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Abstract: This review analyzes data regarding liver injury associated with COVID-19 infection. We discuss reported effects on the
liver from both COVID-19 and COVID-19 treatment as well as pathophysiology, review the potential role of drug-induced liver injury
as an etiology of COVID-19-associated liver injury, and touch on other reports of significant outcomes including COVID-19
cholangiopathy and autoimmune hepatitis. Finally, we review the implications of COVID-19 infection in liver transplant recipients.
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Introduction

During the initial stages of the COVID-19 pandemic, an apparent connection was identified between COVID-19
infection and liver injury. This relationship is complicated, and obtaining a clearer viewpoint involves understanding
the initial reports of COVID-19 associated liver injury (CALI), studying the pathophysiology of SARS-CoV-2 infection
and the distribution of ACE-2 receptors (a viral target) throughout the hepatobiliary system, evaluating other factors
involved in the course of COVID-19 illness, and reviewing longer-term CALI outcomes including cholangiopathy, issues
surrounding liver transplantation, and autoimmune hepatitis.

COVID-19-Related Liver Injury

Early in the pandemic, reports emerged of transaminase elevations and other markers of liver injury being associated with
SARS-CoV-2 infection. For instance, reviews of liver injury in the setting of COVID-19 reported CALI in anywhere
between 16% and 53% of the patients' noted liver injury as a prognostic indicator for severe COVID-19,>" and in
general discussed CALI to be a potential outcome of both primary and multiple possible secondary processes.” The work
that has yet to be completed is disentangling the various proposed mechanisms of injury and understanding what
pathophysiologic processes are most commonly causing liver injury — for example, differentiating ischemic hepatitis
from drug-induced liver injury (DILI). Studies cite multiple possible precipitating factors of injury: systemic
inflammation,® hypoxia-reperfusion, DILI, viral-induced injury,” high PEEP during intubation,'® sepsis, polypharmacy,
exacerbation of pre-existing disease'' and shock.'?

The first step is the differentiation of primary (ie, direct viral effect) from secondary causes of liver injury in infected
patients. To what extent SARS-CoV-2 infection directly causes liver injury remains unclear. One single-center study, for
example, noted an association between liver injury and severity of disease.'*> While there is some listing of various
potential causes of liver injury, the main conclusion is that COVID-19 infection in some way causes liver injury and is
predictive of severity. In this study, it was found that the patients with liver injury were taking a larger amount of
medications by a wide statistically significant margin.'> However, this was not an area of focus, and no Roussel Uclaf
Causality Assessment Method (RUCAM) score — a scoring system which quantifies the likelihood of DILI based on
factors including time of onset, known risk, other potential explanations, and more — to assess the possibility of a DILI
etiology was completed. A larger meta-analysis drew a similar conclusion, noting an association of AST and ALT
elevations with COVID-19 infection and the severity of disease.'* Again, DILI is briefly mentioned as one of many
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possible etiologies, and no RUCAM score is calculated. The study concludes with a recommendation for intensive liver
monitoring in patients with severe COVID-19.'* Mishra’s 2020 study noted the association between COVID-19, liver
injury, and worse outcomes, which was attributed to an inflammatory syndrome caused by COVID-19; this connection
led to a recommendation of trending liver enzymes to identify patients who may need care escalation.'” Interestingly, the
cohort with liver injury received statistically significantly more medications including hydroxychloroquine, tocilizumab,

antibiotics, and steroids.'® Other reviews have reached similar conclusions.'®!”

ACE-2 Receptors and COVID-19 Pathophysiology

Early research into COVID-19 infection found that the angiotensin-converting enzyme 2 (ACE-2), receptor is
a significant target of the virus, helping to explain its predilection for the lungs, where pneumocytes express ACE-2
receptors in significant amounts.'® Hepatocytes, on the other hand, have a much lower ACE-2 expression — about 20-fold
less than pneumocytes. As such, many have concluded that liver damage caused by direct infection of hepatocytes is
unlikely with SARS-CoV-2."*

Notably, though, there are ACE-2 receptors on cholangiocytes in comparable levels to that of pneumocytes,'®
representing a possible avenue of viral attack (Figure 1). While there are some reports of cholestatic-type liver injury
associated acutely with COVID-19,'? the significant majority of acute COVID-19-associated liver injury demonstrates
hepatocellular, rather than biliary, injury.'*?° Li et al’s review echoes the notion that viral targeting of cholangiocytes
may be less likely as most patients demonstrate a hepatocellular pattern of liver injury.”' Some authors, notably
Boeckmans early on, have raised the question of whether other etiologies for liver injury such as DILI may have been
present in some cases.”> McConnell too notes the controversial nature of the viral-action hypothesis, and posits other
possibilities including platelet activation and endotheliopathy.? In this hypothesis, it is thought that the pro-inflammatory
effect of SARS-CoV-2 via both binding and internalizing ACE-2 receptors prevalent in the endothelium while also
inducing IL-6, tipping the coagulation balance to favor further inflammatory cytokines and subsequent endothelial
damage with resultant release of tissue factor, platelet aggregation, and fibrin generation.?

While the novel nature of SARS-CoV-2 has prompted rigorous evaluation of its potential effects throughout the body,
a re-evaluation of the available data over these past few years reveals the use of hepatotoxic medications in a number of
cases. One interesting example of a potential demarcation between what may be the less common viral-induced injury
and the apparently more common drug-induced injury is shown in a report on five patients by Zampino et al.* These
patients were initially on lopinavir/ritonavir, and all but one was also receiving hydroxychloroquine.>>® While on these
treatments, four of the five patients developed significantly increased bilirubin levels.?* They were then transitioned from
lopinavir/ritonavir to remdesivir with a subsequent abrupt decrease in bilirubin levels and a concomitant rise in
aminotransferases.”* Most of these patients were on one or more other medications as well, including continued use of

DM M MMM

M

Cholangiocyte

| il ] hd I
NN NN

ANININIAIN

Figure | Cholangiocytes contain about 20%x more ACE-2 receptors than hepatocytes.
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hydroxychloroquine. While no RUCAM was performed, DILI remains a possibility based on timing. The initial
cholestatic insult may be reflective of either viral-induced liver injury in the setting of non-efficacious treatment or

cholestatic DILI secondary to lopinavir/ritonavir.>’®

DILI and COVID-19

Interestingly, similar to cases of CALI, DILI itself has been repeatedly shown to have a predominantly hepatocellular
pattern of injury.”’>° One recent review of hundreds of CALI cases suggests that DILI features should be removed as
a potential confounding factor when defining the characteristics of SARS-CoV-19 infection.”” DILI may have been
caused by empiric use of various antiviral medications, a common feature especially early in the pandemic when data
were lacking regarding effective COVID-19 treatment.*

Chew et al analyzed 834 patients hospitalized with COVID-19, finding an incidence of significant liver injury of
12.6%.>' Both ischemia and tocilizumab administration were independent predictors of liver injury. Notably, this liver
injury was not associated with risk of death. However, risk of death did have an association with ischemic, hypercoagul-
able, and hyperinflammatory disease states.’’ As such CALI may be related to secondary insults, namely ischemia or
DILL>' A relatively early retrospective analysis by Ruan et al of 331 COVID-19 patients in the ICU found that antiviral
drug use is statistically associated with liver injury, and advised caution with antiviral usage when considering both
effectiveness and potential adverse effects.”” However, as is often the case particularly in the early data, no RUCAM was
performed.

Another more recent study by Pazgan-Simon et al analyzed 450 patients (88 of which had liver injury) who were
hospitalized with COVID-19. The majority of those with liver injury had a mixed-type picture, with only a small portion
(7%) having a cholestatic injury pattern. The authors note that, as with many other reports, this is inconsistent with the
known ACE-2 distribution predominantly on cholangiocytes.>® All 16 patients who died from the disease in this study
did not achieve normalization of aminotransferases or ALP/GGT, which was attributed to multiple organ failure perhaps
exacerbated by DILI or hypoxia.*® Additionally, liver injury may not correlate with a higher risk of COVID-19
mortality.**

Naseralallah et al also delved into the uncertainty surrounding elevated liver enzymes in the setting of COVID-19,
noting that many different combinations of medications were used to treat COVID-19 infection, especially early in the
pandemic.®® This recent study assessed the effectiveness of the updated RUCAM analysis in determining DILI in cases
of CALIL In a cohort of 72 patients, they found that RUCAM-based assessment had high inter-rater agreement and
reliability, concluding that RUCAM was successful and useful in determining possible or probable cases of DILI in
patients with COVID-19.>® They also noted that 91.6% of these DILI cases were due to antimicrobial medications.>> This
risk of iatrogenic liver injury serves as a reminder of the risk which must be fully understood, and balanced against
potential benefit, when it comes to selecting and utilizing medications in the setting of SARS-CoV-19 infection
(Figure 2).

The American Association for the Study of Liver Diseases (AASLD) in October 2022 updated a consensus statement
regarding COVID-19 and liver injury. It discusses the common association of elevated aminotransferases in the setting of
COVID-19 infection, noting that the majority of cases are only mildly abnormal and cholestatic in nature.*® The
statement also comments on the diagnostic difficulty inherent in these cases, specifically whether the abnormal findings
are due to viral infection itself, complications, or DILI. In light of this, the authors recommend investigating other, non-
COVID-19-related causes of elevated liver biochemistries, including other types of viral hepatitis, pancreaticobiliary
disease, DILI, myositis, cardiac injury, ischemia, cytokine release syndrome, and cholangiopathy related to critical
illness. Regular monitoring of liver values is important in COVID-19 patients, particularly in those receiving potentially
hepatotoxic therapy.>®

COVID-19 Cholangiopathy

Given the predominance of ACE-2 receptors in the biliary system as compared to the liver (Figure 3), it is not surprising
that some patients develop significant biliary injury or cholangiopathy in the setting of severe infection (Table 1).
Additionally, ischemic injury due to respiratory failure or hypotension may be a significant contributing etiology. While
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Figure 2 Suspected etiologies of hepatobiliary injury.

Figure 3 Scant distribution of ACE-2 receptors in the liver.

this finding has been less common than hepatocellular injury in the setting of COVID-19, it is associated with significant
morbidity and mortality. COVID-19-associated cholangiopathy appears to be a late manifestation of severe COVID-19
infection, often appearing well after recovery from other manifestations and in some cases over 100 days after initial
infection.®” Affected patients present with laboratory evidence of cholestatic liver injury and jaundice. Imaging can
reveal dilation and irregularity of the intrahepatic bile ducts consistent with secondary sclerosing cholangitis.*” Patients
are also at risk of developing ascending cholangitis.

Patients with underlying chronic liver disease (CLD) may be at higher risk for COVID-19 associated liver injury. Up
to 20% of the patients with CLD may develop progressive cholestasis. Among patients with cholestatic liver failure
marked by higher bilirubin levels, up to nearly two-thirds may subsequently evolve into secondary sclerosing cholangitis.
Secondary sclerosing cholangitis occurs more commonly in patients with NAFLD and metabolic risk factors.*®

As with other manifestations of CALI, the etiology of the cholangiopathy is not fully understood. The ACE-2 receptor
distribution may play a role, but other causes including host inflammatory response, thrombosis,*' bile duct ischemia, and
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Table | Summarized Data on Cholangiopathy in COVID-19 Patients

Study Number of Average Time Average Peak Average Peak Secondary Sclerosing | Liver Transplant (%) Deaths (%)
COVID-19 to Lab Alkaline Total Bilirubin Cholangitis (SSC) (%)
Patients Presentation Phosphatase (U/L) (mg/dL)

Hartl et al*® 65 w/ CLD No data 175 0.6 15.4 0 41.5
Biitikofer et al*’ 34 No data 252 12 1.8 0 29.4
Meersseman et al* 4 w/ SSC Not specified Not specified Not specified 100 50 50
Saleem et al*' 2 w/ SSC 5 Months 1572 1.7 100 0 0
Bauer et al*? I w/ SSC 10 Months 1100 5.0 100 0 0
Kulkarni et al*® 8 Unvaccinated 39.5 Days 571.5 22.95 0 25 25
Kulkarni et al*® 7 Vaccinated 35 Days 312 17.0 0 0 0
Soldera et al** I w/ SSC Not specified 1436 No data 100 0 0
Rela et al*® | w/ Features of SSC 6 Weeks No data 424 Unclear 100 0
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DILI have also been postulated.*® Interestingly, treatment with ketamine has also been suggested as a risk factor,*> which
is not necessarily uncommon given the need for sedation with intubation with severe COVID-19 disease.

Medical treatments that have been attempted so far include ursodeoxycholic acid and obeticholic acid with variable
results.*® Vaccination, as with other COVID-19 complications, has been shown to improve outcomes.** ERCP has been
employed as well, especially in severe cases. Some have recommended that ERCP be considered as part of standard
management in COVID-19 cholangiopathy cases specifically to relieve obstruction by removing bile casts.*'** COVID-
19-associated cholestasis may resolve over time. However, liver transplantation has been required for severe cases of
COVID-19 cholangiopathy occurring many months after initial illness.***> Although many patients with COVID-19
cholangiopathy may not be suitable candidates for transplantation due to comorbidities or degree of overall illness, cases
of successful liver transplant for this indication have been reported.***’

Liver Transplantation and COVID-19
The SARS-CoV-19 pandemic has led to the cancellation or delay of countless surgeries since it began in earnest in
March 2020. Considerations of safety and risk have been at the forefront of discussion and are especially important in the
setting of the required immunosuppression following liver transplant. One recent review studied liver transplant out-
comes in patients with high MELD or fulminant hepatitis diagnosed with COVID-19 just prior to transplant (median 19
days before initiation), and found no increase in mortality compared to normal transplant patients.*” Routine screening
for COVID-19 is recommended in both donors and recipients. Although transplant is contraindicated in the setting of
active infection, patients can be considered for liver transplantation 14-21 days after the initial infection, particularly if
repeat testing is negative.

In a similar vein, some controversy still exists regarding post-transplant immunosuppression in the setting of COVID-
19 infection. Some data suggest that patients infected soon after transplant have no increased mortality risk, and in
general immunosuppressed patients may not have higher mortality from COVID-19.*®* Tacrolimus has been associated
with better survival, perhaps due to T-cell inhibition or direct antiviral effect.*® Mycophenolate mofetil, on the other
hand, is an independent predictor of severe COVID-19 in liver transplant recipients.*’ As such, optimal management
regarding immunosuppression in the setting of COVID-19 is unclear. Reducing the overall level of immunosuppression
is reasonable in post-transplant recipients with COVID-19 infection. While antimetabolites such as mycophenolate may
be dose reduced or held, calcineurin inhibitors should be continued. Antiviral therapy may be used for treatment,
although caution should be used with nirmatrelvir/ritonavir given interactions with calcineurin inhibitors.

Autoimmune Hepatitis and COVID-19

Environmental triggers have been associated with multiple autoimmune conditions. Several viruses have been implicated
in the development of autoimmune hepatitis (AIH). Whether the SARS-CoV-19 virus correlates with AIH may not be
evident for some time as there is often a long latency period to development of AIH after viral infection. Currently, there
are some reports of AIH that appear to be have been triggered by SARS-CoV-19 infection itself.** "

There are some additional reports of ATH that may be triggered or exacerbated by COVID-19 vaccines.”>>* In the
majority of cases, vaccine-associated AIH resolved with steroid treatment.”> Given the overall paucity of evidence, it
remains unclear whether these cases are due to an inflammatory response from infection or vaccination versus other
associated factors such as direct infection itself or idiosyncratic injury from vaccination.

COVID-19 Vaccination and Liver Injury

COVID vaccination programs began in earnest in late 2020. In general, vaccination is considered to be safe and
effective.”® However, there have been reports of liver injury due to mRNA vaccines.”’ Cases have been reported at
a median of 15 days after both the first and second doses with a hepatocellular pattern of injury.”®* Nearly two-thirds of
patients had prior comorbidities and a similar number were taking regular medications.®® Almost 80% of these patients
presented with jaundice, the most common finding, and almost 90% received steroids. The majority had complete
recovery, with death in 4.3% of the patients.*’

6 https: Hepatic Medicine: Evidence and Research 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Gildea et al

A considerable portion of patients with vaccine-induced liver injury have demonstrated features of immune-mediated
hepatitis. These COVID-19 vaccines may induce autoimmunity by triggering the interferon pathway. Autoantibodies,
often ANA, were present in 95% of the patients. Corticosteroids were given more often to patients with severe liver
injury and evidence of immune-mediated hepatitis. Liver injury resolved in the majority of cases (regardless of
corticosteroid use) within 6 months.>

Given the low incidence of liver injury due to available vaccines, the AASLD COVID-19 guidance statement
continues to recommend vaccination for patients with chronic liver disease. This recommendation extends to patients
who have undergone liver transplant as well. Liver transplant recipients with elevated liver enzymes following vaccina-
tion should be evaluated for acute cellular rejection as well as viral-mediated injury.*® This reinforces the fact that
vaccination against COVID is critically important, as the myriad short- and long-term risks of infection, discussed in part
throughout this paper, certainly outweigh the rare vaccination risk.

Conclusions

Over the past 3 years, our understanding of the SARS-CoV-19 virus has significantly improved. This knowledge has led
to the development of effective vaccines and treatment options as well as reduced mortality. However, with time, it has
become apparent that liver injury including cholangiopathy may occur in the setting of severe COVID-19 infection.
Further investigation is needed to elucidate whether liver injury is due to direct viral effects or other etiologies. As more
time progresses, additional complications of COVID-19 infection such as autoimmune hepatitis may become evident.
Liver transplantation is an option for selected patients with severe COVID-19 associated cholangiopathy. Liver transplant
recipients with COVID-19 infection may benefit from reduction in immunosuppression and antiviral therapy. Patients
who recover from COVID-19 infection can safely proceed to liver transplantation after recovery. Vaccination is
considered safe and effective, although rare instances of liver injury may occur.
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