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Abstract
[bookmark: _Hlk121086843]People across the world are affected by the "coronavirus disease 2019 (COVID-19)", brought on by the "SARS-CoV type-2 coronavirus". Due to its high incidence in individuals with diabetes, metabolic syndrome, and metabolic-associated fatty liver disease (MAFLD), COVID-19 has gained much attention. The metabolic syndrome's hepatic manifestation, MAFLD, carries a significant risk of type-2-diabetes. The link between the above two conditions has also drawn increasing consideration since MAFLD is intricately linked to the obesity epidemic. Independent of the metabolic syndrome, MAFLD may impact the severity of the viral infections, including COVID-19 or may even be a risk factor. An important question is whether the present COVID-19 pandemic has been fueled by the obesity and MAFLD epidemics. Many liver markers are seen elevated in COVID-19. MAFLD patients with associated comorbid conditions like obesity, cardiovascular disease, renal disease, malignancy, hypertension, and old age are prone to develop severe disease. There is an urgent need for more studies to determine the link between the two conditions and whether it might account for racial differences in the mortality and morbidity rates linked to COVID-19. The role of innate and adaptive immunity alterations in MAFLD patients may influence the severity of COVID-19. This review investigates the implications of COVID-19 on liver injury and disease severity and vice-versa. We also addressed the severity of COVID-19 in patients with prior MAFLD and its potential implications and therapeutic administration in the clinical setting. 
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Core Tip: The severity of coronavirus disease 2019 (COVID-19) symptoms and sequelae positively correlate with high rates of hepatic decompensation and elevated transaminases in patients with chronic liver disease and cirrhosis. Implicated mechanisms linking cirrhosis with severe COVID-19 symptoms include cirrhosis-related immune dysregulation, systemic inflammation, coagulopathy, and metabolic derangements. Metabolic-associated fatty liver disease (MAFLD) is characterized as the hepatic manifestation of the metabolic syndrome and therefore is highly associated with other comorbidities such as obesity, diabetes, and hyperlipidemia. Those comorbidities are also risk factors for severe COVID-19. The hepatic distribution of the angiotensin-converting enzyme 2 receptor, the main viral entry receptor for SARS-CoV-2, may determine the severity of hepatic involvement. In addition, moderate hepatic dysfunction could alter the severity of COVID-19, as well as the safety profile, and the therapeutic efficacy of antiviral drugs metabolized in the liver. Therefore, it is of high clinical priority to enhance our understanding of COVID-19 infection-associated liver injury in MAFLD patients to treat both of these conditions effectively.

INTRODUCTION
A substantial hazard to public health has suddenly emerged from the "severe acute respiratory syndrome (SARS)" global pandemic caused by the coronavirus SARS-CoV-2 “[coronavirus disease 2019 (COVID-19), Sarbecovirus subgenus, Betacoronavirus genus, Coronaviridae family]"[1-5]. Up until the September 2, 2022, the total infected cases were 607013841; total deaths were 6508326 and total vaccinated were 12185442365[2,6]. The most common and important clinical manifestation of COVID-19, alternating from moderate respiratory symptoms to severe pneumonia, is respiratory involvement, even though many people still show no symptoms. The severe Corona virus infection, however, is a systemic illness that can cause myocardial injury, heart failure, vascular inflammation, myocarditis, cardiac arrhythmias, hypoxic encephalopathy, multi-organ failure, and eventually  death[1-5,7-11]. 
Though severe liver damage is rare, the liver remains a potential target for Coronavirus. This infection poses a novel challenge for hepatologists because it may harm the liver by direct (viral translocation from the gastrointestinal tract to the liver) or indirect pathways (systemic inflammation, hepatic ischemia and hypoxia, effects on pre-existing liver illnesses, and drug-related liver injury)[12-17]. 
Notably, nonalcoholic fatty liver disease (NAFLD), a chronic dysmetabolic pandemic with a prevalence rate of > 30% in the global population, has become the most widespread liver disease in the world. Furthermore, NAFLD is a "fellow traveler" with a number of risk factors, metabolic syndrome, and diseases rather than a stand-alone disorder. Along with this viewpoint, the term "metabolic-associated fatty liver disease" (also known as "MAFLD") has recently given the acronym NAFLD a second look[18,19]. Therefore, NAFLD/MAFLD may impact how COVID-19-infected “patients” fare. Additionally, in situations of chronic injury, the liver itself is more vulnerable to medicines. 
In this setting, individuals with NAFLD/MAFLD and COVID-19 infections exhibit inflammatory response pathways, particularly those involving cytokines that may aggravate the clinical result by causing an increase in liver inflammation or by serving as a marker of metabolic risk factors. A precise understanding of the behavior of the virus and the risk factors contributing to the initiation and progression of COVID-19 will be crucial in the near future to predict virus-related events around the globe due to the pandemic characteristics and high mortality rate of SARS-CoV-2 infection.
According to Wang et al[20], analysis of COVID-19-infected patients revealed independent risk factors for hypertension, diabetes, chronic obstructive pulmonary disease, cardiovascular disease, and cerebrovascular disease [odds ratio (OR): 2.29-5.97]. A recent study on COVID-19-infected individuals who were hospitalized in New York reported that 48.7% of the patients had a BMI > 40 kg/m2, suggesting that BMI is one of the strongest predictors of hospitalization (OR: 6.2), only being surpassed by ages ≥ 75 years (OR: 66.8) and age 65-74 years (OR: 10.9)[21]. Finally, MAFLD was found to be independently linked with COVID-19 progression in a study of 202 consecutive individuals with confirmed COVID-19[22]. Acute COVID-19 epidemic and chronic MAFLD, which is a member of a larger group of metabolic illnesses, are the two pandemic conditions that are the subject of this article's discussion. The underlying MAFLD may contribute to more severe hepatic and metabolic consequences during COVID-19 infection and may develop into another prognostic indicator of the viral illness[21-26].

COVID-19 AND MAFLD 
In contrast to the hepatocytes which are the predominant liver cells and of which only 3% express angiotensin I converting enzyme 2 (ACE2) receptors, about 60% of the cholangiocytes expresses ACE2 receptors even though they occupy only 3% to 5% of the liver cell population[27]. Acute liver injury was common in 15.4% of Chinese patients with COVID-19 illness[1]. However, it has been noted that the liver is involved in roughly 60% of cases, and the likelihood of liver malfunction appears to rise with age. A report by Ji et al[22] on 202 COVID-19-positives showed that 50% of the patients had some form of liver abnormalities upon admission, and 75% of patients developed liver dysfunction during the course of their stay in the hospital. Most of the liver injury was mild, and only 3% of the patients had ductular or mixed patterns of liver abnormalities. Male gender, older age > 60 years, a high BMI, underlying comorbidities, and MAFLD were all linked to COVID-19 development[28]. MAFLD was identified as having an OR of 6.4 with a 95% confidence interval (CI) of 1.5 to 31.2 in this study by multivariate logistic regression analysis[29]. However, this survey has limitations due to the small number of cases that were available, various severity criteria, underlying comorbidities, and unclear liver disorders[22,30-32]. In contrast, the presence of intermediate or high fibrosis-4 (FIB-4) scores significantly and independently enhanced the probability of severe COVID-19 illness in a sample of 310 individuals with COVID-19 and MAFLD[33]. Due to their increased metabolic risk, patients with MAFLD exhibit a distinct risk[23-26,34].
ACE2 receptors are required for the spike viral proteins to attach to the target cells in order for the COVID-19 disease to progress to its first stage[12]. These receptors are mainly expressed on alveolar epithelial cells (type II) and ciliated cells in the human lung, as well as on the epithelia of the upper respiratory tract (nasopharynx), which is a key site of replication[12]. The vascular endothelium, the brush border of intestinal enterocytes, and cholangiocytes express the ACE2 receptor[14]. Therefore, COVID-19 may cause symptoms to appear in the gastrointestinal tract[15]. 
According to a recent United States survey, 61% of people who tested positive for COVID-19 had clinically obvious gastrointestinal symptoms[16]. Because ACE2 receptors are found in the glandular cells of the stomach, duodenum, and distal enterocytes, their presence may cause malabsorption, imbalanced intestinal secretion, and enteric nervous system activation, all of which can result in gastrointestinal symptoms[12]. 

COVID-19 AND LIVER BIOCHEMISTRY PATTERNS AND FREQUENCY 
Although the specific impact of COVID-19 on the liver is yet unknown, patients with COVID-19 frequently experience liver biochemistry abnormalities, affecting 15%-65% of SARS-CoV-2-infected people[35-42]. The large variation in these reported frequencies may be due to various interpretations of what constitutes the upper limit of normal, variable lab results regarded as liver enzymes and regional variations in the prevalence and nature of the underlying chronic liver disease (CLD). An estimated 29%-39% and 38%-63% of patients, respectively, have been reported to have mild (1-2 times the upper limit of normal) elevations of their serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, which characterize liver biochemistry abnormalities in COVID-19[36,38,43]. Although severe liver damage, increased blood bilirubin levels, and hepatic synthetic malfunction are all uncommon in SARS-CoV-2 patients, hypoalbuminemia, a non-specific index of illness severity, has been linked to worse COVID-19 outcomes. Non-specific findings from liver biopsies in SARS-CoV-2 patients have included steatosis, moderate lobular and/or portal inflammation, and vascular pathology[10,44,45].
The majority of the time, abnormal biochemistries are likely multifactorial, with direct infection of hepatocytes as well as immune-mediated inflammatory response, drug-induced liver injury, hepatic congestion, and extrahepatic release of transaminases all having a potential role. Elevations in serum AST levels among COVID-19 hospitalized patients positively correlate with levels of ALT but not with markers of systemic inflammation [such as C-reactive protein (CRP) and ferritin] or muscle breakdown (such as creatinine kinase)[21]. Despite the rarity of reports of rhabdomyolysis (muscle breakdown) related to COVID-19[46], these findings suggest that high liver enzymes in COVID-19 are the result of direct hepatic injury. Finally, during COVID-19, AST is frequently higher than ALT, which is unusual for a classic hepatocellular pattern of liver injury outside of specific situations like alcohol-related liver disease, some drug-induced liver injuries (like those caused by lamotrigine), ischemic hepatitis, and cirrhosis. The causes of an AST-predominant aminotransferase increase are not fully understood, although they may include mitochondrial failure linked to COVID-19, hepatic steatosis brought on by SARS-CoV-2, and altered hepatic perfusion brought on by microthrombotic disease[34,47,48]. 

EFFECTS OF COVID-19 ON MAFLD DISEASE PROGRESSION
Comorbidities associated with MAFLD 
MAFLD is a serious public health issue and a leading cause of CLD globally. MAFLD has been identified as a hepatic manifestation of an insulin resistance-related metabolic syndrome. A growing body of research evidence suggests that systemic disorders like type 2 diabetes, obesity, metabolic syndrome, chronic kidney disease, and cardiovascular disease are all linked to MAFLD. The primary cause of death in MAFLD patients is cardiovascular disease. Rather than just being steatosis, these findings are intricately linked to nonalcoholic steatohepatitis (NASH). MAFLD should be seen as an early mediator of systemic disease in addition to being a liver-specific condition. In relation to other medical illnesses, the pathophysiology, and underlying processes of MAFLD are still poorly understood. Future therapeutic approaches for MAFLD require more research[49]. The various risk factors associated with severe COVID-19 in patients with MAFLD are enumerated in Table 1.

Systemic inflammation and hypoxia
Patients with COVID-19 infection who have chronic liver disorders may express more ACE2 receptors and hypoxia-inducible factors (HIFs), a class of transcription factors triggered by hypoxia[50]. The progression of metabolic illnesses like MAFLD may be accelerated by such changes[31,35-37,39,51-55]. Clinically, biliary ductal abnormalities are uncommon in COVID-19-infected patients; as a result, the ACE2-mediated liver injury may primarily result from the localization of these receptors in endothelial cells. Additionally, the progression of MAFLD involves increased production of reactive oxygen species and nitric oxide derivatives, inflammatory pathways that result in cellular communication with Kupffer cells, and upregulation of HIF through suppression of fatty acid oxidation. This theory is somewhat corroborated by liver histology from patients who died from severe COVID-19, which showed minor lobular and portal activity as well as moderate microvesicular steatosis, presumably as a direct result of SARS-CoV-2 infection or drug-induced liver injury[51,55,56].

Altered liver response
Lipids, which are part of the cell membrane, exosomes, and energy storage components, are strongly associated with the viral life cycle. Infected cells typically have changes in their metabolism of circulating lipids[41,43]. In order to facilitate their replication, viruses alter lipid metabolism, including the expression and activity of crucial enzymes involved in lipid biosynthesis. Changes in lipid metabolism may also be linked to the host's reaction to an infection. SARS-CoV-2 is not an exception and causes significant modifications in lipid metabolism after infection[42,43,57]. SARS-CoV-2 infection specifically causes a general down-regulation of approximately 100 serum lipids, including fatty acids, sphingolipids, and glycerophospholipids. Lipids are not only altered in COVID-19, but they are also linked to pathophysiology and the development of the illness. Changes in bilirubin and bile acids provide evidence that the observed down-regulation of lipids during SARS-CoV-2 infection is related to liver damage. Many of the COVID-19 lipid and lipoprotein changes that have been reported are connected to hepatic activities. The investigation of plasma lipidomic analysis was conducted during COVID-19. Sphingomyelin and monosialodihexosyl ganglioside levels were upregulated, and diacylglycerol levels were downregulated, accounting for the majority of the significantly altered lipids. The severity of the condition was positively linked with higher monosialodihexosyl ganglioside levels. Again, disruption of the normal circulating lipid profiles may be caused by inflammation and infection. Unsaturated fatty acids may be released as a defense mechanism in response to a cytokine storm. When COVID-19 illness is present, proinflammatory lipids and lipid mediators may modify the immunological response[43,57,58]. In addition to the lipid metabolism, liver detoxification and protein synthesis are significantly impaired in the COVID-19 patient. In an autopsy study, looking at the transcriptome of the severe COVID-19 patient with non-covid patient, the cytochrome P450 gene - ACAD11, CIDEB, GNMT and GPAM were significantly down regulated[59]. This consequently affects the detoxification of drugs and metabolites through the CYP 450 system. The liver is the powerhouse of protein synthesis. It does not only synthesize the anabolic proteins but it also synthesizes proteins involved in both innate and acquired immune responses. This is very much reduced in the MAFLD patient who are in a state of immune dysregulation but the exact role of each component of hepatic immune dysregulation to COVID-19 severity is difficult to delineate[3].

Liver steatotic state/ lipid derangement
The development of steatosis and liver fibrosis in MAFLD patients is facilitated by active innate immunity in the infectious state, which not only directly causes and intensifies liver inflammation but also interferes with the control of lipid metabolism. In COVID-19 patients, proteomic and metabolomic analysis identified dyslipidemia, including lipid build-up and downregulation of apolipoproteins[57]. In turn, it was discovered that SARS-CoV-2 infection can alter lipid synthesis and absorption pathways, increasing the accumulation of lipid droplets (LD) in human cells[43]. SARS-CoV-2 can also highjack LDs to increase its ability to replicate. Recent research has shown that ACE2 is crucial for maintaining metabolic homeostasis from a mechanistic perspective. A SARS-CoV-2 infection reduces ACE2 expression, which leads to aberrant metabolic processes. Patients with COVID-19 may experience MAFLD development as a result of the metabolic imbalance brought on by ACE2 deficiency[27,42,43,57,58,60].

ELEVATED FIB-4 AND POOR COVID-19 OUTCOMES
A straightforward, thoroughly tested point-of-care measure called the FIB-4 index is used to categorize individuals with suspected MAFLD according to their likelihood of developing liver fibrosis. It uses a combination of patient's age, ALT, AST, and platelet count, all of which may be quickly determined by front-line healthcare professionals[33]. FIB-4 is helpful in identifying liver disease patients who are more likely to experience a negative clinical outcome connected to the liver. FIB-4 has also been demonstrated to predict non-liver clinical outcomes in MAFLD patients, such as cardiovascular mortality or risk of atrial fibrillation. Similarly, FIB-4 has been used to predict mortality in the general population as well as clinical outcomes in clinical situations unrelated to the liver. In the study of Ibáñez-Samaniego et al[33], increased FIB-4 Levels were linked to a poor outcome in COVID 19 patients.
The chance of developing an enhanced inflammatory response, a feature of severe COVID-19, may be increased by advanced hepatic fibrosis. Advanced liver disease is actually characterized by a persistent stimulation of immune cells by pathogen-associated molecular patterns and damage-associated molecular patterns[58]. This stimulation causes immune cells to become activated and increases the production of cytokines, chemokines, and growth factors. These growth factors are then released to attract and activate additional inflammatory cells, maintaining a state of chronic low-grade systemic inflammation[33]. Patients with obesity and insulin resistance have been noted to experience a similar level of low-grade inflammation. In fact, the degree of obesity and the likelihood of developing type-2 diabetes mellitus have been linked to increased serum levels of Interleukin-6 (IL-6)[32]. Activated macrophages release IL-6 during an acute infection, which is a significant inducer of the creation of acute phase reactant proteins in hepatocytes (CRP, ferritin, complement, clotting factors). The hepatocytes' acute phase proteins have a direct effector role on innate immunity, facilitating pathogen clearance[21,33,46,61-65].

Increased hepatic decompensation rates in cirrhotic patients
Data on decompensated cirrhosis and COVID-19 is limited. In the first 152 cases of clinically and laboratory-confirmed COVID-19 infections with CLD in two international reporting registries (n = 103 with cirrhosis and n = 40 with chronic liver disease) (COVID-Hep.net and COVIDCirrhosis.org)[66], the probability of death after hepatic decompensation during COVID-19 was significantly higher in those with new decompensation: 63.2% died compared to 26.2% in those without new decompensation. Notably, 24.3% of people with new hepatic decompensation at the time of diagnosis had no pulmonary symptoms of COVID-19. Therefore, decompensated liver disease is a significant risk factor for mortality in COVID-19 patients. As a result, all patients with decompensated liver disease should be hospitalized, and any recent decompensation in a cirrhotic patient should be tested for COVID-19 at this time[13,66]. In a metanalysis of observational studies of COVID-19 infection with cirrhosis, the patient with cirrhosis not only had higher rate of decompensation but the odds for mortality has been 2.48 (CI 2.2-3.04) when compared to the non-cirrhotic patients[67].

EFFECTS OF PRE-EXISTING MAFLD ON COVID-19 DISEASE SEVERITY
Coagulopathy
Proinflammatory cells may produce cytokines, which can increase the synthesis of procoagulant molecules like tissue factor and von Willebrand factor. This can result in a hypercoagulable condition, which can lead to widespread micro-/macrovascular thrombosis[63]. In addition to elevated levels of tissue factor and von Willebrand factor in the bloodstream, MAFLD patients also have increased levels of platelet activation and plasminogen activator inhibitor type 1 concentration. Patients with COVID-19 who have MAFLD have greater levels of circulating D-dimer than patients without MAFLD, indicating that the pro-coagulant condition associated with MAFLD may be a factor in the severity of COVID-19[65]. According to findings from a retrospective investigation on a group of COVID-19 patients, people who presented with deep vein thrombosis, confirmed by Doppler ultrasound, had a greater prevalence of MAFLD[46,62]. In addition, COVID-19 patients with MAFLD had a higher mean admission and peak serum D-dimer concentrations than those without MAFLD[46]. In MAFLD individuals, COVID-19 may potentially further boost the production of proinflammatory cytokines, resulting in the activation of the coagulation cascade and thrombosis. In fact, a pathologic analysis of the pulmonary arteries in COVID-19 patients revealed extensive thrombosis with microangiopathy in addition to hepatic steatosis affecting 50%-60% of the liver parenchyma[68]. Hepatic steatosis and pulmonary thrombi were discovered in 55% and 73%, respectively, of COVID-19 patients, according to an Italian post-mortem examination, which corroborated this report[32]. These findings strongly imply a connection between these disorders, with the proinflammatory hypercoagulable state acting as a common pathogenic pathway to severe COVID-19, which promotes thrombosis and the spread of the disease[62-64].

Cytokine production
Prolonged and significant lymphopenia, an abnormal inflammatory response related to aberrant and uncontrolled cytokine activation, and lung mononuclear cell infiltration are all associated with COVID-19[52]. The prognosis of an illness depends on the degree of involvement of additional organs. In fact, observational studies showed that increased levels of inflammatory markers in the blood (CRP, ferritin, and D-dimer), a higher neutrophil-to-lymphocyte ratio, as well as elevated levels of inflammatory cytokines and chemokines were linked to the disease severity and a poor prognosis[21]. One element of liver damage in COVID-19 may be dysregulation of the innate immune response. Inflammatory indicators, such as abnormally high levels of CRP, lymphocytes, neutrophils, and cytokines, are usual in COVID-19 patients[3]. Due to the loss of control over cytokine regulation, pulmonary and extrapulmonary damage occurs. During the early stages, this control could help to slow the evolution of the disease[62]. Hypercytokinemia, that is deadly or fulminant, may set off a series of events that damage or fail many organs, including the liver. Jaundice, hepatic encephalopathy, hepatomegaly, and increased blood transaminase levels could be brought on by the inflammatory response[62]. Since COVID-19 is associated with cytokine storm there is overlap of cytokines involved in both the disorders, however, it will be difficult to point out that these are sole causative agents for hepatic decompensation in MAFLD as there are more factors in play than the cytokines alone. It is also interesting to note that MAFLD patients had a distinct cytokine profile with higher concentrations of IL-6, IL-8, IL-10, and IFN-β when compared to the patients without MAFLD[69]. Higher levels of IL-8 and IL-10 are associated with the worst prognosis and delayed time to recovery[69].

Obesity 
Apart from diabetes, the presence of an "overfat" condition (excess body fat that harms health) has become a global pandemic and can occur in obese, overweight, and even normal weight subjects with excess fat involving the liver in the form of steatosis[70]. Several abnormalities can cluster together with overfat, including obesity, overweight, chronic "metabolic" inflammation, and insulin resistance, ultimately configuring the metabolic syndrome[18,20,30,32,44,45]. As seen by the higher prevalence of both autoimmune and immunological illnesses, excess body fat may impede the immunity[41]. Adiposity underlies a compromised immune response (mostly mediated by T cells and macrophages) that increases the risk of infections and chronic respiratory illnesses. Notably, being overweight appears to increase the risk of contracting contagious viral infections[47,48,71,72]. In particular, being overfat may have a negative impact on the immune system performance and host defense mechanism, while being overfat causes hosts to respond improperly to viral and bacterial attacks[48].
The association between obesity and COVID-19 severity persisted after adjusting for age, sex, smoking habits, diabetes, hypertension, and dyslipidemia. In MAFLD patients, obesity was associated with a 6-fold increased risk of severe infection[72]. Patients with MAFLD, especially those who are obese, have been found to have higher levels of IL-6, which has been linked to an aggravation of the COVID-19 infection[72-74].

Pre-existing CLD
Investigations on COVID-19 rarely include patients with pre-existing liver illness, and these patients' features according to their Child's status or model for end-stage liver disease (MELD) score have not been independently assessed in these studies. The innate immune response against the virus likely caused important changes in the liver enzymes and coagulation profile in 63 patients with severe COVID-19 disease, and CLD was not proven to affect the severity of COVID-19[3]. Cirrhosis patients are now recognized as an independent predictor of COVID-19 severity and a higher hospitalization risk[61]. According to the Child Turcotte Pugh score or MELD score, patients with cirrhosis have a greater mortality rate, and this rate increased as the severity of the liver disease grew[66]. Patients with cirrhosis had a significant 30-d death rate and a 20%-30% chance of decompensation manifesting as acute on chronic liver failure[66]. Data on patients with COVID-19-associated autoimmune hepatitis, chronic viral hepatitis, and alcoholic liver disease are few. Immunosuppressive medications should not be reduced for immunosuppressed patients, whether for autoimmune hepatitis or post-transplantation, out of concern for COVID-19[75]. Data on post-transplant patients are scarce, although there is no evidence of significant COVID-19-related mortality during the peri-transplant period[76]. Routine endoscopy and liver biopsy should be avoided, but urgent procedures for variceal bleed and cholangitis should be carried out according to the correct protocols designed for COVID-19 patients. Various drug combinations are being used with varying degrees of success in treating COVID-19 in patients with cirrhosis. According to the combined findings of the preliminary COVID-19 data, CLD had a negligible impact on patient progression to the severe stage of the disease. However, further research conclusively demonstrated that underlying CLD was associated with worse outcomes and more severe COVID-19 illness[48].

HEPATIC IMMUNE MODULATION
Disconcerting, the inherent chronic activation of inflammatory pathways in MAFLD appears to increase liver damage in patients with COVID-19, perhaps worsening outcomes in those with prior comorbid metabolic disorders. The likelihood of developing more severe types of COVID-19 infection has also been reported to be increased in people with pre-existing chronic liver disorders[23]. Patients with severe COVID-19 infection had high levels of inflammatory markers like CRP, serum ferritin, lactate dehydrogenase, D-dimer, and interleukins (IL-6, IL-2)[36]. Individuals with MAFLD have been found to have elevated IL-6 Levels. When individuals with COVID-19 infection experience a "cytokine storm," IL-6 is a key player. Particularly, IL-6 seems crucial in the beginning and development of the "cytokine storm" seen in COVID-19-infected patients[52]. Elevated IL-6 Levels are linked to MAFLD, which may be a marker or mediator of the comorbidities and related atherosclerosis that are typically observed in COVID-19-infected patients[23]. The cytokine, monocyte chemoattractant protein (MCP-1), is commonly raised in patients with COVID-19 infection, which exacerbates steatohepatitis[23,24,77]. The interplay between COVID-19 and MAFLD in modulating the pathophysiology and outcomes of either disease is shown in Figure 1.

DIAGNOSTIC CHALLENGES
An accurate clinical history, radiographic and laboratory tests, and histologic data are all necessary to diagnose MAFLD. In the absence of significant alcohol intake, other hepatic steatosis-causing factors, and the presence of other liver illnesses, hepatic steatosis must be present in order to diagnose the disease. MAFLD, diagnosed with abdominal imaging, reduces the need for invasive tests like liver biopsies[38]. A liver biopsy may be helpful when deciding between basic steatosis (NAFL) and NASH. Also, a liver biopsy can help in assessing the likelihood of other conditions that will worsen the MAFLD. Patients with COVID-19: Liver biopsy should be postponed in most patients because: (1) Liver biopsy may pose a risk for viral transmission (although the virus has not yet been detected in the liver tissue), the expression of its receptor on cholangiocytes suggests that the virus might be present[49]; (2) COVID-19 treatment/care outweighs diagnosis of concurrent liver disease; and (3) Systemic inflammation associated with COVID-19 will obscure etiology-specific histologic characteristics.
The patient's clinical history must be considered while interpreting test results (Table 2). The "World Gastroenterology Organization" suggests the following guidelines for treating people with liver disease generally in the COVID-19 era[49]: (1) Routine outpatient testing of liver biochemistry is not advised in the COVID-19 era; (2) Discard viral hepatitis in patients with increased ALT or AST levels. Due to the possibility that patients in developing nations have never undergone testing, this may be very crucial; (3) Local context and availability should be considered throughout routine investigation to rule out other etiologies; and (4) Regular imaging should only be done if it will change management.

NONINVASIVE MARKERS FOR FIBROSIS DETECTION
The increasing prevalence of MAFLD, the limits of liver biopsy, and the lack of consensus regarding clinical predictors of NASH have generated a market for next-generation noninvasive biomarkers and imaging modalities to aid in the distinction between MAFLD and NASH. Aminotransferases, cytokeratin-18, and numerous scoring systems that incorporate laboratory indicators such as the AST/platelet ratio index, NAFLD fibrosis score, FIB-4 index, and Fibrotest are some examples of indirect markers. The extracellular matrix contains direct fibrosis indicators such as fibronectin, elastin, laminin, and hyaluronic acid which develop in the presence of prolonged hepatocyte damage and have also been included in certain ratings[33,78].

ENDOSCOPY FOR PATIENTS WITH COVID-19
Patients who are at risk of variceal bleeding, such as those with a history of variceal bleeding or symptoms of significant portal hypertension (ascites, low thrombocyte count, ALT > 5 × ULN) of unknown etiology, should be considered for esophago-gastro-duodenoscopic variceal screening (in case of suspected autoimmune liver disease, treatment without a histological diagnosis can be considered based on individual risk-benefit considerations)[49,75].

DETECTION OF ACE2 POLYMORPHISM
Studies on whether ACE1/ACE2 genetic variability influences the clinical course of COVID-19 in diverse ethnic communities remain elusive[14]. Between Asians and Caucasians, ACE2 demonstrated significant minor allele frequency differences due to four missense mutations[71]. 64 K26R and I468W, two of these variations, may influence how the S protein of SARS-CoV-2 binds to the hACE2 receptor[55]. A difference in male and female individuals was found in ACE2 expression between Asians and others[79]. The ACE2 variant rs2285666 was not connected to the course of the disease when ACE2 genetic variation was examined in the COVID-19 progression[71]. Nevertheless, numerous studies have shown a substantial correlation between COVID-19 and ACE1-insertion/deletion (I/D)[71,77,80]. When compared to ACE1-II people, ACE1-DD carriers had higher blood levels of ACE-I that are roughly twice as high and have been linked to hypertension, ARDS, and in-hospital mortality[81]. As a result, although the ACE1-II genotype negatively correlates with infection rate and mortality, the deletion allele positively corresponds with COVID-19 progression and SARS-CoV-2 infection rate and mortality. However, ACE1-I/D allele frequency ratio was substantially linked to the rise in recovery rate but not to mortality in a meta-analysis of 48758 healthy adults from 30 different nations[82]. Additionally, ACE1-I/D polymorphisms may help to explain how COVID-19 manifests in different ethnic populations. African Americans (29%, 60%, and 11%, respectively), Indians (19%, 50%, and 31%, respectively), and Whites (29%, 40%, and 31%, respectively) all had statistically different distributions of the D/D, I/D, and I/I genotype frequency ratios[82]. Additionally, there was a statistically significant difference in the frequency of the deletion allele among African Americans, Indians, and whites (0.59, 0.49, and 0.44, respectively)[79,81]. More research is necessary to determine whether these indications could explain COVID-19 progression in various populations. Overall, more in vitro and functional research are needed to fully understand the importance of the ACE and ACE2 allele frequency ratio findings and how they relate to the COVID-19 studies[71]. These investigations ought to look into the morbidity and mortality hazards linked to COVID-19 and MAFLD in these racially varied genetic variants.

CLINICAL INTERVENTIONS AND MANAGEMENT
Antivirals and monoclonal antibodies
There is a paucity of information on the safety and effectiveness of new and existing COVID-19 treatments in patients with MAFLD, CLD, and cirrhosis. Clinical professionals' key worries are around adverse immune-related events, long-term effects, and drug interactions. On the basis of the presumption that dysregulated immune responses need to be suppressed; a number of medicines have been evaluated in COVID-19. Steroids, such as dexamethasone, prednisolone, methylprednisolone, or intravenous hydrocortisone, which act through the glucocorticoid receptor and effector genes, are one of the principal treatments. According to the World Health Organization recommendations; systemic corticosteroid medication is not recommended for everyday usage[5,83]. Only patients who have cytokine storm, ARDS, severe cardiac failure, acute kidney injury, and high serum D-dimer levels should receive it. Janus Kinase JAK inhibitors, IL-1 and IL-6 inhibitors, anti-tumor necrosis factor-alpha (often referred to as anti-TNF-alpha) medications, corticosteroids, colchicine, and intravenous immunoglobulin are other immunomodulators studied in COVID-19 infection[83]. Chloroquine and hydroxychloroquine have been shown to lessen COVID-19-mediated damage by stopping the cytokine storm, activating CD8+ cells, or blocking the virus from being taken up by endocytosis[84]. By building up in lysosomes and raising the pH of the endosome, chloroquine and hydroxychloroquine block the entry and departure of viruses from cells. Additionally, these medications block the ACE2 receptor, inhibiting SARS-CoV-2 entrance. Chloroquine and hydroxychloroquine may lessen the ACE2 receptor's glycosylation, preventing the virus from attaching to and infecting new cells. Chloroquine and hydroxychloroquine have been known to cause QT prolongation due to a delay in the cardiomyocyte depolarization rate[85]. There have been reports of patients developing torsades de pointes with the use of chloroquine[86]. Major studies, however, failed to demonstrate any alleged COVID-19 prophylactic and therapeutic benefit, and these medications have subsequently fallen out of favor due to their serious cardiovascular complication risk[87]. Other direct antivirals, like remdesivir and favipiravir, similarly did not demonstrate any appreciable efficacy or survival advantage[83]. In COVID-19, tocilizumab, a humanized IgG1 monoclonal antibody to the IL-6 receptor, has shown only patchy success. However, the adverse effects can include hepatotoxicity, diverticulitis, hypertriglyceridemia, and increased susceptibility to infection[88]. Cytokine dialysis, utilizing blood ultrafiltration, diffusion, and adsorption circuits in dialysis machines, has also been tested as an alternative to medications that directly decrease the immune response[44]. Theoretically, restoring immunological IL-6/IL-1 levels and other proinflammatory molecules protect against organ failures, but the clinical effectiveness of this protection is still unknown, and immune dysregulation is just one issue among many[89]. It has been suggested to use immunomodulators based on mesenchymal stem cells to prevent and control the cytokine storm. Mesenchymal stem cell transplantation intravenously was proven successful in COVID-19 patients in a study[90].
Of the drugs listed in Table 3, the commonly used agents and their hepatoxicity profile are shown in Table 4. The appropriate selection of drugs in MAFLD patients depends on the severity of COVID-19 infection, duration of the disease, ALT level, and potential drug interactions with other medications. Our approach is in line with the Infectious Disease Society of America 2022 guidelines and is shown in Figure 2[91]. Hence when these drugs are used, liver function tests should be routinely monitored, and manufacturers’ advice regarding dose adjustment should be followed until more studies are available in MAFLD patients. A very rare case of acute severe hepatitis with the use of Tocilizumab was noted in a patient who had previous lopinavir and ritonavir exposures[88]. In general, the management of these drug induced liver injury is usually symptomatic and in severe cases, when the ALT is more than six times the upper limit of normal, the medication may need to be temporarily stopped[44].

Vaccines 
At least 85 vaccine proposals were being researched in clinical trial phases, and 184 vaccines were being evaluated in pre-clinical stages, according to the most recent version of the WHO report from April 2, 2021[28]. Other vaccines, including the plant-derived vaccine and the Bacillus Calmette-Guérin vaccine, have also been proven in tests to potentially aid in the management of the COVID-19 pandemic[92].
The currently commercially available vaccines include Oxford-AstraZeneca, Pfizer-BioNTech, Moderna, Sinopharm-Beijing, Gamaleya (Sputnik V), Sinovac, Sinopharm-Wuhan, Johnson & Johnson, Bharat Biotech (Covaxin), CanSino and Vector Institute (EpiVacCorona). In the multicenter study conducted by Wang et al[93], in patients with MAFLD who had two doses of inactivated vaccine against SARS-CoV2 without a history of SARS-CoV-2 infection, these vaccines were found to be safe with good immunogenicity. In a multicentric study from China, the inactivated vaccine induced adequate antibody titer against SARS-CoV-2 in 95% of the patients with MAFLD. The adverse event profile was similar to the individuals without MAFLD and hence the vaccine is safe and equally immunogenic as in the normal population[93].

CONCLUSION
SARS-CoV-2 infection's pandemic traits and high mortality rate have sparked worries about the processes causing harm to vulnerable patients. The people most susceptible to COVID-19 had pre-existing illnesses. As a result of metabolic irregularities, the accumulation of metabolically active fat (also known as the "overfat state") coexists with chronic inflammatory alterations, the emergence of insulin resistance, the buildup of fat in the liver, and perhaps even hepatic fibrosis in the long run. This interplay between the numerous inflammatory pathways constantly present in MAFLD can dramatically increase the risk for COVID-19 infection and intensify liver damage. MAFLD should therefore be considered as a prognostic indication during COVID-19, while on the other hand, close long-term monitoring of individuals with MAFLD who experienced COVID-19 may be required. Finally, reducing the vulnerability to non-communicable diseases and boosting personal resistance to future epidemics are additional challenges in diagnosing and treating individuals with MAFLD.
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Figure Legends
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Figure 1 Interplay between coronavirus disease 2019 and metabolic-associated fatty liver disease. COVID-19: Coronavirus disease 2019; MAFLD: Metabolic-associated fatty liver disease; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.


[image: ]
Figure 2 Selection of coronavirus disease 2019 therapy in metabolic-associated fatty liver disease patient. 1High risk of progression - advanced age ≥ 65-yr-old, immunocompromised state or multiple medical co-morbidities. Hypoxemia: SpO2 ≤ 94% on room air; ECMO: Extracorporeal membrane oxygenation; Mild disease: Cough, upper respiratory tract symptom and absence of dyspnea; Severe: Hypoxemia or need for supplemental oxygen; Moderate: Dyspneic patient and absence of severe disease features. ALT: Alanine transaminase; AST: Aspartate transaminase; COVID: Coronavirus disease; CTP: Child Pugh score; LFT: Liver function test; ULN: Upper limit of normal.

Table 1 risk factors associated with severe coronavirus disease 2019 in metabolic-associated fatty liver disease patients
	Common risk factors for severe COVID-19 infections

	Obesity 
	High serum IL-6 at admission 

	Advanced age > 65 yr
	Male gender 

	Black race 
	High ferritin level at admission 

	Liver fibrosis 
	High EWS at admission

	Dyslipidemia
	Type 2 diabetes mellitus


EWS: Early warning score; IL-6: Interleukin-6; COVID-19: Coronavirus disease 2019.

Table 2 Analysis of liver test results in coronavirus disease 2019 patients
	Test
	Comments

	Prolonged INR or thrombocytopenia
	In one-third of sick patients

	
	Spontaneous coagulopathy/DIC may be present

	
	Thromboembolic incidents are probably frequent

	
	There may be a chance of ACLF

	Imaging
	Where chest-CT is frequently performed: Assessing liver/biliary tract disease might be helpful

	
	Do US, if necessary, but refrain from using US for superfluous imaging (not formally investigated)

	Hypoalbuminemia
	Common in people with systemic inflammatory response

	
	May also be a sign of acute hepatic decompensation or acute liver failure in people with pre-existing liver cirrhosis

	High transaminases or bilirubin (> 3 × ULN)
	Although not typical for COVID-19, ACLF may be present in patients with cirrhosis who already have liver disease

	Dyselectrolytemia
	Diarrhea and other GI problems might result in numerous electrolyte abnormalities

	Anemia
	Consider bleeding due to variceal hemorrhage in the context of MAFLD cirrhosis, portal hypertensive gastropathy or stress mucosal GI ulcer


ACLF: Acute on chronic liver failure; CT: Computed tomography; DIC: Disseminated intravascular coagulation; GI: Gastrointestinal; ULN: Upper limit of normal; US: Ultrasonography; COVID-19: Coronavirus disease 2019; MAFLD: Metabolic-associated fatty liver disease.


Table 3 Drugs and vaccines used in the management and prevention of coronavirus disease 19
	Classification
	Drugs

	Antiviral agents
	Favipiravir, molnupiravir, paxlovid, remdesivir

	Immunomodulatory agents
	

	
	JAK inhibitors
	Baricitinib, ruxolitinib, tofacitinib

	
	Monoclonal antibodies to IL-6
	Sarilumab, tocilizumab

	
	Corticosteroids
	Cortisol, dexamethasone, methylprednisolone

	
	Monoclonal antibodies to SARS-CoV-2
	Bamlanivimab, casirivimab, etesevimab, imdevimab, sotrovimab

	COVID-19 vaccines
	

	
	mRNA
	BNT162b2 [Pfizer-BioNTech], mRNA-1273 [Moderna]

	
	Adenovirus vector
	ChAdOx1-S [AstraZeneca, Oxford]; Ad26.COV2.S [Johnson and Johnson, Janssen], Sputnik-V-Gam - COVID Vac Ad5+Ad26 [Gamleaya]

	
	Recombinant nanoparticles
	NVX-CoV2373 [Novavax]

	Miscellaneous agents
	Azithromycin, chloroquine, dexamethasone, fluvoxamine, hydroxychloroquine, ivermectin


COVID-19: Coronavirus disease 19; IL-6: Interleukin-6; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Table 4 Hepatoxicity profile of the commonly used drugs to treat coronavirus disease 2019 infection
	Medication
	Hepatotoxicity pattern

	Dexamethasone 
	None reported at the dose given for COVID 

	Protease inhibitors (e.g., lopinavir, ritonavir)
	Mostly hepatitis pattern with ALT raise up to 6 times the normal, but rarely cholestatic pattern reported[43]

	Nucleoside analogue: Remdesivir 
	Hepatitis pattern with mild to moderate ALT raise (up to 6 times the normal)[77]

	Monoclonal antibodies to IL-6: Tocilizumab
	Rarely can cause acute severe hepatitis in patients on concomitant or previous hepatotoxic drug usage[83]


ALT: Alanine transaminase; COVID: Coronavirus disease; IL-6: Interleukin-6.
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