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Purpose of review

SARS-CoV2 is a b-coronavirus, isolated for the first time in Wuhan in December 2019. Bilateral interstitial
pneumonia is the hallmark of this disease. Liver is the second viral target for frequency and AST and ALT
elevation is a common finding. From February 2020, two different cholangiopathies have been reported in
COVID-19 patients. The aim of this article is to review the cases so far described in order to share
information and awareness about these new clinical entities.

Recent findings

SARS-CoV2 seems to trigger autoimmunity and two cases of primary biliary cholangitis (PBC) have been
developed after viral infection while more than 30 patients have showed a rapidly progressing
cholangiopathy with features of secondary sclerosing cholangitis (SSC). For what concerns SSC
pathogenesis, a theory combining multiple hits is the most recognized.

Summary

Two different cholangiopathies have been reported in patients after severe-COVID-19. Attention should be
paid to the development of cholestasis in ICU setting but above all after discharge and liver function tests
should be, therefore, periodically performed. No treatment strategies are available and liver transplantation
remains the last option in individuals with liver failure because of SSC. Other efforts are necessary to better
understand the pathogenesis and to expand therapeutic options.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) is a b coronavirus isolated for the first
time in Wuhan, China in December 2019. Corona-
virus disease 2019 (COVID-19) is characterized by
fever, cough, anosmia, ageusia, sometimes diar-
rhoea, culminating in bilateral interstitial pneumo-
nia followed, in some cases, by an abnormous
activation of the immune system which, if not
controlled, determines severe complications, such
as acute respiratory distress syndrome (ARDS), heart
failure, acute renal insufficiency, liver failure and
death [1]. Liver is the second viral target for fre-
quency and mild–moderate alteration in liver
enzymes is often seen in hospitalized patients [2].
From SARS-CoV2 pandemic, two different diseases,
both affecting the biliary tract, have been reported.
The first one shows an autoimmune origin and has
the features of primary biliary cholangitis (PBC)
whereas the second displays the characteristics of
a secondary sclerosing cholangitis and its pathogen-
esis is uncertain [3

&

,4,5]. In this review, we focused
t © 2022 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
our attention on patients’ common features, treat-
ment received, imaging and histology findings in
order to establish a disease profile and clarify the
debated pathogenesis options.
LIVER DISEASE IN CORONAVIRUS
DISEASE 2019

During COVID-19 hospitalization, a variable per-
centage of patients, ranging from 14 to 76%, devel-
ops transaminase alterations with a greater
r Health, Inc. All rights reserved.
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KEY POINTS

� From SARS-CoV2 outbreak, two different diseases
affecting the biliary tract have been reported in post-
COVID-19 patients.

� SARS-CoV2 can trigger autoimmunity and two cases of
primary biliary cholangitis with specific autoimmunity
pattern were described.

� More than 30 cases all around the word of a post-
COVID-19 severe secondary sclerosing cholangitis
requiring, the most of times, liver transplantation.

� The pathogenesis of SARS-CoV2 induced secondary
sclerosing cholangitis is uncertain but a theory
combining multiple hits aggravated by direct viral
cytopathic effect is the most recognized.

� No specific therapies have been developed yet for
secondary sclerosing cholangitis; prognosis is severe
requiring liver transplantation in many cases.

Biliary tract
elevation of aspartate aminotransferase (AST) than
alanine aminotransferase (ALT) [2]. These altera-
tions are generally mild and can often be seen at
the beginning of the hospital stay, frequently
referred to ischaemic hepatitis phenomena [4–6].
In the American gastroenterological association
(AGA) study, liver test abnormalities were observed
more frequently in United States patients [7].
Increase of cholestasis indexes are rarer but can
reach the 12% of patients, with total bilirubin levels
higher than three times the upper limit normal
(ULN) [2,4]. In some series of patients, severe and
chronic cholangiopathy accounted for less than 1%
of hospitalized subjects, and in some others for 4%
of mechanically ventilated ones [8

&

,9]. It must be
also underlined that an increase in AST, ALT and
total bilirubin is a risk factor for poor outcome in
severe COVID-19 [10]. SARS-CoV2 could reach the
liver via blood or gut through the bile enterohepatic
circulation; gut cells in fact are provided of a large
number of angiotensin-converting enzyme-2 (ACE-
2) receptors, fundamental for viral entry [11]. Hep-
atocytes poorly express ACE-2 receptors but present
large amounts of transmembrane protease serine-2
(TMPRSS2) whereas cholangiocytes and endothelial
cells highly express ACE-2 receptors, becoming a
possible SARS-CoV2 target [12,13]. SARS-CoV-2 viri-
ons were detected in the endothelial cells of portal
veins whereas viral detection in hepatobiliary tissue
differs from case to case [14

&

].
Viral inclusions and SARS-CoV2 RNA were iso-

lated in hepatocytes and cholangiocytes in autoptic
studies whereas in other histology and pathology
reports they were not observed [4,15

&

,16
&

,17].
 Copyright © 2022 Wolters Kluwer H
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The pathogenesis of liver involvement in
COVID-19 is unclear [18]. Interleukin 6 (IL-6) is
thought to be the key point of endotheliopathy
and coagulopathy, and some researchers have stud-
ied its influence in the development of COVID-19-
related liver damage [19

&&

]. Through the trans-sig-
nalling pathway, IL-6 can interact with cells that are
not representing its classical targets and among
them, liver sinusoidal endothelial cells (LSECs)
can be found. LSECs, stimulated by IL-6, produce
higher amounts of procoagulant factors (von Wil-
lebrand factor and factor VIII), pro-inflammatory
mediators (IL-6, chemokine C-X-C ligand 1-2) and
adhesion molecules (intercellular adhesion mole-
cule 1, P and E-selectin), which mediate platelet
aggregation and attachment and neutrophils
recruitment [19

&&

]. COVID-19-related intrahepatic
microangiopathy seems to hit three different vascu-
lar compartments with hepatic artery endothelial
swelling, portal vein phlebitis, and sinusoid obstruc-
tion syndrome [20]. Sinusoidal thrombosis is a sort
of hallmark in severe COVID-19 liver histology,
suggesting a possible direct viral action in the path-
ogenesis of the disease [5].
POST CORONAVIRUS DISEASE 2019
CHOLANGIOPATHIES

At the moment, two distinct diseases have been
reported in literature. The occurrence of an autoim-
mune disease with the characteristics of primary
biliary cholangitis and a large duct cholangiopathy
resembling secondary sclerosing cholangitis [3

&

,4,5].
Severe acute respiratory syndrome
coronavirus-2-induced primary biliary
cholangitis

SARS-CoV2 demonstrated to trigger autoimmu-
nity, in fact, two cases of PBC developing after
viral infection were described [3

&

,21]. In the first
case, a 47 years old woman who developed a Guil-
lain–Barré syndrome during ICU stay, showed,
after discharge, a severe elevation of gamma glu-
tamyl-transpeptidase (GGT) and alkaline phos-
phatase (ALP) without jaundice. At liver
ultrasound and MRI no abnormalities were noticed
but antinuclear antibodies (ANA) and antimito-
chondrial antibodies (AMA) were highly positive
and the liver biopsy was compatible with the diag-
nosis of PBC [3

&

].
The other case is that of a 57 years old man who,

1 month after a mild COVID-19 not requiring
hospital admission, developed nausea, abdominal
pain and vomiting accompanied by itch with
AST, ALT and GGT elevation in concert with
ealth, Inc. All rights reserved.
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SARS-CoV2-associated cholangiopathies Bartoli et al.
hypergammaglobulinemia. AMA, antismooth-
muscle antibodies and antidouble stranded DNA
antibodies were positive and an autoimmune hep-
atitis overlapping with PBC was diagnosed [21].
Severe acute respiratory syndrome
coronavirus-2-induced secondary sclerosing
cholangitis
General features

From February 2020, other cases of a post-COVID-19
cholangiopathy, different from that previously
reported, have been described. Up to now, more
than 30 patients all around the world have devel-
oped a rapidly progressive cholangiopathy requir-
ing, in some cases, orthotopic liver transplantation
(OLT) [4,5,8

&

,9,16
&

,22–26]. Subjects’ common fea-
tures were a severe COVID-19 bilateral interstitial
pneumonia, ICU admission, acute hypoxemic respi-
ratory insufficiency needing mechanical ventilation
with positive-end expiratory pressure (PEEP) up to
10–15 mBar, prone-positioning, the administration
of a mix of different drugs and in some cases, circu-
lation support through pressor agents, extracorpo-
real membrane oxygenation (ECMO) and dialysis.
Patients were for the major part men with an age
range from 29 to 77 years, no preexisting liver dis-
ease, or at most liver steatosis, suffering from obe-
sity, hypertension and diabetes. These subjects
showed a moderate increase in AST and ALT, early,
at hospital admission, which tended to normalize
during hospital stay. During ICU stay or later, after
ICU discharge, they presented an increase in ALP,
GGT and total bilirubin often accompanied by
jaundice. These alterations tended to augment
despite cardiovascular and pulmonary recovery
[4,5,8

&

,9,16
&

,22–26]. ALP and GGT often tended
to reach values higher than 10 times ULN. Hepato-
tropic viruses and liver autoimmunity were negative
[24,25].

Table 1 lists the main demographical and clini-
cal features of described cases with peak values of
transaminases and cholestasis indexes.

MRI and magnetic resonance cholangiopancrea-
tography (MRCP) common findings were mild
dilatations and strictures of intrahepatic bile ducts
with ‘beaded’ appearance and biliary casts
[4,8

&

,16
&

,23,24]. In many cases, alterations of the
common bile duct, in form of dilatation were
observed, not always accompanied by strictures
[4,8

&

,24].
Some patients performed endoscopic retrograde

cholangiopancreatography (ERCP) with papilla
sphincterotomy and common bile duct stenting
 Copyright © 2022 Wolters Kluwe
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or balloon dilatation, without benefits even in case
of biliary sludge and stone elimination [8

&

,22,25].
The vast majority of subjects, as last step, underwent
liver biopsy and the main common findings con-
sisted in portal and periportal fibrosis, bridging
fibrosis, inflammatory infiltrate (leucocytes and rare
times plasma cells) in portal tracts, degenerative
cholangiocytes injury with cytoplasm vacuoliza-
tion, regenerative changes and terminal bile ducts
and marginal ductules cholangiocytes necrosis.
Cytokeratin 7 immunostain positivity was observed
in some biopsy samples, indicating ductular reac-
tion. Other findings consisted in acute and/or
chronic large duct obstruction and vascular damage,
in particular, hepatic artery endothelial swelling,
hepatic veins endophlebitis and in a case, focal
features of sinusoidal obstruction syndrome
[4,5,8

&

,16
&

,22,24].
The disease has thereby the features of a second-

ary sclerosing cholangitis.
MRI, MRCP, ERCP and biopsy findings of the

reported cases are listed in Table 2.

Pathogenesis

Some authors related this disease to the use of keta-
mine as general anaesthetic for sedation during
mechanical ventilation, in COVID ICUs [23]. Keta-
mine has been used during the pandemic as off-label
second line agent and postketamine cholangiop-
athy is a known rare side effect [27,28]. Mallet
et al. observed five patients developing a post-
COVID-19 cholangiopathy after mechanical venti-
lation and sedation with ketamine. Liver injury
seemed to be dose-dependent and progressive
[23]. B€utikofer et al. compared 34 COVID-19-intu-
bated patients with 34 influenza intubated patients.
Four of 34 in the first group versus none from the
second developed a severe cholangiopathy. Keta-
mine was used for sedation in the entire first group
and for none from the second [26]. Ketamine in fact
is metabolized in the liver through nitrogen deme-
tilation to norketamine, a water-insoluble interme-
diate, which can precipitate in biliary ducts
determining ductal structural alterations and con-
sequently, cholestasis [23]. The drug may, therefore,
represent a second hit on a liver already compro-
mised by other factors [29].

Other authors have indeed associated post-
COVID-19 cholangiopathy to secondary sclerosing
cholangitis in critically ill patients (SSC-CIP)
[4,5,8

&

,9,16
&

,22,24–26]. This is a rare complication
affecting patients who have been long time hospi-
talized in the ICU for different causes, needing for
mechanical ventilation [30]. SSC-CIP patients have
neither history of prior liver disease nor
r Health, Inc. All rights reserved.
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cholangiopathy and even if the pathogenesis is
uncertain, hypoxemia of the hepatosplanchnic dis-
trict may represent the leading cause, in particular,
due to systemic hypotension for prolonged time
[31]. Mechanical ventilation with PEEP higher than
10 cm H2O can determine microcirculatory ische-
mia of the splanchnic plexus [32]. The prone posi-
tion for long time during mechanical ventillation
and the administration of pressor agents as norepi-
nephrine, epinephrine and dobutamine can also
decrease the hepatosplanchnic blood-flow [33].
SSC-CIP mortality reaches high rates and is up to
50% during ICU stay [34]. In a study, 60% of affected
patients survived; 20% needed OLT and the remain-
ing developed a biliary cirrhosis [35]. Precipitating
factors are concomitant renal failure, a rapid deteri-
oration of liver function with liver insufficiency and
cirrhosis and a high model for end-stage liver disease
(MELD) score [34]. Without OLT, the average sur-
vival is 12–44 months [36]. Even if similarities
among the two clinical entities are evident, histol-
ogy seems to differ; biopsies performed in post-
COVID-19 cholangiopathy showed diffuse degener-
ative cholangiocyte lesions with extreme cytoplasm
vacuolization and regenerative change, never men-
tioned in SCC-CIP [5]. For what concerns post-
COVID-19 secondary sclerosing cholangitis, a the-
ory combining multiple hits or the combination of
SSC-CIP with direct viral damage are the most
accepted [4,5,8

&

,22].
The hypoxic factor, as described above, can also

be applied to post-COVID-19 cholangiopathy [37].
Moreover, as SARS-CoV2 severe infection is associ-
ated with blood hypercoagulability and thrombosis,
hypoxia of the hepatosplanchnic district could be
worsened [38]. Cholangiocytes are more sensitive
than hepatocytes to ischaemia because of their spe-
cific vascularization. In case of local ischaemia, bili-
ary epithelium develops necrosis and sloughing
with consequent bile casts production and bile ducts
structural alterations [31].

Another debated co-factor consists in drug-
induced live injury (DILI) [39]. COVID-19 severe
patients are, in fact, administered with different drugs
mix. Hydroxychloroquine, azithromycin, remdesivir,
lopinavir/ritonavir, tocilizumab, corticosteroids, anti-
fungal drugs and antibiotics were the medications
most frequently given [4,5,8

&

,16
&

,22,24,25]. DILI is a
diffuse phenomenon that can be caused by direct
cytotoxicity or idiosyncratic reactions and sclerosing
cholangitis-like diseases have been reported in litera-
ture [39]. None of the above cited drugs is known to
cause cholangiopathies [40].

A third hit may be represented by the hyper-
activation of the immune system leading to the
 Copyright © 2022 Wolters Kluwer H
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‘cytokine storm’. The most important mediators
of this complication are pro-inflammatory cyto-
kines, such as IL-1, IL-6 and TNF-a, with IL-6 being
considered as key point in endotheliopathy and
inflammation in COVID-19 disease. Inflamma-
tion-mediated SSC has been reported in some auto-
inflammatory diseases [18,41].

The last causative factor could be represented by
SARS-CoV2 direct cytopathic effect as cholangio-
cytes are known to express large amounts of ACE-
2 receptors. The alteration of normal functioning
and homeostasis of cholangiocytes because of mul-
tiple factors (ischaemia but also hyperinflammatory
environment and direct viral effect) may lead to the
subversion of self-protective cell mechanisms and
toxic bile damage. In order to protect themselves
from bile acid aggression, cholangiocytes secrete
bicarbonates whereas hepatocytes secrete phospho-
lipids. An alteration of this secretory equilibrium
may cause biliary epithelium damage and conse-
quent biliary ducts sclerosis and SSC development
[31].

Treatment and prognosis

In the reported cases, ursodeoxycholic acid and
cholestyramine were of modest benefit on pruritus
and did not arrest disease progression.

Prognosis remained severe, requiring liver
transplantation in many patients [24,26]. In a case
series of 12 patients, 4 of 12 died, 5 of 12 were listed
for OLT, 1 of 12 was rejected from OLT list because
of ineligibility. Six of 12 patients repeated MRI
after 6 months from the first one and 4 of 6 showed
a rapid disease progression [8

&

]. Even if only some
case reports are available, the transplanted patients
showed on average a good survival rate with com-
plete recovery of liver function and wellness last-
ing at least 6–8 months after OLT [5,24,42].
CONCLUSION

SARS-CoV2 is a newly discovered virus and little is
known about its direct cytopathic and indirect
effects, including disruptive potentials on human
immune system. These cholangiopathies represent
an open issue in science world as their causative
factors are far from being explained and understood.
PBC has been related to viral infections acting as
triggers, determining autoimmunity activation with
consequent bile ductal lesions and cholestasis; for
what concerns SSC, its pathogenesis is more uncer-
tain and complex, leading to a severe and rapidly
progressing disease.

The two cholangiopathies are sustained by dif-
ferent mechanisms and even if until now a few cases
ealth, Inc. All rights reserved.
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have been reported, they should be kept into
account. Blood tests constituting AST, ALT, ALP,
GGT and total bilirubin should be periodically per-
formed during ICU stay and above all after dis-
charge, in order to promptly detect any alteration.
Other studies are necessary to understand the exact
pathogenesis of these diseases and to develop new
therapeutic strategies.
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13. Moreira JLS, Barbosa SMB, Gonçalves Júnior J. Pathophysiology and mole-
cular mechanisms of liver injury in severe forms of COVID-19: An integrative
review. Clin Res Hepatol Gastroenterol 2021; 45:101752.
 Copyright © 2022 Wolters Kluwe

0267-1379 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
14.
&

Sonzogni A, Previtali G, Seghezzi M, et al. Liver histopathology in severe
COVID 19 respiratory failure is suggestive of vascular alterations. Liver Int
2020; 40:2110–2116.

The article suggests interesting perspectives in COVID-19 pathogenesis.
15.
&

Kaltschmidt B, Fitzek ADE, Schaedler J, et al. Hepatic vasculopathy and
regenerative responses of the liver in fatal cases of COVID-19. Clin Gastro-
enterol Hepatol 2021; 19:1726.e3–1729.e3.

The article suggests interesting perspectives in COVID-19 pathogenesis.
16.
&

Klindt C, Jensen BE, Brandenburger T, et al. Secondary sclerosing cholangitis
as a complication of severe COVID-19: a case report and review of the
literature. Clin Case Rep 2021; 9:e04068.

Insights about post COVID-19 secondary sclerosing cholangitis.
17. Wang Y, Liu S, Liu H, et al. SARS-CoV-2 infection of the liver directly

contributes to hepatic impairment in patients with COVID-19. J Hepatol
2020; 73:807–816.

18. Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary manifestations of
COVID-19. Nat Med 2020; 26:1017–1032.

19.
&&

McConnell MJ, Kawaguchi N, Kondo R, et al. Liver injury in COVID-19 and IL-6
trans-signaling-induced endotheliopathy. J Hepatol 2021; 75:647–658.

Interesting study about COVID-19 vascular damage pathogenesis.
20. Lagana SM, Kudose S, Iuga AC, et al. Hepatic pathology in patients dying of

COVID-19: a series of 40 cases including clinical, histologic, and virologic
data. Mod Pathol 2020; 33:2147–2155.

21. Singh B, Kaur P, Maroules M. Autoimmune hepatitis-primary biliary cholangitis
overlap syndrome triggered by COVID-19. Eur J Case Rep Intern Med 2021;
8:002264.

22. Roth NC, Kim A, Vitkovski T, et al. Post-COVID-19 cholangiopathy: a novel
entity. Am J Gastroenterol 2021; 116:1077–1082.

23. Keta-Cov research group. Electronic address: vincent.mallet@aphp.fr, Keta-
Cov research group. Intravenous ketamine and progressive cholangiopathy in
COVID-19 patients. J Hepatol 2021; 74:1243–1244.

24. Lee A, Wein AN, Doyle MBM, Chapman WC. Liver transplantation for post-
COVID-19 sclerosing cholangitis. BMJ Case Rep 2021; 14:e244168.

25. Rojas M, Rodrı́guez Y, Zapata E, et al. Cholangiopathy as part of post-COVID
syndrome. J Transl Autoimmun 2021; 4:100116.

26. B€utikofer S, Lenggenhager D, Wendel Garcia PD, et al. Secondary sclerosing
cholangitis as cause of persistent jaundice in patients with severe COVID-19.
Liver Int 2021; 41:2404–2417.

27. Chanques G, Constantin JM, Devlin JW, et al. Analgesia and sedation in
patients with ARDS. Intensive Care Med 2020; 46:2342–2356.
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