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Abstract

Aim: To evaluate the prevalence of liver dysfunction and its correlation with severity and
mortality in patients with Covid-19 infection. Materials and methods: Total 120 patients
fulfilled the inclusion criteria were enrolled for the study after giving informed consent and
were divided into two groups (moderate and severe Covid-19 infection). Patients were treated
as per national guideline for Covid-19 infection as mentioned in flow chart above. Hemogram
and Liver function test and inflammatory markers (C-reactive protein, Lactate
dehydrogenase, D-dimer and ferritin) were performed on every alternate day of
hospitalization. Patients were followed during whole hospitalization course and weekly for 1
month after discharge with these tests. Approval for the study was sought from Institutional
Ethical committee. Results: The median levels of ALT, AST, ALP, GGT, LDH, TBIL,
DBIL, and albumin were 20 U/L (IQR, 14-31), 20 U/L (IQR, 17-26), 75 U/L (IQR, 55-193),
21 U/L (IQR, 14-36), 198 U/L (IQR, 172-232), 8.4 umol/L (IQR, 6.5-11.3), 3.4 umol/L
(IQR, 2.3-4.6), and 45 g/L (IQR, 41-47), respectively. Severe patients had significantly
higher levels of ALT (26 vs 20 U/L, p=0.017), AST (31 vs 20 U/L, p < 0.001), GGT (30 vs
21 U/L, p < 0.001), LDH (334 vs 197 U/L, p < 0.001), TBIL (10.2 vs 8.3 umol/L, p=0.029),
DBIL (4.9 vs 3.3 umol/L, p < 0.001), but significantly lower albumin (37 vs 45 g/L, p <
0.001) than non-severe patients. Abnormal AST (40% vs 7%, p < 0.001), LDH (90% vs 35%,
p < 0.001), DBIL (20% vs 7%, p < 0.001), and albumin (50% vs 8%, p < 0.001) were
commonly observed in severe patients, compared with non-severe patients. On multivariate
analysis, age >60 years, male gender, BMI > 30 kg/m2, comorbidity, abnormal LDH and
albumin on hospital admission, and abnormal peak hospitalization LDH and albumin were
associated with progression to severe COVID-19 (OR > 1; p < 0.05). Conclusion: This large
sample retrospective cohort study, we described the longitudinal changes of liver function
parameters in patients with COVID-19. In addition, we con- firmed patients with abnormal
liver function parameters were at increased risk of severe COVID-19 and death.
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Introduction

In December 2019, an infectious severe
acute respiratory syndrome was reported in
China, found to be caused by a coronavirus
[1]. Initially named as 2019 novel
coronavirus (2019-nCoV), the virus was
later termed as SARS-COV2 [2]. This virus
has been reported to have some features of
SARS-CoV reported in 2003 and MERS-
CoV reported in 2012. On 11 March 2020,
the WHO declared COVID-19
(Coronavirus disease 2019) as a pandemic,
which has resulted in more than 170
million infections with 3,565,027 deaths
worldwide and in India 28 million are
infected with 3,31,909 deaths until 31 May
2021 [3,4]. Currently, the primary
diagnostic tool to detect cases of SARS-
CoV-2 infections is real-time reverse
transcriptase polymerase reaction (RT-
PCR) from nasopharyngeal swabs and
bronchoalveolar lavage fluids. Rapid
antigen testing and measurements of
antibody titer are also conducted for
surveillance testing. Additionally, some
hematology and biochemistry parameters
complement the diagnosis [5].

The primary organ targeted in SARS is the
lung, hence designated as ‘severe acute
respiratory syndrome’ and ‘SARS atypical
pneumonia’ [6] However, other organ
dysfunctions, including gastrointestinal
symptoms [7], abnormal liver functions
[8], lymphadenopathy [9] and splenic
atrophy, have also been observed in
patients. These  occurrences reflect
widespread immunopathology or extra
pulmonary dissemination and replication
of SARS-coronavirus (CoV) [10]. Partial
autopsies also indicate multiple organ
infection by the wvirus [11]. The
pathological changes can be attributed
either to the direct cytotoxic effect by local
replication of the virus or indirectly due to
immune response induced by the viral
infection. There are certain reports on the
impact of COVID-19 on other organs,
including varying levels of liver disease in
patients [12]. A recent study found the
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binding of SARS-CoV-2 virus to ACE 2
(ACE2) on cholangiocytes leading to its
dysfunction, which may result in liver
injury through inducing a systemic
inflammatory  response [13]. Several
hospital-based studies have reported liver
damage in patients with COVID-19 in
terms of elevated levels of liver enzymes,
aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) with 14%
to 53% rise in comparison to their normal
levels [14-17]. Further, moderate micro
vesicular steatosis, mild lobular and portal
activity found in the liver biopsy
specimens of a dead COVID-19 patient
indicated the involvement of SARS-CoV-2
in liver damage [18].

Severity of COVID-19

As per the national guidelines for
community-acquired pneumonia and the
diagnosis and treatment plan for the new
coronavirus in India, all patients are
classified into non-severe or severe cases
based on observations from symptoms and
clinical examination [18]. Patients with no
clinical signs and symptoms
(asymptomatic) and patients with mild
symptoms (such as fever, cough, sore
throat, headache, nasal congestion) and
uncomplicated upper respiratory tract
infection are classified as non-severe type.

Mild COVID-19 is  defined as
symptomatic patients with uncomplicated
upper respiratory tract infection, mild
symptoms such as fever, cough, sore
throat, nasal congestion, malaise, and
headache, but without evidence of viral
pneumonia or hypoxia.

Moderate COVID-19 is defined as patients
(adult and child) with pneumonia with no
signs of severe disease and with presence
of clinical features of dyspnea and or
hypoxia, fever, cough, including oxygen
saturation <94% (range 90-94%) on room
air, respiratory rate >24 breaths/m.

Severe COVID-19 is defined as patients
either with significant respiration rate >30
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times/m, oxygen saturation <93%, partial
pressure of oxygen/fraction of inspired
oxygen <300 mmHg, or multiple organ or
respiratory failure that requires intensive
care unit (ICU) monitoring and treatment
are classified as severe type. The
assessment of disease severity was
performed at the same time on the day of
inpatient admission before treatment.
Patient were treated as per national
guideline of treatment for covid-19 [19-
21].

Material and methods

The present observational study was
carried out at Dept. of gastroenterology,
IGIMS, Patna among 120 patients
diagnosed with moderate to severe Covid-
19 infection based on clinical criteria of
national guidelines and confirmed RT-
PCR from nasopharyngeal swab and
fulfilled the inclusion and exclusion
criteria.

Inclusion criteria:

Patients of any gender and age 18 years or
above.

Diagnosed and admitted patients with
moderate and severe Covid-19 infection as
per national guidelines of Covid-19.

Patients giving informed consent.
Exclusion criteria:

Any underlying liver diseases currently or
in past.

Alcoholism (Defined as >1drink/day for
women and >2drink/day for men)

Viral hepatitis (HIV, HBV, HCV, HAV
and HEV)

Pregnant women.

Patient below 18 years.

Any malignancy.

Patient on drugs causing liver dysfunction.

Methodology

All patients fulfilling the inclusion criteria
were enrolled for the study after giving
informed consent and were divided into
two groups (moderate and severe Covid -
19 infection). Patients were treated as per
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national guideline for Covid-19 infection.
Hemogram and Liver function test and
inflammatory markers (C-reactive protein,
Lactate dehydrogenase, D-dimer and
ferritin) will be performed on every
alternate day of hospitalisation. Patients
were followed during whole
hospitalization course and weekly for 1
month after discharge with these tests.
Approval for the study was sought from
Institutional Ethical committee. Patients
who want to take part in the program
voluntarily and sign the informed consent
were enrolled in this study.

Results

Of 120 patients with COVID-19, the
median age was 37 years (IQR, 25-50), 80
patients (66.67%) were male, 40 patients
(33.33%) had obesity, and 22 patients
(18.33%) had comorbidity, mainly
including hypertension (10%) and diabetes
mellitus (5%). In this study, twenty-three
patients had chronic liver diseases,
including chronic hepatitis B (n=7),
alcoholic or nonalcoholic fatty liver
disease (n=5), and auto- immune liver
disease (n=1). 1 patient had both chronic
hepatitis B and fatty liver disease. 6
patients had chronic heart diseases,
including coronary artery disease (n=2),
chronic cardiac dysfunction (n=1), and
cardiomyopathy (n=3). 1 patient had both
coronary artery disease and chronic
cardiac dysfunction. 3 patients had chronic
pulmonary diseases, including asthma
(n=1), chronic obstructive pulmonary
disease (n=1). The median levels of white
blood count (WBC), lymphocyte, platelet,
procalcitonin (PCT), C-reactive protein
(CRP), and erythrocyte sedimentation rate
(ESR) were 5.7x109/L (IQR, 4.4-7.2),
1.5x109/L (IQR, 1.1-2.2), 217x109/L
(IQR, 172-252), 0.05 ng/mL (IQR,
0.02-0.12), 0.5 mg/L (IQR, 0.5-6.2),
and 27 mm/h (IQR, 10-55), respectively.
Severe patients with COVID-19 had
higher age (median, 62 vs 33 years, p <
0.001) and BMI (mean, 28.9 vs 27.2 kg/
m2, p < 0.001), more common male
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gender (80% vs 60%, p=0.012), obesity
(50% vs 30%, p = 0.002), and comorbidity
(70% vs 15%, p<0.001) than non-severe
patients. Compared with non-severe
patients with COVID- 19, severe patients
had significantly higher PCT (0.10 vs 0.05

ISSN: 0975-1556

ng/mL, p < 0.001), CRP (40 vs 0.5 mg/L,
p < 0.001), ESR (12 vs 3 mm/h, p <
0.001), but significantly lower lymphocyte
count (0.7 vs 1.5x109/L, p < 0.001) and
platelet count (171 vs 221 x 109/L, p <

0.001).

Table 1: Liver Function Tests of study population with COVID-19 on Hospital

Admission
Characteristic Non-Severe=100 Severe=20 p-value
Number 100 20 -

ALT (U/L) 20 (14-31) 26 (16-36) 0.017

ALT, abnormal (> 44 U/L) 12 (12%) 4 (20%) 0.24
AST (U/L) 20 (17-26) 31 (24-51) < 0.001
AST, abnormal (> 38 U/L) 7 (7%) 8 (40%) < 0.001

ALP (U/L) 75 (55-196) 69 (49-177) 0.45

ALP, abnormal (> 338 U/L) 2 (2%) 0 0.87
GGT (U/L) 21 (14-35) 30 (21-60) < 0.001

GGT, abnormal (> 73 U/L) 7 (7%) 3 (15%) 0.13
LDH (U/L) 197 (171-229) 334 (264-452) | <0.001
LDH, abnormal (> 211 U/L) 35(35%) 18 (90%) < 0.001

TBIL (umol/L) 8.3(6.5-11.2) 10.2 (7.9-14.9) 0.029

TBIL, abnormal (> 21 umol/L) 4 (4%) 1 (5%) 0.91
DBIL (umol/L) 3.3(2.3-4.5) 4.9 (3.7-7.0) <0.001
DBIL, abnormal (> 7 umol/L) 7 (7%) 4 (20%) <0.001
Albumin (g/L) 45 (42-47) 37 (33-40) <0.001
Albumin, abnormal (< 38 g/L) 8 (8%) 10 (50%) <0.001

Liver function parameters of 120 patients
on hospital admission are summarized in
Table 1. The median levels of ALT, AST,
ALP, GGT, LDH, TBIL, DBIL, and
albumin were 20 U/L (IQR, 14-31), 20
U/L (IQR, 17-26), 75 U/L (IQR, 55-193),
21 U/L (IQR, 14-36), 198 U/L (IQR, 172-
232), 8.4 umol/L (IQR, 6.5-11.3), 3.4
umol/L (IQR, 2.3-4.6), and 45 g/L (IQR,
41-47), respectively. Severe patients had
significantly higher levels of ALT (26 vs
20 U/L, p=0.017), AST (31 vs 20 U/L, p <
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0.001), GGT (30 vs 21 U/L, p < 0.001),
LDH (334 vs 197 U/L, p < 0.001), TBIL
(10.2 vs 8.3 umol/L, p=0.029), DBIL (4.9
vs 3.3 umol/L, p < 0.001), but significantly
lower albumin (37 vs 45 g/L, p < 0.001)
than non-severe patients. Abnormal AST
(40% vs 7%, p < 0.001), LDH (90% vs
35%, p < 0.001), DBIL (20% vs 7%, p <
0.001), and albumin (50% vs 8%, p <
0.001) were commonly observed in severe
patients, compared with non-severe
patients.
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Table 2: Association between Admission and Peak Hospitalization Liver Tests and
Clinical Outcomes

Severe COVID-19 Death
(Multivariate Model) (Multivariate Model)
OR (90% CI) p-value OR (90% CI) p-value
Age > 60 years 4.02 (1.58-10.20) 0.003 6.54 (2.34-14.77) | 0.005
Male gender 2.71 (1.27-8.79) 0.019 1.46 (0.28-6.35) 0.37
BMI > 30 kg/m2 3.46 (1.32-9.43) 0.012 1.88 (1.23-4.35) 0.021
Comorbidity 6.08 (2.45-15.10) <0.001 | 6.84(2.93-21.85) |<0.001
Hospital Admission
Abnormal ALT 0.37 (0.07-1.90) 0.234 0.99 (0.04-26.30) 0.88
Abnormal AST 3.01 (0.70-13.03) 0.141 1.50 (0.16-14.47) 0.73
Abnormal ALP 0.22 (0.01-5.86) 0.218 0.85(0.12-18.95) 0.81
Abnormal GGT 0.67 (0.12-1.19) 0.951 0.58 (0.07-4.55) 0.62
Abnormal LDH 3.36 (1.41-8.78) 0.002 2.11 (0.29-15.48) 0.47
Abnormal TBIL 0.49 (0.01-17.06) 0.696 1.02 (0.07-14.73) 0.99
Abnormal DBIL 1.85 (0.14-6.31) 0.325 4.62 (0.45-47.39) 0.19
Abnormal Albumin 2.45 (1.16-7.51) 0.026 4.74 (0.70-31.95) 0.11
Peak Hospitalization
Abnormal ALT 2.28 (0.96-6.46) 0.139 3.47 (1.25-8.16) 0.006
Abnormal AST 3.92 (0.56-11.25) 0.141 4.92 (1.28-16.16) |<0.001
Abnormal ALP 0.29 (0.01-7.21) 0.453 1.45 (0.07-30.66) 0.78
Abnormal GGT 2.15 (0.98-7.86) 0.088 3.79 (0.60-57.87) 0.12
Abnormal LDH 3.84 (1.67-9.88) <0.001 | 0.89(0.01-47.85) 0.58
Abnormal TBIL 0.21 (0.03-1.66) 0.139 5.75 (1.87-18.20) |<0.001
Abnormal DBIL 0.49 (0.01-17.06) 0.696 1.39 (0.05-35.27) 0.87
Abnormal Albumin 3.94 (1.36-11.43) 0.002 2.16 (0.87-5.59) 0.76

The association between liver function parameters and clinical outcomes is shown in Table 2.
On multivariate analysis, age >60 years, male gender, BMI > 30 kg/m2, comorbidity,
abnormal LDH and albumin on hospital admission, and abnormal peak hospitalization LDH
and albumin were associated with progression to severe COVID-19 (OR > 1; p < 0.05). The
dynamic profile of liver function parameters in patients by severity of COVID-19. Severe
COVID-19 patients had markedly higher levels of ALT, AST, GGT, LDH, TBIL, DBIL, but
significantly lower levels of albumin than non-severe patients from baseline to 30 days after
admission (p < 0.05). The peak of ALT, LDH, TBIL, DBIL value, and the trough of albumin
was observed on 6-10 day of hospitalization. The peak of ALP and GGT value was observed
on 11-15 day of hospitalization. On multivariate analysis, age >60 years (OR=6.54; 95% CI
2.34-14.77; p < 0.005), BMI > 30 kg/m2 (OR=1.88; 95% CI 1.23-4.35; p=0.021),
comorbidity (OR=6.84; 95% CI 2.93-21.85; p < 0.001), and abnormal peak hospitalization
ALT (OR=3.47; 95% CIl 1.25-8.16; p=0.007), AST (OR=4.92; 95% CI 1.28-16.16; p <
0.001), and TBIL (OR=5.75; 95% CI 1.87-18.20; p < 0.001) were associated with death.

ALT and AST abnormalities were
observed in 15% and 8% of patients at
admission, respectively, and in 30% and
15% of patients at peak hospitalization,
respectively. Based on a meta-analysis, the
pooled prevalence estimates of elevated
liver function abnormalities in China were

Discussion

Although COVID-19 is well known for
causing respiratory symptoms, it can also
cause extra pulmonary manifestations,
including hepatocellular injury [22]. In this
study of 120 patients with COVID-19,
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as follows: ALT 15.0% and AST 15.0%
[23]. However, some studies from
America showed higher prevalence
ranging between 40-50.6% in cohorts
ranging from 116 to 2780 patients [24-26].
Obviously, abnormal liver function
parameters are less common in Chinese
patients than that reported in the U.S [25,
26]. The differences in baseline factors
(chronic liver diseases, obesity, alcohol
consumption) and hospital management
(antiviral medication use) may potentially
account for some of this disparity.
Moreover, the different laboratory
references of liver function parameters in
different health-care systems might lead to
the different definitions of liver injury,
which may be one of the reasons for the
disparity in the prevalence of liver injury
between Chinese patients and the US
patients. For example, the ULN of ALT
ranges from 40 U/L to 50 U/L in the
studies from China [27-29], but ranges
from 33 U/L to 50 U/L in the studies from
the US [30].

This study showed that the pattern of
abnormal  liver  function tests is
predominantly hepatocellular (at
admission: ALT 15%, AST 10%; at peak
hospitalization: ALT 30%, AST 15%)
rather than cholestatic, although less
common elevations in ALP (2% at
admission, and 3% at peak
hospitalization), GGT (5% at admission,
and 15% at peak hospitalization), and
TBIL (5% at admis- sion, and 10% at peak
hospitalization) can be observed. Given
that angiotensin converting enzyme-2
(ACE2), the entry receptor for SARS-
CoV-2, is much more heavily expressed in
cholangiocytes than in hepatocytes [31],
therefore our findings suggest that the
direct cytopathic effect of the SARS-CoV-
2 may not be the main mechanism of
COVID-19-related liver damage. Hepatic
dysfunction in COVID-19 could be related
to an uncontrolled immune reaction, sepsis
or drug-induced liver injury, besides the
direct cytopathic effect of the virus [32].
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This study shows an association between
antiviral medications use
(Hydroxychloroquine, Lopinavir/
Ritonavir, and TCM) and peak
hospitalization ALT > 5 ULN in patients
with COVID-19. Previous studies also
showed that the use of certain drugs
showed an association with the
progression of liver damage in patients
with COVID-19.33,34,35 An American
study reported that Hydroxychloroquine
and Lopinavir/Ritonavir use was the
predictor of peak hospitalization liver
parameters >5 ULN [33]. A Chinese study
reported that a significantly higher
proportion of patients with abnormal liver
function (57.8%) had received
Lopinavir/Ritonavir ~ after ~ admission
compared to patients with normal liver
function (31.3%) [34]. Another Chinese
study reported that the use of Lopinavir/
Ritonavir + Ribavirin + interferon beta
(OR 1.94, p=0.006) was independently
associated with ALT/AST elevation [35].
Based on previous studies and our results,
we  suggested Hydroxychloroquine,
Lopinavir/Ritonavir, and TCM should be
used with caution in patients with
abnormal ALT and LDH at hospital
admission.

In a Chinese cohort of 675 patients with
COVID-19, compared to patients with
normal AST levels, mortality and risk of
mechanical  ventilation  significantly
increased 19.27-fold and 116.72-fold,
respectively, in patients with AST above
3-fold ULN [36]. In another Chinese
cohort, Cai et al found that the presence of
abnormal liver tests and liver injury were
associated with the progression to severe
COVID-19 [6]. In a large Hong Kong
cohort of 1040 COVID-19 patients, Yip et
al found ALT/AST elevation and acute
liver injury are independently associated
with adverse clinical outcomes including
admission to intensive care unit, use of
invasive mechanical ventilation and/or
death in COVID-19 patients [35]. Saini et
al retrospectively analysed liver function
tests of 170 patients with con- firmed
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COVID-19, and also found number of
patients with raised levels of any of the
liver enzymes were 89 (58.5%), out of
which 43 (48.31%) had liver injury, which
manifested as increased severity in terms
of ICU requirement (p=0.0005) [37]. In
this study, abnormal liver parameters
during hospitalization are associated with
illness severity and mortality of COVID-
19, with the strongest associations
observed between peak liver tests and
severe COVID-19, as well as peak liver
tests and death. Based on previous studies
and our results, we suggested monitoring
levels of liver function parameters, which
could assist in the optimum management
of patients with COVID-19.

Many TCM were used in patients with
COVID-19 in our cohort; therefore, the
effect of TCM on liver functions should
not be neglected in COVID-19 patients
[38]. In fact, the TCM-related liver injury
IS not uncommon in patients with COVID-
19 [39]. A meta-analysis showed that the
TCM as a complementary therapy for
treating COVID-19 may not be beneficial
for improving liver function based on the
current evidence [38]. In this study, we
found that the TCM use is one of the
predictors of peak hospitalization ALT > 5
ULN. Based on previous studies and our
results, we suggested that prevention and
management of TCM- induced liver injury
should be concerned in COVID-19
patients who received TCM therapy.

Besides liver injury, other gastrointestinal
manifestations were also concerned in
COVID-19 patients. At the age of COVID-
19 crisis, gastrointestinal physicians may
face rare gastrointestinal symptoms such
as dysentery, pure hyperbilirubinemia, and
so on. For example, Hormati et al have
reported the clinical data in detail as well
as the result of chest CT of a COVID-19
patient with dysentery [40]. In a case
series, Hormati et al also have reported
pure  hyperbilirubinemia  may  be
considered as rare  gastrointestinal
symptom of COVID-19 [41]. Therefore, it
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IS necessary that all gastrointestinal
physicians should be aware of the possible
occurrence of these gastrointestinal
symptoms (hepatic involvement, pure
hyperbilirubinemia, dysentery) as an
important  prognosis of COVID-19
pneumonia and it should be exactly
addressed in new referred patients to
gastrointestinal clinic. In addition, Hormati
et al address preventive strategies that may
significantly reduce close contact between
patients and gastrointestinal physicians for
successful control of COVID-19 infection
[42]. Preventive strategies should be
performed to prevent transmission of
COVID-19 infection from infected patients
to uninfected gastrointestinal physicians
and staff members during the performance
of high-risk procedures [42].

This study has several limitations:

Firstly, the retrospective observational
cohort study design with inclusion
restricted to patients who  were
hospitalized within a single hospital, and
limited access to laboratory, and
medication variables, which may influence
clinical outcomes.

Second, this study did not elucidate the
etiology of liver function test elevations in
hospitalized patients with COVID-19.
However, based on previous studies, we
have reasons to believe that the drug’s
effects, possible viral inclusion in liver
cells, systemic inflammation, and hypoxia
are potential causes of liver injury in
patients with COVID-19 [43].

Third, in our hospital, the qualitative
analysis (positive or negative) of SARS-
CoV-2 RNA is used to guide the diagnosis
and treatment of COVID- 19 patients.
Although CT (cycle-threshold)-value for
viral load can support in the better
interpretation of clinical decisions, in this
retrospective study, the quantification of
SARS-CoV-2 viral load is not available.

Conclusion

In conclusion, in this large sample
retrospective cohort study, we described

International Journal of Pharmaceutical and Clinical Research

311



International Journal of Pharmaceutical and Clinical Research

the longitudinal changes of liver function
parameters in patients with COVID-19. In
addition, we con- firmed patients with
abnormal liver function parameters were at
increased risk of severe COVID-19 and
death. The COVID- 19-related liver injury
is related to antiviral medication use.
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