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1. Abstract
In this review, our understanding of covid-19 in people with liver 
disease is evolving. When making decisions related to covid-19 
infections or prevention, having up-to-date information is cri-
tical. This review discusses the hepatotropism of SARS-CoV-2, 
including the differential expression of viral receptors on liver 
cell types, Covid-19 liver injury and the possible mechanism of 
liver injury in Covid-19.  Lastly, we provide an overview of the 
pathogenesis and timeline of post-acute sequelae of SARS-CoV-
2(PASC) colloquially as Long Covid on gastrointestinal system. 
SARS-CoV-2 might infect the liver and is a key factor in liver 
dysfunction, however, the direct toxic attack of SARS-CoV-2 on 
the liver is still questionable and needs more evidences.

2. Mechanism Perspective
Our understanding of covid-19 in people with liver cirrhosis is 
evolving. When making decisions related to covid-19 infections 
or prevention, having up-to-date information is critical (AASLD) 
[1]. Since the early days of the SARS-CoV-2 pandemic, there have 
been concerns that patients with advanced liver disease might be at 
increased risk of morbidity and mortality following SARS-CoV-2 
infection. Prospective data from ongoing multicentre studies 
confirmed that patients with cirrhosis, particularly those who are 
decompensated, are at a higher risk of hospitalization, ventilation 
and death than those without chronic liver disease. Older age and 
cirrhosis severity as assessed by Chid-Push stage, are the most im-
portant predictors of mortality. Although most deaths in cirrhosis 
with severe COVID-19 are from respiratory failure, the pathophy-

siological mechanisms supporting this association remain unclear. 
One hypothesis is that prothrombotic alterations driven by CO-
VID-19 tilt the fragile haemostatic balance of hospitalized patients 
with decompensated cirrhosis towards hypercoagulability, there-
fore leading to pulmonary venous micro thrombosis, parenchymal 
extinction and respiratory failure [2].

3. Hepatotropism of SARS-CoV-19
The virus spike protein binds ACE2 to gain cell entry and trans-
membrane serine protease 2 (TMPRSS2) and paired basic amino 
acid cleaving enzyme (FURIN) are also important for infection; 
therefore, the expression of these receptors provided early clues 
for putative hepatic permissive cells [3].  Single-cell RNA se-
quencing analyses in healthy livers have shown gene expression 
levels for ACE2 to be highest in cholangiocytes (comparable to 
alveolar type 2 cells), followed in turn by sinusoidal endothelial 
cells and hepatocytes [4,5]. However, in a combined analysis of 
three single-cell RNA sequencing datasets from liver tissue from 
healthy individuals, very few hepatocytes co-expressed ACE2 and 
TMPRSS2 [6]. Experimental cellular and organoid models have 
therefore been important in trying to decipher the permissibility 
of liver cell types to SARS-CoV-2 infection. Hepatocellular car-
cinoma-derived cell lines Huh-7 and HepG2 are able to support 
the complete viral life cycle [7]. However, replication in primary 
hepatocytes has not yet been confirmed. This discrepancy between 
cellular models could be related to the presence of cancer-asso-
ciated mutations in hepatoma cell lines, such as the tumor suppres-
sor p53, which, under normal conditions, serves to downregulate 

Keywords: 
Liver Injury; Sars-Cov-2; Hepatotropism; 
Long-Covid; Liver



United Prime Publications. LLC., clinandmedimages.com                                                                                                                                                                                                               2

Volume 7 Issue 4-2023                                                                                                                                                                                                                                        Review Article

intracellular SARS-CoV-2 replication [8]. Zhao et al. generated 
ACE2-expressing and TMPRSS2-expressing human liver duc-
tal organoids that were able to recapitulate SARS-CoV-2 infec-
tion [9], suggesting that the bile duct epithelium could support 
pseudo particle entry. It is worth noting that the seemingly high 
SARS-CoV-2 entry receptor expression and viral permissibility 
of cholangiocytes is at odds with the non-cholestatic pattern of 
liver biochemistry typically found in COVID-19; the precise rea-
sons for this aspect are currently unknown. However, it is possible 
that SARS-CoV-2 can undergo low level replication in cholan-
giocytes in vivo without triggering cell death. This process would 
be consistent with other reservoirs of long-term viral replication, 
such as in the small intestine, which can help shape memory B 
cell responses to the virus over time [10]. Human pluripotent stem 
cell-derived liver organoids comprising mostly albumin-expres-
sing hepatocytes have also been shown to express ACE2 and per-
mitted SARS-CoV-2 pseudo particle entry [11].

4. Liver Injury in Covid-19 Patients
An increasing number of studies have reported liver damage in 
patients with COVID-19 and several have reported COVID-19 
patients to have an increased risk of liver dysfunction [12,13]. 
COVID-19 patients may incur different degrees of liver function 
damage with elevated aspartate amino transaminase (AST), glu-
tamate moderately amino transaminase (ALT), and total bilirubin 
(TBil) [14,15] The risk of liver damage in severe and critically ill 
patients was higher than in mild patients in most studies. However, 
there was a subtle difference in the prevalence of lung injury and 
COVID-19 disease severity across studies, and the exact extent of 
liver involvement in the COVID-19 disease course remains uncer-
tain [15,16]. In a meta-analysis of 12 studies comprised of 1267 
patients, the pooled prevalence of liver injury was 19%, the preva-
lence of ALT elevation was 18%, the prevalence of AST elevation 
was 21%, and the prevalence of total bilirubin elevation was 6% 
[17. Jin et al reported that the incidence rate of elevated AST was 
significantly higher in patients with GI symptoms than in those 
without.  Xu et al observed moderate micro vesicular steatosis and 
mild lobular and portal activity in the liver biopsy specimens of the 
patient with COVID-19, which provided evidence of liver injury 
[18]. It is worth noting that the elevated prothrombin time among 
COVID-19 patients with digestive symptoms is common, and se-
veral studies have reported thromboembolism as a presenting cli-
nical feature of COVID-19 [19]. Therefore, liver function and the 
level of liver enzymes should be monitored early in COVID-19 
patients with digestive symptoms.

COVID-19 may promote deterioration of liver function in patients 
who had been diagnosed with chronic liver disease previously 
and predict an increased risk for severe illness. Several studies 
have demonstrated that baseline liver disease severity is strongly 
associated with COVID-19-related morbidity and mortality; ad-
ditionally, decompensated cirrhosis, hepatocellular carcinoma, 

and alcohol-related liver disease are risk factors for adverse out-
comes from COVID-19 [20,21]. A multi-center study involving 
867 patients with chronic liver disease and COVID-19 reported 
that 14.0% of patients died, 60.4% were hospitalized, 23% were 
admitted to the ICU, and 7.7% developed hepatic decompensation 
[22]. Moon et al [23] found that 23.3% of patients with cirrhosis 
and COVID-19 were admitted to the ICU, 17.5% were treated with 
invasive ventilation, 18.6% were given non-invasive ventilatory 
support, 4.9% were given renal replacement therapy, and 39.8% 
died. Nowadays, accumulated data suggest that SARS-CoV-2 in-
fection in patients with cirrhosis appears to be a particularly lethal 
combination. Compared to the patients without baseline liver di-
sease, the patients with baseline liver disease are prone to unfa-
vorable prognoses. The mechanisms of liver injury in COVID-19 
patients are complex. The higher overall mortality among patients 
with CLD and COVID-19 may be due to cirrhosis-associated im-
mune dysfunction and metabolic syndrome, while it needs more 
research to confirm and explore [24,25].

5. Possible Mechanism of Liver Injury in Covid-19
There are a number of potential contributors to elevated liver en-
zyme levels in COVID-19. Liver biopsy results in patients with 
SARS-CoV-2 have been characterized by non-specific findings, 
including steatosis, mild lobular and/or portal inflammation, and 
vascular pathology [26,27,28]. In most cases, abnormal bioche-
mistries are likely multifactorial with potential contributions from 
immune-mediated inflammatory response, drug-induced liver in-
jury, hepatic congestion and extrahepatic release of transaminases 
[29] as well as possible direct infection of hepatocytes. Among 
hospitalized patients with COVID-19, elevations of serum AST 
levels positively correlate with levels of ALT but not with mar-
kers of muscle breakdown (such as creatinine kinase) or systemic 
inflammation (such as C-reactive protein (CRP) and ferritin) [30]. 
These findings imply that elevated liver enzymes in COVID-19 
result from direct hepatic injury, although COVID-19-associated 
rhabdomyolysis is rarely reported [31]. Lastly, AST is often found 
to exceed ALT during the course of COVID-19, which would be 
atypical for a classic hepatocellular pattern of liver injury outside 
of specific contexts such as alcohol-related liver disease, certain 
drug-induced liver injuries (for example, lamotrigine), ischemic 
hepatitis and cirrhosis [30]. The mechanisms responsible for an 
AST-predominant aminotransferase elevation remain incomple-
tely defined but could include COVID-19-related mitochondrial 
dysfunction30, SARS-CoV-2-induced hepatic steatosis26and 
altered hepatic perfusion secondary to micro thrombotic disease 
[26,32]. As with many other infections, SARS-CoV-2 is asso-
ciated with systemic inflammation that could contribute to ele-
vations in liver biochemistries via cytokine release [33]. Patients 
with substantial elevations in serum ALT levels often have high 
levels of CRP (which is synthesized by the liver), D-dimer, ferritin 
and IL-6 [34,35,36,37]. IL-6, which is produced by monocytes, 
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macrophages and T cells in response to activation of the innate and 
adaptive immune system, is the key driver of CRP production and 
high IL-6 levels are associated with liver injury in COVID-19 [34, 
36]. Notably, IL-6 increases during COVID-19 illness, declines as 
patients recover and correlates with severity of the disease course 
[38].

There are several other potential contributors to abnormal liver 
biochemistries in COVID-19, including ischemic hepatitis, he-
patic congestion related to cardiomyopathy, and transaminase re-
lease due to the breakdown of skeletal and cardiac muscle [39]. 
Venous and arterial thromboses are now a well-recognized feature 
of COVID-19 [40,41] including in the liver [26, 28], which could 
contribute to elevations in liver biochemistries. Lastly, drug-in-
duced liver injury is likely to contribute to elevated liver enzymes 
and might have been more common early in the pandemic due 

to the use of experimental therapies [42]. However, no study has 
yet comprehensively mapped the pattern of liver function tests 
found within studies over the course of the pandemic. Specific 
COVID-19 treatments implicated in cases of drug-induced liver 
injury include lopinavir–ritonavir [43,44] tocilizumab [45, 46] 
and remdesivir. The hepatotoxicity of remdesivir has been subject 
to debate. Although randomized trials in COVID-19 demonstrate 
equivalent liver enzyme elevations between treatment and control 
groups [46], screening of the WHO safety reports database still 
reveals a statistically significant odds ratio for liver injury with the 
use of remdesivir [47]. Fortunately, these considerations are likely 
to become less clinically relevant in light of the SOLIDARITY 
trial showing no benefit of remdesivir in hospitalized patients with 
COVID-19 [48] (Figure 1).

Figure 1: Mechanisms of COVID-19-associated liver injury: (1) drug-induced liver injury; (2) systemic inflammatory response (inflammatory cytokine 
storm); (3) hypoxic ischemia–reperfusion injury; (4) direct toxic effect of SARS-CoV-2 on the liver.

6. The Symptoms of Long Covid-19
Long COVID gastrointestinal symptoms include nausea, abdo-
minal pain, loss of appetite, heartburn and constipation [49] The 
gut microbiota composition is significantly altered in patients with 
COVID-19 [50], and gut microbiota dysbiosis is also a key com-
ponent of ME/CFS [51]. Higher levels of Ruminococcus gnavus 
and Bacteroides vulgatus and lower levels of Faecalibacterium 
prausnitzii have been found in people with long COVID compared 
with non-COVID-19 controls (from before the pandemic), with 
gut dysbiosis lasting at least 14 months; low levels of butyrate-pro-
ducing bacteria are strongly correlated with long COVID at 6 
months [52]. Persisting respiratory and neurological symptoms 
are each associated with specific gut pathogens [52]. Additional-
ly, SARS-CoV-2 RNA is present in stool samples of patients with 
COVID-19 [53]. With one study indicating persistence in the feces 
of 12.7% of participants 4 months after diagnosis of COVID-19 
and in 3.8% of participants at 7 months after diagnosis [54]. Most 

patients with long COVID symptoms and inflammatory bowel di-
sease 7 months after infection had antigen persistence in the gut 
mucosa [55]. Higher levels of fungal translocation, from the gut 
and/or lung epithelium, have been found in the plasma of patients 
with long COVID compared with those without long COVID or 
SARS-CoV-2-negative controls, possibly inducing cytokine pro-
duction [56]. Transferring gut bacteria from patients with long 
COVID to healthy mice resulted in lost cognitive functioning and 
impaired lung defenses in the mice, who were partially treated with 
the commensal probiotic bacterium Bifidobacterium longum [57].

7. Timeline
The onset and time course of symptoms differ across individuals 
and by symptom type. Neurological symptoms often have a de-
layed onset of weeks to months: among participants with cognitive 
symptoms, 43% reported a delayed onset of cognitive symptoms 
at least 1 month after COVID-19, with the delay associated with 
younger age [58]. Several neurocognitive symptoms worsen over 



United Prime Publications. LLC., clinandmedimages.com                                                                                                                                                                                                               4

Volume 7 Issue 4-2023                                                                                                                                                                                                                                        Review Article

time and tend to persist longer, whereas gastrointestinal and respi-
ratory symptoms are more likely to resolve [59,60,61]. Additional-
ly, pain in joints, bones, ears, neck and back are more common at 1 
year than at 2 months, as is paresthesia, hair loss, blurry vision and 
swelling of the legs, hands and feet [62].

8. Limitation and Questions Need Answering in Fu-
ture Research
The tissue reservoirs for SARS-CoV-2 replication remain to be 
fully elucidated, partly due to difficulties in accessing biopsy 
samples from actively infected individuals and the requirement 
for high level laboratory containment facilities. Crucial questions 
remain open and need to be answered by future research: Which 
specific hepatic cells are infected by SARS‐CoV‐2? Which mole-
cular processes are dysregulated by the infection? What is the real 
contribution of direct cytopathic effects, cytokine storm, DILI or 
hypoxia in hepatic dysfunction? By which means could liver inju-
ry promote respiratory failure and predispose to a severe course of 
COVID‐19?

9. Conclusion
SARS-CoV-2 might infect the liver and is a key factor in liver dys-
function, however, the direct toxic attack of SARS-CoV-2 on the 
liver is still questionable and needs more evidences.

        References

1.	 The American Association for the study of liver diseases (AASLD). 
Covid-19 and Liver Cirrhosis. (2022,Jul7)https://www.aasld.org/
sites/default/files/2022-07/COVID 19%20and%20Liver%20Cirrho-
sis%20Important%20Information%20for%20Patients%20and%20
Their%20Families.pdf

2.	 Francesco Paolo Russo, Patrizia Burra and Alberto Zanett. Nat Rev 
Gastroenterol Hepatol.  2022; 19(5): 277–278  Covid-19 and liver 
disease: Where are we now. 

3.	 Thomas Marjot, Gwilym J. Webb, Alfred S. Barritt, IV, Andrew M. 
Moon, Zania Stamataki, Vincent W. Wong, Vincent W. Wong, Elea-
nor Barnes. Coid-9 and liver disease: mechanistic and clinical per-
spective. 2021; 18(5): 348-64 .

4.	 Pirola CJ, Sookoian S. SARS-CoV-2 virus and liver expression 
of host receptors: putative mechanisms of liver involvement in 
COVID-19. Liver Int. 2020; 40: 2038–40.

5.	 Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 
human tissues identify cell types and receptors of human coronavi-
ruses. Biochem. Biophys. Res. Commun. 2020; 526: 135–140. 

6.	 De Smet V, Verhulst S, van Grunsven LA. Single cell RNA sequenc-
ing analysis did not predict hepatocyte infection by SARS-CoV-2. J. 
Hepatol. 2020; 73: 993–95.  

7.	 Chu H, et al. Comparative tropism, replication kinetics, and cell 
damage profiling of SARS-CoV-2 and SARS-CoV with implications 
for clinical manifestations, transmissibility, and laboratory studies of 
COVID-19: an observational study. Lancet Microbe. 2020; 1: e14–
e23.  

8.	 Ma-Lauer Y, et al. p53 down-regulates SARS coronavirus replica-
tion and is targeted by the SARS-unique domain and PLpro via E3 
ubiquitin ligase RCHY1.  Proc. Natl Acad. Sci. USA.  2016; 113: 
E5192–E5201.  

9.	 Zhao B, et al. Recapitulation of SARS-CoV-2 infection and chol-
angiocyte damage with human liver ductal organoids.  Protein 
Cell. 2020; 11: 771–75. 

10.	 Gaebler C, et al. Evolution of antibody immunity to SARS-
CoV-2. Nature. 2021.

11.	 Yang L, et al. A human pluripotent stem cell-based platform to study 
SARS-CoV-2 tropism and model virus infection in human cells and 
organoids. Cell Stem Cell. 2020; 27: 125–136.e7.  

12.	 Huang C, Wang Y, Li X, Ren L, et al, Clinical features of patients in-
fected with 2019 novel coronavirus in Wuhan, China. Lancet . 2020; 
395: 497–506. 

13.	 Chen N, Zhou M, Dong X, et al, Epidemiological and clinical char-
acteristics of 99 cases of 2019 novel coronavirus pneumonia in Wu-
han, China: a descriptive study. Lancet . 2020; 395: 507–13.  

14.	 Yao N, Wang SN, Lian JQ, et al, [Clinical characteristics and influ-
encing factors of patients with novel coronavirus pneumonia com-
bined with liver injury in Shaanxi region] Zhonghua Gan Zang Bing 
Za Zhi . 2020; 28: 234–39.  

15.	 Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management 
and challenges. Lancet Gastroenterol Hepatol. 2020; 5: 428–30.

16.	 Mao R, Qiu Y, He JS, et al, Manifestations and prognosis of gas-
trointestinal and liver involvement in patients with COVID-19: a 
systematic review and meta-analysis. Lancet Gastroenterol Hepatol 
. 2020; 5: 667–78.  

17.	 Jin X, Lian JS, Hu JH, Gao J, et al, Epidemiological, clinical and vi-
rological characteristics of 74 cases of coronavirus-infected disease 
2019 (COVID-19) with gastrointestinal symptoms. Gut . 2020; 69: 
1002–1009. 

18.	 Xu Z, Shi L, Wang Y, Zhang J, et al, Pathological findings 
of COVID-19 associated with acute respiratory distress syn-
drome. Lancet Respir Med. 2020; 8: 420–22. 

19.	 Oxley TJ, Mocco J, Majidi S, Kellner CP,  et al, Large-Vessel 
Stroke as a Presenting Feature of Covid-19 in the Young. N Engl J 
Med. 2020; 382: e60. 

20.	 Qi X, Liu Y, Wang J, Fallowfield JA, et al, COVID-Cirrho-
sis-CHESS Group. Clinical course and risk factors for mortality of 
COVID-19 patients with pre-existing cirrhosis: a multicentre cohort 
study. Gut. 2021; 70: 433–36. 

21.	 Bajaj JS, Garcia-Tsao G, Biggins SW, Kamath PS, Wong F, Mc-
George S, Shaw J, Pearson M, Chew M, Fagan A, de la Rosa Ro-
driguez R, Worthington J, Olofson A, Weir V, Trisolini C, Dwyer 
S, Reddy KR. Comparison of mortality risk in patients with cir-
rhosis and COVID-19 compared with patients with cirrhosis alone 
and COVID-19 alone: multicentre matched cohort. Gut . 2021; 70: 
531–536.

22.	 Kim D, Adeniji N, Latt N, Kumar S, et al. Predictors of Outcomes of 
COVID-19 in Patients with Chronic Liver Disease: US Multi-center 

https://pubmed.ncbi.nlm.nih.gov/35301465/
https://pubmed.ncbi.nlm.nih.gov/35301465/
https://pubmed.ncbi.nlm.nih.gov/35301465/
https://pubmed.ncbi.nlm.nih.gov/33692570/
https://pubmed.ncbi.nlm.nih.gov/33692570/
https://pubmed.ncbi.nlm.nih.gov/33692570/
https://pubmed.ncbi.nlm.nih.gov/33692570/
https://pubmed.ncbi.nlm.nih.gov/32352224/
https://pubmed.ncbi.nlm.nih.gov/32352224/
https://pubmed.ncbi.nlm.nih.gov/32352224/
https://pubmed.ncbi.nlm.nih.gov/32199615/
https://pubmed.ncbi.nlm.nih.gov/32199615/
https://pubmed.ncbi.nlm.nih.gov/32199615/
https://pubmed.ncbi.nlm.nih.gov/32473193/
https://pubmed.ncbi.nlm.nih.gov/32473193/
https://pubmed.ncbi.nlm.nih.gov/32473193/
https://pubmed.ncbi.nlm.nih.gov/32473193/
https://pubmed.ncbi.nlm.nih.gov/32835326/
https://pubmed.ncbi.nlm.nih.gov/32835326/
https://pubmed.ncbi.nlm.nih.gov/32835326/
https://pubmed.ncbi.nlm.nih.gov/32835326/
https://pubmed.ncbi.nlm.nih.gov/32835326/
https://pubmed.ncbi.nlm.nih.gov/27519799/
https://pubmed.ncbi.nlm.nih.gov/27519799/
https://pubmed.ncbi.nlm.nih.gov/27519799/
https://pubmed.ncbi.nlm.nih.gov/27519799/
https://pubmed.ncbi.nlm.nih.gov/32303993/
https://pubmed.ncbi.nlm.nih.gov/32303993/
https://pubmed.ncbi.nlm.nih.gov/32303993/
https://pubmed.ncbi.nlm.nih.gov/33461210/
https://pubmed.ncbi.nlm.nih.gov/33461210/
https://pubmed.ncbi.nlm.nih.gov/32579880/
https://pubmed.ncbi.nlm.nih.gov/32579880/
https://pubmed.ncbi.nlm.nih.gov/32579880/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32153170/
https://pubmed.ncbi.nlm.nih.gov/32153170/
https://pubmed.ncbi.nlm.nih.gov/32153170/
https://pubmed.ncbi.nlm.nih.gov/32153170/
https://pubmed.ncbi.nlm.nih.gov/32145190/
https://pubmed.ncbi.nlm.nih.gov/32145190/
https://pubmed.ncbi.nlm.nih.gov/32405603/
https://pubmed.ncbi.nlm.nih.gov/32405603/
https://pubmed.ncbi.nlm.nih.gov/32405603/
https://pubmed.ncbi.nlm.nih.gov/32405603/
https://pubmed.ncbi.nlm.nih.gov/32213556/
https://pubmed.ncbi.nlm.nih.gov/32213556/
https://pubmed.ncbi.nlm.nih.gov/32213556/
https://pubmed.ncbi.nlm.nih.gov/32213556/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32343504/
https://pubmed.ncbi.nlm.nih.gov/32343504/
https://pubmed.ncbi.nlm.nih.gov/32343504/
https://pubmed.ncbi.nlm.nih.gov/32434831/
https://pubmed.ncbi.nlm.nih.gov/32434831/
https://pubmed.ncbi.nlm.nih.gov/32434831/
https://pubmed.ncbi.nlm.nih.gov/32434831/
https://pubmed.ncbi.nlm.nih.gov/32950749/
https://pubmed.ncbi.nlm.nih.gov/32950749/


United Prime Publications. LLC., clinandmedimages.com                                                                                                                                                                                                               5

Volume 7 Issue 4-2023                                                                                                                                                                                                                                        Review Article

Study. Clin Gastroenterol Hepatol. 2020 

23.	 Moon AM, Webb GJ, Aloman C, Armstrong MJ, et al. High mor-
tality rates for SARS-CoV-2 infection in patients with pre-existing 
chronic liver disease and cirrhosis: Preliminary results from an in-
ternational registry. J Hepatol . 2020; 73: 705–08. 

24.	 Albillos A, Lario M, Álvarez-Mon M. Cirrhosis-associated immune 
dysfunction: distinctive features and clinical relevance.  J Hepatol 
. 2014; 61: 1385–96. 

25.	 Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson 
JJ HLH Across Speciality Collaboration. UK COVID-19: consider 
cytokine storm syndromes and immunosuppression. Lancet. 2020; 
395: 1033–34. 

26.	 Sonzogni A, et al. Liver histopathology in severe COVID 19 respi-
ratory failure is suggestive of vascular alterations. Liver Int. 2020; 
40: 2110–16. 

27.	 Xu Z, et al. Pathological findings of COVID-19 associated with 
acute respiratory distress syndrome. Lancet Respir. Med. 2020; 8: 
420–22. 

28.	 Lagana SM, 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: 2147–55.

29.	 Jothimani D, Venugopal R, Abedin MF, Kaliamoorthy I, Rela M. 
COVID-19 and the liver. J. Hepatol. 2020; 73: 1231–40. 

30.	 Bloom PP, et al. Liver biochemistries in hospitalized patients with 
COVID-19. Hepatology. 2020.

31.	 Buckholz AP, Kaplan A, Rosenblatt RE, Wan D. Clinical charac-
teristics, diagnosis, and outcomes of 6 patients with COVID-19 in-
fection and rhabdomyolysis. Mayo Clin. Proc. 2020; 95: 2557–59.  

32.	 Zhang Y, et al. Coagulopathy and antiphospholipid antibodies in pa-
tients with Covid-19. N. Engl. J. Med. 2020; 382: e38. 

33.	 Mehta P, et al. COVID-19: consider cytokine storm syndromes and 
immunosuppression. Lancet. 2020; 395: 1033–34. 

34.	 Phipps MM, et al. Acute liver injury in COVID-19: prevalence and 
association with clinical outcomes in a large US cohort. Hepatolo-
gy. 2020; 72: 807–17. 

35.	 Zhou F, et al. Clinical course and risk factors for mortality of adult 
inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study. Lancet. 2020; 395: 1054–62.  

36.	 Da BL, et al. Liver injury in hospitalized patients with COVID-19 
correlates with hyper inflammatory response and elevated IL-
6. Hepatol. Commun. 2020; 5: 177–188.

37.	 Liu J, et al. Longitudinal characteristics of lymphocyte responses 
and cytokine profiles in the peripheral blood of SARS-CoV-2 infect-
ed patients. EBioMedicine. 2020; 55: 102763. 

38.	 Diao B, et al. Reduction and functional exhaustion of T cells in 
patients with coronavirus disease 2019 (COVID-19) Front. Immu-
nol. 2020; 11: 827. 

39.	 Jothimani D, Venugopal R, Abedin MF, Kaliamoorthy I, Rela M. 
COVID-19 and the liver. J. Hepatol. 2020; 73: 1231–1240. 

40.	 Al-Samkari H, et al. COVID-19 and coagulation: bleeding and 
thrombotic manifestations of SARS-CoV-2 infection. Blood. 2020; 
136: 489–500. 

41.	 Poissy J, et al. Pulmonary embolism in patients with COVID-19: 
awareness of an increased prevalence. Circulation. 2020; 142: 184–
86. 

42.	 Olry A, et al. Drug-induced liver injury and COVID-19 infection: 
the rules remain the same. Drug Saf. 2020; 43: 615–17. 

43.	 Cao B, et al. A trial of lopinavir-ritonavir in adults hospitalized with 
severe COVID-19. N. Engl. J. Med. 2020; 382: 1787–99.  

44.	 Cai Q, et al. COVID-19: abnormal liver function tests.  J. Hepa-
tol. 2020;73: 566–74. [PMC free article] [PubMed] [Google Schol-
ar] Muhovic D, et al. First case of drug-induced liver injury associ-
ated with the use of tocilizumab in a patient with COVID-19. Liver 
Int. 2020; 40: 1901–05. 

45.	 Mahamid M, Mader R, Safadi R. Hepatotoxicity of tocilizumab and 
anakinra in rheumatoid arthritis: management decisions. Clin. Phar-
macol. 2011; 3: 39–43. 

46.	 Beigel JH, et al. Remdesivir for the treatment of Covid-19 - final 
report. N. Engl. J. Med. 2020; 383: 1813–26. 

47.	 Montastruc F, Thuriot S, Durrieu G. Hepatic disorders with the 
use of remdesivir for coronavirus 2019. Clin. Gastroenterol. Hepa-
tol. 2020; 18: 2835–36. 

48.	 WHO Solidarity Trial Consortium, et al. Repurposed antiviral drugs 
for Covid-19 - Interim WHO Solidarity Trial Results. N. Engl. J. 
Med. 2021; 384: 497–511. 

49.	 Meringer, Hadar. & Mehandru, Saurabh. Gastrointestinal post-acute 
COVID-19 syndrome. Nat. Rev. Gastroenterol. Hepatol. 19, 2022; 
345–46. 

50.	 Peluso, M. J. et al. Evidence of recent Epstein-Barr virus reactiva-
tion in individuals experiencing Long COVID. Preprint at medRx-
iv.  (2022). 

51.	 König, R. S. et al. The gut microbiome in myalgic encephalomyeli-
tis (ME)/chronic fatigue syndrome (CFS). Front. Immunol.  2022; 
12: 628741. 

52.	 Liu, Q. et al. Gut microbiota dynamics in a prospective cohort of 
patients with post-acute COVID-19 syndrome. Gut 71, 2022; 544–
552. 

53.	 Zuo, T. et al. Depicting SARS-CoV-2 faecal viral activity in 
association with gut microbiota composition in patients with 
COVID-19. Gut 70, 2021; 276–84. 

54.	 Natarajan, A. et al. Gastrointestinal symptoms and fecal shedding 
of SARS-CoV-2 RNA suggest prolonged gastrointestinal infec-
tion. Med 3, 2022; 371–387.e9. 

55.	 Zollner, A. et al. Postacute COVID-19 is characterized by gut viral 
antigen persistence in inflammatory bowel diseases. Gastroenterol-
ogy 2022; 163, 495–506.e8. 

56.	 Giron, L. B. et al. Markers of fungal translocation are elevated 
during post-acute sequelae of SARS-CoV-2 and induce NF-κB sig-
naling. JCI Insight,  (2022).

https://pubmed.ncbi.nlm.nih.gov/32950749/
https://pubmed.ncbi.nlm.nih.gov/32446714/
https://pubmed.ncbi.nlm.nih.gov/32446714/
https://pubmed.ncbi.nlm.nih.gov/32446714/
https://pubmed.ncbi.nlm.nih.gov/32446714/
https://pubmed.ncbi.nlm.nih.gov/25135860/
https://pubmed.ncbi.nlm.nih.gov/25135860/
https://pubmed.ncbi.nlm.nih.gov/25135860/
https://pubmed.ncbi.nlm.nih.gov/32192578/
https://pubmed.ncbi.nlm.nih.gov/32192578/
https://pubmed.ncbi.nlm.nih.gov/32192578/
https://pubmed.ncbi.nlm.nih.gov/32192578/
https://pubmed.ncbi.nlm.nih.gov/32654359/
https://pubmed.ncbi.nlm.nih.gov/32654359/
https://pubmed.ncbi.nlm.nih.gov/32654359/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32553666/
https://pubmed.ncbi.nlm.nih.gov/32553666/
https://pubmed.ncbi.nlm.nih.gov/32415860/
https://pubmed.ncbi.nlm.nih.gov/32415860/
https://pubmed.ncbi.nlm.nih.gov/33153641/
https://pubmed.ncbi.nlm.nih.gov/33153641/
https://pubmed.ncbi.nlm.nih.gov/33153641/
https://pubmed.ncbi.nlm.nih.gov/32268022/
https://pubmed.ncbi.nlm.nih.gov/32268022/
https://pubmed.ncbi.nlm.nih.gov/32192578/
https://pubmed.ncbi.nlm.nih.gov/32192578/
https://pubmed.ncbi.nlm.nih.gov/32473607/
https://pubmed.ncbi.nlm.nih.gov/32473607/
https://pubmed.ncbi.nlm.nih.gov/32473607/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32361250/
https://pubmed.ncbi.nlm.nih.gov/32361250/
https://pubmed.ncbi.nlm.nih.gov/32361250/
https://pubmed.ncbi.nlm.nih.gov/32425950/
https://pubmed.ncbi.nlm.nih.gov/32425950/
https://pubmed.ncbi.nlm.nih.gov/32425950/
https://pubmed.ncbi.nlm.nih.gov/32553666/
https://pubmed.ncbi.nlm.nih.gov/32553666/
https://pubmed.ncbi.nlm.nih.gov/32492712/
https://pubmed.ncbi.nlm.nih.gov/32492712/
https://pubmed.ncbi.nlm.nih.gov/32492712/
https://pubmed.ncbi.nlm.nih.gov/32330083/
https://pubmed.ncbi.nlm.nih.gov/32330083/
https://pubmed.ncbi.nlm.nih.gov/32330083/
https://pubmed.ncbi.nlm.nih.gov/32514859/
https://pubmed.ncbi.nlm.nih.gov/32514859/
https://pubmed.ncbi.nlm.nih.gov/32187464/
https://pubmed.ncbi.nlm.nih.gov/32187464/
file:///C:/Users/india/Desktop/COVID-19: abnormal liver function tests. J. Hepatol.
file:///C:/Users/india/Desktop/COVID-19: abnormal liver function tests. J. Hepatol.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194951/
https://pubmed.ncbi.nlm.nih.gov/32298767
https://scholar.google.com/scholar_lookup?journal=J.+Hepatol.&title=COVID-19:+abnormal+liver+function+tests&author=Q+Cai&volume=73&publication_year=2020&pages=566-574&pmid=32298767&
https://scholar.google.com/scholar_lookup?journal=J.+Hepatol.&title=COVID-19:+abnormal+liver+function+tests&author=Q+Cai&volume=73&publication_year=2020&pages=566-574&pmid=32298767&
https://pubmed.ncbi.nlm.nih.gov/32478465/
https://pubmed.ncbi.nlm.nih.gov/32478465/
https://pubmed.ncbi.nlm.nih.gov/32478465/
https://pubmed.ncbi.nlm.nih.gov/22287855/
https://pubmed.ncbi.nlm.nih.gov/22287855/
https://pubmed.ncbi.nlm.nih.gov/22287855/
https://pubmed.ncbi.nlm.nih.gov/32445440/
https://pubmed.ncbi.nlm.nih.gov/32445440/
https://pubmed.ncbi.nlm.nih.gov/32721580/#:~:text=Although there is no signal,remdesivir in COVID%2D19 patients.
https://pubmed.ncbi.nlm.nih.gov/32721580/#:~:text=Although there is no signal,remdesivir in COVID%2D19 patients.
https://pubmed.ncbi.nlm.nih.gov/32721580/#:~:text=Although there is no signal,remdesivir in COVID%2D19 patients.
https://pubmed.ncbi.nlm.nih.gov/33264556/
https://pubmed.ncbi.nlm.nih.gov/33264556/
https://pubmed.ncbi.nlm.nih.gov/33264556/
https://pubmed.ncbi.nlm.nih.gov/35383321/
https://pubmed.ncbi.nlm.nih.gov/35383321/
https://pubmed.ncbi.nlm.nih.gov/35383321/
https://pubmed.ncbi.nlm.nih.gov/35046929/
https://pubmed.ncbi.nlm.nih.gov/35046929/
https://pubmed.ncbi.nlm.nih.gov/35046929/
https://pubmed.ncbi.nlm.nih.gov/35082169/
https://pubmed.ncbi.nlm.nih.gov/35082169/
https://pubmed.ncbi.nlm.nih.gov/35082169/
https://pubmed.ncbi.nlm.nih.gov/32690600/
https://pubmed.ncbi.nlm.nih.gov/32690600/
https://pubmed.ncbi.nlm.nih.gov/32690600/
https://pubmed.ncbi.nlm.nih.gov/35434682/#:~:text=Conclusions%3A The extended presence of,of individuals with COVID%2D19.
https://pubmed.ncbi.nlm.nih.gov/35434682/#:~:text=Conclusions%3A The extended presence of,of individuals with COVID%2D19.
https://pubmed.ncbi.nlm.nih.gov/35434682/#:~:text=Conclusions%3A The extended presence of,of individuals with COVID%2D19.
https://pubmed.ncbi.nlm.nih.gov/35508284/
https://pubmed.ncbi.nlm.nih.gov/35508284/
https://pubmed.ncbi.nlm.nih.gov/35508284/
https://pubmed.ncbi.nlm.nih.gov/35727635/
https://pubmed.ncbi.nlm.nih.gov/35727635/
https://pubmed.ncbi.nlm.nih.gov/35727635/


United Prime Publications. LLC., clinandmedimages.com                                                                                                                                                                                                               6

Volume 7 Issue 4-2023                                                                                                                                                                                                                                        Review Article

57.	 Mendes de Almeida, V. Gut microbiota from patients with mild 
COVID-19 cause alterations in mice that resemble post-COVID 
syndrome. Res. Sq.  (2022). 

58.	 Apple, A. C. et al. Risk factors and abnormal cerebrospinal fluid as-
sociate with cognitive symptoms after mild COVID-19. Ann. Clin. 
Transl Neurol. 9, 2022; 221–26. 

59.	 Davis, H. E. et al. Characterizing long COVID in an international 
cohort: 7 months of symptoms and their impact.  eClinicalMedi-
cine 38, 2021; 101019. 

60.	 Cysique, L. A. et al. Post-acute COVID-19 cognitive impairment 
and decline uniquely associate with kynurenine pathway activation: 
a longitudinal observational study. Preprint at medRxiv (2022).

61.	 Jason, L. A. et al. COVID-19 symptoms over time: comparing 
long-haulers to ME/CFS. Fatigue Biomed. Health Behav. 2021; 9, 
59–68. 

62.	 Tran, V.-T., Porcher, R., Pane, I. & Ravaud, P. Course of post 
COVID-19 disease symptoms over time in the ComPaRe long 
COVID prospective e-cohort. Nat. Commun. 2022; 13(1), 1812. 

https://pubmed.ncbi.nlm.nih.gov/37668317/#:~:text=Overall%2C we show prolonged impacts,be a potential therapeutic target.
https://pubmed.ncbi.nlm.nih.gov/37668317/#:~:text=Overall%2C we show prolonged impacts,be a potential therapeutic target.
https://pubmed.ncbi.nlm.nih.gov/37668317/#:~:text=Overall%2C we show prolonged impacts,be a potential therapeutic target.
https://pubmed.ncbi.nlm.nih.gov/35043593/
https://pubmed.ncbi.nlm.nih.gov/35043593/
https://pubmed.ncbi.nlm.nih.gov/35043593/
https://pubmed.ncbi.nlm.nih.gov/34308300/
https://pubmed.ncbi.nlm.nih.gov/34308300/
https://pubmed.ncbi.nlm.nih.gov/34308300/
https://pubmed.ncbi.nlm.nih.gov/34484973/#:~:text=When compared to ME%2FCFS,except in the orthostatic domain.https://pubmed.ncbi.nlm.nih.gov/34484973/
https://pubmed.ncbi.nlm.nih.gov/34484973/#:~:text=When compared to ME%2FCFS,except in the orthostatic domain.https://pubmed.ncbi.nlm.nih.gov/34484973/
https://pubmed.ncbi.nlm.nih.gov/34484973/#:~:text=When compared to ME%2FCFS,except in the orthostatic domain.https://pubmed.ncbi.nlm.nih.gov/34484973/
https://pubmed.ncbi.nlm.nih.gov/35383197/
https://pubmed.ncbi.nlm.nih.gov/35383197/
https://pubmed.ncbi.nlm.nih.gov/35383197/

