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Abstract

Introduction: The Coronavirus Disease 2019 (COVID-19) outbreak is a
serious threat to humans, and the impact of COVID-19 on the liver
remains unexplored. At present, no meta-analysis has summarized
available findings of COVID-19 patients with liver injury in depth. Thus,
we aimed to scrutinize the association of the liver in COVID-19 patients
and approximate the prognosis of COVID-19 patients with liver injury
thoroughly.

Method: We searched different databases for qualified studies between
December 2019 to May 2021. Finally, meta-analysis was carried out using
fixed-effect or random-effect models based on the heterogeneity.

Result: Our Meta-analysis includes 32 studies with a total of 6,933
COVID-19 patients. The pooled prevalence of chronic liver disease (CLD)
was 3.5%. Overall, the rates of severity and mortality in COVID-19
patients with underlying CLD were 4.6% and 19.2%, respectively.
Additionally, the incidence of acute on chronic failure (ACLF) among
COVID-19 patients with CLD was 25.1%. The prevalence of an increase in
serum ALT, AST, TBil, and LDH levels was 39.5%, 28.6%, 26.5%, and
55.5%, respectively. Similarly, PT was prolonged in 8.3% of cases, and
albumin was decreased in 66.8% of cases. The pooled prevalence of liver
injury among COVID-19 patients was 28.2%. Strikingly, the patients with
liver injury had significantly more severe disease (42.3%) and a higher
incidence of mortality (18.5%) than the patients without liver injury.

Conclusion: In conclusion, more than one in five of the COVID-19
patients is at risk of developing a liver injury. Further, patients with liver
injury have significantly more severe disease and a higher incidence of
mortality than patients without liver injury. Thus, careful monitoring of
liver function is advisable while treating COVID-19 patients.

Keywords: Coronavirus, COVID-19, Liver Injury, Liver Disease, SARS-CoV-
2, Liver Function Test
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Introduction

Coronavirus Disease 2019 (COVID-19) in
common is a contemporary pandemic caused
by severe acute respiratory syndrome 2
(SARS-CoV-2) virus.! Although, COVID-19
shows mild flu-like symptoms in the majority
of the affected patients, in severe cases the
disease may typically cause extensive damage
to lungs and other vital organs leading to an
acute respiratory distress syndrome (ARDS),
multiple organ failures, and even death.??
Despite, the cause of apparent death in most
of the patients is invariably respiratory failure,
it has been evident that disease prognosis has
largely been influenced by multiorgan
involvement; hence, it is urgent to elucidate
further clinical characteristics to improve
sufficiently our understanding of the true
magnitude of COVID-19, to improve
diagnostic and treatment capabilities and
reduce its overall impact on the disease
progression.

The functional receptor for SARS-CoV-2 is
typically angiotensin-converting enzyme 2
(ACE2) and is adequately expressed in
different organ tissues like lungs, heart,
kidney, intestine, and more recently in the
liver.*® Indeed, a recent study found SARS-
CoV-2 viral RNA in the liver tissue of COVID-19
patients.” Furthermore, several published
studies on COVID-19 have suggested there is a
liver injury in COVID-19 patients and an
abnormal liver function was positively
associated with the disease severity and
mortality.® However, the results of recent
studies have been inconsistent, with a vast
disparity in reporting of liver injury.>*!

At present, no meta-analysis has sufficiently
summarized available findings of COVID-19
patients with liver injury in considerable
depth. Therefore, we sincerely believe our
meta-analysis is the first to carefully scrutinize
the possible association of the liver in COVID-
19 patients and approximate the possible
prognosis of COVID-19 patients with liver
injury thoroughly.

Method

Search strategy, Qualified studies for this
systematic review and meta-analyses were
carefully searched in-between December
2019 to 15 May 2021 in PubMed/MEDLINE,
Embase, Cochrane Library databases, WHO
database of COVID-19 publications, and
COVID-19 resource center of various journals
like Gastroenterology, American Journal of
Gastroenterology, The Lancet, JAMA, BMJ,
GUT, Hepatology, and New England Journal of
Medicine by two authors (DKY and AS)
independently with prior settled convention.
The search was carried out with the proper
use of the following Medical Subject Headings
(MeSH) and non-MeSH terms: Coronavirus,
novel Coronavirus, Coronavirus Disease 2019,
COVID-19, severe acute respiratory syndrome
coronavirus 2, and SARS-CoV-2. Additionally,
the relevant bibliography lists of an article
were looked to identify other published
studies. Precisely, our extensive search was
generally limited to, articles mainly published
in English only. We didn’t include any studies
from the preprint databases such as medRvix
and bioRvix since those are not peer-reviewed
and the results presented in those papers
might be misleading before any peer-review.
We implemented the PRISMA guidelines? to
carefully carry out this meta-analysis.

Study selection, To perform this meta-
analysis, both retrospective and prospective
studies were considered eligible in regards to
the outcomes. Subsequently, properly
considering the outcome aim and to
safeguard the quality of this meta-analysis,
we only considered full published original
studies, and others like abstract, case reports,
duplicate articles, and review articles were
excluded. Moreover, we also designed pre-
defined eligibility criteria for the preferential
selection of studies with at least one outcome
of interest. To overcome any problem with
duplicate studies, we managed all our search
results in EndNote (version X7.0).

Inclusion criteria, The inclusion criteria
remain as follows: 1. The study with the
confirmed cases of COVID-19. 2. The
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published study with sufficient data to
conduct a meta-analysis, like demographics,
clinical features, liver function test panel, the
prevalence of abnormal liver function,
underlying liver disease, liver injury, and
gastrointestinal findings in COVID-19 patients.
3. Adult participants (> 18 years of age).

Exclusion criteria, The exclusion criteria
remain as follows: 1. Study without human
population. 2. Study with pediatric patients
and pregnant women. 3. A study without
comparison arms. 4. Study with duplicate data
from the same institution. 5. The articles, such
as review, editorials, case reports, case series
less than 10 subjects, conference, meta-
analysis, and letters.

Data extraction, All data were meticulously
extracted according to the pre-defined study
selection criteria. The actual data were
collected in a standardized data form in
Microsoft Excel 2007 (Microsoft Corp). The
extracted data routinely included the first
author, study characteristics (year of
publication, country, institution, and study
design), population characteristics (age of the
patients, sample size of comparison groups),
patients comorbidities with liver disease, liver
function related indexes, inflammation-
related indexes, complications, and outcomes.
Moreover, in the event of insufficient data,
investigators were approached to collect
more relevant results. Conflicts in data
extraction were resolved by discussion or
consensus with the 3" reviewer.

Definitions, In most of the studies, the
diagnosis of COVID-19 and classification was
usually done according to World Health
Organization (WHO) guidance and the
recommendations based on the diagnostic
criteria by the National Centers for Disease
Control and Prevention of China (CDC
China).1314

The severity of COVID-19 was defined often
according to the studies, which was primarily
based on the chest radiography, clinical
examination, and presenting symptoms at the
time of diagnosis, like following patients were

classified under severe cases: specific need of
hospital admission,> abnormal imaging
findings,! need of admission in the intensive-
care unit (ICU),° progressions of disease,®
patients with pulse oxygen saturation (Sp02)
<90%,'” and patient with ARDS.> A clinical
outcome of the disease was defined as the
survivor or non-survivor and died or
discharged.

There were no proper consensus definitions
on liver injury between studies. Most of the
studies frequently defined liver injury when
there was an increase in values of liver
function-related indexes  like  alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBil),
gamma-glutamyltransferase (GGT), and
alkaline phosphatase (ALP) above the baseline
value.

Quality assessment, We thoroughly evaluated
the quality of included studies with the
Newcastle-Ottawa scale (NOS).® The scale
consists of three assessment factors: 1)
assessment of a selection of the study groups;
2) comparability of the two groups; and 3)
outcome assessment. The NOS ranges from 0
to 9. Studies with scores > 7 were generally
treated as a high quality, scores between 4 to
6 were treated as moderate quality, and
scores < 4 were treated as a low quality
(Supplementary Table 1). Publication bias was
accordingly examined using funnel plots
(Supplementary Figure 10).

Statistical analysis, All data collected from the
included studies were double-checked. To
accurately estimate the mean and standard
deviation (SD) from the given median and
range value, we employed the preferred
method devised by Hozo et. al,' and to
customarily combine means and SD of the
two given arms, we popularly used formula
provided by Altman et. al.?® A pooled meta-
analysis was carried out with an OpenMeta
Analyst and other all meta-analysis were
carried out with RevMan Version 5.3 (Review
Manager, Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014).
Outcomes are presented as pooled odds
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ratios (ORs) and standardized mean
difference (SMD) with 95% confidence
intervals (Cls). Fixed-effect or random-effect
models were used to estimate summary,
according to the evaluation of heterogeneity.
The Z-test was used to evaluate overall
effects, and heterogeneity was assessed by
using Cochran's y*test. The I®statistic was
used to evaluate heterogeneity, which was
considered as low, moderate, or high with
I esteems >25%, >50%, and >75%,
respectively. Two-sided P < 0.05 was
considered statistically significant.

Result

Study search and included studies, The
database scan recognized 3,676 references
for assessment, 171 full-text articles were
assessed for eligibility. Further, 159 articles
were excluded for not meeting the inclusion
criteria or with insufficient data. The
remaining 32 retrospective studies with a
total of 6,933 patients were eligible according
to the inclusion criteria, Figure 1. The
necessary characteristics of the included
studies in our meta-analysis are presented in
Supplementary Table 2a, 2b.1:38111417.21:41 gt
of 32 included studies, 18 studiest%&%11,14-17.21-
2830 compared the mild and severe groups of
patients, nine studies®33® compared survivor
and non-survivor groups of patients, two
studies*®* compared survivor and non-
survivor patients with chronic liver disease
(CLD), and two compared patients with the
liver injury and without liver injury.’®® In
addition, two studies'*?® of the mild and
severe group also compared the patients
stratified according to the liver injury.

Although we identified 32 studies for
inclusion in the analysis, some of the studies
were from the same institution or authors,
Supplementary Table 3. These studies were
only identified to calculate the outcome of
interest and were not used together for any
pooled meta-analysis. In the case of studies
from the same institution or authors, for
pooled meta-analysis or subgroup analysis,
we only selected the studies with the higher

number of patients samples or those having
sufficient data for carrying out a meta-
analysis. All studies included in our meta-
analysis were generally from China, except
one from the USA,*® and one from the UK.*°

Meta-analysis

COVID-19 with underlying chronic liver CLD,
From the total included studies, 12
S.tudieSl,2,8,10,14,15,17,21,25,28,3.'*’:—5':5 reported data on
the underlying CLD at the time of diagnosis,
the pooled estimate of the prevalence of CLD
was 3.5% (95% Cl: 2.3-4.8; 12=80%; Figure 2).
The most commonly reported CLD was liver
cirrhosis and hepatitis B. When we compared
CLD between the mild and severe group of
COVID-19 patients there was not any
significant difference between the groups
(OR: 0.53; 95% Cl: 0.21 to 0.1.33; 1= 59%; P=
0.17; Supplementary Figure 1a).18141517,21,2528
In the same way, there was no any substantial
variance between the survivor and non-
survivor group for COVID-19 patients with
underlying CLD (OR: 0.76; 95% CI: 0.13 to
4.39; 1= 92%; P= 0.76; Supplementary Figure
1b).3#364041 However, from the trend of a
forest plot, COVID-19 patients with underlying
CLD seem to have more severe disease and
considerable risk of mortality. Overall, the
rates of severity and mortality in COVID-19
patients with underlying CLD were 4.6%
(84/1838) and 19.2% (69/359), respectively.
Additionally, the incidence of acute on chronic
failure (ACLF) among COVID-19 patients with
CLD was 25.1% (64/177) Figure 3.4041

Liver function related indexes in COVID-19,
The pooled mean ALT, AST, GGT, TBIil,
albumin, prothrombin time (PT), lactate
dehydrogenase (LDH), and ALP were 28.53
uU/L, 30.53 U/L, 35.27 U/L, 11.16 umol/L,
35.52 g/L, 11.27s, 252.99 U/L, and 63.21 U/L,
respectively. (Supplementary Table 4a;
Supplementary Figure 2)

We analyzed the liver function-related
indexes in between the mild and severe
groups. A meta-analysis using a random-effect
model exhibit that compared to the patients
in the mild group, patients in the severe group
had a tangible increased level of serum ALT,
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AST, GGT, TBil, and LDH. However, the level of
serum albumin was significantly decreased in
the severe group compared to that of the
mild group (SMD: 3.12; 95% Cl: 1.92 to 4.32;
[’= 98%; P< 0.00001). Yet, there were no
considerable differences in PT and ALP
between both groups, Supplementary Table
4b; Supplementary Figure 3.

Likewise, we also analyzed the liver function-
related indexes between the survivor and
non-survivor groups. A meta-analysis using a
random-effect model revealed that compared
to patients in the survivor group, patients in
the non-survivor group had increased levels of
serum ALT, AST, and LDH. Additionally, the PT
was notably prolonged (SMD: -2.32; 95% ClI: -
3.95 to -0.69; 1>= 99%; P= 0.005) and the level
of serum albumin was significantly decreased
(SMD: 2.47; 95% Cl: 0.07 to 4.88; I>= 99%; P =
0.04) in the non-survivor group compared to
that of the survivor group. There were no
significant differences in serum GGT and TBil
levels between both groups. Further, there
were no data to carry out a meta-analysis of
serum ALP level, Supplementary Table A4c;
Supplementary Figure 4.

Prevalence of abnormal liver function related
indexes in COVID-19, The pooled prevalence
of increased in serum ALT, AST, TBil, and LDH
level were 39.5%, 28.6%, 26.5%, and 55.5%,
respectively.  Correspondingly, PT was
prolonged in 8.3%, and albumin was
decreased in 66.8% of the cases. Not enough
data were found to calculate the pooled
prevalence of increase in serum GGT.
However, only one study reported a total
prevalence of increase in serum ALP level i.e.
9.7%, Supplementary Table 4d;
Supplementary Figure 5.

We analyzed the prevalence of abnormal liver
function related indexes in between the mild
and severe groups, our meta-analysis found
that compared to the patients in the mild
group a significant proportion of the patients
in the severe group had increased prevalence
of serum ALT, AST, TBil, and LDH level
compared to the mild group of COVID-19
patients. There were not enough data to

compare the prevalence of abnormal levels of
GGT, ALP, PT, and albumin among the
patients between these two groups,
Supplementary Table 4e; Supplementary
Figure 6.

Likewise, when we analyzed the prevalence of
abnormal liver function-related indexes in
between the survivor and non-survivor
groups. We found that a significant number of
the patients in the non-survivor groups had an
increased prevalence of serum ALT and LDH
levels compared to the survivor group.
However, there were not enough data to
compare the prevalence of abnormal levels of
AST, TBil, GGT, ALP, PT, and albumin among
the patients between both groups,
Supplementary Table 4f; Supplementary
Figure 7.

Prevalence of the liver injury in COVID-19,
The pooled prevalence of liver injury, from 9
studies’101426:2931,33,3539.40 \y 55 28.2% (95% Cl:
20-36.4; 1>=97%; Figure 4). We further
stratified studies according to the liver injury,
i.e. with and without liver injury. Additionally,
when we compared age between these two
groups, using a random-effect model we
found that the patients in the liver injury
group were proportionally older than the
patients in without liver injury group (SMD:
0.64; 95% Cl: 0.12 to 1.16; I>= 90%; P= 0.02;
Supplementary Figure 8.10:14.26,:29.39

Associated complications and prognosis of
COVID-19 patients with liver injury, The
stratified studies according to the liver injury
were further analyzed for associated
complications and prognosis of COVID-19
patients. When we sought an association
between the liver injury and gastrointestinal
symptoms (i.e. diarrhea and nausea) in
COVID-19 patients, we didn’t find any
significant difference between the patients
with liver injury and without liver injury for
gastrointestinal symptoms!%2%2%3° (OR: 0.69;
95% Cl: 0.37 to 1.32; I>= 0%; P= 0.27;
Supplementary Figure 9). We were equally
interested in analyzing other complications
associated with COVID-19 i.e. ARDS, acute
kidney injury (AKI), and sepsis between the
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patients with liver injury and without liver
injury. However, there were not enough data
to conduct the meta-analysis for these
complications between the liver injury and

1.74; 95% Cl: 1.10 to 2.74; I>= 25%; P= 0.02)
than patients without liver injury. However,
length of hospital stay'®?%?°39 (SMD: 0.02;
95% Cl: -1.53 to 1.56; 1°= 98%; P= 0.98) was

not varied between both the groups. In
overall, the rate of severity and mortality in
Using a random-effect model we found that COVID-19 patients with liver injury were
patients with liver injury had significantly 42.3% (160/307) and 18.5% (45/243),
more severe disease®%'%3939 (OR: 2.64; 95% respectively, Figure 5.

Cl: 1.55 to 4.48; I>= 52%; P= 0.0003) and a

higher prevalence of mortality'®31:33353% (OR:

without liver injury groups.
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Figure 1. Flow diagram for literature search.
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Drugs used in the treatment of COVID-19, We
further analyzed drugs used in the treatment
of COVID-19 patients stratified according to
the liver injury i.e. with and without liver
injury, three studies!®!*3° reported data on
the drugs used in COVID-19 patients eg.
Lopinavir/ritonavir, oseltamivir, antibiotics,
and nonsteroidal anti-inflammatory drugs
(NSAIDs). We observed no significant
differences between both the groups for the
use of Lopinavir/ritonavir, Oseltamivir,
antibiotics, and NSAIDs, Supplementary Table
4g.

Inflammation related Indexes in COVID-19,
We analysed the inflammation related
indexes in between the liver injury and
without liver injury groups, liver injury group
had significantly higher C-reactive protein
(CRP)1026:293% (S\VID: 1.42; 95% Cl: 0.33 to 2.50;

1= 96%; P= 0.01), erythrocyte sedimentation
Studies Estimate (95% C.I.) Ew/Trt
Zhang X 0.039 (0.024, 0.054) 25/645
‘Wu Chaomin 0.035 (0.00%, 0.0&0) 7/201
Wang £ 0.014 (0.000, 0.043) 1/69
Wan 5 0.021 {(0.000Q, 0.050) 2785
Zhang Gugin 0.032 (0.009, 0.055)  7/221
Huang Rui 0.020 (0.001, 0.039) 4/202
Kaveh Haijifathalian 0.030 (0.020, 0.041) 32/1050
Chen Tao 0.055 (0.028, 0.0B2) 15/274
Hui Du Rong 0.117 (0.070, 0.1le4) 21/179
Wang Lang 0.00& (0.000, 0.014) 27339
Cﬁiﬂingxiﬁn 0.050 (0.02%9, 0.071) 21/417
Fan Zhenyu 0.061 (0.02Z, 0.099) 5/148
Overall (1*2=80% , P< 0.001) 0.035 (0.023, 0.048) 146/3848

rate (ESR)!0263% (SMD: 1.45; 95% Cl 0.72 to
2.18; 1= 89%; P<0.0001), D-dimer?®3° (SMD:
1.08; 95% Cl 0.80 to 1.36; I>= 0%; P< 0.00001)
and absolute neutrophils count?®?°39 (SMD:
3.97; 95% Cl: 1.50 to 6.43; 1>= 98%; P= 0.002)
level compared to without liver injury group.
Likewise, absolute lymphocyte count!®26:293°
(SMD: -0.88; 95% ClI: -1.16 to -0.60; I°= 47%;
P< 0.00001) was markedly decreased in liver
injury group compared to without liver injury
group. However, there was no obvious
difference for procalcitonin level'®* (SMD:
1.99; 95% Cl: -1.93 to 5.91; I*= 99%; P= 0.32)
between the both groups. Further, there were
no enough data to perform a meta-analysis
for other inflammation related markers like
ferritin and interleukin 6 (IL-6) between both
the groups, Supplementary Figure 10)

T T T 1
| 015
Proportion

Figure 2. Forest plot for pooled estimate of the prevalence of chronic liver disease in COVID-19 patients.

Studies Estimate (95% C.I.) Ewv/Trt
Qi ¥iaclong 2 0.085 (0.000, 0.221) /21
Moon 0.397 (0.321, 0.474) 62/156

Overall (1*2=94% , P< 0.001) 0.251 (-0.045, 0.547) &4/177

|

Proportion

Figure 3. Forest plot for pooled estimate of the prevalence of ACLF in COVID-19 patients with chronic liver

disease.

44

Journal of Patan Academy of Health Sciences. 2021Dec;8(3):38-51.



Dipesh Kumar Yadav: COVID-19 and liver damage

Studies Estimate (95% C.T.) Ev/Trt i
i
Zhang X 0.126 (0.100, 0.151) B81/&45 —- .
Zhao XinYing 0.198 (0.11&, 0.280) 18701 —
Chen Tao 0.047 (0.022, 0.073) 1372712 —J i
Wang Lang 0.283 [0.235, 0.331) 06/330 +
Cai Qingxian 0.216 (0.176, 0.255) 00/417 -
Yang X 0.288 [0.165, 0.412) 15/52 .
¥ie Hansheng 0.354 (0.249, 0.460) 28/79 -
Fan Zhenyu 0.520 (0.440, 0.601) 77/148 ! - s
Qi Xiaclong 0.457 (0.340, 0.574) 32/70 : ™
Wang Yijin 0.410 (0.333, 0.487) 64/156 : —_—
Moon 0.257 (0.187, 0.326) 397152 —I—:—
i
Overall (1"2=96% , P< 0.001) 0.282 (0.200, 0.354) 553/2423 —_—

+Liver Injury - Liver Injury Odds Ratio Odds Ratio
Study or Subgroup  BEvents Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Cai Qingxian 42 84 47 328 291% 5.34 (318,897 —a—
Fan Zhenyu 5 44 5 83 11.48% 1.76 0,49, 6.38] I
Wang Yijin a0 fid 24 42 243% 2A0[1.27, 492 —
Fhang ¥ 7h a1 4498 564 193% 1 66 [0.69, 3 96] I
Zhao Xin 8 18 22 73 1545% 1.85 [0.65, 5.33] -1
Total (95% Cl) 307 1150 100.0% 2.64[1.55,4.48] -
Tatal events 160 496
Heterogeneity, Tau®=0.18: ChiF= 8.34, di= 4 (P = 0.08); F=52% =D o IZ|=1 110 1DD=

Testfor overall effect: 2= 3.59 (F = 0.0003)

Favours [ Liver Injury]  Favours [+ Liver Injury]

+Liver injury - Liver Injury Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen Tao 10 13 103 261 B2%  A11[1.37,19.072)
Fan Zhenyu 1 i) ] 93 1.3% 5.15(0.21,128.96]
YWang Lang 22 46 43 243 BR3% 1.38[0.78,2.47] -
Wang Yijin 3 G4 1 92 28% 4.481[045 4403] ]
fang # 9 15 23 A7 18.3% 0810027, 313 . —
Total (95% CI) 243 726 100.0%  1.74[1.10,2.74] . 2
Total events 45 170
Heterogeneity: Chi®= 534, df= 4 (P = 0.28); = 25% 0005 o 10 200

Testfor overall effect 7= 2.38 (F=0.02) Favours [- Liver Injury]  Favours [+ Liver Injury]

Figure 5b. Forest plot for prognosis of COVID-19 patients with liver injury, mortality

+ Liver Injury - Liver Injury Stil. Mean Difference Stil. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Fan Zhemnyu 1509 479 55 1276 414 93 253% 0.53[0.19,0.87]
Hansheng xie 114 138 29 154 145 80 245% S2T8342,-2.14) =
Qi Hiaolong 16 Y] 15 312 38 25.0% 037010, 0.85)
WWang Yijin 189 25 64 15 183 92 252% 1.87 [1.48, 2.25] =
Total (95% CI) 180 273 100.0% 0.02 [-1.53, 1.56]

Heterogeneity: Tau®= 2.43; Chi*=151.01, df= 3 (F = 0.00001); F=98% f

- i .20 -0 0 10 20
Test for overall effect Z=0.02 (P = 0.88) Favours [- Liver Injury] Favaurs [+ Liver Injury]

Figure 5c¢. Forest plot for prognosis of COVID-19 patients with liver injury, length of hospital stay
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Discussion

Even though, many COVID-19 patients have
abnormal liver function tests at the time of
diagnosis!® the vast number of the published
studies on COVID-19 only reported the
disease severity and mortality based on
respiratory complications. Thus, these studies
might have overlooked the fact of the
deleterious effect of COVID-19 on the liver.
Besides, patients with underlying liver
comorbidities might be at significant risk of
severe disease and even death.

To date, only scarce meta-analyses have been
carried out to contemplate the impact of
COVID-19 on various vital organs. However,
an earlier meta-analysis that was reported
was not specific to the liver injury, and most
of them haven’t attempted to analyze the
prevalence of the liver injury and its outcome
in COVID-19 patients. Apart from this most of
the previous meta-analyses used repeated
studies from the same institutions which
might have influenced the results of the meta-
analysis. Our meta-analysis aimed to
scrutinize the association of the liver in
COVID-19 patients and approximate the
prognosis of COVID-19 patients with liver
injury. We assume it is the first meta-analysis
to rigorously examine the impact of COVID-19
on the liver.

Liver injury in COVID-19 patients should be
observed as harm to the liver developed
during disease progression or treatment
independent of prior liver comorbidities.
Studies have demonstrated a wide range of
abnormal liver function tests and prevalence
of liver injury in COVID-19 patients.*? Fan et
al.,’® found that 37.2% of the COVID-19
patients had an abnormal liver function at the
time of admission. Comparably, Cai et al. also
reported 76.3% of abnormal liver function
tests in the patients admitted to their
hospital.'*  Roughly, there is primarily
increased AST and ALT level, and bilirubin
level in 14% to 64.15% of COVID-19
patients.>'%4 Additionally, 48.74% of the
hospitalized COVID-19 patients are reported
to have raised in serum GGT level.* Whereas,

albumin was decreased to 26.3-30.9 g/l in
severe cases.* Our findings showed the
pooled prevalence of an increase in serum
ALT, AST, TBil, and LDH levels were 39.5%,
28.6%, 26.5%, and 55.5%, respectively.
Uniformly, PT was prolonged in 8.3%, and
albumin was decreased in 66.8% of the cases.

Emerging data from the studies found the
incidence of liver injury in COVID-19 was
21.5% to 45.71%.1*% Pooled results from our
meta-analysis suggest the incidence of liver
injury was 282% among all COVID-19
patients. That means more than one out of
the five COVID-19 patients are at risk of
developing a liver injury. Of note, elderly
COVID-19 patients were at a higher risk of
liver injury. Consequently, careful monitoring
of the liver function is advisable while
managing COVID-19 patients.

An atypical liver function test might be as a
result of a direct effect of SARS-CoV-2
replication in hepatic cells>’ or others like
cellular immune deficiency and cytokine
storm,* ARDS induced hypoxic hepatitis,®*?
drugs induced liver injury (DILI),** sepsis
(liver injury due to dysbiosis of gut
microbiome),®**” and AKI induced liver injury
(Kidney-Liver Axis).t

Studies have shown SARS-CoV-2 aggravate
infection to the host cells by fastening the
spike protein of the virus to ACE2.%>7 Apart
from ACE2 expression in other tissues like
lungs, heart, esophagus, ileum, colon, kidney,
testes, and bladder*®* high expressions of
ACE2 has also been observed in the liver and
biliary epithelial cells. 1%°° Hereby, the liver
may be a potential target for SARS-CoV-2
infection and this justifies frequently reported
abnormal liver functions tests in many studies
as an extrapulmonary clinical presentation in
COVID-19 patients. The liver biopsy of COVID-
19 patients found moderate microvesicular
steatosis and mild lobular and portal activity,
attributing that the injury could have been as
a result of direct SARS-CoV-2 infection or due
to DILL” Strikingly, reverse transcription-
polymerase chain reaction (RT-PCR) of the
liver biopsy demonstrated direct evidence of
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the viral sequence in the liver.®
Notwithstanding, it is still debatable whether,
if SARS-CoV-2 triggers infection directly to the
liver cells or cholangiocytes, and if these cells
can discharge infective particles of the
viruses. Further studies are needed in this
regard.

Similarly, a large portion of the COVID
patients presents with a marked decrease in
CD4 and CD8 counts,’ and high amounts of
interleukin 6, interleukin 1 beta, interferon-
gamma, interferon gamma-induced protein
10, granulocyte colony-stimulating factor,
macrophage inflammatory protein-1 alpha,
tumor necrosis factor-a and monocyte
chemotactic protein 1.** These suggest the
severity of the disease is associated to
cytokine storm and might pose severe
damage to the liver and other vital organs.%*®
Additionally, raised in inflammatory markers
like D-dimer, ferritin, neutrophil counts, and
CRP are more pronounced in severe cases of
COVID-19.° Alike, results from our meta-
analysis also revealed a convincing increase in
CRP, ESR, D-dimer, and absolute neutrophils
count in the liver injury group. Additionally, a
significant decrease in absolute lymphocyte
count was also noticed in the liver injury

group.

In addition, as explained earlier DILI might be
a cause of liver injury in COVID-19 patients.
It’s not uncommon for COVID-19 patients to
use NSAIDs for fever, which can cause liver
injury. Moreover, most of the drugs (antiviral
and antibiotics) currently used in the
treatment of COVID-19 patients might induce
hepatotoxicity.!* Cai and colleagues found
that Lopinavir/Ritonavir was associated with
liver injury.!* In contrast, Fan and colleagues
didn’t find any significant difference in the
prevalence of the liver injury when they
analyzed the liver function between those on
medication and those without medication,
stratified according to pre-hospital
medication.’® According to our subgroup
analysis, we found no difference in the
incidence of drug use between liver injury and
without liver injury groups. However, the
trend of a forest plot showed that patients

using Lopinavir/Ritonavir were more likely to
have a liver injury.

Over half of the patients with COVID-19 are
found to have gastrointestinal symptoms like
diarrhea, vomiting, or abdominal pain. In
addition, it has also been suggested that the
presence of gastrointestinal symptoms
correlates with the severity of the disease.?
However, from our study there was not any
significant difference for gastrointestinal
symptoms between the mild and severe
COVID-19 patients (results not shown).
Further, there was also no difference between
patients with liver injury and without liver
injury for gastrointestinal symptoms. It is
hypothesized that the presence of
gastrointestinal symptoms in COVID-19
patients may either be as a result of direct
infection of gut cells by SARS-CoV-2 virus®* or
as a result of the gut-lung axis, where both
lung and gut are connected through mucosal
system.*® Involvement of gut either directly by
a viral infection or due to stress associated
with a high level of cytokines and
inflammatory mediators may further lead to
dysbiosis of the gut microbiome.* It has been
found that dysbiosis of the gut microbiome
increases intestinal permeability of gut
microorganisms and pathogen-associated
molecular patterns (PAMPs) which can
directly influx into the portal circulation and
activate a pro-inflammatory cascade that
might cause abnormality in the liver
function.”’

Furthermore, COVID-19 patients with
underlying CLD might be at risk of developing
ACLF as a “second hit” in response to an
immune-mediated systemic inflammatory
response induced by SARS-CoV-2 infection.
Moon et. al.,*® found that COVID-19 patients
with underlying CLD and cirrhosis are
associated with a high incidence of mortality.
The study further revealed that hepatic
decompensation occurred in 36.9% of cases,
and deaths occurred in 12.2% of CLD without
cirrhosis, and 63.0% Child-Turcotte-Pugh
(CTP)-C cirrhosis. According to results from
our meta-analysis, the prevalence of CLD was
3.5% among patients with COVID-19. We
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found no significant difference in the
prevalence of CLD between the mild and
severe group or survivor and a non-survivor
group of COVID-19 patients. Yet, from the
trend of a forest plot, our results also
suggested that COVID-19 patients with
underlying CLD seem to have more severe
disease and a high risk of mortality. The
insignificant result in our study might be due
to a low reporting of CLD events in the
included study for this meta-analysis. Overall,
the rates of severity and mortality in COVID-
19 patients with CLD were 4.5% and 19.2%,
respectively. Whereas, the incidence of ACLF
in these patients was 25.1%.

Besides, our study also found that disease
severity and mortality were remarkably
increased in COVID-19 patients with liver
injury. However, no obvious difference was
found in the length of hospital stay between
the patients with liver injury and without liver
injury. Overall, the rates of severity and
mortality in COVID-19 patients with liver
injury were 42.3% (160/307) and 18.5%
(45/243), respectively. Here again, the
insignificant result for the length of hospital
stay in our study might be due to the least
number of patients included in our meta-
analysis.

Limitations, despite the relatively high quality
of the studies included in our meta-analysis,
there are some shortcomings. Firstly, there is
a potential publication bias, only English
language studies were included in this meta-
analysis, so the quality of outcomes might
have been compromised to some extent.
Secondly, we couldn’t identify more
comparative two-arm studies comparing the
patients with liver injury and without liver
injury. Additionally, the data presented in the
studies comparing the patients with liver
injury and without liver injury were not
sufficient to compare other factors like
associating complications (ARDS, AKI, and
sepsis, etc.) and inflammatory markers
(ferritin and IL-6) between the liver injury and
without liver injury group; this would have
been of great importance to compare these
factors stratified according to the liver injury.

Lastly, the criteria for the classification of
COVID-19 based on the severity and the
definition used for the liver injury was not the
same between the studies, this might have
contributed to the high heterogeneity in our
meta-analysis. Nonetheless, this meta-
analysis is still of great significance for
comparing different factors and outcomes
between the COVID-19 patients based on the
severity, liver injury, and outcome (mortality),
and may prove beneficial for the clinicians in
understanding the impact caused by COVID-
19 on the liver, so that management of the
COVID-19 patients can be done effectively;
hence, reducing the morbidity and mortality.

Conclusion

In conclusion, COVID-19 patients are at risk of
developing a liver injury. Of note, COVID-19
patients with liver injury have more severe
disease and a higher incidence of mortality.
Thus, careful monitoring of liver function is
advisable while treating COVID-19 patients.

Conflict of Interest
None

Funding

This work was supported by grants from -
National Natural Science Foundation of China
(No. 81830089), National Key Research and
Development Program (No.
2019YFC1316000), Key Program of Medical
Scientific Research Foundation of Zhejiang
Province, China (No.WKIJ-ZJ-1410), Key
Program of Administration of Traditional
Chinese Medicine of Zhejiang Province, China
(No.2014ZZ00), Zhejiang Provincial Program
for the Cultivation of High-level Innovative
Health Talents.

Author Contribution

Study Design: DKY, BXL, LT; Preparation of the
manuscript: DKY, AS, AS, RKY; All authors
reviewed and approved the final draft.

Reference

1. ZhangX, Cai H, Hu J, Lian J, Gu J, Zhang S, et al.
Epidemiological, clinical characteristics of

48 Journal of Patan Academy of Health Sciences. 2021Dec;8(3):38-51.



Dipesh Kumar Yadav: COVID-19 and liver damage

cases of SARS-CoV-2 infection with abnormal
imaging findings. Int J Infect Dis. 2020;94:81-7.
| DOI | PubMed | Full Text | Weblink |

11.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang
H, et al. Clinical and immunological features of
severe and moderate coronavirus disease

2. WuC, ChenX, CaiY, Xiala, Zhou X, Xu S, et al. 2019. J Clin Invest. 2020;130(5):2620-9. | DOI
Risk factors associated with acute respiratory | PubMed | Full Text | Weblink |
distress syndrome and death in patients with 12. Page MJ, McKenzie JE, Bossuyt PM, Boutron |,
Coronavirus disease 2019 pneumonia in Hoffmann TC, Mulrow CD, et al. The PRISMA
Wuhan, China. JAMA Int Med. 2020 statement: an updated guideline for
2020;180(7):934-43. | DOI | PubMed | Full reporting systematic reviews. Systematic
Text | Weblink | Reviews. 2021;10(1):89. DOI | Full Text |

3. ZhouF,YuT,DuR, FanG, LiuY, Liu Z, et al. Weblink |
Clinical course and risk factors for mortality of 13. Coronavirus disease (COVID-19) technical
adult inpatients with COVID-19 in Wuhan, guidance: Laboratory testing for 2019-nCoV in
China: a retrospective cohort study. Lancet. humans. | Weblink |
2020;395(10229):1054-62. | DOI | PubMed | 14. CaiQ, HuangD, YuH, Zhu Z, Xia Z, Su Y, et al.
Full Text | Weblink | COVID-19: Abnormal liver function tests.

4. Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Journal of hepatology 2020:50168-
Evidence for gastrointestinal infection of 8278(0120)30218-X. | DOI | PubMed |Full
SARS-CoV-2. Gastroenterol. 2020;158(6):1831- Text | Weblink |
3.e3. | DOI | PubMed | Full Text | Weblink | 15. Hajifathalian K, Krisko T, Mehta A, Kumar S,

5. Tian§, Xiong Y, Liu H, Niu L, Guo J, Liao M, et Schwartz R, Fortune B, et al. Gastrointestinal
al. Pathological study of the 2019 novel and Hepatic Manifestations of 2019 Novel
coronavirus disease (COVID-19) through Coronavirus Disease in a Large Cohort of
postmortem core biopsies. Mod Pathol. Infected Patients From New York: Clinical
2020;33(6);1007-14. | DOI | PubMed | Full Implications. Gastroenterology 2020; 0 (0). |
Text | Weblink | DOI | PubMed | Full Text | Weblink |

6. Yadav DK, Singh A, Singh A, Yadav RK, Xing H, 16. Liu W, Tao Z-W, Wang L, Yuan M-L, Liu K, Zhou
Bai X, et al. COVID-19 Impact on liver: inter- L, et al. Analysis of factors associated with
organ cross-talk in an acute inflammation. J disease outcomes in hospitalized patients with
Patan Acad Health Sci. 2021;8(2):49-57. | DOI 2019 novel coronavirus disease. Chinese
| Full Text | Weblink | medical journal 2020; 133 (9):1032-8. | DOI |

7. XuZ Shil, Wang, ZhangJ, Huang L, Zhang C, PubMed | Full Text | Weblink |
et al. Pathological findings of COVID-19 17. WangZ, Yang B, Li Q, Wen L, Zhang R. Clinical
associated with acute respiratory distress Features of 69 Cases with Coronavirus Disease
syndrome. Lancet Respir Med. 2020;8(4):420- 2019 in Wuhan, China. Clinical infectious
2. | DOI | PubMed | Full Text | Weblink | diseases : an official publication of the

8. Guan WJ, Ni ZY, HuY, Liang WH, Ou CQ, He JX, Infectious Diseases Society of America 2020;
et al. Clinical characteristics of coronavirus 16;ciaa272. | DOI | PubMed | Full Text |
disease 2019 in China. N Engl J Med. Weblink |
2020;382(18):1708-20. | DOI | PubMed | Full 18. Lo CK, Mertz D, Loeb M. Newcastle-Ottawa
Text | Weblink | Scale: comparing reviewers' to authors'

9. WangD, HuB, Hu C, Zhu F, Liu X, Zhang J, et assessments. BMC medical research
al. Clinical Characteristics of 138 hospitalized methodology 2014; 14:45.| DOI | PubMed |
patients with 2019 novel coronavirus—infected Full Text | Weblink |
pneumonia in Wuhan, China. JAMA. 19. Hozo SP, Djulbegovic B, Hozo I. Estimating the
2020;323(11):1061-9. | DOI | PubMed |Full mean and variance from the median, range,
Text | Weblink | and the size of a sample. BMC Medical

10. FanZ, Chen L, LiJ, Cheng X, Yang J, Tian C, et Research Methodology 2005; 5 (1):13. | DOI |
al. Clinical features of COVID-19-related liver PubMed | Full Text | Weblink |
functional abnormality. Clin Hastroenterol 20. Altman DG MD, Bryant TN and Gardner MJ.
Hepatol. 2020;18(7):1561-6. | DOI | PubMed | Statistics with Confidence Second Edition.
Full Text | Weblink | 2000 BMJ Books BMJ Books:p. 28-31. | Full

Text |
49 Journal of Patan Academy of Health Sciences. 2021Dec;8(3):38-51.


https://doi.org/10.1016/j.ijid.2020.03.040
https://pubmed.ncbi.nlm.nih.gov/32205284/
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30172-7
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30172-7
https://doi.org/10.1001/jamainternmed.2020.0994
https://pubmed.ncbi.nlm.nih.gov/32167524/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://doi.org/10.1016/S0140-6736(20)30566-3
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://doi.org/10.1053/j.gastro.2020.02.055
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130181/pdf/main.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0016-5085(20)30282-1
https://doi.org/10.1038/s41379-020-0536-x
https://pubmed.ncbi.nlm.nih.gov/32291399/
https://www.nature.com/articles/s41379-020-0536-x
https://www.nature.com/articles/s41379-020-0536-x
https://www.nature.com/articles/s41379-020-0536-x
https://doi.org/10.3126/jpahs.v8i2.28838
https://doi.org/10.3126/jpahs.v8i2.28838
https://jpahs.edu.np/index.php/jpahs/article/view/504/363
https://jpahs.edu.np/index.php/jpahs/article/view/504
https://doi.org/10.1016/S2213-2600(20)30076-X
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://www.thelancet.com/journals/lancet/article/PIIS2213-2600(20)30076-X/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS2213-2600(20)30076-X/fulltext
doi:%2010.1056/NEJMoa2002032
https://pubmed.ncbi.nlm.nih.gov/32109013/
https://pubmed.ncbi.nlm.nih.gov/32109013/
https://www.nejm.org/doi/full/10.1056/nejmoa2002032
https://www.nejm.org/doi/full/10.1056/nejmoa2002032
https://doi.org/10.1001/jama.2020.1585
https://pubmed.ncbi.nlm.nih.gov/32031570/
https://jamanetwork.com/journals/jama/fullarticle/2761044
https://jamanetwork.com/journals/jama/fullarticle/2761044
https://jamanetwork.com/journals/jama/fullarticle/2761044
https://doi.org/10.1016/j.cgh.2020.04.002
https://pubmed.ncbi.nlm.nih.gov/32283325/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194865/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194865/
https://linkinghub.elsevier.com/retrieve/pii/S1542-3565(20)30482-1
https://doi.org/10.1172/JCI137244
https://pubmed.ncbi.nlm.nih.gov/32217835/
https://www.jci.org/articles/view/137244
https://www.jci.org/articles/view/137244
https://doi.org/10.1186/s13643-021-01626-4
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-021-01626-4#citeas
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-021-01626-4#citeas
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-021-01626-4#citeas
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance/
https://doi.org/10.1016/j.jhep.2020.04.006
https://pubmed.ncbi.nlm.nih.gov/32298767/
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30218-X/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30218-X/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30218-X/fulltext
https://doi.org/10.1053/j.gastro.2020.05.010
https://doi.org/10.1053/j.gastro.2020.05.010
https://pubmed.ncbi.nlm.nih.gov/32389667/
https://www.gastrojournal.org/article/S0016-5085(20)30602-8/fulltext?referrer=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F
https://www.gastrojournal.org/article/S0016-5085(20)30602-8/fulltext?referrer=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F
https://doi.org/10.1097/CM9.0000000000000775
https://pubmed.ncbi.nlm.nih.gov/32118640/
https://journals.lww.com/cmj/Fulltext/2020/05050/Analysis_of_factors_associated_with_disease.5.aspx
https://journals.lww.com/cmj/Fulltext/2020/05050/Analysis_of_factors_associated_with_disease.5.aspx
https://doi.org/10.1093/cid/ciaa272
https://pubmed.ncbi.nlm.nih.gov/32176772/
https://academic.oup.com/cid/article/71/15/769/5807944?login=true
https://academic.oup.com/cid/article/71/15/769/5807944?login=true
https://doi.org/10.1186/1471-2288-14-45
https://pubmed.ncbi.nlm.nih.gov/24690082/
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-45
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-45
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-45
https://doi.org/10.1186/1471-2288-5-13
https://pubmed.ncbi.nlm.nih.gov/15840177/
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-5-13
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-5-13
https://tbrieder.org/epidata/course_reading/b_altman.pdf
https://tbrieder.org/epidata/course_reading/b_altman.pdf

Dipesh Kumar Yadav: COVID-19 and liver damage

21. WanS, Xiang Y, Fang W, Zheng Y. Clinical patients with liver injury. Journal of
features and treatment of COVID-19 patients hepatology 2020; S0168-8278(20)30222-1. |
in northeast Chongging. Journal of medical DOI | PubMed | Full Text | Weblink |
virology 2020; 21;10.1002/jmv.25783. | DOI | 30. Zhao X-Y, Xu X-X, Yin H-S, Hu Q-M, Xiong T,
PubMed | Full Text | Weblink | Tang Y-Y, et al. Clinical characteristics of

22. QuR, Ling Y, Zhang YH, Wei LY, Chen X, Li XM, patients with 2019 coronavirus disease in a
et al. Platelet-to-lymphocyte ratio is non-Wuhan area of Hubei Province, China: a
associated with prognosis in patients with retrospective study. BMC Infectious Diseases
coronavirus disease-19. Journal of medical 2020; 20 (1):311. | DOI | PubMed | Full Text |
virology 2020:17;10.1002/jmv.25767. | DOI_| Weblink |
PubMed | Full Text | Weblink | 31. Yang X, YuY, Xu J, Shu H, Xia Ja, Liu H, et al.

23. GaoVY, LiT,Han M, Li X, WuD, XuY, et al. Clinical course and outcomes of critically ill
Diagnostic utility of clinical laboratory data patients with SARS-CoV-2 pneumonia in
determinations for patients with the severe Wuhan, China: a single-centered,

COVID-19. Journal of medical virology retrospective, observational study. The Lancet
2020:17;10.1002/jmv.25770. |DOI | PubMed Respiratory Medicine 2020; 8 (5):475-81. |
| Full Text | Weblink | DOI | PubMed | Full Text | Weblink |

24. Qian GQ, Yang NB, Ding F, Ma AHY, Wang ZY, 32. Ruan Q, Yang K. Clinical predictors of mortality
Shen YF, Shi CW, Lian X, Chu JG, Chen L, Wang due to COVID-19 based on an analysis of data
ZY, Ren DW, Li GX, Chen XQ, Shen HJ, Chen of 150 patients from Wuhan, China. Intensive
XM. Epidemiologic and clinical characteristics care medicine 2020; 46 (5):846-8. | DOI |
of 91 hospitalized patients with COVID-19 in PubMed | Full Text | Weblink |
Zhejiang, China: a retrospective, multi-centre 33. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G,
case series. QJM. 2020 Jul 1;113(7):474-81. | et al. Clinical characteristics of 113 deceased
DOI | PubMed | Full Text | Weblink | patients with coronavirus disease 2019:

25. Zhang G, Hu C, Luo L, Fang F, ChenYY, Li J, et al. retrospective study. BMJ (Clinical research ed)
Clinical features and short-term outcomes of 2020; glaa089:m1091. | DOI | PubMed | Full
221 patients with COVID-19 in Wuhan, China. Text | Weblink |
Journal of clinical virology : the official 34. Du R-H, Liang L-R, Yang C-Q, Wang W, Cao T-Z,
publication of the Pan American Society for Li M, et al. Predictors of mortality for patients
Clinical Virology 2020; 127:104364. | DOL_| with COVID-19 pneumonia caused by SARS-
PubMed | Full Text | Weblink | CoV-2: a prospective cohort study. Eur Respir J

26. Xie H, Zhao J, Lian N. Clinical characteristics of 2020; 55 (5):2000524. | DOI | PubMed | Full
non-ICU hospitalized patients with Text | Weblink |
coronavirus disease 2019 and liver injury: A 35. Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al.
retrospective study. Liver international : Coronavirus disease 2019 in elderly patients:
official journal of the International Association Characteristics and prognostic factors based
for the Study of the Liver 2020; 40(6):1321-6. on 4-week follow-up. The Journal of infection
| DOI | PubMed | Full Text | Weblink | 2020; 80 (6):639-45. | DOI | PubMed | Full

27. Zheng M, Gao Y, Wang G, Song G, Liu S, Sun D, Text | Weblink |
et al. Functional exhaustion of antiviral 36. ChenT, Dai Z, Mo P, Li X, Ma Z, Song S, Chen X,
lymphocytes in COVID-19 patients. Cellular & Luo M, Liang K, Gao S, Zhang Y, Deng L, Xiong
molecular immunology 2020; 17 (5):533-5. | Y. Clinical Characteristics and Outcomes of
DOI | PubMed | Full Text | Weblink | Older Patients with Coronavirus Disease 2019

28. Huang R, Zhu L. Clinical findings of patients (COVID-19) in Wuhan, China: A Single-
with coronavirus disease 2019 in Jiangsu Centered, Retrospective Study. J Gerontol A
province, China: A retrospective, multi-center Biol Sci Med Sci. 2020 Sep 16;75(9):1788-95. |
study. PLoS Negl Trop Dis 2020; 14 DOI | PubMed | Full Text | Weblink |
(5):8;14(15):e0008280. | DOI | PubMed | Full 37. Deng, Liu W, Liu K, Fang YY, Shang J, Zhou L,
Text | Weblink | Wang K, Leng F, Wei S, Chen L, Liu HG. Clinical

29. Qi X, Liu C, Jiang Z, Gu Y, Zhang G, Shao C, et characteristics of fatal and recovered cases of
al. Multicenter analysis of clinical coronavirus disease 2019 in Wuhan, China: a
characteristics and outcome of COVID-19 retrospective study. Chin Med J (Engl). 2020

50 Journal of Patan Academy of Health Sciences. 2021Dec;8(3):38-51.


https://doi.org/10.1002/jmv.25783
https://pubmed.ncbi.nlm.nih.gov/32198776/
https://pubmed.ncbi.nlm.nih.gov/32198776/
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25783
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25783
https://doi.org/10.1002/jmv.25767
https://pubmed.ncbi.nlm.nih.gov/32181903/
https://pubmed.ncbi.nlm.nih.gov/32181903/
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25767
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25767
https://doi.org/10.1002/jmv.25770
https://pubmed.ncbi.nlm.nih.gov/32181911/
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25770
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25770
https://doi.org/10.1093/qjmed/hcaa089
https://doi.org/10.1093/qjmed/hcaa089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184349/
https://academic.oup.com/qjmed/article/113/7/474/5809152
https://academic.oup.com/qjmed/article/113/7/474/5809152
https://doi.org/10.1016/j.jcv.2020.104364
https://pubmed.ncbi.nlm.nih.gov/32311650/
https://www.sciencedirect.com/science/article/abs/pii/S1386653220301062?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1386653220301062?via%3Dihub
https://doi.org/10.1111/liv.14449
https://pubmed.ncbi.nlm.nih.gov/32239591/
https://onlinelibrary.wiley.com/doi/10.1111/liv.14449
https://onlinelibrary.wiley.com/doi/10.1111/liv.14449
https://doi.org/10.1038/s41423-020-0402-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7091858/
https://www.nature.com/articles/s41423-020-0402-2
https://www.nature.com/articles/s41423-020-0402-2
https://doi.org/10.1371/journal.pntd.0008280
https://pubmed.ncbi.nlm.nih.gov/32384078/
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008280
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008280
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008280
https://doi.org/10.1016/j.jhep.2020.04.010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7162763/
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30222-1/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30222-1/fulltext
https://doi.org/10.1186/s12879-020-05010-w
https://pubmed.ncbi.nlm.nih.gov/32345226/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05010-w
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05010-w
https://doi.org/10.1016/S2213-2600(20)30079-5
https://pubmed.ncbi.nlm.nih.gov/32105632/
https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(20)30079-5/fulltext
https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(20)30079-5/fulltext
https://doi.org/10.1007/s00134-020-05991-x
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://link.springer.com/article/10.1007%2Fs00134-020-05991-x
https://link.springer.com/article/10.1007%2Fs00134-020-05991-x
https://doi.org/10.1136/bmj.m1091
https://pubmed.ncbi.nlm.nih.gov/32217556/
https://www.bmj.com/content/368/bmj.m1091.long
https://www.bmj.com/content/368/bmj.m1091.long
https://www.bmj.com/content/368/bmj.m1091.long
https://doi.org/10.1183/13993003.00524-2020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7144257/
https://erj.ersjournals.com/content/55/5/2000524
https://erj.ersjournals.com/content/55/5/2000524
https://erj.ersjournals.com/content/55/5/2000524
https://doi.org/10.1016/j.jinf.2020.03.019
https://pubmed.ncbi.nlm.nih.gov/32240670/
https://www.journalofinfection.com/article/S0163-4453(20)30146-8/fulltext
https://www.journalofinfection.com/article/S0163-4453(20)30146-8/fulltext
https://www.journalofinfection.com/article/S0163-4453(20)30146-8/fulltext
https://doi.org/10.1093/gerona/glaa089
https://doi.org/10.1093/gerona/glaa089
https://pubmed.ncbi.nlm.nih.gov/32279081/
https://academic.oup.com/biomedgerontology/article/75/9/1788/5819242
https://academic.oup.com/biomedgerontology/article/75/9/1788/5819242

Dipesh Kumar Yadav: COVID-19 and liver damage

Jun 5;133(11):1261-7. | DOI | PubMed |Full
Text | Weblink |

44. ShiY, Wang Y, Shao C. COVID-19 infection: the

perspectives on immune responses. Cell death

38. Sun H, Ning R, Tao Y, Yu C, Deng X, Zhao C, and differentiation 2020; 27 (5):1451-1454. |
Meng S, Tang F, Xu D. Risk Factors for DOI | PubMed | Full Text | Weblink |
Mortality in 244 Older Adults With COVID-19 45. Wu G, Win S, Than TA, Chen P, Kaplowitz N.
in Wuhan, China: A Retrospective Study. ] Am Gut Microbiota and Liver Injury (I)—Acute
Geriatr Soc. 2020 Jun;68(6):E19-E23. | DOI | Liver Injury. Gut Microbiota and Pathogenesis
PubMed | Full Text | Weblink | of Organ Injury. 2020 Singapore Springer

39. WangV, LiuS, LiuH, LiW, Lin F, Jiang L, Li X, Singapore:23-37. | DOI | PubMed | Full Text |
Xu P, Zhang L, Zhao L, Cao Y, Kang J, Yang J, Li Weblink |
L, LiuX, LiY, NieR, MuJ, LuF, Zhao S, Lu J, 46. Marsland BJ, Trompette A, Gollwitzer ES. The
Zhao J. SARS-CoV-2 infection of the liver Gut—Lung Axis in Respiratory Disease. Annals
directly contributes to hepatic impairment in of the American Thoracic Society 2015; 12
patients with COVID-19. J Hepatol. 2020 (Supplement 2):5150-S156. | DOI | PubMed |
Oct;73(4):807-816. | DOI | PubMed | Full Text Full Text | Weblink |
| Weblink | 47. Konturek PC, Harsch IA, Konturek K, Schink M,

40. Moon AM, Webb GJ, Aloman C, Armstrong Konturek T, Neurath MF, et al. GutLiver Axis:
MJ, Cargill T, Dhanasekaran R, Genesca J, Gill How Do Gut Bacteria Influence the Liver? Med
Us, James TW, Jones PD, Marshall A, Mells G, Sci (Basel) 2018; 6 (3):79. | DOI | PubMed |
Perumalswami PV, Qi X, Su F, Ufere NN, Full Text | Weblink |
Barnes E, Barritt AS, Marjot T. High mortality 48. Hamming |, Timens W, Bulthuis ML, Lely AT,
rates for SARS-CoV-2 infection in patients with Navis G, van Goor H. Tissue distribution of
pre-existing chronic liver disease and cirrhosis: ACE2 protein, the functional receptor for SARS
Preliminary results from an international coronavirus. A first step in understanding
registry. J Hepatol. 2020 Sep;73(3):705-8. | SARS pathogenesis. The Journal of pathology
DOI | PubMed | Full Text | Weblink | 2004; 203 (2):631-7. | DOI | PubMed | Full

41. Qi X, LiuY, Wang J, Fallowfield JA, Wang J, Li X, Text | Weblink |
et al. Clinical course and risk factors for 49. Harmer D, Gilbert M, Borman R, Clark KL.
mortality of COVID-19 patients with pre- Quantitative mRNA expression profiling of
existing cirrhosis: a multicentre cohort study. ACE 2, a novel homologue of angiotensin
Gut 2020:gutjnl-2020-321666. | DOI | converting enzyme. FEBS letters 2002; 532 (1-
PubMed | Full Text | Weblink | 2):107-10. | DOI | PubMed | Full Text |

42. Yadav DK, Singh A, Zhang Q, Bai X, Zhang W, Weblink |
Yadav RK, et al. Involvement of liver in COVID- 50. Zhao B, Ni C, Gao R, Wang Y, Yang L, Wei J, et
19: systematic review and meta-analysis. Gut al. Recapitulation of SARS-CoV-2 infection and
2021; 70 (4):807-9.| DOI | PubMed | Full Text cholangiocyte damage with human liver ductal
| Weblink | organoids. Protein Cell 2020:1-5. | DOI |

43. Yadav DK, Adhikari VP, Ling Q, Liang T. PubMed | Full Text | Weblink |
Immunosuppressants in Liver Transplant 51. PanL, Mu M, Yang P, SunY, WangR, Yan J, et
Recipients With Coronavirus Disease 2019: al. Clinical Characteristics of COVID-19
Capability or Catastrophe?—A Systematic Patients With Digestive Symptoms in Hubei,
Review and Meta-Analysis. Frontiers in China: A Descriptive, Cross-Sectional,
Medicine 2021; 8 (2046). | DOI | PubMed | Multicenter Study. Am J Gastroenterol 2020;
Full Text | Weblink | 115 (5):766-73. | DOI | PubMed | Full Text |

Weblink |
Supplement
Figures and Tables DOI
51 Journal of Patan Academy of Health Sciences. 2021Dec;8(3):38-51.


https://doi.org/10.1097/CM9.0000000000000824
https://pubmed.ncbi.nlm.nih.gov/32209890/
https://journals.lww.com/cmj/fulltext/2020/06050/clinical_characteristics_of_fatal_and_recovered.1.aspx
https://journals.lww.com/cmj/fulltext/2020/06050/clinical_characteristics_of_fatal_and_recovered.1.aspx
https://journals.lww.com/cmj/fulltext/2020/06050/clinical_characteristics_of_fatal_and_recovered.1.aspx
https://doi.org/10.1111/jgs.16533
https://pubmed.ncbi.nlm.nih.gov/32383809/
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.16533
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.16533
https://doi.org/10.1016/j.jhep.2020.05.002
https://pubmed.ncbi.nlm.nih.gov/32437830/
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30294-4/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30294-4/fulltext
https://doi.org/10.1016/j.jhep.2020.05.013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241346/
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30305-6/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(20)30305-6/fulltext
https://doi.org/10.1136/gutjnl-2020-321666
https://pubmed.ncbi.nlm.nih.gov/32434831/
https://gut.bmj.com/content/70/2/433.long
https://gut.bmj.com/content/70/2/433.long
http://dx.doi.org/10.1136/gutjnl-2020-322072
https://pubmed.ncbi.nlm.nih.gov/32669289/
https://gut.bmj.com/content/70/4/807
https://gut.bmj.com/content/70/4/807
https://doi.org/10.3389/fmed.2021.756922
https://pubmed.ncbi.nlm.nih.gov/34859012/
https://www.frontiersin.org/articles/10.3389/fmed.2021.756922/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.756922/full
https://doi.org/10.1038/s41418-020-0530-3
https://doi.org/10.1038/s41418-020-0530-3
https://pubmed.ncbi.nlm.nih.gov/32205856/
https://www.nature.com/articles/s41418-020-0530-3
https://www.nature.com/articles/s41418-020-0530-3
https://doi.org/10.1007/978-981-15-2385-4_3
https://pubmed.ncbi.nlm.nih.gov/32323178/
https://link.springer.com/chapter/10.1007%2F978-981-15-2385-4_3
https://link.springer.com/chapter/10.1007%2F978-981-15-2385-4_3
https://link.springer.com/chapter/10.1007%2F978-981-15-2385-4_3
https://doi.org/10.1513/AnnalsATS.201503-133AW
https://pubmed.ncbi.nlm.nih.gov/26595731/
https://www.atsjournals.org/doi/full/10.1513/AnnalsATS.201503-133AW
https://www.atsjournals.org/doi/full/10.1513/AnnalsATS.201503-133AW
https://doi.org/10.3390/medsci6030079
https://pubmed.ncbi.nlm.nih.gov/30227645/
https://www.mdpi.com/2076-3271/6/3/79
https://www.mdpi.com/2076-3271/6/3/79
https://doi.org/10.1002/path.1570
https://pubmed.ncbi.nlm.nih.gov/15141377/
https://onlinelibrary.wiley.com/doi/10.1002/path.1570
https://onlinelibrary.wiley.com/doi/10.1002/path.1570
https://onlinelibrary.wiley.com/doi/10.1002/path.1570
https://doi.org/10.1016/s0014-5793(02)03640-2
https://pubmed.ncbi.nlm.nih.gov/12459472/
https://www.sciencedirect.com/science/article/pii/S0014579302036402
https://www.sciencedirect.com/science/article/pii/S0014579302036402
https://www.sciencedirect.com/science/article/pii/S0014579302036402
https://doi.org/10.1007/s13238-020-00718-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7164704/
https://link.springer.com/article/10.1007/s13238-020-00718-6
https://link.springer.com/article/10.1007/s13238-020-00718-6
https://doi.org/10.14309/ajg.0000000000000620
https://pubmed.ncbi.nlm.nih.gov/32287140/
https://journals.lww.com/ajg/Abstract/2020/05000/Clinical_Characteristics_of_COVID_19_Patients_With.25.aspx
https://journals.lww.com/ajg/Abstract/2020/05000/Clinical_Characteristics_of_COVID_19_Patients_With.25.aspx
https://doi.org/10.3126/jpahs.v8i3.42030
https://doi.org/10.3126/jpahs.v8i3.42030

