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COVID-19 patients with severe illness are likely to present with atypical liver biochemistry tests. A number of systematic
and meta-analysis studies have examined pooled odds ratios of hepatocellular and hepatobiliary enzymes to differentiate
between severe and non-severe COVID-19 illness. In a meta-analysis of 8 studies involving 7467 COVID-19 patients by
Xin et al. individuals had pooled odds ratio of 3.21, 2.35 and 1.87 for elevated AST, ALT and total bilirubin levels
respectively in severe illness.
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| 1. SARS-CoV-2 and Novel Coronavirus Disease 2019 (COVID-19)

The novel coronavirus disease 2019 (COVID-19) is caused by the new strain of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) . There is evidence that SARS-CoV-2 infection presents with an asymptomatic stage
where there may be little or no detectable virus followed by a non-severe symptomatic period with measurable virus load,
and in the last stage severe respiratory symptoms with significantly high viral load [&. In the last stage there is a biphasic
pattern with the viral load present concomitant with the presenting symptoms in the first phase. The second phase with
higher viral load is referred to as an ‘inflammatory phase’ characterized by extreme host inflammatory response or
cytokine storm with elevated levels of cytokines particularly interleukin-6 (IL-6), interleukin-10 (IL-10) and tumor necrosis
factor-a (TNF-0) . This latter phase is also associated with lymphopenia, decreased interferon-y (IFN-y) expression and
elevated inflammatory indicators including procalcitonin and D-dimer 1. Cytokine storm is life-threatening and as the
disease progress may be responsible for lung damage and severe cardiopulmonary manifestations occasionally resulting
in acute respiratory distress syndrome, shock, and death &I,

SARS-CoV-2 mainly attacks the lungs, but it also causes damage to other organs including the liver, kidneys, intestines,
heart as well as the central nervous system €. The damage to these multiple organs results in acute hepatic failure, acute
lung failure, cardiovascular disease, acute kidney injury as well as neurological disorders (acute flaccid paralysis, epilepsy
and acute cerebrovascular disease) and hematological abnormalities (lymphopenia and leukopenia) .

There is increasing evidence in the literature that some individuals presenting with COVID-19 have hepatic injury and
atypical liver function test results with increase in alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
levels due to hepatocellular damage 8. Studies conducted in Wuhan, China reported mild elevations of AST and ALT
levels in 14-53% of cases while higher rates of both enzymes were observed in those patients with severe infection,
mainly those needing intensive care unit admission @19 SARS-CoV-2 may damage the biliary tract with subsequent
increase in direct and total bilirubin, gamma-glutamyl transferase (GGT) and alkaline phosphatase (ALP) levels 14,
Likewise, in COVID-19 cases where there is significant liver damage and severe clinical symptomatology, variable levels
of GGT and ALP (above the upper limit of normal for the reference range) along with elevated levels of total bilirubin and
ALT have been observed in 58-78% of patients [12[3],

Given the widespread and harmful nature of SARS-CoV-2 and its impacts on human health and clinical systems, there
has been an exponential increased in the number of articles published since December 2019. We have conducted a
comprehensive systematic review to summarize numerous articles published regarding abnormal liver biochemistry tests
in COVID-19 patients and the possible pathogenesis involved. Furthermore, we highlighted significant findings regarding
the disease severity, hepatocellular and cholestatic pattern, incidence and ongoing changes in liver function biochemistry
tests as well as related clinical outcomes in COVID-19 patients. This will assist healthcare providers to identify liver
complications in COVID-19 patients and closely monitor the liver biochemistry tests in the management of acute hepatic
injury in COVID-19 patients.



2. Interconnection between SARS-CoV-2 Infection and Preexisting Liver
Co-Morbidity

Deranged liver function tests due to hepatic injury could arise from underlying chronic liver diseases. Reported prevalence
rates of underlying liver diseases present in COVID-19 patients from large observational studies ranged from 3—-11% (14
151, Oyelade et al. carried out a meta-analysis involving 22 observational studies with 5595 COVID-19 patients and found
there was a case fatality rate of 16%. They posited that 57.33% COVID-19 patients with underlying chronic liver disease
had increased risk of severe illness and 17.65% higher odds of death (18], The severity of the COVID-19 illness and higher
mortality could be associated with abnormal hematological parameters such as low platelets and total lymphocyte counts
(171, Moreover, another recent study involving 123 COVID-19 patients of which 12.2% had chronic hepatitis B infection
found that individuals with liver disorder were more susceptible to COVID-19 and greater incidence of liver cirrhosis 128!,

The mechanism by which non-alcoholic fatty liver disease could cause severe COVID-19 might be due to the presence of
mild chronic systemic inflammation, dysregulated and suppressed immune response, involvement of pro-inflammatory
markers and stimulation of macrophages in inflammatory reaction and metabolic pathways 1220 Additionally, a recent
analysis of 22 studies showed that underlying diabetes mellitus with non-alcoholic fatty liver disease was concomitant with
about two-fold higher risk of severe or critical COVID-19 21 and patients with the liver disease were associated with a
higher risk of COVID-19 (OR = 6.4; 95% ClI: 1.5-31.2) [20,

The management and wellbeing of patients who are liver transplant recipients are important and can be daunting during
the COVID-19 pandemic as these persons receive immunosuppressive drugs that make them more susceptible to SARS-
CoV-2 and likely protracted vital shedding 22. Quin and colleagues described the first case of COVID-19 (and liver
transplant), which was that of a 37-year old-man diagnosed with hepatocellular carcinoma who subsequently underwent
an orthotopic liver transplant. The procedure was successful as the recipient recovered with no evidence of multi-system
organ damage and was discharged after approximately three months 23],

The data pertaining to the management of liver transplant recipients with COVID-19, risk and severity of the respiratory
illness is sparse and is an area that warrants urgent investigation. The literature reports a retrospective single-center
study comprising 37 liver transplant recipients who were diagnosed with COVID-19. The mortality was 18% while 71%
were hospitalized, and the study also found that of the hospitalized patients 46% had severe COVID-19 disease, 79%
decreased immunosuppression and 54% presented with acute kidney injury 24, Similar findings were stated in a study by
Pereira et al. where 24% of liver transplant recipients with COVID-19 were hospitalized and 18% died (23, On the contrary,
there are reports of mild COVID-19 and associated 3% mortality in longstanding liver transplant recipients 28],

| 3. Deranged LFTs in COVID Patients with Severe lliness

COVID-19 patients with severe iliness are likely to present with atypical liver biochemistry tests. A number of systematic
and meta-analysis studies have examined pooled odds ratios of hepatocellular and hepatobiliary enzymes to differentiate
between severe and non-severe COVID-19 illness. In a meta-analysis of 8 studies involving 7467 COVID-19 patients by
Xin et al. individuals had pooled odds ratio of 3.21, 2.35 and 1.87 for elevated AST, ALT and total bilirubin levels
respectively in severe illness &, Kaushik et al. reported a prevalence of 59.04% for abnormal liver function tests in
COVID-19 patients. Patients with severe illness presented at admissions with significant higher incidence of elevated AST
levels (RR = 2.91), but non-significantly higher incidence of elevated ALT levels (RR = 2.32) and total bilirubin levels (RR
= 1.95) (28] Moreover, in a meta-analysis of 128 studies, the relative risk of elevated liver function tests in severe
compared with non-severe COVID-19 patients were 1.76 (ALT), 2.30 (AST), 2.31 (GGT), and for decreased albumin
levels a value of 2.65 [29]. |n addition, severe COVID-19 had a significantly higher pooled incidence for elevated ALT, AST,
GGT, ALP and total bilirubin at admission compared with non-severe cases ( Table 1 ) B9, Of note is a single-center
retrospective study of 115 cases where most of the COVID-19 patients with severe illness demonstrated significantly
decreased albumin levels, which was even lower during the progression of the disease 211,

Table 1. Abnormal liver biochemistry tests in COVID-19 patients with severe illness.

Liver Type of Sample
Reference Biochemistry Study/Number Study Design Sizep Main Findingsl/incidence
Test of Articles
. . Systematic The ORs for severe COVID-19 patients
Xin et al., 2020 ﬁ)‘:’; sill'i-:ual::: z‘i‘t’iﬁ‘g’s()s review and 7467 were 2.35 (ALT), 3.21 (AST) and 1.87

meta-analysis (total bilirubin).




Liver Type of Sample
Reference Biochemistry Study/Number Study Design Sizep Main Findings/incidence
Test of Articles
Prevalence of abnormal LFTs is
Kaushik et al., AST, ALT and Original Cross-sectional 105 59.04%. The RR for AST is 2.91, 2.32
2020 (28] total bilirubin 9 for ALT and 1.95 for total bilirubin in
severe COVID-19.
Pooled incidence of abnormal LFTs at
Wu et al.. 2020 ALT, AST, GGT, Review (45 Systematic admission was 27.2%. Severe patients
o] ALP and total articles) review and - had a significantly higher pooled
bilirubin meta-analysis incidence of abnormal LFTs (ALT, AST,
GGT, ALP and total bilirubin).
. Systematic The RRs for severe COVID-19 patients
Kumar-m 22 A::éjglsl;tﬁﬁ-r RZ‘::?:{;;}')ZS review and - were 1.76 (ALT), 2.30 (AST), 2.31
meta-analysis (GGT), and for albumin, 2.65.
. Systematic The pooled prevalence estimates of
5“2'?2% etals  ALTandAsT Rz:’t'i‘z‘l";g)” review and 10,890  15.0% for AST and 15.0% for ALT in
meta-analysis hospitalized COVID-19 patients.
Cholankeril et ALT, AST, GGT 40% of patients had abnormal liver
al.. 2020 1331 and total Original Retrospective 116 function tests (ALT, AST, GGT and
” bilirubin total bilirubin).
Hajifathalian et ALT, AST, GGT - . 62% presented with at least one
[24] and total Original Retrospective 1059 X
al., 2020 bilirubin elevated liver enzyme.
Schattenber 70% of COVID-19 patients had
et al.. 2020 & ALT and AST Original Case series a4 elevated AST and 15.8% increased
” ALT on admission.
Hundt et al ALT, AST, GGT 41.6% ALT, 66.9% AST, 4.3% total
2020 1381 N and total Original Retrospective 1827 bilirubin and 13.5% ALP were elevated
bilirubin at admission.

At the time of admission liver function test of COVID-19 patients are usually determined and the prevalence are reported
in a number of observational cohort and retrospective studies. The reported prevalence of deranged liver function tests for
COVID-19 patients in China was approximately 14.9% on analysis of 14 recent studies comprising of 2595 individuals 2,
compared with the United Stare of America with stated 40.0-67.5% in prospective cohort studies with populations up to
1059 persons B3IB34I37 |n 3 case series of 44 consecutive hospitalized COVID-19 patients, 70% had elevated AST and
15.8% ALT levels on admission 5. Moreover, in a retrospective cohort study comprising 1827 patients, 41.6% ALT,
66.9% AST, 4.3% total bilirubin and 13.5% ALP levels were elevated at admission [,

Abnormal liver biochemistry tests in COVID-19 patients with severe illness.

| 4. Deranged LFTs in COVID Patients and Mortality

A number of studies have examined the relationship between liver function tests on admission and prognostic outcome in
COVID-19 patients. AST and ALT, biomarkers of hepatocellular damage were significantly increased in a retrospective
study including 675 COVID-19 patients, and individuals with AST > 3 times the upper limit of normal had the greatest risk
of death B8, In a meta-analysis and systematic review, AST (OR = 5.39) and ALT (OR = 2.49) levels were associated with
a high rate of mortality B2, Moreover, in another retrospective study comprising 544 COVID-19 patients where there were
elevated AST and ALT levels, the AST/ALT ratio > 1 was concomitant with increased mortality ( Table 2 ) 2%, AST along
with LDH levels were significantly elevated in a non-survival group of COVID-19 patients with an area under the ROC
curve of 0.854 in predicting disease prognosis 44, Decreased levels of albumin and higher levels of AST were also
associated with the mortality of COVID-19 patients “2. However, abnormal liver function tests were not associated with
survival in hospitalized COVID-19 patients 43! but with increased risk of ICU admission 44!,

Table 2. Abnormal liver biochemistry tests and clinical outcome (mortality) in COVID-19 patients.



Liver

Reference Biochemistry Type of Study Design Sf';\mple Main Findings/incidence
Study Size
Test
Review Systematic AST (OR =5.39) and ALT (OR = 2.49)
Vancsa[(;_g]al. 2020 AST and ALT (50 review and meta- - levels were associated with a high rate
articles) analysis of mortality.
Medetalibeyoglu L. . ASTIALT ratio > 1 was associated with
et al., 2021 [40] ASTandALT  Original  Retrospective 614 mortality risk (AUC = 0.713, p = 0.001).
Decreased levels of albumin and higher
. [20] AST and . . levels of AST were also associated with
Li et al., 2020 albumin Original Retrospective 80 mortality of COVID-19 patients (p =
0.002 and p = 0.009 respectively).
Bernal-Monterde . . Increased AST (40.9%) and GGT (47.3%)
et al., 2020 32 AST and GGT Original Retrospective 540 were not associated with survival.
AST, ALT, ALP Slgnlflf::';mtl)./ elevated AST and ALT, mild
. [45] . . total bilirubin and modest ALP; elevated
Lei et al., 2020 and total Original Retrospective 5771 . . :
I AST was associated with highest
bilirubin L
mortality risks.
Significantly elevated AST and direct
Ding et al., 2020 AST and total Original Retrospective 2071 bilirubin and their levels at admission
48] bilirubin 9 p were independent risk factors of
mortality.
Mortality of the cholestatic pattern was
AST, ALT, ALP, the highest with 28.2% of individuals
Chu et al., 2020 421 GGT and total Original Retrospective 838 followed by hepatocellular injury
bilirubin pattern with 25.0% and mixed pattern
with 22.3%.
More COVID-19 patients who died (17%)
Wang et al., 2020 L - . had significantly elevated serum total
[48] Total bilirubin Original Retrospective 657 bilirubin than discharged patients
(4.7%).
AST > 2 ULN (HR = 34.7), ALT > 2 ULN
[49] AST, ALT and - . (HR = 7.0) and total bilirubin > 2 ULN
Xuetal., 2021 total bilirubin Original Retrospective 1003 were significantly related to higher
mortality.
Ponziani ., . . i
onziani et a ALP Original Prospective 515 Peak values of ALP were associated

2020 24 with risk of death (OR 1.007, p = 0.005).

Studies have also investigated the relationship between cholangiocyte-related enzymes and hepatobiliary biomarkers
such as ALP, GGT, direct and total bilirubin, and the hepatocellular biochemical markers ALT and AST, and clinical
outcomes. In a multi-center retrospective cohort study comprising 5771 adult COVID-19 patients that examine temporal
patterns of liver function biomarkers in a longitudinal manner, significant increase in AST than ALT levels were observed
followed by mildly elevated total bilirubin and modest increase in ALP levels in hospitalized patients. The study reported
that elevated AST levels were related to the highest mortality risks in hospitalized patients 42! ( Table 2 ). Likewise, in a
large retrospective cohort study comprising 2071 COVID-19 patients in China, 14.3% had liver injury and the prevalence
of abnormal liver biochemistry results was 61.8%. The study also found that early after the onset of symptoms AST and
direct bilirubin were significantly increased and their levels at admission were independent risk factors of mortality [AST
(adjusted HR = 1.39) and direct bilirubin (adjusted HR = 1.66)] 8. In addition, in a study that examined the various
hepatic injury pattern in COVID-19 patients and associated prognosis, 51.2% presented with hepatic injury and the
mortality of the cholestatic pattern was the highest with 28.2% of individuals followed by hepatocellular injury pattern with
25.0% and mixed pattern with 22.3% B9,

There are studies that assert that in severe hospitalized COVID-19 patients there is significant elevation of GGT, direct
and total bilirubin and moderate elevations of ALP. The alterations in the liver biochemistry tests could possibly be due to
the dysfunction of cholangiocytes as they possess a significant amount of ACE2 receptors, which can become infected by
SARS-CoV-2 18], Elevated GGT levels observed in some studies could be related to bile duct injury ¥4, Wang et al.
reported significantly elevated serum ALT, total bilirubin and GGT levels in severe and critically ill COVID-19 patients than
in those who were moderately ill, and there were more deceased patients with total bilirubin two times above the upper
limit of normal than survivors ( Table 2 ) 48l In a similar manner, Bernal-Monterde reported that elevated GGT levels were
observed in 47.0% and 60.5% of COVID-19 patients at admission and during hospitalization respectively 3], Supporting



findings also comes from two Chinese cohorts of COVID-19 patients where GGT levels were elevated in more than one-

half of the individuals LU, Bernal-Monterde and colleagues also find a strong relationship between longitudinal changes

in GGT levels and to a minor extent total bilirubin levels and suggests that elevated biomarkers indicate cholestatic liver

injury and may have a negative impact on survival 23, However, in the meta-analysis by Vancsa et al. ALP was not a

significant prognostic biomarker of mortality in patients with acute liver injury related to COVID-19 B2,

Abnormal liver biochemistry tests and clinical outcome (mortality) in COVID-19 patients.
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