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Prevailing patterns of liver enzymes in patients with COVID-19
infection and association with clinical outcomes
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Background COVID-19 is now a critical threat to global public health. Although the majority of
patients present with respiratory illness, several studies have described multiorgan involvement.
This study evaluated the prevailing patterns of liver enzymes in COVID-19 patients on admission

Methods This was a single-center retrospective analysis of all inpatients with COVID-19.
Demographic and clinical factors, and liver enzyme tests, including aspartate aminotransferase
(AST) and alanine aminotransferase (ALT), were noted on admission. The association of liver
enzyme elevation with outcomes such as inpatient death, need for intubation, and vasopressor use
was determined using the chi-square test and multivariate regression analysis.

Results Among 200 patients, AST and ALT elevation was seen in 55% and 20%, respectively.
Alkaline phosphatase elevation was seen in 28%. AST elevation was associated with inpatient death
(odds ratio [OR] 1.03, 95% confidence interval [CI] 1.01-1.05; P=0.035), need for vasopressors
(OR 1.034, 95%CI 1.015-1.055; P=0.001), and intubation (OR 1.03, 95%CI 1.01-1.05; P=0.002).
An AST/ALT ratio of 2 or more was seen in 34% of patients and was associated with need for
intubation (OR 2.678, 95%CI 1.202-5.963; P=0.016), and need for vasopressors (OR 3.352, 95%CI

Conclusion Serum aminotransferase levels are useful markers of hepatocellular injury. Patients
with elevated AST or AST/ALT ratio are at higher risk of severe disease, as evidenced by
intubation, vasopressor use, and inpatient death. These patients should be monitored closely given
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Abstract
and their association with clinical outcomes.
1.495-7.514; P=0.003).
their propensity for severe disease.
Ann Gastroenterol 2021; 34 (2): 224-228
Introduction

SARS-CoV-2 pneumonia was first reported in December 2019
in Wuhan, China. COVID-19 infection is now a critical threat

COVID-19, caused by SARS-CoV-2, has recently been to global public health. Nearly 79 million confirmed cases in

declared a pandemic by the World Health Organization [1].

212 countries and territories, and over 1.7 million deaths have
been reported as of December 2020 [1]. As the number of
confirmed cases escalates, we continue to learn more about the
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epidemiology and clinical characteristics of patients infected
with COVID-19. Most patients present with mild respiratory
illness; however, in more extreme cases, respiratory failure,
septic shock and/or multiple organ dysfunction have been
reported. Many cases are acute and resolve quickly; however,
COVID-19 infection can also be fatal, with a reported case
mortality rate of 3% [2].

Several large-scale case studies have now detailed the
clinical features of patients with COVID-19 [2-5]. Evidence
of extrapulmonary organ involvement has been associated
with greater mortality [2]. This evolving evidence has shed
some light on liver function abnormalities in COVID-19
patients. One study revealed that SARS-CoV-2 may have
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the potential to bind to angiotensin-converting enzyme
2 (ACE2) positive cholangiocytes, possibly leading to
cholangiocyte dysfunction [6]. Another study of liver biopsy
specimens from a patient who died from COVID-19 showed
some microvesicular steatosis, mild lobular as well as portal
involvement, indicating that SARS-CoV-2 is associated with
liver injury [7]. At present, there is a shortage of studies that
have systematically described liver function abnormalities in
COVID-19 patients [8]. The aim of this study was to report
the liver enzyme test results, including aspartate (AST), alanine
(ALT) aminotransferase, and the AST/ALT ratio in COVID-19
patients on admission, and their association with the patients’
clinical course and outcomes.

Patients and methods

Study design

This study was a single-center retrospective analysis of
all patients >18 years of age with a confirmed diagnosis of
COVID-19 via polymerase chain reaction (PCR). We excluded
patients who were still in hospital, based on chart-review, and
those who had incomplete data on outcomes and liver enzyme
test results. Demographic and clinical factors were recorded,
including age, sex, race and comorbidities.

The primary outcome was to assess the prevailing patterns
of liver enzyme tests, including the utility of the AST/ALT
ratio, among patients admitted with COVID-19. The other
objectives were to assess the associations between liver enzyme
tests and clinical outcomes such as inpatient mortality, need for
intubation/mechanical ventilation, and the use of vasopressors.

Statistical analysis

Demographic variables were presented using descriptive
statistics and frequencies. Categorical variables were analyzed
with chi-square testing. Demographic and clinical variables
were tabulated according to an AST/ALT ratio >2, compared
to <2. The chi-square test was used to analyze the relationship
between individual liver test parameters (AST, ALT, alkaline
phosphatase [ALP], bilirubin level) and an AST/ALT ratio
>2, and rates of inpatient death, need for intubation and
vasopressor use. Multivariate logistic regression was used
to examine the associations of liver enzyme tests, as well as
to adjust for other factors associated with the above clinical
outcomes. Odds ratios (OR) 95% confidence intervals (CI)
were calculated and are presented when appropriate.

Results

A total of 389 patients were evaluated in our hospital and
tested positive via PCR for COVID-19. Of these, 122 were
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excluded as they were still in hospital at the time of the study
and so their outcomes could not be evaluated. Another 67
patients who lacked clinical data such as liver enzyme tests
were excluded, leaving a final sample of 200 patients analyzed
(Fig. 1).

In this final sample, the mean age was 66.52+14.38 years,
45% were female and 62% were African American. The
general liver enzyme test pattern in the population consisted
of mild ALT and AST elevation with mean values of 41 and
66, respectively. There was mild to moderate total bilirubin
elevation (range 0.1-8.20 mg/dL) with predominance of direct
bilirubinemia. The ALP pattern had a mean of 96.84 with
range 30-688 IU/L) (Table 1). Of the sample population, 55%
had AST elevation and 20% had ALT elevation. The current
upper limit of serum ALT and AST, though varying among
different laboratories, is generally around 40 IU/L and this was
used as the upper normal limit in our study. AST elevation was
associated with inpatient death (OR 1.03, 95%CI 1.01-1.05;
P=0.035), need for vasopressors (OR 1.034, 95%CI 1.015-
1.055; P=0.001), and intubation (OR 1.03, 95%CI 1.01-1.05;
P=0.002).

Among the 200 patients, 34% had an AST/ALT ratio >2.
Patients with an AST/ALT ratio of >2 were significantly
older (70.29 vs. 64.57 years, P=0.007). Aside from this, there
were no significant differences in the distribution of other
medical comorbidities. An AST/ALT ratio 22 was associated
with a significantly higher rate of inpatient death (32% vs.
20%, P=0.047). It was also associated with higher rates of
vasopressor use, need for intubation, and need for continuous
renal replacement therapy. However, after adjustment for age,
sex, race and comorbidities via multivariate logistic regression,
the only significant associations that remained were with the
need for intubation (OR 2.678, 95%CI 1.202-5.963; P=0.016)
and the need for vasopressors (OR 3.352, 95%CI 1.495-7.514;
P=0.003) (Table 2).

389 patients tested positive
for COVID-19 infection

excluded patients with no
final disposition or who are
still currently admitted
(n=122)

267 patients either
discharged or died

excluded patients with
incomplete data on

demographics and liver tests
(n=67)

Final patient sample

included
(n=200)

Figure 1 Study sample population
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Table 1 Liver test parameters in overall sample population

Test Number of patients (%) Mean + standard deviation Maximum value Minimum value
ALP (U/L) 57 (29) 96.84+71.42 688 30

Total bilirubin (mg/dL) 10 (5) 0.65+0.66 8.20 0.10
Direct bilirubin (mg/dL) 3(1) 0.39+0.57 6 0.10

ALT (U/L) 40 (20) 41.47+66.87 729 6

AST (U/L) 110 (55) 66.29+130.99 1544 11

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase

Table 2 AST/ALT ratio and associated demographics and clinical outcomes

Characteristics AST/ALT ratio >2:1 (N=68) AST/ALT ratio <2:1 (N=132) P-value
Age (mean+SD) 70.29+13.92 64.5714.27 0.007
Female gender n (%) 34 (50) 57 (43) 0.373
Ethnicity

African American 53 (78) 95 (72) 0.706

Caucasian 2 (3) 8 (6)

Hispanic 6(9) 13 (10)

Other 7 (10) 16 (12)
BMI (mean+SD) 27.42+8.64 29.76+8.19 0.067
COPD 8 (12) 18 (14) 0.826
Asthma 2(3) 12 (9) 0.146
Heart failure 13 (19) 14 (11) 0.125
Liver cirrhosis 5(7) 4(3) 0.278
Diabetes 35 (52) 65 (49) 0.881
Chronic kidney disease 16 (25) 22 (17) 0.181
Coronary artery disease 17 (25) 22 (17) 0.188
Hypertension 53 (78) 99 (75) 0.728
COVID-19 treatment

Hydroxychloroquine 44 (65) 84 (65) >0.999

Steroids 22 (32) 30 (23) 0.173

Tocilizumab 11 (16) 9(7) 0.047
Clinicaloutcomes

Inpatient death 22 (32) 26 (20) 0.047

Need for CRRT/HD 13 (19) 11(8) 0.037

Need for vasopressors 23 (34) 21 (16) 0.006

Need for intubation 23 (35) 27 (21) 0.038

AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal

replacement therapy; HD, hemodialysis

Discussion

Anecdotally, liver injury was noted in patients with 2 other
highly pathogenic coronaviruses: SARS-CoV and Middle East
Respiratory Syndrome (MERS) coronavirus. Liver injury in
those cases was associated with severe disease [7]. Similarly,
in COVID-19 patients several studies have reported liver
test abnormalities and their association with disease severity.
As almost all patients had liver tests done on admission, we
attempted to look at the pattern of abnormalities, if any, and
their association with the patients’ clinical course. Our study
evaluated the medical records of 200 hospitalized COVID-19
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patients, of whom about half had abnormal liver enzymes.
More specifically, 55% of the patients had abnormal AST and
20% had abnormal ALT levels. Notably, Zhang et al reported
a liver injury prevalence of 16-53% among their patients [9],
while Cai et al found that about half of their patients had
abnormal liver tests at admission [10].

Overall, our patients appeared to have mild AST and ALT
elevation on admission. We also noticed that AST elevation
was more frequent and significant than ALT elevation in
patients with severe disease. AST levels also had the highest
correlation with severe disease compared to other indicators
reflecting liver injury. In our population, AST elevation was



associated with inpatient death (OR 1.03, 95%CI 1.01-1.05;
P=0.035), need for vasopressors (OR 1.034, 95%CI 1.015-
1.055; P=0.001), and intubation (OR 1.03, 95%CI 1.01-1.05;
P=0.002). Guan et al also described elevated AST levels
in 18.2% of patients with non-severe disease and 39.4% of
patients with severe disease, thus establishing a link between
AST elevation and disease severity. Disease severity in this
study was defined based on the clinical practice guidelines
published by the American Thoracic Society and the Infectious
Disease Society of America for the management of community
acquired pneumonia [11]. Similarly, Huang et al showed
that elevation of AST was observed in 8 of 13 (62%) patients
admitted to the Intensive Care Unit (ICU), compared to 7 of 28
(25%) patients who did not require ICU care [3]. Wang et al also
observed higher ALT and AST levels among those admitted
to the ICU [12]. In 2 other studies, patients in a subclinical
phase of COVID-19 infection had a lower incidence of AST
abnormality compared to patients with severe disease [2,13].
Serum aminotransferase levels are 2 of the most useful
markers of hepatic cellular injury. AST is also found in heart,
skeletal muscle, kidney and brain tissue, in addition to the liver.
Serum ALT and the serum AST/ALT ratio are often measured
clinically as biomarkers of liver health. Elevation in the AST/
ALT ratio can be seen in patients with alcoholic liver disease.
In addition, patients with Wilsons disease or cirrhosis due to
viral hepatitis may have AST greater than ALT, though the ratio
may not be greater than 2. In our study, we noticed that AST
elevation prevailed overall on admission compared to ALT, so
we attempted to establish the utility of the AST/ALT ratio in
COVID-19 patients. Among our patients, 34% had an AST/ALT
ratio 2. An AST/ALT ratio of 2 or more was associated with the
need for intubation (OR 2.678, 95%CI 1.202-5.963; P=0.016) and
need for vasopressors (OR 3.352, 95%CI 1.495-7.514; P=0.003).
In fact, in our study an AST/ALT ratio =2 was more strongly
associated with disease severity compared to AST or ALT
alone. Given that the source of AST is not limited to the liver
alone, elevation of AST out of proportion to ALT may suggest
multiorgan involvement in COVID-19 patients. This could
explain the association between an AST/ALT ratio >2 and poor
outcomes, as mentioned above. This needs further validation, as
it has not been studied previously, but this was a notable finding
in our study. The impact of COVID-19 in those with preexisting
chronic liver diseases, such as viral hepatitis, nonalcoholic
fatty liver disease, and alcohol related liver disease, is yet to be
evaluated further. One study from China reported that patients
with underlying chronic hepatitis B infection did not have any
higher risk of liver injury or severe disease compared to the
overall population [2], whereas other studies have shown that
SARS-CoV-2 may aggravate liver injury in patients with viral
hepatitis [14,15]. Similarly, Moon et al also reported a higher
case fatality rate among non-cirrhotic chronic liver disease
patients compared to the general population [16]. These data
need to be validated further. Mean ALP level largely remained
normal and there was mild to moderate bilirubin elevation, with
a predominance of direct bilirubinemia. However, a statistically
significant association could not be established with severe
outcomes, such as ICU admission, vasopressor use or death.
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Liver injury in COVID-19 patients might occur from viral
infection of hepatocytes, or as a response to cytokine storm
resulting in inflammation [9,17]. This needs to be further
corroborated by direct clinical evidence. SARS virus has been
isolated in liver tissue based on some case series, although viral
inclusions were not observed and the overall viral titer was
low [18]. On the other hand, in an alternative case report of a
pathological analysis of a patient who died from COVID-19,
viral inclusions in hepatic tissue were not noted [7].

In conclusion, liver injury indicators may help foresee
disease severity. Patients with elevated AST and AST/ALT ratio
are at higher risk of severe disease, as evidenced by intubation,
vasopressor use, and inpatient death. These patients should be
monitored closely, given their propensity for severe disease.

Summary Box

What is already known:

e Liver function abnormalities have been observed
in patients with COVID-19 infection

e Evidence of extrapulmonary organ involvement,
including hepatic injury, has been associated
with higher mortality in patients with COVID-19
infection, based on previously published reports

o Several mechanisms of liver injury have been
described thus far, including potential binding
of the virus to angiotensin-converting enzyme 2
positive cholangiocytes, and causing cholangiocyte
dysfunction, along with mild lobular and portal
involvement and progression to microvesicular
steatosis

What the new findings are:

e An elevated aspartate (AST)/alanine (ALT)
aminotransferase ratio of 2 or more can serve as
a marker for multiorgan involvement, given that
AST can be produced by several other organs apart
from the liver; in our study, an elevated AST/ALT
ratio was associated with severe clinical outcomes,
as evidenced by increased need for intubation,
intensive care unit admission, and vasopressor use

e Patients with severe COVID-19 infection were
more frequently noted to have AST elevation
compared to ALT elevation

e AST levels had the highest correlation with severe
disease compared to other individual markers
reflecting liver injury
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