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Post–COVID-19 Cholangiopathy: A Novel Entity
Nitzan C. Roth, MD, PhD1, Angela Kim, MD2, Taisia Vitkovski, DO3, Jianxiang Xia, MD4, Guillermo Ramirez, MD2, David Bernstein, MD1

and James M. Crawford, MD, PhD3

INTRODUCTION: Liver chemistry abnormalities are a frequent manifestation of coronavirus disease 2019 (COVID-19)

but are usually transient and resolve with disease resolution.

METHODS: We describe the clinical course and histologic features of 3 adults who developed prolonged and severe

cholestasis during recovery from critical cardiopulmonary COVID-19.

RESULTS: These patients had clinical and histologic features similar to secondary sclerosing cholangitis of the

critically ill patient, but with unique histologic features including severe cholangiocyte injury and

intrahepatic microangiopathy suggestive of direct hepatic injury from COVID-19.

DISCUSSION: We believe that these cases constitute a novel severe post–COVID-19 cholangiopathy with potential for

long-term hepatic morbidity.
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INTRODUCTION
Acute liver chemistry elevations occur frequently in patients with
coronavirus disease 2019 (COVID-19) (1,2). Aspartate amino-
transferase elevations are the most common, can be severe, and
are associated with worse outcomes (1,2). Cholangiocyte epi-
thelial expression of angiotensin converting enzyme-2 (ACE2)
(3), the host receptor for severe acute respiratory syndrome-
coronavirus 2 (SARS-CoV-2), may lead to direct viral damage to
cholangiocytes and eventual chronic liver disease. We describe 3
cases of a novel severe cholangiopathy arising during recovery
from critical COVID-19 with potential for long-term hepatic
morbidity.

RESULTS
We identified 3 young adults who underwent liver biopsy for
evaluation of prolonged and severe cholestasis during recovery
from critical COVID-19. None had preexisting chronic liver
disease. Each patient had a prolonged hospitalization because of
acute hypoxemic respiratory failure requiring mechanical venti-
lation and additional complications from COVID-19 (Table 1),
confirmed by nasopharyngeal swab polymerase chain reaction
testing for SARS-CoV-2. As of September 26, 2020 (range of
follow-up: 167–189 days), 2 were discharged home and one
remained hospitalized.

On admission, liver chemistries were normal or mildly ele-
vated. Early during their hospitalization, each patient had severe
but brief aminotransferase elevations (Figure 1a,b) believed to
have been secondary to ischemic hepatitis. Subsequently, each
patient developed marked cholestasis with associated jaundice
that persisted long after cardiopulmonary and renal recovery

(Table 1, Figure 1c,d). Laboratory studies for non–SARS-CoV-2
acute or chronic viral infections and autoimmune serologies
were negative. Liver imaging showed no evidence of cirrhosis in
any patient. Magnetic resonance cholangiography was abnor-
mal for 2 patients (Table 1, Figure 2a,b), prompting endoscopic
retrograde cholangiography with removal of biliary sludge and,
for patient 2, extraction of small extrahepatic duct stones. Biliary
casts were not seen. Jaundice did not resolve with biliary
interventions.

Percutaneous liver biopsies were performed, and Figure 2c–f
illustrates the key histological features observed, further de-
scribed in Table 1. All 3 biopsies exhibited at least moderate
portal and periportal fibrosis; the biopsy from patient 1
exhibited bridging portal-to-portal and portal-to-central fi-
brosis with focal fibrotic obliteration of terminal hepatic veins.
Interlobular bile ducts were preserved in patient 2 but exhibited
mild andmoderate paucity in patients 1 and 3, respectively. All 3
biopsies exhibited extensive degenerative cholangiocyte injury,
with prominent cholangiocyte vacuolization, regenerative
change, apoptosis, and necrosis of the cholangiocyte epithelial
layer of terminal bile ducts and marginal ductules. Immuno-
histochemistry demonstrated metaplastic expression of cyto-
keratin 7 in periportal hepatocytes of patient 3 only. In all 3
biopsies, portal tract hepatic arteries showed endothelial
swelling with luminal narrowing, and there was portal vein
endophlebitis. The biopsy frompatient 2 exhibited focal features
of sinusoidal obstructive syndrome (veno-occlusive disease)
with pericentral confluent necrosis. For the biopsies from pa-
tients 1 and 2, immunohistochemistry and in situ hybridization
for SARS-CoV-2 were negative.
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Table 1. Clinical characteristics of patientswith severe cholangiopathy during recovery fromcritical coronavirus disease2019 (COVID-19)a

Patient 1 Patient 2 Patient 3

Patient demographics

Age (yr) 38 25 40

Sex Male Male Female

Ethnicity/Race Non-Hispanic/White Hispanic/Multiracial Hispanic/Multiracial

Hypertension No No No

Diabetes mellitus No No Yes

Other pre-existing comorbidities None None None

Clinical characteristics of

COVID-19 infection

Hospitalizations Days 1–68, 108–130, 146–152,

157–160, 162–167, and 175-189

Days 1–86; 101–144; 145-166 Days 1–68 and 169–188b

Acute rehabilitation Days 68–108 and 130-144 Days 86–101 None

Subacute rehabilitation None None Days 68–169

Mechanical ventilation and

tracheostomy

Yes, off supplemental oxygen and

decannulated (day 63)

Yes, off supplemental oxygen

and decannulated (day 112)

Yes, remains with tracheostomy but no

longer requiringmechanical ventilation

(day 63)

Venovenous extracorporeal

membrane oxygenation

No Yes (day 18), decannulated (day 64) No

Vasopressor support Yes, recovered Yes, recovered Yes, recovered

Biventricular systolic heart failure Yes, persistent Yes, recovered No

Acute kidney injury Yes, recovered Yes, recovered Yes, recovered

Renal replacement therapy Yes No Yes

Secondary infections Bacteremia with MRSA, ESBL

Escherichia coli, Enterococcus

faecalis; Escherichia coli empyema

Bacteremia with VRE, Paenibacillus

chitinolyticus; Candida albicans

empyema

Urinary tract infection with Klebsiella

pneumoniae; ventilator associated

pneumonia

Other notable complications Hydropneumothorax; embolic stroke Tension pneumothorax, recurrent

hemothorax requiring left upper

lobectomy and left lower lobe repair

with bovine patch, and subcapsular

hematoma after liver biopsy

Cardiac arrest

Medications received

Hydroxychloroquine Yes Yes Yes

Azithromycin Yes Yes Yes

Ivermectin No Yes No

Corticosteroids No Yes Yes

Tocilizumab Yes Yes No

Anakinra No Yes Yes

Convalescent plasma No Yes No

Remdesivir No Yes No

Antibiotics Ampicillin, cefepime,

ertapenem, and vancomycin

Meropenem, piperacillin-tazobactam,

vancomycin

Aztreonam, cefepime, ertapenem,

meropenem, nitrofurantoin,

piperacillin-tazobactam, and

vancomycin

Antifungal medications None Caspofungin, fluconazole Fluconazole

Liver chemistries (serum)

on admission (day 1)

Alkaline phosphatase (U/L) 81 80 163
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Table 1. (continued)

Patient 1 Patient 2 Patient 3

Aspartate aminotransferase (U/L) 30 55 24

Alanine aminotransferase (U/L) 34 52 20

Total bilirubin (mg/dL) 0.3 0.5 0.3

Peak liver chemistries (serum)

Alkaline phosphatase (U/L) 3,665 (day 139) 2,892 (day 103) 2,784 (day 172)

Asparate aminotransferase (U/L) 539 (day 17) 4,491 (day 19) 8,860 (day 3)

Alanine aminotransferase (U/L) 456 (day 66) 1,573 (day 19) 2,546 (day 4)

Total bilirubin (mg/dL) 9.8 (day 181) 23.9 (day 105) 12.7 (day 182)

Last available liver chemistries (serum)

Days after initial admission Day 188 Day 166 Day 187

Alkaline phosphatase (U/L) 1,911 2,018 1,256

Aspartate aminotransferase (U/L) 112 151 90

Alanine aminotransferase (U/L) 172 132 80

Total bilirubin (mg/dL) 7.6 15.1 10.3

Hepatobiliary imaging findings

Cirrhotic morphology No No No

Hepatomegaly No Yes Yes

Extrahepatic bile duct dilatation No Yes No

Intrahepatic bile ducts Beading, with multiple short segmental

strictures and intervening dilatation

Dilatation Normal

Endoscopic retrograde

cholangiography (days after initial

admission)

Day 180, with sludge extracted Days 89 and 100, with sphincterotomy

and extraction of stones and sludge

Not performed

Histologic parameters

Liver biopsy (days after initial

admission)

Day 151 Day 96 Day 178

Portal tract findings

Bile duct paucity (%of portal tracts

with interlobular bile ducts)c
Mild bile duct paucity (63%) No bile duct paucity (83%) Moderate bile duct paucity (40%)

Ductular reaction Moderate Moderate Moderate

Cholangiocyte swelling (bile ducts,

ductules)

Moderate Severe Moderate

Cholangiocyte regenerative

change (bile ducts)d
Focally moderate Focally marked Focally moderate

Portal tract inflammation

(lymphoplasmacytic, with

scattered neutrophils)

Mild-to-moderate Moderate Severe

Hepatic arteries Endothelial swelling Endothelial swelling Endothelial swelling

Portal veins Focal endophlebitis Focal endophlebitis Focal endophlebitis

Terminal hepatic veins Focal fibrotic obliteration of terminal

hepatic veins and zone 3 region

Focal features of sinusoidal obstruction

syndrome (veno-occlusive disease)

with zone 3 necrosis

Focal phlebitis

Parenchyma Moderate zone 3 hepatocanalicular

cholestasis; focal bile infarcts

Mild zone 3 hepatocanalicular

cholestasis

Severe zone 3 hepatocanalicular

cholestasis; focal bile infarcts

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

LI
VE

R

Post–COVID-19 Cholangiopathy: A Novel Entity 1079



DISCUSSION
We describe the first cases of a unique and profound post–
COVID-19 cholangiopathy in patients who recovered from
critical COVID-19 and went on to develop chronic cholestasis

and liver injury. Histopathologically, these patients have pre-
dominant cholangiocyte injury with accompanying microvas-
cular changes. Bile duct paucity, the presence of cytokeratin 7
metaplasia of periportal hepatocytes (characteristic of obstructive

Table 1. (continued)

Patient 1 Patient 2 Patient 3

Immunohistochemistry:

Cytokeratin 7 metaplasia of

periportal hepatocytes

Absent Absent Present

Fibrosis Bridging portal-to-portal and portal-to-

central fibrosis

Moderate portal and periportal fibrosis Moderate portal and periportal fibrosis

COVID-19, coronavirus disease 2019; ESBL, extended spectrum beta-lactamase; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant
enterococcus.
aDay 1 is the date of first admission. Normal laboratory values (serum): alkaline phosphatase (40–120 U/L), aspartate aminotransferase (10–40 U/L), alanine
aminotransferase (10–25 U/L for women and 10–35 for men), and total bilirubin (0.2–1.2 mg/dL).
bPatient 3 remains hospitalized as of September 26, 2020.
cBile duct paucity determined by morphometric analysis of liver biopsies (by J.M.C.) using these criteria for percentage of portal tracts with an interlobular bile duct: within
normal limits: 80% or greater; mild: 60%–79%; moderate: 40%–59%; and severe: less than 40%.
dCholangiocyte regenerative change defined as heaped up cholangiocyte nuclei with increased height of the bile duct epithelial layer.

Figure1.Trends of serum liver chemistries of patientswith severe cholangiopathyduring recovery fromcritical coronavirus disease2019 (COVID-19).Day 1
is the date of first admission. Arrows (in panels c and d) indicate the timing of endoscopic retrograde cholangiography for patients 1 and 2. (a) Aspartate
aminotransferase (normal: 10–40 U/L). (b) Alanine aminotransferase (normal: 10–25 U/L for women and 10–35 U/L for men). (c) Alkaline phosphatase
(normal: 40–120 U/L). (d) Total bilirubin (normal: 0.2–1.2 mg/dL).
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cholestasis) in one patient, and evidence of bridging fibrosis all
indicate a risk of progression to a secondary biliary cirrhosis.

The differential diagnosis for these findings includes extra- or
intra-hepatic biliary obstruction, a vanishing bile duct syndrome,
and secondary sclerosing cholangitis of the critically ill patient
(SSC-CIP) (4). Cholestasis persisted after biliary interventions in
the 2 patients with biliary abnormalities on imaging, and all 3
patients’ liver biopsies lacked the portal tract edema and neu-
trophilic inflammation characteristic of biliary obstruction. The
vanishing bile duct syndromes of drug-induced, ischemic, or
immunologic injury (as from graft-vs-host disease) exhibit bile
duct atrophy and loss, but without the degree of cholangiocyte
cytoplasmic vacuolization observed in these cases (5–7). The
greatest resemblance of the current cases is to SSC-CIP because
the following features are shared in common: imaging and en-
doscopic findings of damage to the extra- and intra-hepatic bil-
iary tree, cholangiocyte necrosis and destruction of the biliary
epithelium, ductular reaction and progressive fibrosis of portal
tracts, and, in some cases, progression to secondary biliary cir-
rhosis (8–10). Cholangiocyte vacuolization has been noted
(10,11) but is not a prominent histopathologic feature. Our cases
have an extreme degree of cholangiocyte cytoplasmic vacuoliza-
tion and regenerative change not previously described for SSC-

CIP. The microvascular features of hepatic artery endothelial
swelling, portal vein phlebitis, and sinusoidal obstruction syn-
drome also are unique.

We believe the post–COVID-19 cholangiopathy described
herein represents a confluence of SSC-CIP and direct hepatic
injury from COVID-19. The latter involves an intrahepatic
microangiopathy affecting all 3 microvascular compartments in
keeping with autopsy observations from patients succumbing to
COVID-19 during their initial illness (12,13), with potential
superimposed injury to cholangiocytes after their exposure to
SARS-CoV-2. This last point is underscored by the sustained and
extreme elevations of serum alkaline phosphatase levels observed
at the upper limits of what has been reported for SSC-CIP
(4,9–11) and far above what would be expected for the other
conditions in the differential diagnosis. However, our attribution
of the current findings to SARS-CoV-2 is indirect because poly-
merase chain reaction was not used to identify the presence of
SARS-CoV-2 in the liver (14) and immunohistochemistry and in
situ hybridization (13,15) were negative.

We thus believe that these cases constitute a novel chol-
angiopathy arising as a postacute condition after critical
COVID-19. Although elements of the pathobiology may be
shared with SSC-CIP, critical COVID-19 is the unique element

Figure 2.Magnetic resonance cholangiography and histopathology. (a) Magnetic resonance cholangiogram of patient 1 (day 158) with marked irregularity of
the intrahepatic biliary tree with attenuation and intervening areas of beading and mild irregularity of the extrahepatic bile duct, measuring up to 5 mm with
normal distal tapering but with periductal enhancement. (b) Magnetic resonance cholangiogram of patient 2 (day 88) with dilatation of the central intrahepatic
andextrahepaticbiliary tree,with commonbile ductmeasuringup to12mmat the level of theportahepatis and11mmjust above theampulla. (c) Portal tract in
the biopsy of patient 2. Profound cholangiopathy with cholangiocyte cytoplasmic vacuolization is shown, including an interlobular bile duct in longitudinal
section (*); the ductular reaction in this field also shows severe cholangiocyte swelling. (d) Portal tract in the biopsy of patient 2. The hepatic artery (middle left)
shows microarteriopathy with endothelial swelling and obliteration of the lumen. Also shown, an interlobular bile duct (top) with cholangiocyte degenerative
changes and intraluminal cellular debris, and a bile ductule at the portal:parenchymal interface (lower left) with cholangiocyte cytoplasmic vacuolization. (e)
Central region in the biopsy of patient 2. Trichrome stain highlights obliteration of a terminal hepatic vein indicative of focal sinusoidal obstruction syndrome
(veno-occlusive disease; *); the adjacent zone 3 parenchyma is necrotic (upper right). (f) Low power trichrome stain of the biopsy of patient 1, showing portal-
portal bridging fibrosis (righthalf of image) and fibrous obliterationof the zone3 regionand terminal hepatic vein (*). Five fragments of incidental skeletalmuscle
are present (upper left) (c, hematoxylin and eosin (H&E), 4003; d, H&E, 4003; e, trichrome, 4003; f, trichrome, 1003).
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of these patients’ clinical course and seems to be associated with
unique cholangiopathic features not previously observed in
SSC-CIP or the broader spectrum of cholangiopathies. The
pathobiology of this cholangiopathy requires further in-
vestigation, noting that extensive discussion has been given to
potential mechanisms of liver injury from SARS-CoV-2, in-
cluding the fact that biliary epithelia express ACE2, and hence
should be susceptible to viral infection (3). Our concern is that
this post-COVID cholangiopathy may lead to progressive liver
injury with the potential need for liver transplantation. Further
work is needed to better understand the development and
possible prevention and treatment of this newly described
condition associated with COVID-19.
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