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Abstract
This case of secondary sclerosing cholangitis (SSC- CIP) emphasizes the need to pro-
vide follow- up care for patients that have recovered from COVID- 19 in order to 
understand the complexity of SARS- CoV- 2 associated sequela.
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1 |  INTRODUCTION

In several patients infected with COVID- 19, liver injury has 
been observed; however, the pathogenesis is unclear. This 
article explores a case of secondary sclerosing cholangitis 
(SSC) following severe ARDS due to COVID- 19. Causes of 
biliary damage associated with SARS- CoV- 2 were evaluated 
with an emphasis on SSC in the critically ill.

Infection with the novel severe acute respiratory syndrome 
coronavirus- 2 (SARS- CoV- 2) has developed into a pandemic 
with over 111 million- infected individuals worldwide.1,2 
Despite being predominantly associated with respiratory 
symptoms, SARS- CoV- 2 has been linked to abnormalities 
of liver function tests in up to 69% of hospitalized patients.3 
Whereas most liver enzyme alterations normalize together 

with clinical convalescence, abnormalities persist and aggra-
vate in some patients. The exact causes of liver and bile duct 
injury in SARS- CoV- 2 remain elusive. The differentiation of 
predominant pathological mechanisms in the individual af-
fected patient is challenging but important for management 
and prognosis.

In this report, we describe a rare case of secondary scle-
rosing cholangitis (SSC) complicating the course of severe 
COVID- 19 and review potential mechanisms of liver and 
bile duct pathology caused by SARS- CoV- 2. SSC is char-
acterized by peribiliary inflammation and fibrosis leading to 
irreversible biliary damage.4,5 Possible mechanisms precipi-
tating SSC in this patient include drug- related toxicity, direct 
virus-  or immune- mediated as well as hypoxia- associated 
cell injury.6- 8 Several cases of SSC have been described in 

www.wileyonlinelibrary.com/journal/ccr3
https://orcid.org/0000-0002-9207-9611
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:keitelan@uni-duesseldorf.de


2 of 8 |   KLINDT eT aL.

critically ill patients characterized by rapid progression to 
liver cirrhosis.9 Recently, another case of SSC following a 
severe infection with multi- organ failure due to COVID- 19 
has been published stressing the importance of understanding 
the pathogenesis of COVID- 19- associated biliary damage.10

2 |  CASE REPORT

A 47- year- old male patient (BMI 24) was admitted to a dis-
trict hospital because he suffered from shortness of breath. 
He had been suffering from fever and dry cough for about 
ten days prior to admission. His past medical history did not 
contain any relevant liver diseases. The patient did not take 
recreational drugs, reported moderate alcohol consumption 
and did not take medications on a regular basis.

The patient was intubated shortly after admission 
due to severe hypoxemia which was attributed to SARS- 
CoV- 2- mediated ARDS. He received lopinavir/ritonavir 
(800mg/200mg per day) for 3 days and subsequently remde-
sivir (200 mg loading dose on the first day and then 100mg/
per day) for 10 days (d) within the compassionate use pro-
gram.11 Due to suspected bacterial superinfection, an antibi-
otic regimen with piperacillin/tazobactam and clarithromycin 
followed by a therapy with meropenem was initiated for 10d. 
The patient suffered from a severe form of ARDS and had 
to be ventilated with intermittent use of prone positioning 
and PEEP values up to 16mbar. Weaning was successful at 
day 25 after admission. Catecholamines were only required 
for 2d compensating circulatory depressive adverse effects 
of sedative drugs. The patient did not receive extracorporeal 
life support. Upon admission, surrogate markers for biliary 
injury, such as ALP and GGT, were only mildly elevated 
(ALP 1.56xULN and GGT 4.05xULN) (Table 1). Bilirubin 
levels were within normal limits. Markers for hepatocyte 
damage, such as AST and ALT, were slightly elevated (AST 
2.08xULN, ALT 2.22xULN). In contrast, inflammatory 
markers such as crp (c- reactive protein) were significantly in-
creased upon admission (crp 66.80xULN). During the course 
of his treatment, the patient's inflammatory markers were 
steadily improving, so that crp levels were almost within 
normal range at follow- up days 77 and 91 (Figure 1A). AST 
and ALT continuously increased after admission until they 
reached a maximum at day 20 after initial presentation (AST 
13.43xULN, ALT 16.76xULN). Subsequently, AST and ALT 
levels improved and were only about 2- 2.5- fold following day 
91 postadmission (AST 2.23xULN, ALT 2.18xULN). Biliary 
damage- associated markers GGT, ALP, and bilirubin con-
tinuously increased after the patient's admission (Figure 1). 
Following day 51, laboratory values of GGT and ALP 
reached an almost constant level (GGT 28.60xULN at day 
51 and 27.80xULN at day 77; ALP 9.91xULN at day 51, and 
8.95xULN at day 77), whereas serum bilirubin levels were 

continuously increasing to a maximum value of 21.63xULN 
(21.63 mg/dl) at the last follow- up (day 144, Figure 1). Liver 
sonography (day 39) demonstrated multiple changes in the 
diameter of small-  and medium- sized intrahepatic bile ducts 
as well as increased sonographic reflexes of the biliary ducts 
as it can be seen in sclerosing cholangitis.12 MRCP (day 38) 
as well as MRI of the liver were consistent with sonographic 
findings. Follow- up MRCP at day 79 indicated an aggra-
vated accentuation of intra-  and extrahepatic biliary ducts 
(Figure 2). There were no signs of malignant liver tumors, 
hepatic metastasis, or mechanical obstruction of the biliary 
ducts on liver imaging. Liver biopsy was performed at day 
50 revealing slight to moderately enlarged portal tracts with 
a mixed inflammatory infiltrate, degenerative changes of the 
bile duct epithelium, and ductular reaction, as well as focal 
biliary metaplasia of the periportal hepatocytes. In addition, 
perivenular canalicular cholestasis, beginning hepatocyte 
dropout, and a few bile infarcts could be seen. These changes 
were considered consistent with intensive care unit- associated 
secondary sclerosing cholangitis without casts (Figure  3). 
Due to the continuous deterioration of his liver function, the 
patient has successfully undergone liver transplantation.

3 |  DISCUSSION

We are reporting about a rare case of secondary sclerosing 
cholangitis (SSC) after severe infection with SARS- CoV- 2. 
Most probable causes for development of SSC in our patient 
comprise endotheliitis/microthrombosis, direct viral damage 
to the biliary epithelium, drug- induced- , hypoxia- , and/or 
inflammation- mediated biliary injury.

3.1 | Viral Damage

The angiotensin- converting enzyme 2 (ACE2) and the serine 
protease TMPRSS2 were identified as receptors for viral host 
cell entry.13,14 ACE2 and TMPRSS2 are expressed on several 
different cells of the human body, including cholangiocytes 
suggesting a possible direct interaction of SARS- CoV- 2 with 
the biliary epithelium.15- 17 After inoculation of human liver 
ductal organoids with SARS- CoV- 2 for 24 hours, the viral 
nucleocapsid protein could be detected in a small number 
of biliary epithelial cells indicating successful viral entry. 
Moreover, analysis of the viral genomic RNA confirmed 
viral replication in biliary epithelial cells. RNA sequencing 
analysis of SARS- CoV- 2 infected biliary organoids dem-
onstrated an increased expression of genes associated with 
cell death induction as well as a reduced expression of genes 
associated with tight junction integrity/epithelial cell bar-
rier (eg, Claudin- 1) and biliary transport (eg, SLC10A2).17 
However, it remains unclear if cholangiocytes are infected 
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T A B L E  1  Table of the patient's laboratory values of bilirubin in mg/dL, AST in U/L, ALT in U/L, ALP in U/L, GGT in U/L and crp in mg/dL 
or relative to the upper normal limit (ULN) of the respective laboratory range

Note: Laboratory results were taken at different time points after first presentation of the patient at the regional hospital (d = 0). Absolute values in red indicate an 
increase above normal level. Positive (+) or negative (- ) test result for SARS- CoV- 2 PCR in nasal/throat swab/tracheal fluid at the respective time points is indicated in 
the last column of the table.

Day
bili 

mg/dl

bili

x ULN

AST 

U/l

AST

x 

ULN

ALT 

U/l

ALT 

x 

ULN

GGT 

U/l

GGT 

x 

ULN

ALP 

U/l

ALP 

x

ULN

crp 

mg/dl

crp 

x

ULN

COV

19

0 0.4 0.33 83 2.08 91 2.22 247 4.05 203 1.56 33.4 66.80

1 41 1.03 56 1.37 172 2.82 29.9 59.80

4 0.42 0.42 76 2.17 49 1.09 444 8.07 212 1.64 22.4 44.80 +

5 0.67 0.67 166 4.74 73 1.62 785 14.27 281 2.18 18 36.00

6 0.67 0.67 114 3.26 66 1.47 682 12.40 218 1.69 19.2 38.40

7 0.74 0.74 68 1.94 51 1.13 591 10.75 178 1.38 13.6 27.20

8 1.09 1.09 117 3.34 77 1.71 794 14.44 194 1.50 12.6 25.20

9 1.45 1.45 117 3.34 99 2.20 886 16.11 204 1.58 11.2 22.40 +

10 1.11 1.11 152 4.34 125 2.78 1112 20.22 258 2.00 11.6 23.20 +

11 1.11 1.11 84 2.40 111 2.47 1071 19.47 241 1.87 21 42.00 +

12 0.84 0.84 91 2.60 103 2.29 890 16.18 222 1.72 28.2 56.40 +

13 0.85 0.85 72 2.06 90 2.00 839 15.25 239 1.85 22.7 45.40 -

14 0.83 0.83 87 2.49 89 1.98 960 17.45 338 2.62 16.9 33.80 +

15 0.84 0.84 74 2.11 88 1.96 1011 18.38 366 2.84 14.6 29.20 +

16 0.81 0.81 123 3.51 117 2.60 1180 21.45 454 3.52 10.4 20.80 +

17 1.13 1.13 158 4.51 163 3.62 1420 25.82 561 4.35 7.4 14.80 -

18 1.14 1.14 171 4.89 179 3.98 1466 26.65 567 4.40 7.4 14.80 +

19 1.4 1.40 341 9.74 294 6.53 2043 37.15 732 5.67 6.1 12.20

20 3.83 3.83 470 13.43 754 16.76 3263 59.33 1097 8.50 7.1 14.20

21 3.44 3.44 251 7.17 608 13.51 2449 44.53 854 6.62 8.4 16.80 +

22 2.13 2.13 173 4.94 499 11.09 1802 32.76 721 5.59 8.9 17.80 +

23 2.66 2.66 250 7.14 527 11.71 1660 30.18 763 5.91 13.8 27.60 +

24 3.27 3.27 152 4.34 453 10.07 1650 30.00 794 6.16 17.6 35.20

25 1.85 1.85 97 2.77 362 8.04 1392 25.31 730 5.66 9 18.00 +

26 1.82 1.82 63 1.80 262 5.82 1339 24.35 775 6.01 6.7 13.40

27 2.04 2.04 183 5.23 357 7.93 2156 39.20 1133 8.78 8.5 17.00 +

28 2.4 2.40 215 6.14 439 9.76 2286 41.56 1185 9.19 7.3 14.60

29 2.51 2.51 185 5.29 437 9.71 2264 41.16 1144 8.87 6.5 13.00

30 2.36 2.36 140 4.00 411 9.13 2040 37.09 1136 8.81 8.4 16.80 -

31 4.12 4.12 266 7.60 530 11.78 2184 39.71 1397 10.83 6.6 13.20 +

32 4.06 4.06 172 4.91 479 10.64 1929 35.07 1336 10.36 6 12.00 +

33 4.33 4.33 183 5.23 460 10.22 1839 33.44 1409 10.92 6.2 12.40 -

34 4.68 4.68 184 5.26 457 10.16 1865 33.91 1408 10.91 6.1 12.20 -

35 4.29 4.29 142 4.06 409 9.09 1740 31.64 1334 10.34 4.6 9.20 -

36 5.11 5.11 141 4.03 374 8.31 1731 31.47 1373 10.64 4.8 9.60

38 6.1 6.10 136 3.89 323 7.18 1533 27.87 1235 9.57 5.3 10.60 -

40 6.44 6.44 148 4.23 316 7.02 1436 26.11 1323 10.26 6.9 13.80 -

42 7.33 7.33 189 5.40 400 8.89 1575 28.64 1429 11.08 5.8 11.60 -

45 6.71 6.71 169 4.83 448 9.96 2156 39.20 1700 13.18 4.8 9.60 -

51 8.37 8.37 114 3.26 273 6.07 1573 28.60 1279 9.91 4.6 9.20 -

63 9.66 9.66 80 2.29 169 3.76 1521 27.65 1294 10.03 1.9 3.80

77 10.66 10.66 78 2.23 125 2.78 1529 27.80 1155 8.95 1 2.00

91 13.73 13.73 89 2.54 133 2.96 1418 25.78 1004 7.78 1 2.00

110 18 18.00 81 2.31 134 2.98 1538 27.96 861 6.67 2.3 4.60 -
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by SARS- CoV- 2 in a significant number of COVID- 19 pa-
tients.16,17 Access of the virus to the biliary epithelium could 
be via the blood or through the intestine. While no SARS- 
CoV- 2 RNA was detected in the blood of our patient at any 
time point, SARS- CoV- 2 RNA was present in stool samples 
on at least one occasion. Our own analysis of gallbladder 
bile, gallbladder brush cytology, as well as gallbladder and 
liver histology from 5 deceased SARS- CoV- 2 patients and 
one COVID- 19 patient, who underwent cholecystectomy, 
showed no evidence for the presence of viral RNA by PCR. 
This finding indicates that viral replication in biliary and gall-
bladder epithelium above the detection level is not generally 
observed in patients with moderate and severe COVID- 19 
disease.

3.2 | Drug- induced SSC

Another possible reason for the development of SSC in our 
patient is drug- related cytotoxic effects. Drug- induced liver 

injury (DILI) can be caused by direct cytotoxicity of the sub-
stance or more often by an idiosyncratic reaction. Although 
it is rare, DILI can cause a sclerosing cholangitis- like phe-
notype.18,19 While admitted to ICU, our patient received a 
number of drugs with potential hepatotoxic effects such as 
meropenem, piperacillin/tazobactam, lopinavir/ritonavir, 
and remdesivir. Antibiotics have been described as causes 
of acute cholestasis, cholestatic hepatitis and, rarely, of van-
ishing bile duct syndrome.19,20 A drug- induced SSC due to 
meropenem or piperacillin has not been described to date. 
Combination therapy with lopinavir/ritonavir has previously 
been discussed as a risk factor for DILI and its use was asso-
ciated with an increased likelihood of abnormalities in liver 
function tests.21,22 Consequently, therapy with lopinavir/rito-
navir could be a contributing factor in the development of 
SSC in our patient. Additionally, our patient received a treat-
ment with remdesivir. For this relatively new drug, no severe 
DILI has been reported yet, although liver enzyme elevations 
are frequently reported also in patients treated with remdesi-
vir.22 Due to application of remdesivir in a limited number 

F I G U R E  1  A. Serum levels of GGT 
(blue) and CRP (orange) at initial admission 
and at several time points up to 90 days 
follow‐up after initial presentation. Serum 
blood levels are depicted as amount relative 
to upper limit of normal of the respective 
laboratory. Time in hospital is indicated 
by a gray arrow. Time of remdesivir (rem) 
application is indicated by a green arrow. 
B. Serum levels of bilirubin (blue), alkaline 
phosphatase (ALP) (yellow), ALT (gray) 
and AST (orange) at initial admission and at 
several time points until 90 d follow‐up after 
initial presentation in hospital. Serum blood 
levels are depicted as time the upper normal 
limit of normal (x‐times ULN)
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of patients, rare cases of cholestatic liver damage following 
remdesivir cannot be ruled out. Since DILI is a very common 
side effect of pharmacological therapy, it is possible that at 
least one of these drugs had an amplifying effect on the de-
velopment of biliary damage in this patient. However, the 
development of SSC as a consequence of drug toxicity alone 
is highly unlikely in our patient.

3.3 | SSC in critically ill patients

A very common cause for SSC is hypoxemia in critically 
ill patients (SSC- CIP).23- 25 Although the exact mechanisms 
are unknown, it is speculated that focal hypoxia leads to 
biliary necrosis and peribiliary fibrosis development. SSC- 
CIP is characterized by no prior history of liver disease, the 
absence of signs of mechanical biliary obstruction, and a 
prolonged admission to ICU with the need for mechanical 
ventilation.23,24 An increased incidence of SSC- CIP in severe 
viral pneumonia after infection with influenza has been pub-
lished before.26,27 Our patient had been admitted to the ICU 
for a duration of 31 days, was on mechanical ventilation for 
more than 25 days, and received high pressure mechanical 
ventilation with a PEEP up to 16  mbar, partially in prone 
position. These factors may have triggered the development 

of SSC- CIP in this patient. The time period of mechanical 
ventilation reported for patients with SSC- CIP varied be-
tween 26 and 41  days, with a peak PEEP of 12.8mbar.23-

 25,28,29 Another factor closely associated with SSC- CIP is 
prolonged hypotension with a mean arterial pressure of less 
than 65 mmHg and need for vasopressor drugs. Most reports 
hypothesize that systemic hypotension for a prolonged period 
represents the most important risk factor in SSC- CIP.29,30 We 
were not able to observe prolonged hypotension in our pa-
tient, though. Additionally, the development of microemboli 
and microthrombi in the context of hypercoagulability and 
endotheliitis may be another reason for local hypoxemia of 
the biliary tract in critically ill patients.31- 33

3.4 | Inflammation- mediated SSC

Development of SSC has also been reported in patients with 
auto- inflammatory diseases and inflammatory syndromes 
with involvement of the liver such as eosinophilic cholan-
gitis or mast cell cholangiopathy.34- 37 Moreover, congenital 
or acquired immunodeficiency syndromes and bacterial or 
viral infections have been associated with SSC. Underlying 
mechanisms are unknown, but it is suggestive that inflam-
matory infiltrates and mediators are contributing to focal 
damage of biliary ducts and fibrosis development.38 In ani-
mal models, TNFα- Tnfrsf1 signaling was important for de-
velopment of sclerosing cholangitis in a chronic infection 
with cryptosporidium parvum.39 Thus, it is fathomable that 
inflammatory infiltrates triggered by SARS- CoV- 2 infection 
may contribute to SSC development in our patient.

Although a direct viral effect in the development of SSC 
in our patient with severe SARS- CoV- 2 cannot be ruled out, 
the most probable explanation for his liver disease is multi- 
factorial due to drug- , hypoxia-  and immune- mediated injury 
to the biliary epithelium. Patients recovering from COVID- 19 
may face a number of sequelae not only due to long- term 
ICU treatment and chronic lung injury but also in response 
to the dysregulated immune response during and after SARS- 
CoV- 2 infection.40 Especially in children and young adults 
an increase in auto- immune and auto- inflammatory diseases 
such as multisystemic inflammatory syndrome have been 
reported.41- 43 It was hypothesized that the interaction of the 
virus with the host immune response may render predis-
posed individuals more susceptible toward an environmental 
insult, for example, drug toxicity, triggering auto- immune/
auto- inflammatory diseases, which may apply to SSC de-
velopment in our patient.44 With the ongoing pandemic of 
SARS- CoV- 2, more reports of SSC and liver damage are to 
be expected.

In conclusion, we were able to report a case of SSC in 
a patient without prior medical history of biliary duct dis-
ease after a severe ARDS due to infection with SARS- CoV- 2. 

F I G U R E  2  MRCP of the patient at follow- up at day 79 after 
initial presentation (anterior- posterior) showing multiple changes in 
the diameter of small-  and medium- sized intrahepatic bile ducts and 
an accentuation of the biliary ducts as it can be seen in sclerosing 
cholangitis
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Although a virus- induced biliary damage cannot be excluded, 
SSC- CIP seems to be the most probable diagnosis in our pa-
tient. The case emphasizes the complexity of SARS- CoV- 2 
associated sequela and underscores the need to offer fol-
low- up to patients recovered from COVID- 19.
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