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COVID-19: a fatal case of acute liver
failure associated with SARS-CoV-2 infection
in pre-existing liver cirrhosis
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Abstract

Background: The detection of severe acute respiratory syndrome coronavirus (SARS-CoV-2) is challenging, particu-
larly in post-mortem human tissues. However, there is increasing evidence for viral SARS-CoV-2 manifestation in non-
respiratory tissues. In this context, it is a current matter of debate, whether SARS-CoV-2 shows hepatotropism.

Case presentation: Here, we report a case of an 88-year-old women with massive SARS-CoV-2 viremia, severe jaun-
dice and clinical signs of an acute hepatitis, who died within a few days from an acute liver failure without showing
any clinical signs of pneumonia. Autopsy revealed a severe chronic and acute liver damage with bile duct infestation
by SARS-CoV-2 that was accompanied by higher expressions of angiotensin-converting enzyme-2 (ACE2), Cathepsin L
and transmembrane serine protease 2 (TMPRSS2).

Conclusion: Our findings indicate an enhanced biliary susceptibility to viral infection with SARS-CoV-2, that might
have resulted from pre-existing severe liver damage. Furthermore, our findings emphasize the differential diagnosis of

coronavirus disease 2019 (COVID-19)-associated liver failure in the clinical setting of an inexplicable jaundice.
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Background

Over the past year, there have been numerous reports
and extensive discussions about the impact of pre-
existing health conditions on the clinical course and the
severity of COVID-19 [1]. In this context, it is a matter
of debate, which cell types except respiratory epithelial
cells become infected by SARS-CoV-2 [2] and how this
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may contribute to the clinical presentation of the dis-
ease. Recently, it has been shown that SARS-CoV-2 may
be associated with gastrointestinal disorders such as gas-
troenteritis and hepatitis [3, 4]. However, the evidence
on whether SARS-CoV-2 may directly infect, and dam-
age gastrointestinal tissues is scarce [5-7] and should be
interpreted with caution. In post-mortem assessment
of COVID-19 tissue, the localization of the virus can
be hampered by autolysis, enzymatic activity, and pre-
existing organ damage. Thus, COVID-19 autopsy results
should consequently be interpreted with regard to these
limitations which is highlighted by the following case.
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Case presentation

Jaundice as initial symptom of severe COVID-19

Here, we report a case of 88-year-old women who pre-
sented with pronounced jaundice and nausea at a care
home, 46 days after initial hospital discharge from sur-
gical treatment for an incarcerated femoral hernia with
ileus and wound dehiscence. From the medical record,
arterial hypertension (treated with Ramipril 5 mg daily),
chronic gastritis (treated with Omeprazole 20 mg daily),
chronic renal insufficiency (treated with Torasemid 5 mg
daily) and a healed pneumonia that had taken place
1 year prior to the events were known as further condi-
tions. During her temporary stay at the care home (Fig. 1)
the patient developed a severe jaundice with pale stools.
Of note, two other patients were reportedly positive for
SARS-CoV-2 infection at the care home.

Due to the rapid deterioration of her jaundice, the
patient was re-admitted to the hospital (Vivantes Hos-
pital Spandau, Berlin), where she presented with an
unspecific indolent abdominal pressure pain and inac-
tive peristalsis during the physical examination. There
were no signs of hepatic encephalopathy or ascites. Nei-
ther fever nor respiratory symptoms were present, and
the initial SARS-CoV-2 PCR test from a pharyngeal swab
was negative. Also, antibodies for SARS-CoV-2 infec-
tion were negative in the peripheral blood. However, a
second swab, conducted three days later, revealed a posi-
tive result. Also, PCR from stool was positive for SARS-
CoV-2 RNA. Sampling of the peripheral blood showed a
leucocytosis of 15.3/nl and signs of acute inflammation,
reflected by a CRP value of 14.5 mg/l, a ferritin level of
7797 pg/l and an interleukin-6 level of 71 ng/l. Further-
more, parameters for cholestasis were excessively ele-
vated above normal levels with a gamma-GT of 397 U/],
an alkaline phosphatase of 269 U/], and a direct hyper-
bilirubinemia (direct bilirubin 24.2 mg/dl, indirect bili-
rubin of 4.5 mg/dl, ratio 5.4). Furthermore, urea levels of
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up to 78 mg/dl, an LDH level of 253 U/], an ALT level of
1,632 U/], an AST level of 1690 U/l and a high De Ritis
ratio of 1.03 reflected a severe liver damage. In addi-
tion, parameters of liver function such as coagulation
or albumin-synthesis were severely affected with an
aPTT of 36.9 s, an INR of 2.12, a quick level (thrombo-
plastin time) of 31% and an albumin level of 29.4 g/l.The
GLDH level was 10 U/, and the ALT + AST /GLDH ratio
was 332.2, suggesting a cholestatic genesis. Consecu-
tively, hepatitis A, B, C and E, cytomegaly virus (CMV)
associated hepatitis, sclerosing cholangitis (p-ANCA
0.9 U/ml, c-ANCA 2.2. U/ml), primary biliary cirrhosis
(ANA negative, AMA IFT 1:320, AMA M2 negative) and
autoimmune hepatitis (LKM negative, SMA negative,
IgG4 0.197 g/l, 1gG 13.44 g/1) were excluded as causes of
liver damage. Subsequently, x-ray and CT scans revealed
a relapse of the abdominal hernia with a cecal prolapse
and a thickening of the intestinal wall. Furthermore, a
small scar with pronounced vascular markings was vis-
ible in the left lower pulmonary lobe without evidence
for pneumonia. The liver, pancreas and spleen presented
normal; however, the intrahepatic bile ducts showed a
mild dilatation with a diameter of 9 mm in the common
bile duct. Abdominal ultrasound and endosonography
revealed a thickening of the intra- and extrahepatic bile
duct walls and the gall bladder wall without signs of bil-
iary obstruction. Upon the assumption of a COVID-19
related hepatitis, liver biopsy and convalescent plasma
therapy were planned but could not be conducted since
the patient’s health condition deteriorated rapidly. There-
fore, she could only be treated with best supportive care
which included treatment with L-Ornithine L-Aspartate,
Simethicon, Prednisolone, Morphine, antibiotics (Rifaxi-
mine, Piperacillin/Tazobactam) and anticoagulative med-
ication (Enoxaparine, Heparin). 12 days after the hospital
re-admission, the patient died from acute liver failure.
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Fig. 1 Timeline of events from onset of symptoms to death
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During the entire course of her stay, she had not devel-
oped any clinical signs of pneumonia.

Autopsy and post-mortem diagnostics uncover bile duct
infection by SARS-CoV-2

A full body autopsy was performed within 36 h after
death, in line with the safety guidelines recommended
by the Center for Disease Control and Prevention
(CDC) and local ethical guidelines (EA 1/144/13 and
EA2/066/20). The macroscopic assessment revealed a
subtotal liver dystrophy as immediate cause of death.
Furthermore, we found foci which were suspicious of
pneumonia in both lower lobes of the lung.

Native and formaldehyde-fixed paraffin embedded
(FFPE) tissue samples were collected from each organ
for the assessment of virus burden and histopathol-
ogy, respectively. Sections of FFPE-tissues were gener-
ally stained with hematoxylin—eosin (HE). Additionally,
the liver tissue was stained with Periodic-acid Schiff
(PAS) reaction as well as Gomori, chromotrope aniline
blue and Fouchet stains. Furthermore, we performed
immunohistochemical stainings with antibodies for Mye-
loperoxidase (Dako, polyclonal), CD68 (Dako, #PG-M1),
CD20 (Dako, #L26), CD3 (Dako, polyclonal), CD4 (Leica,
#4B12), CD8 (Dako, #C8/144B), MUM1 (Zytomed,
#MUM1p), ACE 2 (Proteintech, polyclonal), Cathepsin
B (Abcam, #ab109131), Cathepsin L (Ptglab, #10938-1-
AP) and TMPRSS2(Abcam, #ab109131). Additionally,
SARS-CoV-2 in-situ hybridization (ISH) was performed
using the ViewRNA™ ISH Tissue Assay Kit (Invitro-
gen by Thermo Fisher Scientific, Darmstadt, Germany)
following the manufacturer’s instructions with minor
adjustments. For post-mortem viral SARS-CoV-2 PCR,
50 mg of fresh-frozen samples were acquired (Fig. 2A)
and homogenized. Subsequently RNA was purified,
using the MagNA Pure 96 system and the MagNA Pure
96 DNA and Viral NA Large Volume Kit (Roche) follow-
ing the manufacturer’s instructions. RNA extracts were
used for quantitative real-time PCR targeting the SARS-
CoV-2 E-gene. Viral RNA was quantified by photometri-
cally quantified in vitro RNA transcripts. Total DNA
was measured in all extracts using the Qubit dsDNA HS
Assay kit (Thermo Fisher Scientific).

Histopathology revealed acute liver cell necrosis with
canalicular cholestasis but also a subtotal porto-por-
tal liver cirrhosis with reactive ductular proliferation
(Fig. 2H-]) accompanied by a moderate T-cell rich portal
inflammatory infiltrate that was partially spreading to the
hepatic interface and mainly consisting of CD8+-cyto-
toxic T-cells (CD8/CD4 ratio 2:1). T-cells accounted
for 60% of the infiltrate. In contrast to the controls, the
remaining infiltrate was enriched for macrophages (20%),
granulocytes (15%) and composed of a small amount of
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B- and plasma cells (<3%). Immunohistochemical stain-
ing for ACE2, TMPRSS2 and Cathepsin L showed strong
membranous signals in the intrahepatic bile duct epithe-
lium (Fig. 2K-M), especially in comparison to the hepatic
control tissue. Cathepsin L was strongly expressed in the
cytoplasm and on cell membranes of the bile duct epi-
thelium and the hepatocytes both in the patient’s liver
and the cirrhotic control but not in the control con-
taining healthy liver tissue. Using SARS-CoV-2 ISH, we
found strong signals within the bile duct epithelium , less
the possibility of co-existing enzymatic activity (Fig. 2N—
P). In contrast, SARS-CoV-2 RNA could not be detected
in hepatocytes via ISH. Additionally, post-mortem SARS-
CoV-2 PCR confirmed excessive viral RNA load in all tis-
sues with maximum values in the liver, the gallbladder,
the gut and the lung. Viral log,,-SARS-CoV-2 RNA cop-
ies are shown in Fig. 2 A. Interestingly, the autopsy also
revealed bilateral disseminated foci of pneumonia in the
lung and both pneumocytes and alveolar macrophages
showed strong signals in the SARS-CoV-2 ISH (Fig. 2),
indicating the simultaneous presence of an unrecognized
COVID-19 pneumonia despite the lack of clinical symp-
toms. However, there was no evidence of a diffuse alveo-
lar damage.

Discussion and conclusions

By revealing liver failure as a foremost symptom of an
infection with SARS-CoV-2 even in the clinical absence
of pneumonia, this case does not only add further infor-
mation to the varying clinical presentations of COVID-
19 but also underlines the challenge of SARS-CoV-2
localization that complicates COVID-19 post-mortem
diagnostics.

Our autopsy results indicate that the 88-year-old
woman who presented with inexplicable jaundice was
suffering from a previously unknown severe chronic
liver damage that was rapidly aggravated by cholesta-
sis following SARS-CoV-2 viremia in the bile ducts,
suggesting the clinical picture of a cholestatic sub-
type of viral hepatitis. However, a direct cause-effect
relationship cannot be proven, since the patient also
received medication that may have caused hepatotox-
icity (such as Piperacilin/Tazobactam or Enoxaparine)
and may have accelerated the hepatic decompensa-
tion. Moreover, autolysis or enzymatic activity within
the bile duct epithelium might have influenced our
results. On the assumption, that the combined sen-
sitivity of in-situ-hybridization, immunohistochem-
istry and SARS-CoV-2 PCR is sufficient, our findings
suggest that pre-existing liver damage might have led
to a higher susceptibility to SARS-CoV-2 in the bile
duct epithelium due to stronger expressions of ACE2,
TMPRSS2 and particularly Cathepsin L which has been
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Fig. 2 Autopsy results. A SARS-CoV-2 RNA copies in each organ system measured as log10/10.000 cells. B-D Histopathology of the lung:
areas of pneumonic congestion without any further destruction of the lung parenchyma (B PAS reaction, C, D H&E stain). E-G: SARS-CoV-2

S 2
2on ST 1004

- R gl B2k AR

in-situ-hybridization of the lung: specific reaction in pulmonary macrophages (E) and pneumocytes (F, G). H-J Histopathology of the liver: subtotal
liver cirrhosis with moderate portal inflammatory infiltrates and proliferating bile ducts (H, arrow), areas of acute liver cell necrosis (I, asterisk) and
cholestasis (J, arrow). K-M Immunohistochemistry of the liver: strong reactivity of bile duct epithelium for antibodies against ACE2 (K), Cathepsin L

(L) and TMPRSS2 (M). N-P SARS-CoV-2 in-situ-hybridization of the liver: strong cytoplasmatic signals in the bile duct epithelium (arrows)

shown to accelerate cleavage induction and endocyto-
sis of the virus [4]. This theory is supported by similar
results found organoids in vitro and via RNA single
cell sequencing of hepatic tissue in vivo [8, 9]. Recent
studies have also shown that human cholangiocytes
are amongst the highest expressors of ACE 2 [10] and
that an inflammatory microenvironment, which was
obviously present in the previously damaged liver of
our patient and potentially triggered by the preceding
abdominal conditions, enhances the co-expression of
both ACE 2 and TMPRSS2 on hepatocytes and chol-
angiocytes [4, 11]. Apart from a higher SARS-CoV-2
infection susceptibility in previously damaged tissues,
recent studies also promote the theory of an indirect

SARS-CoV-2-related end organ damage by activation of
the inflammasome [12, 13]. In our patient, this is sup-
ported by the enrichment of macrophages, neutrophils,
and tissue cytotoxic T-lymphocytes in the inflamma-
tory portal infiltrate. In addition, there is evidence on
the hepatotropic potential of SARS-CoV-2 irrespective
of previous cell damage [5, 7]. On the contrary, espe-
cially electron microscopic evidence should be inter-
preted with some caution, since cell specific structures
that are needed for the procedure are easily damaged
by autolysis [14, 15] and diverging results were detected
by others with RNA single cell sequencing [16]. Since
ISH is more robust (and more likely available in rou-
tine diagnostics), we do believe, that our findings are
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an important and necessary confirmation and addi-
tion to the current literature, because they strongly
consolidate the theory, that SARS-CoV-2 might infest
the biliary epithelium. Since we observed a strong ISH
reactivity for SARS-CoV-2 in pulmonary macrophages
and high SARS-CoV-2 RNA-values in all mucosal tis-
sues, the possibility of a retrograde bile duct infection
cannot be precluded although a direct infection due to
higher susceptibility resulting from pre-existing liver
damage is far more likely.

Thus, the presented case fuels the general debate on
cellular SARS-CoV-2 reservoirs and future studies that
implement co-staining and electron microscopy will be
necessary to determine the potential direct impact of
SARS-CoV-2 on hepatocytes and bile duct epithelium.

Abbreviations

ACE2 : Angiotensin-converting enzyme-2; ALT: Alanine aminotransferase; ANA:
Antinuclear antibodies; ANCA (c, p): Anti neutrophil cytoplasmatic antibodies
(c=cytoplasmatic, p=perinuclear); aPTT: Activated partial thromboplastin
time; AST: Aspartate aminotransferase; CDC: Center for disease control and
prevention; CMV: Cytomegaly virus; COVID-19: Coronavirus Disease 2019; CRP:
C-reactive protein; CT: Computed tomography; DNA: Deoxyribonucleic acid;
FFPE: Formaldehyde-fixed paraffin embedded; Gamma-GT: Gamma-glutamyl-
transferase; GFR: Glomerular filtration rate; GLDH: Glutamate dehydrogenase;
HE: Hematoxylin—eosin; IFT: Immunofluorescence technique; IgG: Immune
globuline G; INR: International normalized ratio; ISH: In-situ hybridization;
LDH: Lactate dehydrogenase; LKM: Liver kidney microsomal antibodies; RNA:
Ribonucleic acid; PAS: Periodic-acid Schiff; PCR: Polymerase chain reaction;
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; SMA: Smooth
muscle actin antibodies; TMPRSS2: Transmembrane serine protease 2.

Acknowledgements
We acknowledge Jay Knox and Anna Xylander for their excellent technical
support during the autopsy procedure.

Authors’ contributions

JI, AS, ADG and HH designed the study. HH, ADG, SE and DH supervised the
study. JI, AS, VMC, ADG, SD, JM, HR, ES, SE, DH and HH performed neces-

sary clinical and diagnostic workup required for this study. JI, AS, ADG and

HH collected, analyzed, and interpreted the data. JI, ADG and HH wrote the
manuscript draft. All authors critically revised the manuscript. All authors read
and approved the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. We acknowl-
edge support from the German Research Foundation (DFG) and the Open
Access Publication Fund of Charité—Universitdtsmedizin Berlin.

Availability of data and materials

Materials are available from the corresponding author upon reasonable
request. However, patient-related data are not available publicly due to ethical
restrictions.

Declarations

Ethics approval and consent to participate

This study was in line with local ethical guidelines (EA 1/144/13 and
EA2/066/20) and the Declaration of Helsinki. Written consent was obtained
from next of kin.

Consent for publication
Written consent was obtained from next of kin.

Page 5 of 6

Competing interests
All authors declare that there is no competing interest with regard to this
work.

Author details

'Institute of Pathology, Charité-Universititsmedizin Berlin, Corporate Member
of Freie Universitét Berlin and Humboldt-Universitat zu Berlin, Charitéplatz 1,
10117 Berlin, Germany. 2Department of Gastroenterology, Vivantes Netzwerk
fur Gesundheit GmbH Berlin, Vivantes Hospital Spandau, Neue Bergstral3e 6,
13585 Berlin, Germany. 3Institute of Virology, Charité-Universititsmedizin Ber-
lin, Corporate Member of Freie Universitat Berlin and Humboldt-Universitat zu
Berlin, Charitéplatz 1, 10117 Berlin, Germany. *Institute of Veterinary Pathology,
Freie Universitat Berlin, Robert-von-Ostertag-Stra3e 15, 14163 Berlin, Germany.
*Institute of Neuropathology, Charité-Universitatsmedizin Berlin, Corpo-

rate Member of Freie Universitat Berlin and Humboldt-Universitat zu Berlin,
Charitéplatz 1, 10117 Berlin, Germany. °Department of Hematology, Oncology
and Palliative Care, Vivantes Netzwerk fir Gesundheit GmbH Berlin, Vivantes
Hospital Spandau, Neue BergstraRe 6, 13585 Berlin, Germany. ’Department

of Pathology, Vivantes Netzwerk fir Gesundheit GmbH Berlin, Vivantes Hospi-
tal Neukolln, Rudower Stral3e 48, 12351 Berlin, Germany.

Received: 20 June 2021 Accepted: 23 August 2021
Published online: 03 September 2021

References

1. NgWH, Tipih T, Makoah NA, Vermeulen J-G, Goedhals D, Sempa JB, et al.
Comorbidities in SARS-CoV-2 Patients: a systematic review and meta-
analysis. MBio. 2021;12(1):e03647-e3720.

2. LS Jiang L, Li X, Lin FWang Y, Li B, et al. Clinical and pathological investi-
gation of patients with severe COVID-19. JCl insight. 2020;5(12).

3. Lagana SM, Kudose S, luga AC, Lee MJ, Fazlollahi L, Remotti HE, 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(11):2147-55.

4. Nardo AD, Schneeweiss-Gleixner M, Bakail M, Dixon ED, Lax SF, Trauner M.
Pathophysiological mechanisms of liver injury in COVID-19. Liver Intern.
2021;41(1):20-32.

5. WangV, LiuS, Liu H, LiW, Lin F, Jiang L, et al. SARS-CoV-2 infection of the
liver directly contributes to hepatic impairment in patients with COVID-
19. J Hepatol. 2020;73(4):807-16.

6. Livanos AE, Jha D, Cossarini F, Gonzalez-Reiche AS, Tokuyama M, Aydillo
T, et al. Intestinal host response to SARS-CoV-2 infection and COVID-19
outcomes in patients with gastrointestinal symptoms. Gastroenterol.
2021;160(7):2435-50.

7. Pirisi M, Rigamonti C, D'Alfonso S, Nebuloni M, Fanni D, Gerosa C, et al.
Liver infection and COVID-19: the electron microscopy proof and revision
of the literature. Eur Rev Med Pharmacol Sci. 2021,25(4):2146-51.

8. QiF QianS, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human
tissues identify cell types and receptors of human coronaviruses. Bio-
chem Biophys Res Commun. 2020;526(1):135-40.

9. Zhao B, NiC, Gao R, Wang, Yang L, Wei J, et al. Recapitulation of SARS-
CoV-2 infection and cholangiocyte damage with human liver ductal
organoids. Protein Cell. 2020;11(10):771-5.

10. Aizarani N, Saviano A, Sagar, Mailly L, Durand S, Herman JS, et al. A human
liver cell atlas reveals heterogeneity and epithelial progenitors. Nature.
2019,572(7768):199-204.

11. Lizardo-Thiebaud MJ, Cervantes-Alvarez E, Limon-de la Rosa N, Tejeda-
Dominguez F, Palacios-Jimenez M, Méndez-Guerrero O, et al. Direct or
collateral liver damage in SARS-CoV-2-infected patients. Semin Liver Dis.
2020;40(3):321-30.

12. Rodrigues TS, de S KSG, Ishimoto AY, Becerra A, Oliveira S, Almeida L,
et al. Inflammasomes are activated in response to SARS-CoV-2 infec-
tion and are associated with COVID-19 severity in patients. J Exp Med.
2021,218(3):220201707.

13. Ferreira AC, Soares VC, de Azevedo-Quintanilha IG, Dias SASG, Fintelman-
Rodrigues N, Sacramento CQ, et al. SARS-CoV-2 engages inflamma-
some and pyroptosis in human primary monocytes. Cell Death Discov.
2021,7(1)43.



Ihlow et al. BMC Infect Dis ~ (2021) 21:901 Page 6 of 6

14. Dittmayer C, Meinhardt J, Radbruch H, Radke J, Heppner Bl, Heppner Publisher’s Note
FL, et al. Why misinterpretation of electron micrographs in SARS-CoV- Springer Nature remains neutral with regard to jurisdictional claims in pub-
2-infected tissue goes viral. Lancet. 2020;396(10260):e64-5. lished maps and institutional affiliations.

15. Bangash MN, Patel JM, Parekh D, Murphy N, Brown RM, Elsharkawy AM,
et al. SARS-CoV-2: is the liver merely a bystander to severe disease? J
Hepatol. 2020;73(4):995-6.

16. De SmetV, Verhulst S, van Grunsven LA. Single cell RNA sequencing
analysis did not predict hepatocyte infection by SARS-CoV-2. J Hepatol.
2020;73(4):993-5.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	COVID-19: a fatal case of acute liver failure associated with SARS-CoV-2 infection in pre-existing liver cirrhosis
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Jaundice as initial symptom of severe COVID-19
	Autopsy and post-mortem diagnostics uncover bile duct infection by SARS-CoV-2

	Discussion and conclusions
	Acknowledgements
	References


