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Abstract
Background/purpose  The relationship between liver injury and mortality remains unclear in patients with COVID-19. We 
aimed to evaluate the prognostic value of aminotransferases levels at hospital admission to predict mortality in patients with 
COVID-19.
Methods and results  This prospective study included 406 patients [57% male, aged 56 years] with COVID-19 hospitalized 
in 26 centers in Brazil. Overall, 36.7% (95% CI 32.1–41.5) presented at admission with severe disease requiring respira-
tory support. The prevalence of elevated ALT and AST levels at admission [> 2 × ULN] was 14.0% (95% CI 11.0–17.8) 
and 12.9% (95% CI 10.0–16.6), respectively. Sixty-two patients [15.3% (95% CI 12.1–19.1)] died during hospitalization 
and the overall mortality rate was 13.4 (10.5–17.2) deaths per 1000 persons-years. The 15-day-overall survival (95% CI) 
was significantly lower in patients with ALT levels ≥ 2 × ULN compared to those with ALT < 2 × ULN [67.1% (48.4–80.2) 
vs 83.4% (76.1–88.6), p = 0.001] and in those with AST levels ≥ 2 × ULN compared to those with AST < 2 × ULN [61.5% 
(44.7–74.6) vs 84.2% (76.5–89.5), p < 0.001]. The presence of elevated aminotransferases levels at hospital admission sig-
nificantly increased the risk of in-hospital all-cause mortality adjusted for age-and-sex. Those findings were present in the 
subgroup of critically ill patients already admitted in need of respiratory support (n = 149), but not in patients without that 
requirement at admission (n = 257).
Conclusions  Elevated aminotransferases at hospital admission predicted in-hospital all-cause mortality in patients with 
COVID-19, especially in those with severe disease. Measurement of transaminases levels at hospital admission should be 
integrated to the care of patients with COVID-19 as an auxiliary strategy to identify patients at higher death risk.
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Background and purpose

Globally, more than 25 million people have been infected 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. The clinical presentation of Coronavirus disease 
2019 (COVID-19) might range from mild symptoms to criti-
cal illness requiring respiratory support including invasive 
mechanical ventilation [2]. Elevation of aminotransferases 
has been observed in 14–53% patients with COVID-19 [3]. 
However, the clinical relevance of liver tests abnormalities 
has been controversial [4, 5]. Although most studies have 
showed that liver injury is more prevalent in severe cases of 
COVID-19 cases [6], its relationship with mortality has not 
been clearly demonstrated [7, 8]. In addition, the prognos-
tic value of aminotransferases in predicting severe clinical 
outcomes in patients with COVID-19 remains uncertain [9]. 
Therefore, the aim of this study was to assess the prognos-
tic value of aminotransferases levels at hospital admission 
to predict all-cause mortality in hospitalized patients with 
COVID-19.

Materials and methods

Study design and population

This prospective multicenter study included patients with 
COVID-19 hospitalized in 26 tertiary hospitals from Bra-
zil between March 10th, 2020 and June 6th, 2020. Adult 
patients hospitalized with confirmed SARS‐CoV‐2 infec-
tion that underwent invasive mechanical ventilation at any 
point of the hospitalization and had aminotransferases tests 
available on the first day of hospitalization were included. 
SARS-CoV-2 infection was confirmed by real‐time reverse 
transcription polymerase chain reaction (RT-PCR) in naso-
pharyngeal and/or oropharyngeal swabs. We excluded 
patients with conditions that led to an increase in ami-
notransferases unrelated to liver injury, such as rhabdomy-
olysis, and those without measurement of aminotransferase 
levels in the first 24 h of hospitalization. Patients on spon-
taneous breathing or low flow oxygen therapy at admission 
were classified as mild presentation and those requiring sig-
nificant respiratory support at admission (high flow oxygen 
therapy, noninvasive or invasive mechanical ventilation) as 
severe presentation of COVID-19.

Data collection and follow‑up

Demographic, clinical, and biological data were collected 
by trained investigators using the standardized form 

International Severe Acute Respiratory and Emerging 
Infection Consortium/World Health Organization Clinical 
Characterization Protocol (ISARIC/WHO CCP) [10]. Data 
were entered in electronic case-report forms at Research 
Electronic Data Capture (REDCap, https​://proje​ctred​cap.
org/). Clinical records included comorbidities, disease 
symptoms, duration of symptoms and vital signs at hospi-
tal admission. Laboratory tests were performed at hospital 
admission and included red and white blood-cells count, 
platelets count, glucose, creatinine, blood urea nitrogen 
(BUN) test, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), bilirubin and INR levels, sodium, 
potassium and C-reactive protein (CRP). Significant ami-
notransferases elevation at hospital admission was defined 
as ALT and/or AST levels higher or equal than two times 
the upper limit of normal (ULN). The course of transami-
nases during hospitalization was assessed. Presence of 
pulmonary disease was defined as chronic obstructive pul-
monary disease or asthma; and heart disease as congestive 
cardiac failure or coronary arterial disease. All patients 
included in the study progressed to invasive mechanical 
ventilation at any point of the hospitalization and they 
were prospectively followed until hospital discharge or 
in-hospital death.

Statistical analysis

Continuous variables were reported as median (inter-
quartile range, IQR) and/or discrete variables were 
reported as absolute (n) and relative frequency (%). Com-
parisons between independent groups were assessed by 
Mann–Whitney and Chi-square test for quantitative and 
qualitative comparisons, respectively. The duration of 
COVID-19 was calculated from onset of symptoms to 
hospital admission. Additionally, duration of follow-up 
was calculated from the hospital admission to the date of 
discharge or death until June 30th, 2020. The clinical and 
laboratory characteristics at the first day of hospitalization 
(hospital admission) were considered for baseline. The pri-
mary outcome analyzed was the in-hospital all-cause mor-
tality. The mortality rates (deaths per 1000 person-years) 
were reported. Kaplan–Meier curves were plotted and the 
log-rank test was calculated. We used the time to event 
Cox proportional model adjusted for age and sex to check 
the hazard-ratio (HR) risk of in-hospital all-cause mortal-
ity related to elevated ALT and/or AST levels at hospital 
admission. A sensitivity analysis stratified by severity of 
COVID-19 at admission was performed according to the 
need of respiratory support. The analysis was performed 
using STATA package, version 15, 2017 (StataCorp LP, 
College Station, TX, USA). Significance level was deter-
mined when p ≤ 0.05 assuming two-tailed tests.

https://projectredcap.org/
https://projectredcap.org/
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Results

During the recruitment period, 936 patients hospitalized 
with symptoms of COVID-19 were eligible. A total of 
126 with negative SARS-CoV-2 RT-PCR in naso or oro-
pharyngeal swabs and 26 with missing COVID-19 test 
were excluded. From 788 hospitalized patients with con-
firmed COVID-19, a total of 382 patients were excluded, 
mostly due to missing ALT or AST levels at hospital 
admission. Therefore, 406 patients with confirmed diag-
nosis of COVID-19 were included in this study (Fig. 1). 
The median age was 56 years (IQR, 45–65) and 57% were 
male; 68% had hypertension and 29% had type-2 diabe-
tes. Additionally, the prevalence of pulmonary disease and 
malignant neoplasm was 7% and 3%, respectively. The top 
leader symptoms were cough (74%), fever (73%) and dif-
ficulty breathing (58%) and the median duration symptoms 
was 7 days (IQR, 5–10) before admission. Demographic 
and clinical characteristics at hospital admission are 
described in Table 1. The prevalence of elevated ALT and 
AST levels [≥ 2 × ULN] were 14.0% [95% CI 11.0–17.8] 

and 12.9% [95% CI 10.0–16.6], respectively at admis-
sion. A total of 338 patients [83% (95% CI 79–87)] and 
332 patients [82% (95% CI 78–85)] had at least a second 
ALT and AST measure during follow-up, respectively. The 
maximal aminotransferases levels were measured from the 
second to the fifth day of hospitalization in 51% (n = 173 
for ALT and n = 170 for AST); from the sixth to the tenth 
day in 29% (n = 97 for ALT and n = 94 for AST) and after 
the tenth day of hospitalization in 20% of cases (n = 68 for 
both). During the follow up, 7% (n = 25) of patients had 
ALT levels ≥ 5 × ULN.

Overall in‑hospital all‑cause mortality

A total of 62 patients [15.3% (95% CI 12.1–19.1)] died dur-
ing a median follow-up after hospitalization of 8 days (range, 
1–61 days). The overall in-hospital all-cause mortality rate 
was 13.4 [95% CI 10.5–17.2] deaths per 1000 persons-years. 
These mortality rates [deaths per 1000 persons-years (95% 
CI)] were significantly higher in patients with elevated liver 
enzymes at hospital admission [≥ 2 × ULN] compared to 
those with liver enzymes < 2 × ULN. Patients with elevated 

Fig. 1   Study flowchart for inclusion of patients
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ALT levels presented mortality rates of 27.7 (17.2–44.6) in 
comparison to 11.3 deaths per 1000 persons-years (8.4–15.1) 
in patients with ALT levels < 2 × ULN at admission 

(p = 0.001). Similarly, higher rates of mortality were found 
in patients with AST levels at admission ≥ 2 × ULN [30.7 
(19.8–47.6) vs 10.6 (7.8–14.4), p < 0.001] than in patients 

Table 1   Baseline characteristics of patients according to severity of COVID-19

Patients on spontaneous breathing or low flow oxygen therapy at admission were classified as mild admission presentation and those requiring 
significant respiratory support at admission [high flow oxygen therapy (n = 21), noninvasive ventilation (n = 40) or invasive mechanical ven-
tilation (n = 88)] as severe admission presentation of COVID-19. Pulmonary disease was defined as chronic obstructive pulmonary disease or 
asthma; heart disease was defined as congestive cardiac failure or coronary arterial disease. Missing data (n): pulmonary disease (18), type 2 
diabetes (17), malignant disease (19), fever (14), cough (12), sore throat (28), nasal congestion (25), shortness of breath (5), digestive symptoms 
(24), body temperature (44), pulse (8), respiratory rate (36), systolic and diastolic blood pressure (9), SpO2 (14), hemoglobin (12), white blood 
cells (12), lymphocytes (27), platelet count (13) glucose (191), creatinine (12) BUN (20), AST (11), sodium (29), potassium (32) CRP (31)
ALT alanine aminotransferase, AST aspartate aminotransferase
a Data expressed as n (%). Comparison between groups were assessed by Chi-square
b Data expressed as median (IQR). Comparison between groups were assessed by Mann–Whitney test

Clinical and demographical characteristics All (n = 406) Mild presentation (n = 257) Severe presentation 
(n = 149)

p value

Male sexa 231 (57) 143 (56) 88 (59) 0.530
Age, yearsb 56 (45–65) 53 (42–63) 60 (48–68) < 0.001
Pulmonary diseasea 28 (7) 21 (8) 7 (5) 0.270
Type-2 diabetesa 117 (29) 63 (25) 54 (36) 0.002
Hypertensiona 277 (68) 174 (68) 103 (69) 0.770
Heart diseasea 27 (7) 16 (6) 11 (7) 0.650
Malignant neoplasma 13 (3) 7 (3) 6 (4) 0.370
Symptoms
 Fevera 296 (73) 182 (71) 114 (77) 0.042
 Cougha 302 (74) 189 (74) 113 (76) 0.071
 Sore throata 54 (13) 31 (12) 23 (15) 0.160
 Nasal congestiona 55 (14) 40 (16) 15 (10) 0.210
 Shortness of breath or difficulty breathinga 234 (58) 120 (47) 114 (77) < 0.001
 Digestive symptomsa 90 (22) 70 (27) 20 (13) 0.006
 Time from onset of symptoms to hospital admissionb 7 (5–10) 7 (4–8) 8 (5–12) < 0.001

Vital signs at hospital admission
 Body temperature, Celsiusb 36.6 (36.1–37.2) 36.6 (36.3–37.3) 36.6 (35.9–37.0) 0.019
 Pulse, bpmb 89 (79–102) 90 (80–101) 89 (78–106) 0.930
 Respiratory rate, rpmb 19 (18–22) 19 (18–20) 20 (18–24) < 0.001
 Systolic blood pressure, mmHgb 133 (120–147) 135 (120–147) 130 (113–148) 0.067
 Diastolic blood pressure, mmHgb 79 (70–89) 80 (71–90) 75 (65–86) < 0.001
 Oxygen saturation (SpO2), %b 96 (94–98) 96 (95–98) 96 (92–98) 0.002

Biochemistry
 Hemoglobin, mg/dLb 13.5 (12.1–14.5) 14.0 (13.0–14.9) 12.3 (11.0–13.6) < 0.001
 White blood cells, × 109/Lb 6.8 (4.8, 12.5) 5.9 (4.5–7.9) 11.6 (6.7–18.6) < 0.001
 Lymphocytes, × 109/Lb 0.97 (0.36–1.44) 0.94 (0.02–1.41) 1.02 (0.55–1.58) 0.050
 Platelet count, × 109/mm3b 185 (153–238) 188 (158–236) 177 (139–240) 0.220
 Glucose, mg/dLb 122 (102–158) 116 (98–145) 129 (109–201) 0.003
 Creatinine, mg/dLb 1.0 (0.8–1.2) 0.90 (0.70–1.10) 1.20 (0.90–2.20) < 0.001
 Blood urea nitrogen (BUN) test, mg/dLb 30 (24–45) 28 (21–36) 50 (30–71) < 0.001
 ALT, UI/Lb 38 (25–62) 35 (24–56) 48 (29–71) < 0.001
 AST, UI/Lb 37 (27–57) 34 (25–46) 49 (31–76) < 0.001
 Sodium, mEq/Lb 138 (136–140) 138 (136–140) 138 (136–142) 0.006
 Potassium, mEq/Lb 4.1 (3.8–4.5) 4.0 (3.7–4.3) 4.3 (3.8–4.9) < 0.001
 C-reactive protein (CRP)b 8.7 (2.7–54.5) 5.6 (2.0–17) 50.1 (6.5–239.3) < 0.001
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with AST levels < 2 × ULN. Additionally, the 15-days over-
all survival (95% CI) was significantly lower in patients 
with ALT levels ≥ 2 × ULN compared to those with 
ALT < 2 × ULN [67.1% (48.4–80.2) vs 83.4% (76.1–88.6), 
p = 0.001] and in those with AST levels ≥ 2 × ULN compared 
to those with AST < 2 × ULN [61.5% (44.7–74.6) vs 84.2% 
(76.5–89.5), p < 0.001] (Fig.  2). In the time-dependent 
Cox analysis [HR (95% CI)], the presence of elevated liver 
enzymes levels (≥ 2 × ULN) at hospital admission signifi-
cantly increased the risk of in-hospital all-cause mortality 
adjusted for age-and-sex [ALT ≥ 2 × ULN vs < 2 × ULN, 
HR = 2.92 (1.65–5.16); AST ≥ 2 × ULN vs < 2 × ULN, 
HR = 2.79 (1.63–4.79)] (p < 0.001 for all).

On the other hand, total bilirubin levels [n = 236 and 
34 deaths; per mg/dL; HR = 0.98 (95% CI 0.93–1.04), 
p = 0.575] were not associated with in-hospital all-cause 

mortality in sensitivity analyses. Higher INR levels at admis-
sion, however, significantly increased the risk of overall 
death during hospitalization [n = 256 and 57 deaths; per 
unit; unadjusted HR = 1.27 (95% CI 1.01–1.61), p = 0.039; 
adjusted for age and sex HR = 1.40 (95% CI 1.07–1.82), 
p = 0.013]. In this sensitivity analyses, higher leucocyte 
count, low hemoglobin levels and low platelet count at 
admission were associated with higher risk of in-hospital 
mortality (Supplementary Table 1). In addition, elevated 
ALT levels at admission remained independently associ-
ated with in-hospital all-cause mortality [HR = 2.32 (95% 
1.06–5.06), p = 0.035] in a Cox model adjusted for clinical 
characteristics and laboratory parameters.

Regarding serial aminotransferases measures during 
hospitalization, progression of aminotransferases to levels 
higher than 2 × ULN during follow-up in patients with ALT 
or AST < 2 × ULN at admission was not associated with in-
hospital mortality in models adjusted for age and sex [for 
ALT levels: HR = 1.76 (0.88–3.52), p = 0.108; for AST 
levels: HR = 1.51 (0.75–3.06), p = 0.250] (Supplementary 
Table 2).

In‑hospital all‑cause mortality stratified by severity 
of COVID‑19 at admission

Severity of disease at admission was classified according 
to the need of respiratory support. A total of 257 patients 
[63.3% (95% CI 58.4–67.9)] was admitted on spontaneous 
breathing or low flow oxygen therapy at admission (mild 
presentation) and 149 patients [36.7% (95% CI 32.1–41.5)] 
presented respiratory distress requiring respiratory support 
such as high flow oxygen therapy, noninvasive or invasive 
mechanical ventilation at admission (severe presentation). 
(Table 1). The relative risk (RR) of death was significantly 
higher in severe respiratory impairment compared to mild 
presentation at admission [RR = 16.6 (95% CI 5.2–53.2), 
p < 0.001].

Considering the group of patients requiring respiratory 
support at admission (n = 149), the mortality rate [deaths 
per 1000 persons-years (95%CI)] was significantly higher 
in patients with ALT levels ≥ 2 × ULN [43.2 (26.5–70.6)] 
compared to those with ALT < 2 × ULN [20.2 (15.0–27.3)] 
(p = 0.008) and in those with AST levels ≥ 2 × ULN [42.6 
(27.2–66.8)] compared to those with AST < 2 × ULN [19.8 
(14.4–27.2)] (p = 0.005). In this group, the 15-days over-
all survival (95% CI) was significantly lower in patients 
with ALT levels ≥ 2 × ULN compared to those with 
ALT < 2 × ULN [52.1% (31.5–69.1) vs 70.0% (59.6–78.2), 
p = 0.016] and in patients with AST levels ≥ 2 × ULN com-
pared to those with AST < 2 × ULN [49.7% (31.2–65.7) 
vs 71.2% (60.3–79.7), p = 0.009] (Fig.  3). Addition-
ally, the presence of elevated ALT levels at hospital 
admission significantly increased the risk of in-hospital 
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Fig. 2   Kaplan–Meier curves of overall survival of hospitalized 
patients with confirmed Coronavirus disease 2019 (COVID-19) 
according to: a alanine aminotransferase (ALT) levels [in times of 
upper limit of normal (ULN)] at first day of hospitalization and b 
aspartate aminotransferase (AST) levels [in times of upper limit of 
normal (ULN)] at first day of hospitalization [all log-rank test]
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all-cause mortality adjusted for age-and-sex [≥ 2 × ULN) 
vs < 2 × ULN, HR = 2.67 (95% CI 1.47–4.87); p = 0.001]. 
Likewise, the presence of elevated AST levels (≥ 2 × ULN) 
significantly increased the risk of in-hospital all-cause 
mortality adjusted for age-and-sex [HR = 2.18 (95% CI 
1.25–3.80); p = 0.006] in patients with severe presentation 
at admission.

On the other hand, considering patients with mild 
admission presentation (n = 257), a low overall mortality 
rate was observed [1.4 (95% CI 0.5–4.4) deaths per 1000 
persons-years]. There was no significant difference in those 
rates [deaths per 1000 persons-years (95% CI)] according 
to aminotransferases levels [≥ 2 × ULN vs < 2 × ULN] at 
admission. According to ALT levels, mortality rates were 
4.1 (0.6–29.2) vs 1.1 (0.3–4.3), p = 0.235 respectively, and 

considering AST levels, 4.9 (0.7–34.6) vs 1.1 (0.3–4.3), 
p = 0.174. Additionally, there was no difference on in-
hospital survival according to aminotransferases levels 
[≥ 2 × ULN vs < 2 × ULN] in patients admitted on spontane-
ous breathing or low flow oxygen therapy [according to ALT 
levels = 90% (47.3–98.5) vs 100% (–), p = 0.112; according 
to AST levels = 88.9% (43.3–98.4) vs 100% (–), p = 0.155] 
(Fig. 4).

Discussion

The current study highlighted that elevated aminotrans-
ferases levels at admission predicted in-hospital all-cause 
mortality in patients with severe COVID-19. Our findings 
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Fig. 3   Kaplan–Meier curves of overall survival of hospitalized 
patients with confirmed severe Coronavirus disease 2019 (severe 
COVID-19) according to: a alanine aminotransferase (ALT) levels [in 
times of upper limit of normal (ULN)] at first day of hospitalization 
(n = 149) and b aspartate aminotransferase (AST) levels [in times of 
upper limit of normal (ULN)] at first day of hospitalization (n = 145) 
[all log-rank test]
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Fig. 4   Kaplan–Meier curves of overall survival of hospitalized 
patients with confirmed mild Coronavirus disease 2019 (mild 
COVID-19) according to: a alanine aminotransferase (ALT) levels [in 
times of upper limit of normal (ULN)] at first day of hospitalization 
(n = 257) and b aspartate aminotransferase (AST) levels [in times of 
upper limit of normal (ULN)] at first day of hospitalization (n = 250) 
[all log-rank test]
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have implications for optimizing management of hospital-
ized patients with COVID-19 since measurement of ALT 
and AST levels could be useful simple parameters to identify 
patients at high risk of mortality.

Several studies suggested that SARS-CoV-2 infec-
tion might cause acute liver injury in mild and criti-
cally ill patients with COVID-19 [11–14]. In general, 
patients with COVID-19 have mild aminotransferases 
elevation (1–2 × ULN), although more severe liver injury 
(2–5 × or > 5 × ULN) might be observed in few patients, 
especially in those with more severe disease [15]. The preva-
lence of significant elevated aminotransferases (≥ 2 × ULN) 
at hospital admission reported in the present study was simi-
lar to those previously described [16, 17].

Despite the pathways for liver injury in COVID-19 
remains unclear, this might be explained by direct viral 
infection, high expression of liver angiotensin-converting 
enzyme-2 (ACE-2) receptor, muscular injury, presence of 
steatosis, microthrombosis, and the use of hepatotoxic drugs 
[18]. Elevation of aminotransferases, especially at hospi-
tal admission, seems to be the liver expression of severe 
SARS-CoV-2 infection. In the present study, patients with 
elevated ALT and/or AST levels have a significantly higher 
proportion of signs of COVID-19 severity at baseline (Sup-
plementary Tables 3 and 4). Overall, our findings reinforced 
the relationship between elevated aminotransferases and 
severity of COVID-19 from previous studies that evaluated 
severe and non-severe hospitalized patients [2, 6, 12, 14, 
16]. However, few studies have described the correlation 
between liver injury and mortality, especially in low-to-mid-
dle income countries. A recent longitudinal large sample 
study described the dynamic patterns of aminotransferases 
levels during hospitalization in patients with COVID-19 
and reported the relationship between peak values of liver 
enzymes and mortality adjusted for age, sex and comorbidi-
ties [12]. Similarly, Hundt et al. identified an association 
between mortality and peak AST but not ALT levels [15]. 
However, these authors did not observe any association 
between admission aminotransferases and mortality.

A low incidence of severe flare of aminotransferases 
(≥ 5 × ULN) during follow-up was observed in our sample. 
The peak of ALT or AST levels were not associated with 
in-hospital mortality in patients with maximal aminotrans-
ferases measurement after the fifth day of hospitalization 
and in those who progressed from aminotransferases lev-
els < 2 × ULN to ≥ 2 × ULN during hospitalization (Sup-
plementary Table 2). However, the low sample size and 
relatively small number of outcomes in those sub-analysis 
limited the interpretation of these findings. Similarly, Zhou 
et al. described higher proportion of deaths in patients 
with abnormal ALT levels at hospital admission compared 
to those with ALT < 40 UI/L [48% vs 24%; p = 0.002]. 
This study included 191 hospitalized patients, mostly with 

severe/critical COVID-19, very similar to our group. How-
ever, this was a retrospective study and the authors did not 
perform a time-dependent analysis [19].

Blood sample parameters, such as CRP, d-dimer, inter-
leukin-6 and procalcitonin levels or lymphocyte count 
have been used to predict severe outcomes in hospitalized 
patients with COVID-19 [15, 16]. However, these tests 
are costly and might not be available in limited-resource 
settings. Our study confirmed that simple and worldwide 
available parameters, such as aminotransferases, could be 
useful to predict all-cause mortality in severe patients with 
COVID-19, especially in low-to-middle income countries.

We acknowledge that elevation of aminotransferases did 
not predict in-hospital all-cause mortality in the sub-group 
of patients with mild respiratory presentation at admis-
sion. This finding might be explained by the delay between 
measurement of aminotransferases at admission and neces-
sity of significant respiratory support during hospitaliza-
tion in this sub-sample of patients. In the present study, 
all patients progressed to invasive mechanical ventilation 
during the hospitalization. However, we only evaluated 
the prognostic value of aminotransferases levels at hospi-
tal admission (day 1) to predict all-cause mortality. Thus, 
the prognostic value of aminotransferases levels measured 
closer to progression to significant respiratory support in 
this sub-sample of mild admission presentation cannot be 
ruled out.

In our study, higher INR levels at admission correlated 
significantly with increased risk of overall death during hos-
pitalization, as already reported in the literature [20, 21], but 
this finding was evaluated in a smaller number of patients 
and may be influenced by coagulation disorders, so common 
in patients with COVID-19.

The main limitations of the study remain the lack of 
prior history of chronic liver disease or use of hepato-
toxic medications and the relatively high number of 
patients excluded due to missing aminotransferases levels 
at hospital admission. Viral hepatitis serologies, history 
of alcohol intake or co-medications use prior to hospital 
admission were not available. However, the prevalence 
rates of chronic hepatitis B and C are low in Brazil [22, 
23] and only four patients (1%) included in the present 
study reported any liver disease at admission. In addi-
tion, we considered aminotransferases levels collected at 
the first day of hospitalization to minimize the impact of 
long term COVID-19 or any hepatic drug induced toxic-
ity during hospital stay. Another limitation is the absence 
of body mass index (BMI) information mainly due to 
poor clinical condition of most patients at admission [304 
patients (75%) were admitted on intensive care unit and 
29% of them (n = 88) were under mechanical ventilation] 
leading it difficult for measuring weight and height. To 
minimize the influence of muscle injury, another cause of 
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aminotransferases elevation, and to avoid misclassification 
of liver injury in these patients, we excluded persons with 
rhabdomyolysis (n = 2).

The main strengths of the present study rely on the lon-
gitudinal study design and the relatively high sample size 
recruited in multi-tertiary centers in Brazil. To the best of 
our knowledge, this is the first study that confirmed the 
relationship between abnormal liver tests and severe out-
comes in Latin America, the current epicenter of COVID-
19 pandemic.

In conclusion, elevated aminotransferases levels at hos-
pital admission could predict in-hospital all-cause mortal-
ity in patients with COVID-19, especially in those with 
severe disease at hospital admission. The use of these 
simple and worldwide available parameters can help iden-
tify patients with severe COVID-19 at high risk of worse 
prognosis during hospitalization. The measurement of 
aminotransferases levels at hospital admission should be 
integrated into the care of patients with COVID-19.
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