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Supplementary Table 1 Histopathological findings in liver biopsy specimens from ten cases of post-COVID-19 cholangiopathy
	
	Median or n
	Range or %

	Number of portal tracts
	25
	15–32

	Portal and periportal fibrosis
	10/10
	100%

	Septal fibrosis
	7/10
	70%

	Periductal fibrosis (mild)
	2/10
	2%

	Inflammatory infiltrate (mild to moderate)
	10/10
	100%

	Bile duct dystrophy
	10/10
	100%

	Bile plugs in bile ductules
	6/10
	60%

	Swelling of endothelial cells of arterioles
	5/10
	50%

	Microthrombi in small vessels
	1/10
	10%

	Ductopenia
	0/10
	0%

	Parenchymal cholestasis (Mild to severe)
	9/10
	90%

	Biliary infarcts (Multiple small)
	1/10
	10%

	Hepatocyte biliary metaplasia (Cytokeratin 7+ cells)
	7/7
	100%



Supplementary Table 2 Summary of past case series of patients with COVID-19 as a triggering factor for prolonged ICU hospitalization, with liver histological data, published after 2019
	Authors
	Year
	Patients, n (with liver biopsy)
	Histological findings

	Roth et al.[1]
	2021
	3 (2 males and 1 female)
	The histological analysis by Roth et al. revealed a severe form of cholangiopathy, with marked cytoplasmic vacuolization of cholangiocytes, including those within an interlobular bile duct, accompanied by a significant ductular reaction characterized by intense cholangiocyte swelling. Furthermore, the hepatic artery exhibited signs of microarteriopathy, most notably endothelial swelling and obliteration of the lumen. Degenerative alterations in cholangiocytes of an interlobular bile duct were observed, along with intraluminal cellular debris. Additionally, cholangiocytes noted vacuolization at the interface between the portal tract and parenchyma. The obliteration of a terminal hepatic vein was indicative of focal sinusoidal obstruction syndrome. The findings also included portal-portal bridging fibrosis and fibrous obliteration within the zone 3 region and terminal hepatic vein, underscoring the extensive nature of the observed cholangiopathy.

	Faruqui et al.[2]
	2021
	4
	In the histological examination conducted by Faruqui et al., all tissue samples displayed characteristics indicative of acute and/or chronic obstruction of the large bile ducts, yet without a definitive loss of the bile ducts. The portal tracts exhibited mild fibrosis. Immunostaining for keratin 7 resulted in prominent staining of hepatocytes across all specimens, a hallmark of chronic cholestatic liver disease. CD61 immunostaining, which targets the detection of platelet fibrin thrombi, revealed widespread presence of platelets/exosomes in small sinusoidal clusters, although no intravascular thrombi were identified in any of the cases.

	Bütikofer et al.[3]
	2021
	2 liver biopsies; 4 autopsies
	In the histological study by Bütikofer et al., the findings showed significant pathologies within the liver architecture. They identified portal tracts with edema, a combination of portal inflammation and severe bile duct damage accompanied by ductular reactions. Evidence of ductular and canalicular cholestasis, lobular bile infarcts, and hepatocellular cholestasis was observed. Additionally, the liver samples showed pericellular fibrosis encircling both the portal tracts and the central vein.
In cases with critically high bilirubin levels before death, transmural necrosis was observed in the perihilar bile ducts. Conversely, in patients with milder forms of cholestasis, the perihilar bile ducts exhibited damage and detachment of the epithelium; however, the duct walls remained viable. These findings suggest a range of bile duct injuries and associated liver damage, with varying severity depending on the level of cholestasis.

	Durazo et al.[4]
	2021
	1 (male)
	Durazo et al. described liver biopsies exhibiting bile duct walls with infiltration of inflammatory mononuclear cells, enhanced collagen deposition, liver abscesses, and bile lakes. They further observed swelling of endothelial cells, obliteration of arterial vessel lumens, and obliterative portal venopathy.

	Klindt et al.[5]
	2021
	1 (male)
	The histological findings reported by Klindt et al. from a liver biopsy performed on day 50 showed varying degrees of portal tract enlargement, with a mixed inflammatory infiltrate present. Degenerative changes in the bile duct epithelium and a ductular reaction were also observed. Notably, focal biliary metaplasia of the periportal hepatocytes was observed. Additional findings included perivenular canalicular cholestasis, early signs of hepatocyte dropout, and a few bile infarcts. These observations were indicative of secondary sclerosing cholangitis associated with an intensive care unit stay, and interestingly, no bile casts were noted

	Knooihuizen et al.[6]
	2021
	1 (female)
	The histological observations by Knooihuizen et al. detailed a biliary ductular reaction accompanied by lobular inflammation. Additionally, a small, non-necrotizing lobular granuloma was identified, which was noteworthy for its lack of viral inclusions. This presentation suggests a reactive biliary pathology without direct evidence of viral infection within the granuloma.

	Mallet et al.[7]
	2021
	4
	In the histological analysis by Mallet et al., four patients who underwent liver biopsy presented with pathological signs consistent with cholangitis and biliary obstructions. These signs included cholangiolar proliferation, the presence of biliary plugs, and portal inflammation marked by neutrophil infiltrates. Additionally, extensive biliary fibrosis was observed, and in the two most severe cases, the condition had progressed to cirrhosis. Out of five patients examined, two exhibited severe biliary cirrhosis and fibrosis, while four showed signs of cholangiolar proliferation, biliary plugs, and portal inflammation with leukocyte infiltration.

	Lee et al.[8]
	2021
	1 (male)
	In the findings presented by Lee et al., the explant pathology revealed widespread hepatic damage. The liver exhibited 'onion skinning' of the bile ducts, a term that describes the presence of concentric layers of fibrosis around the bile ducts, while a loss of bile ducts was noted within various portal tracts. This pattern of injury is indicative of chronic biliary obstruction and suggests significant liver pathology..

	Fiel et al. [9]
	2021
	3
	In their histological examination, Fiel et al. identified notable features within the liver tissues of two cases. Examination of these specimens revealed a mixed inflammatory infiltrate, with pronounced damage to the bile ducts and endotheliitis, along with a significant number of apoptotic bodies. Advanced diagnostic techniques, such as in situ hybridization and electron microscopy, indicated the intrahepatic presence of severe acute respiratory syndrome coronavirus-2. These findings raise the possibility that this virus may cause direct cellular injury.

	Tafreshi et al. [10]
	2021
	1 (male)
	Histological analysis by Tafreshi et al. revealed a case of cholestatic hepatitis characterized by injury to cholangiocytes, proliferation of bile ductules, and canalicular cholestasis. Additionally, a bile lake, defined as the presence of an accumulation of bile due to obstruction. The liver architecture was also disrupted, as evidenced by focal bridging fibrosis, which indicates a linking of fibrous tissue between portal tracts or to central veins, often seen in chronic liver disease.

	Rojas et al. [11]
	2021
	1 (female)
	The findings by Rojas et al. described a situation where there was a low degree of periportal inflammatory infiltration, referred to as "phlogistic infiltrate," indicating inflammation without associated tissue death (necrosis). However, despite the absence of necrosis, there was a pronounced obstructive cholestatic pattern, suggesting significant bile flow obstruction within the liver.

	Kobeszko & Kumar [12]
	2021
	1 (male)
	Kobeszko & Kumar reported that liver biopsy findings included widespread cholestatic alterations, fibrosis around the sinusoidal spaces and fibrous connections between lobular structures, alongside iron accumulation mainly within Kupffer cells. Biopsies also highlighted significant injury to cholangiocytes paired with bridging fibrosis, indicative of ongoing secondary sclerosing cholangitis.

	Santisteban Arenas et al. [13]
	2022
	3
	In the investigation of Santisteban Arenas et al., liver histology predominantly revealed a ductular reaction and proliferation of cholangioles. The biliary epithelium was frequently associated with an inflammatory infiltrate that included a lymphoplasmacytic component, along with polymorphonuclear neutrophils. Moreover, two out of the three biopsies analyzed revealed cytoplasmic cholestasis within hepatocytes, indicating a notable perturbation in bile metabolism.

	Shih et al. [14]
	2022
	7
	The histological findings in the study by Shih et al. encompass a range of biliary damage. This study observed mild portal changes indicative of cholestatic injury in four cases. These cases showed variable portal tract expansion with a mild, mixed inflammatory infiltrate comprising primarily mononuclear cells and interspersed neutrophils. The present bile ducts exhibited mild to moderate damage characterized by cytoplasmic vacuolization, heightened chromatin density, nuclear disarray, and occasional infiltration by inflammatory cells. Canalicular cholestasis was present to varying degrees across the majority of these cases. Additionally, the lobular regions displayed occasional acidophil bodies and localized lobular inflammatory infiltrate. One case specifically presented with multiple areas of lytic necrosis, corresponding with bile infarcts and related cholestatic rosetting.

	Mayorquín-Aguilar et al. [15]
	2022
	1 (male)
	Mayorquín-Aguilar et al. identified intracanalicular cholestasis, portal inflammation, ductular reaction, and moderate portal fibrosis in a liver biopsy.

	Cesar Machado et al. [16]
	2022
	1 (male)
	Liver biopsy revealed a prominent bile ductular reaction, cholangiocyte injury, an inflammatory infiltrate rich in neutrophils, biliary infarctions, marked cholestasis, and portal fibrosis. Biopsy demonstrated a degenerative cholangiocyte injury with extreme cholangiocyte cytoplasmic vacuolization and degenerative changes.

	Ferreira et al. [17]
	2022
	3 (2 female, 1 male)
	In the study by Ferreira et al., liver biopsies were conducted on three individuals. For two patients, biopsies were performed two months after the development initial symptoms and displayed consistent findings, including portal spaces with edema and a mixed inflammatory infiltrate, ductular epithelia exhibiting degeneration and inflammatory changes, intrahepatic cholestasis, interface hepatitis, and low-grade fibrosis. Additionally, one of these patients underwent immunohistochemical analysis using cytokeratin 7, which indicated subtle ductular proliferation. A vascular structure with considerable intimal edema and an inflammatory infiltrate causing partial lumen narrowing was also noted. The third patient had a biopsy one year after the initial symptoms, which showed less pronounced abnormalities, including mild ductular proliferation and a slight inflammatory infiltrate within the ductular epithelia, without any fibrosis. Importantly, SARS-CoV-2 was not detected on immunohistochemistry in any of the liver biopsies.
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