 2019, an outbreak of unexplained pneumonia was reported in
Wuhan, China. The World Health Organization officially named this disease as
novel coronavirus disease 2019 (COVID-19). Liver injury was observed in patients
with COVID-19, and its severity varied depending on disease severity,
geographical area, and patient age. Systemic inflammatory response, immune
damage, ischemia-reperfusion injury, viral direct damage, drug induce,
mechanical ventilation, and underlying diseases may contribute to liver injury.
Although, in most cases, mild liver dysfunction is observed, which is usually
temporary and does not require special treatment, the importance of monitoring
liver injury should be emphasized for doctors. The risk of COVID-19 infection of
liver transplantation recipients caused more and more concerns. In this article, we
aimed to review the available literature on liver injury in COVID-19 to highlight
the importance of monitoring and treating liver injury in COVID-19.

Key Words: Liver injury; COVID-19; Novel coronavirus; SARS-CoV-2; Hepatoprotective
drugs; Pandemic

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory
syndrome coronavirus 2. Liver injury was observed in COVID-19 patients especially in
severe and critical types. Liver injury presented differentially based on disease severity,
geographical areas, and patient age. It may be related to systemic inflammatory response,
immune damage, ischemia-reperfusion injury, viral direct damage, drug induce,
mechanical ventilation, and underlying diseases. Special treatment is unnecessary in most
mild liver injury cases and only one or two types of hepatoprotective drugs should be used
to treat significant liver injury. Monitoring liver function is important parameter during the
treatment of COVID-19 as it affects survival and recovery of patients, and its significance
should be emphasized for doctors treating the disease.
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INTRODUCTION

An outbreak of unexplained pneumonia occurred in Wuhan, China beginning in
December 2019. The causative pathogen, a novel coronavirus, was subsequently
identified by high-throughput sequencing technology!“. The novel coronavirus was
named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)l, and the
disease was named 2019 novel coronavirus disease (COVID-19) by the World Health
Organization. COVID-19 is transmitted by droplets and aerosols via mouth mucus
membranesl’. Because of its worldwide spread, the World Health Organization
declared COVID-19 a pandemic, and it has since spread to at least 210 countries and
infected more than 2700000 people globally as of the end of April 2020. Fever and dry
cough were the main clinical characteristics of COVID-19. Diarrhea was also reported
in some patients. Liver injury was observed in several cases with gastrointestinal (GI)
symptoms. It may be related to liver injury in COVID-19 as different degrees of liver
dysfunction were observed in a proportion of patients with COVID-1981. This article
aimed to review the available literature on liver injury in COVID-19.

CLINICAL MANIFESTATIONS

Nausea, vomiting, and diarrhea are the main GI clinical manifestations of COVID-19.
The incidence of liver injury in patients with COVID-19 with GI symptoms were
significantly higher than that in those without GI symptoms (17.57% vs 8.84%, P =
0.035)"l. Similarly, the rate of chronic liver disease in patients with COVID-19 with GI
symptoms was also significantly higher than that of those without GI symptoms
(10.81% vs 2.95%, P = 0.004)). It might indicate that chronic liver disease was closely
related to GI symptoms. Meanwhile, chronic liver disease increased the level of
alanine transaminase and aspartate transaminase to aggravate the liver injury in the
patients with COVID-19. The incidence of liver injury in COVID-19, which was mainly
indicated by abnormal alanine transaminase/aspartate transaminase levels, ranged
from 14.8% to 53%"l. The severity of liver injury was most obvious in the 2! wk of the
course of disease, and it may be related to the viral infection of the regenerated liver
cells from the bile duct with high angiotensin-converting enzyme 2 (ACE2)
expression!'’l.

The degree of liver injury varied with different types of COVID-19. The incidence of
liver injury in patients with severe COVID-19 was significantly higher than that in
patients showing mild symptomst>'"l. Additionally, incidence of liver injury was
reported in 58.06%!4 and 78%!" of the total COVID-19 related deaths. Wan et al*
found that liver injury was more significant in severe patients as compared to those
with mild symptoms. Likewise, Ma et all”! also reported a significant difference
between the liver function of patients in the intensive care unit and those out of the
intensive care unit. Using multiple regression analysis, Yao et al"”! found that the liver
injury was only associated with critical type patients, and they concluded that a higher
proportion of liver injury was detected in severe patients, and critical type was an
independent risk factor for liver injury. Moreover, Jin et al”! reported that the incidence
of the severe and critical types was also significantly increased in patients with
COVID-19 with GI symptoms than in those without GI symptoms (22.97% vs 8.14%, P
< 0.001), indicating increased incidence of liver injury in severe and critical types.

Liver injury in COVID-19 also varies based on geographical area and age of
patients. A study revealed that liver dysfunction was detected in only three patients
(3.75%) in Jiangsu province, which was lower than that observed in Wuhan""l. As the
place where the outbreak of COVID-19 occurred, the number of patients in Wuhan
surged, which exceeded the existing capacity of treatment in the early stage. So a
proportion of patients managed in Wuhan were severe and critical types whose liver
injury was significant. In other places such as Jiangsu province, the number of patients
was fewer, and early detection and treatment made the liver injury mild when
compared with patients from Wuhan. Zhu et al'"! observed thrombocytopenia along
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with liver dysfunction in two out of ten neonates. Additionally, in a single center
observational study, Sun et all'*l found liver dysfunction in four out of eight pediatric
patients with severe COVID-19. Thus, the management of severe and critical pediatric
patients should be valued.

PATHOLOGY

Liver injury in COVID-19 can cause characteristic pathological changes that can be
revealed during patient autopsy. Xu et al'”! reported that moderate microvesicular
steatosis and mild lobular and portal activity were detected in the postmortem liver
biopsies of a patient with COVID-19; this indicated that either SARS-CoV-2 infection
or drug induction caused the liver injury. Minimally invasive autopsies of several
organs or tissues from three patients who died due to COVID-19 were performed™.
Hepatocyte degeneration, focal necrosis, and cholestasis of cholangioles were observed
along with bile suppository in the small bile duct, which might have been the
secondary injury caused by viral infection. However, in both these studies, viral
inclusions were not observed, and SARS-CoV-2 was not detected in the liver tissue.

MECHANISM OF LIVER INJURY

Liver injury may be related to systemic inflammatory response and immune damage.
Xu et al™! found decreased peripheral CD4 and CD8 T cell counts with hyperactivated
status, which may be indicative of severe immune injury in the patient with COVID-
19. Other studies have also observed that liver injury was not dangerous during the
early stage of the disease; however, liver deterioration suddenly occurred during the
late stage, which was considered to be related to systemic inflammatory response
syndrome (SIRS) and activated immune system due to viral infection!. SIRS and
immune damage can cause multiple organ damage including the liver. Yao et all"”
found that patients with lower absolute value of lymphocyte were more likely to suffer
liver dysfunction, which suggested that immune damage might cause liver injury
(Figure 1).

Ischemia-reperfusion injury can also contribute to liver injury. Hypoxia and shock
caused by the complications of COVID-19, such as acute respiratory distress
syndrome, SIRS, and multiple organ dysfunction syndrome, can lead to ischemia-
reperfusion injury of the liver”. Another study found that hepatocyte necrosis and
inflammatory cell infiltration caused by ischemia and hypoxia can be observed not
only in the liver transplantation specimens but also in vivo and in vitro models of liver
ischemia and hypoxia®. Under conditions of shock and hypoxia, there is a continuous
increase in reactive oxygen species. Reactive oxygen species and its peroxidation
products act as second messengers to activate transcription factors sensitive to redox
reactions, and further initiate the release of various proinflammatory factors, leading
to liver damagel™.

The novel coronavirus may damage the liver function directly. As the viral RNA can
be detected in the blood specimens of the patients with COVID-19%, and the liver is
an organ with abundant blood supply, thus providing the virus with an opportunity
to cause direct liver injury. It is now known that ACE2 is the receptor for cell entry of
SARS-CoV-21. ACE2 was found to be expressed in both liver and bile duct cells!.
Up-regulated expression of ACE2 in hepatic cells due to compensatory hyperplasia of
bile duct epithelial cells that was observed in patients with COVID-19 might be related
to viral infection of neoplastic hepatocytes”]. However, the ACE2 expression was
found to be higher in bile duct cells than in liver cells!” indicating that damage and
dysfunction of bile duct cells induced hepatocyte dysfunction and subsequent liver
injury. Thus, liver injury is caused by bile duct damage and dysfunction rather than
hepatocyte damage. However, as there is no significant increase of markers, such as
alkaline phosphatase and gamma-glutamyl transpeptidase!”], associated with bile duct
cell injury reported in patients with COVID-19, direct virus damage to hepatocytes
and biliary duct cells may be limited.

Liver injury may be induced by medication, which is a likely reason for the varied
extent of liver dysfunction observed in patients with COVID-19 based on different
types and geographical areas™. Until now, no “wonder drug” has been developed to
treat COVID-19, and supporting therapy is the mainstay of its management. Fever is
the main symptom of COVID-19, and acetaminophen, a common constituent of
antipyretic drugs, is recognized as a common liver damage-causing drug and may be
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Figure 1 Mechanism of liver injury. SIRS: Systemic inflammatory response syndrome; ACE2: Angiotensin-converting enzyme 2; ARDS: Acute respiratory
distress syndrome; MODS: Multiple organ dysfunction syndrome; ROS: Reactive oxygen species.
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one of the important causes of liver dysfunction. In addition, antivirals, antibiotics,
steroids, herbal medications, as well as hormones are widely used for the treatment of
COVID-191. Antivirals such as oseltamivir, abidor, lopinavir, and ritonavir were
found to have adverse reactions such as liver injury”.. Moreover, similar findings
were observed in a recent study where lopinavir/ritonavir caused liver injury in
patients with COVID-19"". In detail, the odds of liver injury using lopinavir/ritonavir
was increased by four fold™. Another study reported that liver injury was more likely
to occur in patients treated with multiple kinds of drugs as well as large amounts of
hormones (P = 0.002, P = 0.031, respectively)!"’l. This may explain that liver injury was
more commonly observed in severe and critical types because less drugs are usually
administered to patients with mild disease. As drug metabolism occurs in the liver and
kidneys, liver injury may impair their metabolism, excretion, dosing, and effective
concentrations, leading to increased risk of toxicity due to the use of antiviral drugs™!.
Therefore, we should attach importance to the monitoring of liver function in COVID-
19.

In the cases of patients receiving mechanical ventilation, high levels of positive and
expiratory pressure can increase the right atrial pressure and impede venous return
and subsequently cause hepatic congestion, which may participate in liver injury.
However, clinical data show that many patients with COVID-19 who do not require
mechanical ventilation also have liver dysfunction™!. This observation may support
the higher incidence of liver injury in severe and critical patients than in other mild
cases.

Furthermore, underlying diseases may contribute to liver injury. Individuals
suffering from underlying diseases, such as chronic liver disease, are more likely to be
infected by the SARS-CoV-2 as they have lower immune function. Similarly, a
guideline proposed by the Asian-Pacific Association for the Study of the Liver
suggested that patients with advanced cirrhosis, hepatic cell cancer, autoimmune liver
diseases, and post liver transplantation were more susceptible to COVID-19 infection
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because of being immuno-compromised”!. A study on COVID-19, found that out of 22
patients with liver injury, the proportion of injury was significantly higher (P = 0.011)
in 16 patients (72.7%) with underlying diseases than that in patients without
underlying diseases!". Half of the patients with abnormal liver test results also tended
to have chronic liver diseases, including nonalcoholic fatty liver disease, alcoholic liver
disease, and chronic hepatitis B (P = 0.001)"\. Another study about GI symptoms in
COVID-19 reported that the incidence of chronic liver disease (10.81%) in patients with
GI symptoms was significantly higher than that (2.95%) in patients without GI
symptoms (P = 0.004)"], which indicates a potential relationship between chronic liver
disease and liver injury. However, few studies reported the occurrence of liver failure
in the chronic liver disease patients with COVID-19V.

MANAGEMENT

The mainstay for management of liver injury in COVID-19 is to inhibit the
inflammatory response and correct the hypoxemia in order to prevent the SIRS and
multiple organ dysfunction syndrome”l. Most cases with COVID-19 show mild liver
damage, which is usually temporary and returns to normal without any special
treatment™! (Table 1). Targeted hepatoprotective therapy is necessary in patients with
severe liver injury?l Clinically used liver protective drugs include polyene
phosphatidylcholine, glycyrrhizin preparation, ursodeoxycholic acid, and s-adenosine
methionine. One or two of these drugs were used according to the liver function of the
patient. As we have previously discussed, the use of several drug types is not
recommended. As prevention is preferable to management, the monitoring of liver
function to avoid liver damage is a key role in the treatment of COVID-19.

LIVER TRANSPLANTATION

With the outbreak of COVID-19, the risk of COVID-19 infection and management of
liver transplantation (LT) recipients have recently begun to attract increased attention.
The impacts of COVID-19 on LT recipients may different. The infection of COVID-19
may be more severe in the perioperative or early post-transplant period because of
high immunosuppressive levels. As for long-term post-transplant patients, diabetes,
hypertension, and other comorbidities may be associated with severe COVID-19!">1. A
study suggested that immunosuppressed patients did not have an increased risk of
severe complications of COVID-19 when compared with the general population™. Just
as mentioned above, a reactive innate immune response might cause severe clinical
manifestations, such as liver injury, SIRS, and multiple organ damage, and
immunosuppression might have a protective effect!’”l. Compared with non-transplant
patients, it was observed that COVID-19 infection was no worse in LT patients, and
they had lower risks of hyperinflammation and cytokine storm®, which might
indicate that the host response to infection may be modified by immuno-
suppression!*l. Based on current studies, some recommendations were given below™!.
For LT recipients without COVID-19, there is no need to adjust the
immunosuppressive dosage. Keep current immunosuppressant dosage and monitor
the condition of patients with mild to moderate COVID-19. Reducing the dosage of
calcineurin inhibitor and stopping anti-metabolic drugs can be considered in the
patients with severe or rapidly progressing COVID-19.

CONCLUSION

The novel infectious disease, COVID-19, is known to mainly present with fever, dry
cough, and in some cases GI symptoms. Liver injury is observed in all types of
COVID-19, especially in severe and critical types, which may be related to systemic
inflammatory response, immune damage, ischemia-reperfusion injury, viral direct
damage, drug induce, mechanical ventilation, and underlying diseases. Therefore,
more attention should be paid to the monitoring of liver function in the management
of COVID-19. However, until now, the mechanism of liver injury in COVID-19 has not
been elucidated. Therefore, further studies need to be carried out. Diagnostic criteria,
pathogenesis, clinical characteristics, treatment, and prognosis of liver injury in
COVID-19 should be clarified in further clinical trials®’. Finally, while facing this new
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Table 1 Related data of liver injury

Ref. Object Group 1 Group 2 P value
Jin et all®] GI symptoms Without GI symptoms
Incidence of liver injury 17.57% 8.84% 0.035
Rate of chronic liver disease 10.81% 2.95% 0.004
Incidence of the severe and critical types 22.97% 8.14% <0.001
Yao et all'’! Critical type patients (%) Liver injury group (77.3%) Non-liver injury group (27.8%) 0.002
Wan et all'"] Mild cases Severe cases
Aspartate aminotransferase, U/L (< 40) 84% 62.5% 0.0005
Lactate dehydrogenase, U/L (> 250) 29% 75% 0.0055

GI: Gastrointestinal.

unknown infectious disease, the importance of prevention by wearing masks, washing
hands, and staying at home needs to be emphasized for the public.
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