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Background: Little is known about the significance of liver function tests (LFT) abnormalities in 
COVID-19 and their impact on disease outcomes. The aims of the study were to evaluate abnormalities 
of LFT in patients with COVID-19 and their impact on disease severity, mortality, and correlation with 
leukocyte markers of inflammation. 
Methods: All patients with COVID-19 admitted to the emergency department (ED) of a single reference 
center were retrospectively evaluated. Data were collected using an electronic medical database covering 
the following variables: demographics, baseline complete blood count (CBC) and ratios, neutrophil-
lymphocyte (NLR) and monocyte-lymphocyte ratios (MLR), systemic immune-inflammation index (SII), 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels. Disease severity was defined 
by the presence of organ failure (OF) or requirement for intensive care unit (ICU) support. Mortality was 
considered as patient death during hospitalization. 
Results: A total of 1,539 subjects (799 women, mean age 57±18 years) with COVID-19 were evaluated. 
Abnormal AST and/or ALT were seen in 50% of them, with a frequency and magnitude that significantly 
correlated with leukocyte count and ratios. Both LFT were significantly associated with requirement for 
hospital and ICU admission and mortality. High AST levels were significantly associated with the presence, 
number, and types of OFs and in-hospital length of stay (LOS). Elevated ALT was also significantly associated 
with the aforementioned variables, with the exception of OFs presence, circulatory failure and LOS. 
Conclusions: LFT abnormalities are frequently seen in COVID-19 patients, reflect SARS-CoV-2 
associated inflammation and may predict adverse outcomes. LFT may be useful to aid decision-making in 
the ED for hospital admission or scheduled outpatient reevaluation.
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Introduction

Abnormal liver function tests (LFT) were reported in 
14–53% of the patients with SARS-CoV2 infection (1,2), 
particularly aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) up to two-fold the upper limit of 
normal (ULN) (3-5). Several reports have attributed LFT 
changes to drug-induced liver injury, systemic inflammatory 
response associated with viral infection or exacerbation of 
previous chronic liver disease (CLD) (1,2). The expression 
of the angiotensin-converting enzyme 2 entry receptor 
for the virus on host cells, mainly in cholangiocytes but 
not in hepatocytes, may explain why acute hepatitis due to 
SARS-CoV2 has never been reported despite the abnormal 
values of liver enzymes (6,7). Until now, the pathogenesis 
associated with the rare cases of severe liver injury or 
ischemic cholangiopathy were much more closely related 
to organ dysfunction seen in critically-ill patients due to 
sepsis or acute respiratory distress syndrome (8,9). Likewise, 
the majority of reports (1,2,8) have correlated LFT 
derangements with leukocyte markers of inflammation, 
SARS-CoV-2 cytokine storm, impaired immune responses 
and uncontrolled inflammation, which are related to organ 
dysfunction and increased risk of death (10). Most studies 
have associated the occurrence and magnitude of AST and/
or AST increase in COVID-19 patients with disease severity 
(3-5,11,12) and mortality (5,12,13), particularly in Western 
reports when compared to Asian (2). AST and ALT levels 
were also shown to increase and peak during hospitalization 
(4,14,15), but there is controversy regarding whether LFT 
obtained at admission or during hospitalization could 
predict adverse outcomes (16). Little is known also about 
the impact and significance of baseline LFT abnormalities 
on prognosis of patients with COVID-19 admitted to the 
emergency department (ED) to evaluate whether they could 
be useful to help decision-making on hospitalization. 

The purpose of the present study was to assess the 
frequency of AST and ALT abnormalities, their association 
with leukocyte markers of inflammation and outcomes in 
patients admitted to the ED due to SARS-CoV2 infection. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-22-41/rc).

Methods

Study design and setting

This is a retrospective cohort study using data from electronic 

medical charts of all patients admitted to the Emergency 
Department of the Portuguese Hospital of Salvador, Bahia, 
Brazil with clinical suspicion of SARS-CoV2 infection 
leading to determination of reverse transcription polymerase 
chain reaction (RT-PCR) for SARS-CoV2 infection. At the 
beginning of the COVID-19 pandemic in March 2020, a 
multidisciplinary COVID-19 committee comprising experts 
in Emergency Medicine, intensive care unit (ICU), infection 
control, healthcare management and information technology 
personnel was established for planning, implementing and 
monitoring the continuum of care of all subjects admitted 
to the hospital with respiratory symptoms. Practice 
recommendations were frequently updated for evidence-
based decision-making. Patients with mild symptoms were 
discharged for outpatient management while the results 
of RT-PCR were pending and counseled to return to the 
ED in case of worsening of symptoms and/or health status. 
Patients with moderate to severe symptoms were admitted 
to the emergency ward or ICU and underwent laboratory 
evaluation including blood cell count, electrolytes, AST and 
ALT within two hours of admission. Arterial blood gases and 
lactate were determined at the physician’s discretion, as well 
as chest X rays or computed tomography (CT) scans. 

Selection of participants 

The institutional COVID-19 committee analyzed the 
database of admitted patients with respiratory symptoms on 
a weekly basis. The database was updated daily, according 
to RT-PCR results, admission and discharge from the 
ED, hospital ward or ICU, requirement of mechanical 
ventilation, renal replacement therapy or vasoactive 
drugs. In order to evaluate the impact of baseline LFT 
abnormalities on patient outcomes and the correlation 
with leukocyte ratios currently used as markers of systemic 
inflammation, AST, ALT and complete blood count (CBC) 
were collected at admission in the ED. Liver enzymes were 
categorized as within or above the normal range. When 
abnormal, their levels were further classified between 1.1–2 
times, 2.1–5 times, or over 5 times the ULN. Neutrophil-
lymphocyte (NLR) and monocyte-lymphocyte ratios 
(MLR) and systemic immune-inflammation index (SII) 
were calculated as previously described (17,18). Differential 
leucocyte counts were automatically generated for all white 
blood cell values using a Sysmex® XT-4000i hematology 
analyzer equipped with a flow cytometer. 

No investigation of underlying liver disease or hepatitis 
B and C serology was systematically carried out in those 

https://tgh.amegroups.com/article/view/10.21037/tgh-22-41/rc
https://tgh.amegroups.com/article/view/10.21037/tgh-22-41/rc
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patients with abnormal liver enzymes. Any further evaluation 
was left to the discretion of the attending physicians. 

Outcome measurements

Hospital or ICU admission was decided at the attending 
physician’s discretion. Respiratory, renal and circulatory 
failures were defined as requirement of mechanical 
ventilation, renal replacement therapy and vasoactive drugs, 
respectively. Baseline AST and ALT levels were correlated 
with leukocyte ratios and indices and the following 
outcomes: hospital admission and ICU admission, organ 
failure (OF), length of stay (LOS) and death. Only RT-
PCR proven SARS-CoV2 infections were included in 
the analysis. Subsequent admissions within 30 days were 
considered as readmissions and new infections were defined 
by RT-PCR proven infection only if occurring beyond 60 
days after discharge. Patients were followed until death or 
hospital discharge.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was approved 
by the Federal University of Bahia, School of Medicine Ethics 
Committee Board (No. CAAE 53069121.6.0000.5577). 

Informed consent was waived because the study was conducted 
using an anonymized database, that has already been collected, 
offering no risk of harm or patient identification or even 
procedures for which written consent is normally required.

Statistical analysis

Dichotomous variables were shown in text and tables as 
numbers and percentage and were compared using the chi-
square test or Fisher’s test, when appropriate. Continuous 
variables were reported as mean and standard deviation, 
median and interquartile range, or range according to the 
shape of the data. Student’s t-test or the Mann-Whitney U 
test were used for comparisons when appropriate. Analysis 
was performed using the Statistical Package for Social 
Sciences software (SPSS Inc., Chicago, IL, USA), version 
21.0 for Windows.

Results

From March 2020 to March 2021, 6,495 patients were 
received in the ED with symptoms compatible with SARS-
CoV-2 infection (Figure 1). All were tested for SARS-

Number of patients included in the study (n=1,539)

Admitted to the ICU (n=476)

Readmitted due to worsening (n=81)

Hospitalized (n=885)

Dead (n=194)Discharged alive (n=1345)

Admitted to the ED for evaluation (n=1,458)Discharded from the ED (n=2,149)

n=3,607n=2,888

RT-PCR for COVID-19

Patients evaluated with respiratory or flu-like symptoms (n=6,495) 

− +

Figure 1 Flowchart of patients evaluated for inclusion in the study. RT-PCR, reverse transcription polymerase chain reaction; COVID-19, 
corona virus disease 2019; ED, emergency department; ICU, intensive care unit.



Translational Gastroenterology and Hepatology, 2023Page 4 of 9

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2023;8:5 | https://dx.doi.org/10.21037/tgh-22-41

CoV-2 by RT-PCR, with diagnosis confirmed in 3,607 
(56%) subjects; 1,458 (40%) of those RT-PCR positive 
patients were admitted to the emergency ward for further 
clinical, laboratory and/or imaging assessment. Eighty-
one (4%) of the 2,149 patients initially discharged returned 
and were admitted to the emergency ward (Figure 1). The 
demographics, clinical and laboratory features, and the 
clinical outcomes of the remaining 1,539 cases are described 
in Table 1. Briefly, most were middle-aged women. The 
mean age of the entire cohort was 57±18 years. Hospital 

and subsequent ICU admissions were required in 57.5% 
and 30.9% of patients, respectively (Table 1); 273 (18%) 
subjects had at least one OF, particularly circulatory (17%), 
respiratory (13%), and renal (6%) failures; 194 patients 
died. Mortality was 12.6% among patients admitted to 
the emergency ward (n=1,539) and 5.4% among those 
COVID-19 positive subjects seeking care in the ED 
(n=3,607) (Figure 1). Abnormal AST and/or ALT were 
observed in 762 (50%) of patients. High AST appeared 
almost twice as frequently as ALT (47% versus 25%, 
P<0.0001). Most patients had AST abnormalities (77%) 
and ALT (75%) up to double the ULN. Few subjects had 
abnormal LFT over five times the ULN (Figure 2). Mean 
LFT, CBC and leukocyte ratios are shown in Table 1. 

The frequency and magnitude of AST and ALT 
abnormalities were significantly correlated with age, female 
sex, white blood cell count, neutrophil and monocyte 
numbers, NLR and SII (Tables 2,3). Likewise, LFT were 
further associated with hospital and ICU admission, 
number of OFs, respiratory and renal failure and mortality. 
AST abnormalities, but not ALT, were further related to a 
significantly higher frequency of OF occurrence, circulatory 
failure and a longer LOS (Tables 2,3). 

Discussion

This is one of the largest single-center studies concerning 
the frequency and impact of abnormal baseline liver 
enzymes on outcomes from COVID-19. Almost half 
of patients had high AST and/or ALT levels. Similar 

Table 1 Demographics, clinical and laboratory features of patients 
with COVID-19 (n=1,539)

Characteristics Values

Age (years) 57±18

Female gender, n (%) 799 (51.9)

AST (IU/L)1 38 [29–55] (0–5,330)

ALT (IU/L)1 32 [20–52] (4–1,405)

Leukocytes ×109/L1 6.5 [4.9–8.8] (0–143.3)

Neutrophils ×109/L1 4.4 [2.9–6.7] (0–34.7)

Monocytes ×109/L1 0.5 [0.3–0.7] (0–7.2)

Platelets ×109/L1 217 [173–270] (0–788)

NLR1 3.8 [1.9–7.7] (0–119.2)

MLR1 0.4 [0.28–0.69] (0–2.36)

SII1 0.8 [0.4–1.7] (0–66.1)

Hospital admission, n (%) 885 (57.5)

Admission to the ICU, n (%) 476 (30.9)

Organ failure (number), n (%)

0 1,266 (82.3)

1 72 (4.7)

2 134 (8.7)

3 67 (4.4)

Respiratory failure, n (%) 193 (12.5)

Renal failure, n (%) 85 (5.5)

Circulatory failure, n (%) 263 (17.1)

Mortality, n (%) 194 (12.6)
1, data expressed by median, IQR in square brackets and 
minimum and maximum in parentheses. COVID-19, corona virus 
disease 2019; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; NLR, neutrophil-lymphocyte ratio; MLR, 
monocyte-lymphocyte ratio; SII, systemic immune-inflammation 
index; ICU; intensive care unit; IQR, interquartile range.
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Figure 2  Frequency and magnitude of abnormalities of 
AST and/or ALT in patients with COVID-19. ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; COVID-19, 
corona virus disease 2019; IU/L, international units per liter; 
ULN, upper limits of normal.
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frequencies of LFT abnormalities were described in patients 
from the United States and Europe (2,4,5,19-22). This 
is in contrast to the much lower rates of LFT elevations 
reported in China (2,3), supporting the observation that 
aminotransferase derangements seen in COVID-19 are 
much more common in Western subjects, when compared 
to those originating from the East (2,23). Interestingly, 
one previous study from Brazil has also reported much 

lower frequencies of AST and ALT elevations (24), but the 
authors only took those with levels of double the upper limit 
into account, which are less commonly seen in COVID-19. 
Indeed, most patients with COVID-19 in the present 
study, and several other reports had mild abnormalities of 
AST and/or ALT (2,4,5,11,14,19,25). The preponderance 
of abnormal levels of AST over ALT has been reported in 
several studies (4,5,19,22,25), particularly from the United 

Table 2 Demographics, clinical and laboratory features of patients with COVID-19 according to baseline AST (n=1,539)

Demographics and laboratory features Normal 1.1–2× ULN 2.1–5× ULN >5× ULN P values

Age (years) 53±19 61±17 61±16 57±20 <0.0001

Gender, n (%) <0.0001

Male 322 (40.5) 322 (55.6) 89 (61.8) 9 (42.9)

Female 473 (59.5) 249 (44.4) 55 (38.2) 12 (57.1)

White blood cell count ×109/L¹ 6.4 (0–70.2) 6.7 (1.5–143.3) 6.8 (1.5–27.6) 7.6 (1.1–38.7) 0.02

Neutrophils ×109/L¹ 4 (0–34.7) 4.8 (0.025–34.2) 5.3 (0.2–25.3) 5.6 (0.8–20.1) <0.0001

Lymphocytes ×109/L¹ 1.3 (0–59.2) 1 (0–54.9) 1 (0–22) 1.1 (0–3.6) 0.53

Monocytes ×109/L¹ 0.5 (0–7.2) 0.5 (0–3.3) 0.5 (0–1.9) 0.5 (0–4.6) 0.009

Platelets ×109/L¹ 223 (0–650) 214 (45–788) 205 (65–581) 216 (78.5–549) 0.3

NLR¹ 2.9 (0–97) 4.9 (0.02–119) 5.2 (0.26–48.3) 5.57 (1.1–31.3) <0.0001

MLR¹ 0.40 (0–6.65) 0.48 (0.01–2.66) 0.45 (0–3.17) 0.52 (0.22–2.28) 0.07

SII¹ 0.6 (0–49.6) 1.1 (0.005-66.1) 1.1 (0.058–12.4) 1.7 (0.088–5.2) <0.001

Outcomes

Hospital admission, n (%) 342 (42.2) 410 (73.1) 113 (78.5) 19 (90.5) <0.0001

Admission to the ICU, n (%) 148 (18.2) 240 (42.8) 73 (50.7) 15 (71.4) <0.0001

Organ failure, n (%) 72 (9.2) 141 (25.1) 50 (34.7) 9 (42.9) <0.0001

Number of organ failure, n (%) <0.0001

0 723 (90.9) 420 (74.9) 94 (65.3) 12 (57.1)

1 23 (2.9) 37 (6.6) 9 (6.3) 3 (14.3)

2 31 (3.9) 70 (12.5) 30 (20.8) 3 (14.3)

3 18 (2.3) 34 (6.1) 11 (7.6) 3 (14.3)

Respiratory failure, n (%) 48 (5.9) 98 (17.5) 41 (28.5) 6 (28.6) <0.0001

Renal failure, n (%) 28 (3.4) 42 (7.5) 12 (8.3) 3 (14.3) <0.003

Circulatory failure, n (%) 66 (8.1) 139 (24.8) 49 (34) 9 (42.9) <0.0001

Length of stay (days) 5.6±16.1 9.6±15.6 14.7±21.0 18.0±29.4 <0.0001

Mortality, n (%) 51 (6.3) 96 (17.1) 40 (27.8) 7 (33.3) <0.0001
1, data expressed by median and minimum and maximum in parentheses. COVID-19, corona virus disease 2019; AST, aspartate 
aminotransferase; NLR, neutrophil-lymphocyte ratio; MLR, monocyte-lymphocyte ratio; SII, systemic immune-inflammation index, ICU, 
intensive care unit; ULN, upper limits of normal.
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States (14-16,20,26,27). Some studies have reported a 
parallel increase of ALT and AST suggesting that this 
concordance may reflect a pattern of liver injury (22), which 
could be induced by different mechanisms including drug-
induced, aggravation of previous CLD or cholangiocyte 
and/or endothelial cell dysfunction due to a cytokine 
storm (1,2,28,29). Others have attributed the prominent 
AST fluctuations seen in COVID-19 to mitochondrial 

injury reflecting uncontrolled systemic inflammation and 
extrahepatic organ dysfunction (9,28). 

Several xenobiotics (30) have been linked to drug-induced 
liver injury (DILI) in subjects with SARS-CoV-2 infection 
including lopinavir/ritonavir (26,31); remdesevir (26) and 
immunomodulatory drugs (29). In the present study, 
baseline LFT assessed at ED were evaluated prior to the 
use of most of the aforementioned drugs, but we may 

Table 3 Demographics, clinical and laboratory features of patients with COVID-19 according to baseline ALT (n=1,539)

Demographics and laboratory features Normal 1.1–2× ULN 2.1–5× ULN >5× ULN P values

Age (years) 58±19 55±17 52±15 51±20 0.02

Gender, n (%) <0.0001

Male 507 (43.8) 177 (61.9) 51 (60.7) 5 (45.5)

Female 651 (56.2) 109 (38.1) 33 (39.3) 6 (54.5)

White blood cell count ×109/L¹ 6.5 (0–143.3) 6.8 (1.2–32) 6.5 (2.3–17.1) 12.4 (3.3–38.7) <0.0001

Neutrophils ×109/L¹ 4.3 (0–34.7) 5 (0–29) 4.4 (1.3–14.5) 8.8 (1.5–22.3) <0.0001

Lymphocytes ×109/L¹ 1.1 (0–59.2) 1 (0–21.5) 1.2 (0–55) 1.3 (0–3.6) 0.38

Monocytes ×109/L¹ 0.5 (0–7.4) 0.5 (0–1.6) 0.5 (0–1.8) 0.4 (0–4.6) 0.005

Platelets ×109/L¹ 218 (0–788) 215.5 (62–767) 219 (123–461) 183 (78.5–534) 0.97

NLR¹ 3.50 (0–119.0) 4.80 (0.25–93.5) 3.90 (0.50–46.0) 5.60 (1.13–62.8) 0.006

MLR¹ 0.43 (0–6.0) 0.47 (0.04–6.65) 0.42 (0.07–2.20) 0.54 (0.27–2.30) 0.61

SII¹ 0.7 (0–66.1) 1 (0.03–38.7) 0.9 (0.097–12.3) 1.2 (0.088–12.4) 0.01

Outcomes

Hospital admission, n (%) 620 (53.5) 194 (67.8) 61 (72.6) 10 (90.9) <0.0001

Admission to the ICU, n (%) 339 (29.3) 101 (35.3) 27 (32.1) 9 (81.8) 0.001

Organ failure, n (%) 205 (17.7) 51 (17.8) 12 (14.3) 5 (45.5) 0.09

Number of organ failure, n (%)

0 953 (82.3) 235 (82.2) 72 (85.7) 6 (54.5) 0.01

1 59 (5.1) 10 (3.5) 3 (3.6) 0

2 100 (8.6) 24 (8.4) 8 (9.5) 2 (18.2)

3 46 (4.0) 17 (5.9) 1 (1.2) 3 (27.3)

Respiratory failure, n (%) 139 (12.0) 40 (14.0) 9 (10.7) 5 (45.5) 0.007

Renal failure, n (%) 63 (5.4) 18 (6.3) 1 (1.2) 3 (27.3) 0.004

Circulatory failure, n (%) 195 (16.8) 51 (17.8) 12 (14.3) 5 (45.5) 0.08

Length of stay (days) 7.7±17.4 9.2±15.4 7.2±10.4 19.9±34.7 0.06

Mortality, n (%) 141 (12.2) 39 (13.6) 7 (8.3) 7 (63.6) <0.0001
1, data expressed by median and minimum and maximum in parentheses. COVID-19, corona virus disease 2019; ALT, alanine 
aminotransferase; NLR, neutrophil-lymphocyte ratio; MLR, monocyte-lymphocyte ratio; SII, systemic immune-inflammation index; ICU, 
intensive care unit; ULN, upper limits of normal.
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not exclude the other commonly prescribed drugs for 
outpatients with COVID-19, such as analgesics, antipyretics 
or antibiotics, could have influenced the LFT derangements 
seen in our patients. Worsening of subjacent CLD seems to 
be a very unlikely reason for those LFT abnormalities, since 
they were reported in less than 4% of those affected subjects 
worldwide (16,25,32) and are not so commonly found 
in the general Brazilian population (33). It is therefore 
plausible to hypothesize that uncontrolled inflammation 
could give rise to abnormal LFT seen in COVID-19. In 
agreement with several other reports, the frequency and 
magnitude of AST and ALT elevations in the present study 
correlated with leukocyte and neutrophil counts as well as 
with other leukocyte markers of inflammation (5,14,27,34). 
This suggests that aminotransferase elevations seen in 
COVID-12 may be the liver component of the cytokine 
storm seen in SARS-CoV-2 infections, that may lead to OF 
and increased mortality (35,36).

Several studies have associated abnormal baseline LFT 
either with adverse outcomes, such as ICU admission, or 
OF (3,4,11,16,22,31), or mortality (13,14,16,19,21,24,31,34) 
in patients with COVID-19, but others have failed to 
disclose an association either with severity (20,37) or 
mortality (4,37) or reported an association with severity (3)  
or mortality (14) restricted or more marked in subjects 
with abnormal AST. Other reports have associated adverse 
outcomes to peak, rather than baseline, LFT levels, 
obtained during hospitalization (5,25,27,38). In the present 
study, several adverse outcomes, such as need for hospital or 
ICU admission, number and type of OF, LOS and mortality 
were associated with baseline LFT abnormalities. All 
adverse outcomes were significantly correlated to AST and/
or ALT derangements, with the exception of OF presence, 
circulatory failure and LOS which were more frequently 
observed only in the group of patients with high ALT. Our 
findings suggest that abnormal LFT could be viewed as red 
flags in COVID-19, in association with other clinical and 
laboratory parameters, to identify subjects with a higher risk 
for adverse outcomes requiring hospitalization or at least 
scheduled reevaluation after discharge. 

It is important to highlight that our study has several 
limitations due to its retrospective design. It is debatable 
whether those subjects with LFT abnormalities could be 
biased for hospitalization, but this is very unlikely because 
current triage recommendations for hospital admission do 
not take LFT levels into consideration at present. Another 
important limitation is the lack of LFT evaluation in all 
patients seeking the ED, nor their longitudinal assessment 

after hospital admission. 
AST and ALT abnormalities are frequently seen in 

patients with COVID-19 evaluated at the ED. Their levels 
reflect ongoing COVID-19 related inflammatory response 
and may predict disease severity and mortality. Liver enzyme 
levels could be useful as red flags to adverse outcomes 
and may help decision-making for hospital admission or 
scheduled outpatient reassessment. Most patients with 
liver enzyme derangements have gradual decline of their 
AST and/or AST levels over two to three weeks without 
requirement of changes in clinical management.
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