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Abstract
The 2019 coronavirus disease (COVID-19), resulting from the severe acute 
respiratory syndrome 2 virus, has transformed our globe and provided a new 
perspective on respiratory tract infections. However, COVID-19 would not be 
recognized as a condition restricted to only pneumonia. This narrative review was 
conducted by searching manuscripts in several databases, including PubMed/ 
MEDLINE, Web of Science, and Reference Citation Analysis, from December 2019 
to July 2022. Many studies have revealed a broad spectrum of potential systemic 
symptoms, including biliary complications. Although biliary injury has been 
observed in a very low proportion of COVID-19 patients, it is associated with 
increased mortalities and long-term morbidities. We identify a cholangiopathy 
condition in individuals during infection and after recovering from severe 
COVID-19, defined by a significant increase in serum alkaline phosphatase and 
signs of bile duct injury. Understanding the pathogeneses behind this condition 
would help us develop new techniques to prevent these complications. This 
review thoroughly discusses and summarizes the current information regarding 
COVID-19-associated cholangiopathy. In addition, the possible explanations for 
COVID-19-associated cholangiopathy are presented. Since the exact pathogenesis 
may not be concluded, this review could provide relevant information to 
encourage additional investigations shortly.
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Core Tip: The 2019 coronavirus disease (COVID-19) is not only regarded as a respiratory tract disease but 
also demonstrates a wide range of systemic consequences, including the biliary tract. A significant 
increase in serum alkaline phosphatase and signs of biliary injury on imaging and/or pathology are the 
hallmarks of COVID-19-associated cholangiopathy. Direct viral invasion, ischemic injury related to 
microvascular coagulopathy, drug-induced cholestatic liver injury, alteration of gut microbiota, and 
cytokine release syndrome are proposed as potential explanations for cholangiopathy associated with 
severe COVID-19 infection.

Citation: Wongtanasarasin W. Cholestatic liver injury: A rare but fatal complication during and after COVID-19 
infection. World J Virol 2022; 11(6): 435-442
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/435.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.435

INTRODUCTION
Since December 2019, the recent Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), later 
confirmed as the source of the 2019 coronavirus disease (COVID-19), has turned into a global threat to 
public health[1]. With a rapidly increasing number of overall cases, the World Health Organization 
announced the disease pandemic in March 2020. Currently, COVID-19 has caused about 577 million 
cases and over 6 million deaths worldwide[2].

SARS-CoV-2 is greatly transmitted by droplet transmission[3], with respiratory symptoms (i.e., sore 
throat, cough, dyspnea) being the most prevalent manifestation as a result of host seeding via 
angiotensin-converting enzyme 2 (ACE-2) receptors present primarily in type II alveolar cells of the 
lungs[4,5]. Although respiratory and non-specific symptoms such as fever, myalgia, and fatigue 
represented the most common presentations in patients with COVID-19 infection, gastrointestinal and 
hepatic symptoms have also been observed[6,7]. Infected individuals reported nausea, vomiting, and 
abdominal discomfort[6,8,9]. Current evidence has proposed pneumonia as a severe COVID-19 feature
[10]. However, complications are notably distinguishable, and the virus has impacted different organ 
systems[11]. At initial presentation and in hospitalized patients, the incidence of abnormal serum liver 
function tests (LFTs) varies from 22% to 67%, with levels of elevation ranging from minor to severe[12-
14]. Autopsy findings from the case series also demonstrated mild microvesicular steatosis and lobular 
with portal inflammation[15].

To date, the findings have concentrated on evidence of hepatocellular injury, serum aspartate 
aminotransferase (AST), and alanine aminotransferase (ALT) elevations[16-18]. Several studies also 
observed that abnormal LFTs during hospitalization had been linked with disease severity[19-22]. One 
article that included over 2000 patients in the United States investigated ALT increases and their associ-
ations with disease severity, also emphasizing the rarity of cholestasis[20]. Despite a myriad of research 
on the severe COVID-19 progression, we noticed a small number of reported reports on the 
consequences. Previously, Faruqui et al[11] described a condition characterized by increases in LFTs, 
particularly markedly elevated serum alkaline phosphatase (ALP), and radiographic findings indicating 
biliary tract inflammation, primarily bile duct stricture, similar to those seen in critically ill patients with 
secondary sclerosing cholangitis (SSC)[23]. Still, this condition named COVID-19-associated cholan-
giopathy is not antecedently reviewed and discussed. This review comprehensively summarizes up-to-
date reports from studies highlighting this condition and its perspective. Moreover, possible explan-
ations for COVID-19-associated cholangiopathy are provided and discussed. We anticipate that this 
review could underline the importance of this condition since it appears to have significantly negative 
effects on patients’ recovery and may potentially result in long-term morbidities.

SEARCH STRATEGY
This narrative review was performed considering articles published from December 2019 to July 2022. 
The manuscripts were searched electronically using several standard databases, including 
PubMed/MEDLINE, Web of Science, and Reference Citation Analysis. Various search terms and 
Medical Subject Headings (MeSH) were used to identify potential articles: “COVID-19”, “cholestasis”, 
“alkaline phosphatase”, and “obstructive jaundice” (Supplementary Table 1). This mini-review may 
only serve as a hypothesis-generation of all relevant articles existing in the literature. The extensive 
details of this condition may have been reviewed elsewhere. The included articles were only those that 
were published in English.

https://www.wjgnet.com/2220-3249/full/v11/i6/435.htm
https://dx.doi.org/10.5501/wjv.v11.i6.435
https://f6publishing.blob.core.windows.net/c4930537-1732-49c1-977e-75a988a59985/WJV-11-435-supplementary-material.pdf
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COVID-19-ASSOCIATED CHOLANGIOPATHY
COVID-19-associated cholangiopathy (COVID-C) or COVID-19 cholestasis has been proposed to 
describe a condition that occurs in individuals during and after severe COVID-19 infection[11]. It is 
characterized by elevated liver enzymes, especially substantial increases in serum ALP, and imaging-
based biliary tract inflammation[11]. This condition appears to have significant negative effects on 
patient recovery. After other indications of COVID-19 have recovered, it may cause delayed morbidity
[17], the necessity for a liver transplant, and death[11].

Elevated serum ALP and serum gamma-glutamyl transferase levels
COVID-19 is frequently linked with aberrant LFTs, despite the absence of disease-specific lesions on 
radiographic imaging or biopsy. Liver damage has been discovered to be a common feature of the 
highly deadly coronavirus-associated illness in humans[24]. Previous studies, mainly from China, have 
identified abnormal LFTs in infected individuals from the early stages of the recent SARS-CoV-2 
pandemic[25-27]. Several systematic reviews with meta-analysis found that any abnormal LFTs were 
reported in 25%-47%[12-14,26]. Most abnormalities were elevated serum AST and ALT, representing 
hepatocellular injury[12,13]. Recent literature showed that acute hepatocellular injury during COVID-19 
positively correlates with more severe COVID-19 disease[20]. Furthermore, SARS-CoV-2 can enter the 
liver via the ACE-2 receptor proteins found on the bile duct epithelium, which theoretically results in 
“direct viral cholangiocyte injury”. Supporting this concept, the findings from meta-analyses reported 
serum ALP elevations occurring in up to 4.0%-13.7% of patients[12-14]. In addition, recent studies 
identified serum ALP elevation as an independent predictor for unfavorable outcomes, including 
intensive care unit (ICU) admission and hospital mortality[13,28]. Furthermore, Da et al[17] documented 
that COVID-19 patients with increased ALP levels (> 3 times of normal upper limit) were correlated 
with a higher likelihood of prolonged mechanical ventilation and death. In the same way, a study 
conducted in Iraq reported that most SARS-CoV-2 patients had abnormal liver enzyme activities, which 
might be associated with viral replication in the liver[16].

Similarly, serum gamma-glutamyl transferase (GGT) activity represents a sign of hepatobiliary 
damage, particularly cholestasis and biliary impact[29]. Previous meta-analyses revealed that COVID-19 
patients had higher GGT levels than those without, ranging from 15.0-22.5%[12,13]. Although the ACE-2 
receptor is primarily expressed in the biliary tree, the evidence found that both abnormal serum ALP 
and GGT levels were lower than abnormal serum AST and ALT levels. We hypothesize that some 
abnormal hepatocellular enzymes may result from baseline chronic liver diseases. Furthermore, 
individuals with COVID-19 and concurrent advanced-stage liver disease may be more susceptible to 
severe liver damage than those without.

Abnormal biliary tract imaging associated with COVID-19 infection
Faruqui et al[11] reported that only 0.6% of patients with severe COVID-19 infection developed aberrant 
radiographic findings consistent with cholestatic liver damage. All had severe pneumonia with sepsis 
and required mechanical ventilation during admission. Extracorporeal membrane oxygenation was 
used on three of them. All patients underwent magnetic resonance cholangiopancreatography, which 
indicated aberrant findings such as beaded intrahepatic channels, peribiliary diffusion high signal, bile 
duct wall thickening and hyperenhancement, and common bile duct dilatation[11]. These cholan-
giopathies described in that study are comparable to SSC observed in patients following prolonged ICU 
stays[23]. This disease has been encountered in critically ill patients with infection, polytrauma, burns, 
or after major surgery[30,31]. SSC also has been described in a case report or small case series[11,30,31]. 
It has been defined as a cholangiopathy with radiographic characteristics similar to those observed in 
primary SSC and comparable to ischemic cholangiopathy reported following liver transplantation[31]. 
Endoscopic retrograde cholangiopancreatography or liver histology was used to diagnose several 
individuals who had SSC following a severe illness. Gelbmann et al[30] recorded endoscopic 
observations of biliary casts with the reduced biliary flow and eventual cholangitis, as well as verified 
cholangitis and hemorrhagic exudates in bile ducts from liver biopsy. All 26 patients in that research 
had respiratory failure and required mechanical ventilation[30]. The relationship between severe SSC 
patients and COVID-19 cholangiopathy highlights a potential connection between hypoxic liver damage 
or ischemic liver failure and cholestatic liver injury[11]. The portal vein and the hepatic arteries supply 
the liver parenchyma or hepatocytes. On the other hand, the intrahepatic biliary tree is nourished only 
by hepatic artery branches via the peribiliary vascular plexus. Given its dependence on only arterial 
supply, the biliary epithelium appears more sensitive to ischemia than hepatocytes, which get dual 
supply[32,33]. This is illustrated by instances of hepatic artery thrombosis, which occurs in 9% of adult 
liver transplant patients following arterial blood supply termination, commonly leading in biliary 
ischemia lesions such as necrosis with biliary leakage and ischemic strictures[34].
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POSSIBLE EXPLANATIONS FOR COVID-19-ASSOCIATED CHOLANGIOPATHY
Direct viral invasion
Direct viral cholangiocyte injury is a hypothetically pathogenic mechanism of the virus leading to 
cholestatic liver injury since SARS-CoV-2 may enter the liver via the ACE-2 receptor protein found on 
the bile duct epithelium[35]. In liver tissues taken from 4 deceased donors of liver transplants, it is 
demonstrated that specific ACE-2 activity was expressed in 60% of cholangiocytes, compared with 3% 
of hepatocytes, suggesting that the virus might directly bind to specific ACE-2 receptors on cholan-
giocytes[36]. They discovered that ACE-2 expression in cholangiocytes is equivalent to ACE-2 
expression in type II lung alveolar cells[36]. Also, subsequent reports have found that biliary epithelial 
cells exhibit a high level of ACE-2[35,37]. An in vitro investigation of human liver cells revealed that 
cholangiocytes might be more vulnerable to being infected with SARS-CoV-2 than other viruses[35]. 
Previous literature illustrated that viral particles in cholangiocytes had been found in ultrastructural 
and histological studies, highlighting the possibility that cholestatic damage may be caused by SARS-
CoV-2 direct infection of biliary epithelial cells[11,38]. Furthermore, transmembrane protease serine 2 
(TMPRSS2), the key host protease that allows several coronaviruses to enter the cells, including SARS-
CoV-2, has been found to be associated with viral invasion mechanism since its activity was expressed 
in cholangiocytes[39]. Its actions lead to cell apoptosis, impaired transportation of bile acids, and 
epithelial barrier dysfunction[35]. On the other hand, another report documented that the proportion of 
cells expressing ACE-2 and TMPRSS2 was only 2.50% for cholangiocytes and 0.04% for hepatocytes, 
questioning the uncertain hypothesis of a direct viral effect on liver and bile duct cells[40].

Ischemic injury referred to the microvascular coagulopathy
The previously discussed cholestatic injury might result from ischemic damage caused by microvascular 
coagulopathy and/or hypotension during critical illness or sepsis[11,19,21]. Researchers have found that 
SARS-CoV-2 enters the host via the respiratory epithelial ACE-2 receptor[41]. ACE-2 is, nevertheless, 
widely expressed in endothelial cells of minor and major vessels across the body[37]. The expression of 
ACE-2 in vascular endothelium has been proposed as a key pathogenetic factor in the widespread 
coagulation that contributes considerably to COVID-19 morbidity and mortality[19,21]. A recent case 
series discovered many platelet-fibrin microthrombi in postmortem liver cells[36]. However, another 
case series of 40 COVID-19 cases found sinusoidal microthrombi in only 15%, whereas most reported 
macrovascular steatosis (75%) and mild lobular necroinflammation and portal inflammation (50%)[42]. 
These controversial issues, nonetheless, did not exclude the possibility of intravascular microthrombi 
and thrombosis theory. More research on this topic may be warranted.

Drug-induced cholestatic liver injury
Another possible explanation for COVID-C is drug-induced cholestatic liver injury. A wide range of 
medications has been investigated throughout this pandemic. Among these, remsidivir[43,44], lopinavir
[45], ritonavir[45], and interleukin-6 antagonists (tocilizumab)[46] have been reported as a cause of 
increased ALT levels. However, the pattern of biliary injury from pathological examination strongly 
supports this hypothesis was insufficient[43,44,46]. Besides, no single medication was constantly 
delivered to all patients with COVID-19 infection, resulting in inconclusive confirmation of this issue.

Alteration of gut microbiota
Interestingly, changes in the gut microbiota may also lead to cholestatic damage[47]. When SARS-CoV-2 
infected the enterocytes, it inhibited the absorption of intestinal tryptophan; therefore, resulting in the 
generation of antimicrobial peptides, mostly through the downregulation of ACE2 following viral 
entrance[48,49]. It has been proposed that disruption of the gut-liver axis may increase the likelihood of 
developing severe COVID-19 in patients with non-alcoholic fatty liver disease[50]. In addition, the gut 
microbiota has been used as a prospective target for adjuvant therapy during SARS-CoV-2 infection[51,
52].

Cytokine release syndrome
Moreover, cytokine release syndrome (CRS), which occurs in both SSC and COVID-19, is another sign 
that the pathophysiology of SSC-associated severe illnesses and COVID-C may be pathogenetically 
similar[32]. Documents indicating that CRS can produce severe cholestatic liver damage suggest that the 
biliary epithelium is partially sensitive to CRS-immune mediated damage[53]. Overall, we may assume 
that the inducers, such as SARS-CoV-2 epithelial infection, microthrombosis, or the magnitude of the 
COVID-19 CRS, aggravate the severity and frequency of COVID-19 infection[11].

CLINICAL IMPLICATION
This review provided some important and interesting points. Recently, many researchers raised the 
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question of when the COVID-19 pandemic will end. One statistical report showed that the COVID-19 
pandemic could terminate in 2022, but COVID-19 could be one or two times more fatal than seasonal 
influenza by 2023[54]. Understanding the complications and consequences after COVID-19 infection 
would help clinicians prevent such conditions and improve the quality of care during the post-infection 
period. Knowledge and evidence regarding COVID-19-associated cholangiopathy are comparably low 
despite the growing literature on COVID-19 and other complications. This review could pave the way 
for a better comprehension of this condition. Future research to completely explain the behind 
mechanism would advance the treatment and management paradigm. Furthermore, this mini-review 
will emphasize that all healthcare professionals recognize this disease and its circumstances better.

CONCLUSION
SARS-CoV-2 infection has taken our world into a disastrous situation. Severe COVID-19 patients may 
encounter COVID-19-associated cholangiopathy, similar to those with SSC after critical illness. COVID-
19 infection initially signifies the virus's contact with ACE-2 receptors (expressed in cholangiocytes and 
vascular endothelium). Based on current evidence, several theories were described in this review, 
including direct viral invasion, microvascular coagulopathy, alteration of gut microbiota, drug-induced 
liver injury, and cytokine release syndrome (Figure 1). The exact underlining pathogenesis might not be 
concluded at this moment, raising the importance of further investigations into this issue. COVID-C 
may be rarely found in patients with severe COVID-19 infection but is associated with increased 
mortality and impaired quality of life. We anticipate that the findings described in this review will 
advance more translational research, resulting in a better understanding and improved treatment of 
COVID-C in the near future.

Figure 1 Possible mechanism involved in the pathogenesis of COVID-19-associated cholangiopathy during and after COVID-19 infection. 
ACE-2: Angiotensin-converting enzyme 2; COVID-19: 2019 coronavirus disease; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; TMPRSS2: 
Transmembrane protease serine 2.
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