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Abstract

Background: Infection with COVID-19 can cause hepatic damages. Here, we aimed to examine the
effect of COVID-19 infection on the serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT), albumin, and procalcitonin (PCT) concentrations as markers to evaluate the
liver function.

Methods: In this study, 56 patients infected with COVID- 19 and 28 healthy controls was recruited
in Private Nursing Home Hospital of the Medical City, Baghdad. Patients were subdivided according
to disease severity into severe and non-severe groups.

Results: The results showed that the meantSD value of serum AST activity and serum PCT
concentrations were elevated significantly in severe group in comparison to healthy control, (p< 0.01,
p< 0.001) respectively. Also, the mean £SD value of serum ALT activity was higher in severe group
compared to the healthy subjects and non-severe ones, significantly (p< 0.0001, p< 0.003)
respectively. While the mean value of serum albumin concentration of severe patients and non-severe
group were significantly decreased compared to healthy subjects. The receiver operating
characteristic curve (ROC) revealed that ROC value of albumin (0.992) differentiates between non-
severe infected patients and healthy subjects, while the ROC value of serum ALT activity (0.735)
differentiates between severe COVID-19 patients and non- severe ones.

Conclusions: Changes of liver function parameters in COVID-19 patients were mild to moderate and
measurement of serum ALT activity is the best biomarker in differentiation between non-severe patients
and severe ones and albumin concentration is excellent in discrimination between patients and controls.
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Introduction

Coronaviruses (CoVs) infect both humans
and animals. They are in humans mainly
causing many respiratory and intestinal
infections, ranging from mild to lethal.
Coronaviruses are enveloped positive-
sensory, single-strand RNA viruses with a
range between 26 and 32 kilobases, the largest
RNA genomes known to date, about 30,000
nucleotides are present in the SARS-CoV-2

genome. It has ability to rapidly mutate and
only recombine. It is wunderstood that
coronaviruses cause respiratory diseases,
acute respiratory illnesses, including flu,
syncytial respiratory diseases (1). In 2019
outbreak of coronavirus (COVID-19), which
began in December 2019, spread sharply in
China (2), where the patients are
epidemiologically linked of a seafood , wet
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animals whole sale market in Wuhan, Hubei
Province (3). It has a spherical body and
covers with protein spikes. Those spikes aid
the virus in binding to well cells and infecting
them (4). SARS-CoV-2 structural proteins
include glycoprotein (M) membrane,
envelope protein (E), nuclear capsule protein
(N) and spike protein (S). Linking with M
protein aids in the establishment of N proteins
and favor viral installation by settling the N
protein-RNA complex at the interior virion.
M-glycoprotein is the most considerable
building protein for coronaviruses as the M
protein cooperates with the S protein, it
covers the two-layer membrane, permitting a
small NH2 terminal region out of the virus
and the long COOH terminal inside the virion,
it might affect host cell binding and virus
entrance, The glycosylated S virus protein can
help prevent immune protection (5), COVID-
19 takes about 79.5 percent of sequence
symmetry that of SARS-CoV, according to
full-length genome sequencing, and therefore
the sequence of protein showed that it belongs
to SARS-related coronaviruses class (6). The
same receptor for angiotensin converting
enzyme 2 (ACE2), COVID-19 and SARS-
CoV are both entered the host cell. Thus, the
SARS-CoV-2 virus was then renamed (7).
The liver is an important organ in the
human body and may be more concerned
about its sensitivity to viral particles. There is
no clear evidence for the susceptibility of
liver cells to SARS-CoV-2. Furthermore, the
degree to which liver disorders are significant
risk factors for COVID-19 severity and
mortality is still unknown (8). The liver is the
primary metabolism and detoxification organ
of the human body, and even moderate loss of
liver function could change the protection and
therapeutic properties of liver-metabolized
antiviral drugs. The presence of SARS-CoV-
2 viral RNA has been established lately in the
liver by qRT-PCR in the liver in spite that the
exact replication cell site is yet unknown (9).
Albumin is a protein produced by the liver
that has tremendous physiological roles such as
supplying oncotic pressure, connecting and
transferring substances, and preserving acid-

base equilibrium, within other actions (10).
Through the crucial disease, inflammatory
mediators reduce the synthesis of albumin so
that to prefer different acute phase reactants
synthesis. Moreover, those mediators raise the
permeability of vessels permitting albumin to
get-away to outside, that might as well progress
to reduced serum albumin levels (11).

Procalcitonin is the precursor of the
calcitonin hormone. Different cell types
outside of the thyroid gland develop PCT as a
reply to pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) or bacterial endotoxins,
increases in PCT level occur with severe
inflammation, especially serious sepsis and
systemic infection. The PCT is closely
associated with systemic inflammation
severity and declining levels are related to
infection resolution (12).

The present research was designed to
examine the role of serum aminotransferases
enzymes (ALT & AST) activities, albumin
and procalcitonin concentration to study the
severity of coronavirus COVID-19 infection
and correlations between the values of these
laboratory parameters outcomes and CT- scan
values.

Materials and Methods

The current retrospective observational study
was performed at the Biochemistry
Department, Medicine College, University of
Baghdad, and at Private Nursing Home
Hospital, Medical City, Baghdad, during the
period from 19-10 - 2020 to end of 30-1- 2021.
It included 56 patients affected by coronavirus
Covid 19 who were diagnosed previously using
CT- scan and RT-PCR and 28 healthy persons
presented as controls. Inclusion criteria
involved patients on admission and before
starting any treatment regarding the coronavirus
COVID-19 and those of more than 18 years old.
While exclusion criteria involved patients who
have had critical coronavirus, influenza-cold
viral infection, autoimmune diseases, chronic
liver diseases, chronic kidney diseases, chronic
pulmonary diseases, and any acute or chronic
illness other than coronavirus COVID-19. The
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range of the age for patients was between (30-
80 years). Patients were sub-divided according
to their infected Covid 19-disease severity into
Group 1 (G1), which involved 28 severe
patients, and Group 2 (G2) that included 28
non-severe patients. The subgrouping of these
patients was achieved by consultant physician
based on fact that severe patients have oxygen
rate less than 93%, dyspnea, fever, cough,
myalgia, headache, pharyngalgia, diarrhea,
chest tightness and shortness of breath fear of
cold (8). This study was carried out after
approvals were acquired from the Biochemistry
Department scientific committee, Medicine
College, University of Baghdad, Medical City,
Ministry of Health and vocal consent from each
patient or her/ or his relative.

Three mL of blood sample were collected
from the peripheral vein of each patient and
control and moved out into gel plain tube that
allows clotting for 15 minutes and then
centrifuged for 10 minutes at 3000 g to obtain
serum sample.

The separated serum was divided into two
parts, one for direct measurements of
albumin, aminotransferase enzymes (AST &
ALT) on the same day of blood collection,
and the second part was stored in aliquots at —
20 °C until the time of measurements of
procalcitonin.

Statistical analysis

Data of serum studied parameters was
described and tabulated using mean + standard
deviation (SD) when the distribution is normal.
Analysis of variance (ANOVA) was used to
resolve the differences among the groups and
Post hoc Tukey test was used to analyze
specific different groups pairwise. Data with
non- normal distribution including that of
procalcitonin were presented and tabulated as
median and Inter Quartile Range, (1st Q-3rd
Q) values. In order to determine which groups
are different from others when Kruskal-Wallis
test was significant, post-hoc testing was
conducted with the Dunn Test for pair-wise
comparison.  Pearson  correlation  was
performed to test significant correlation among
different variables. ROC analysis was applied
for evaluating the power of study markers to
discriminate between non-severe, severe,
healthy controls best criterion values were
selected, and their diagnostic criteria were
presented. Alpha level for statistical
significance was set to p < 0.05.

Results

The present study shows that there was a non-
significant difference among the age of subjects
in healthy, non-sever and sever COVID-19
groups (Table 1).

Table 1. The age and gender of healthy controls, hon-severe COVID-19 patients, and severe COVID-19 patients.

Healthy controls

Parameter (n=28)

Non- severe COVID-19
(n=28) (n=28)

Severe COVID-19

Age (Year) NS 56.21+ 10.27

55.39+ 9.85

59.50+ 8.06

ANOVA and t-test revealed NS, non-significant difference among groups.

Also, the mean value of serum AST
activities of severe patients (40.50+ 20.89 U/L)
was significantly greater than that of healthy
subjects (29.04+ 7.50, p < 0.01). However,
there was no significant differences in mean
value of AST between non-severe patients
(34.36+ 12.61 U/L) and healthy subjects and
between non severe and severe patients. The
mean value of serum ALT activities of severe
group (56.89+ 27.13 U/L) was significantly
increased compared to that of healthy (30.14+
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9.68 U/L, p <0.0001) and non-severe patients’
group (37.71+ 14.88 U/L, p < 0.003), without
significant variation between healthy and non-
severe groups. The mean values of serum
albumin concentration of severe patients
(2.70£ 0.31 g/dl, p < 0.0001) and non-severe
group (2.99£0.34 g/dl, P < 0.0001) were
significantly decreased compared to that of
healthy subjects (4.76x 0.82 g/dl), without
significant distinction between severe and non-
severe patients. The result also showed that the
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median (1st Q-3rd Q) value of serum PCT
concentrations of severe patients 164.70 pg/mi
(80.01- 298.58) was significantly higher than in
healthy subjects 74.7 pg/ml (38.16- 112.53, p<

0.001), without significant differences between
severe and non-severe groups 143.68 pg/mi
(52.79- 207.22) as well as between non-severe
group and healthy controls (p=0.05), (Table 2).

Table 2. Mean (xSD) values of AST, ALT, albumin and Median (1st Q3rd Q) values of procalcitonin in healthy controls,

non-severe COVID-19 patients, and severe COVID-19.

Parameter Healthy Norj—severe COVID-19 Severe COVID-19 patients
(n=28) patients (n=28) (n=28)

AST (U/L) 29.04+ 7.50 34.36+ 12.61ee 40.50+ 20.89e

ALT (U/L) 30.14+ 9.68° 37.71+ 14.88 56.89+ 27.13*

Albumin (g/dl) 4,76+ 0.82° 2.99+ 0.34 2.70£0.31m

Procalcitonin (pg/ml) 74.7 (38.16-112.53)  143.68 (52.79207.22)ee 164.70 (80.01-298.58)¢

T-test revealed e significant increase in AST in severe than in controls (p< 0.015), #significant increase in procalcitonin in
severe than in healthy (p<0.001), ANOVA test revealed * significant increase in ALT in severe than in healthy (p<0.0001) and
non-severe (p<0.003), m significant decrease in albumin in severe than in healthy and non-severe (p<0.0001), ,e® non-
significant difference in AST and procalcitonin between non-severe and each of control and severe, ° non-significant difference

in ALT, and albumin between non- sever and control.

The results of the present study found
several significant correlations in non-severe
COVID-19 patients’ group (Table 3). While

Table 3. Correlation matrix showing correlation
coefficients (Pearson) and p-values (Pearson) in non-
severe patients.

Parameter Albumin CT%
Ade r -0.46 0.38

g D 0.01 0.045

r -0.55 -0.08

AST p 0.00 0.67

r -0.33 -0.08

ALT p 0.09 0.69

. r -0.34
Albumin 0 0.08
r -0.25 0.61

PCT p 0.19 0.00

Table 5 shows receiver operating characteristic
curve (ROC) and area under curve (AUC) of
the studied parameters in diagnosis and
differentiation of non-severe COVID -19
patients from healthy subjects. It shows that
albumin was the Dbest parameter in
differentiation between the non- severe and
healthy controls.

there was a non -significant correlations
between the studied parameters in the severe
group of patients (Table 4).

Table 4. Correlation matrix showing correlation
coefficients (Pearson) and p-values (Pearson) in severe
patients’ group.

Parameter Albumin PCT CT%
Age r 0.01 0.18 0.32

9 D 0.97 0.36 0.10

r -0.29 -0.04 -0.10

AST p 0.14 0.86 0.62

r -0.11 -0.20 -0.29

ALT p 0.59 0.31 0.14

. r -0.23 -0.31
Albumin o 024 011
r -0.23 0.03

PCT p 0.24 0.89

Table 5. Criterion values and coordinates of the ROC
curve non- severe versus healthy.
Marker Cut AU P- Sensiti  Specific
Albumin( <34 09 <0.00 85.71 96.43
ALT >34 0.6 0.061 34 53.57
AST(U/L) >38 06 0159 3929  92.86
PCT >119 0.6 0037 5357 78.57
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Fig. 1. ROC analysis for Albumin as discriminating
between non-severe COVID-19 and healthy controls.
Albumin had ROC and AUC value (0.992) in
differentiation of non-severe COVID -19 patients from
healthy subjects at cutoff value (<3.40 g/dl) with
sensitivity and specificity (SE=85.71& SP=96.43).

Table 6 shows ROC and AUC of the
studied parameters in diagnosis and
differentiation of severe and non- severe

) 20 40 ol ) 100

100-Speciticity

COVID -19 patients. It shows that none of the
studied parameters was functional in
differentiation between the two groups.

Table 6. Criterion values and coordinates of the ROC curve for different markers differentiating between severe and non-

severe cases.

Marker Cut off AUC P-value Sensitivity Specificity
Albumin(g/dl) <2.8 0.696 0.0055 71.43 64.29
ALT (U/L) >46 0.735 0.0007 60.71 82.14
AST (U/L) >45 0.589 0.253 39.29 85.7
PCT pg/mi >52.79 0.601 0.1872 96.43 28.57
Discussion

The current study found that the mean (£SD)
value of serum ALT activities of severe
patients was significantly greater than that of
healthy subjects, while the mean value of
serum ALT activities of severe was higher
significantly than that of healthy and non-
severe patients. In addition, the mean values of
serum albumin of severe and non-severe
patients were significantly lower than that of
healthy controls (Table 1). Fan et al. (2021)
found that medium activities of AST and ALT
in non-severe and severe patients were
oscillated within the normal reference extent
and exhibited an upward tendency (10, 13).
Albumin levels in the severe group fluctuated
within the normal range, but lower than in the
non-severe group. Xie et al. (2020) detect an
addition of ALT or AST nearly in one third of
their non-critical patients (14). Increased liver
function tests, such as AST and ALT were
included in the growing mortality rate of
COVID-19 (15). Present research discovers
that patients with extended time from starting
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till admittance are more possibly to extend
hepatic deterioration (16) and pathological
proof also displayed moderate microvascular
steatosis and  modest liver lobular
inflammation in patients with COVID -19 (17)
suggesting that COVID-19 infection can
progress to liver damage in several patients
(14).

Hypoalbuminemia and increased AST
levels were predominately monitored in
crucial patients and the correlation of AST and
albumin levels with disease intensity was also
observed (15). Albumin serum levels in both
critical and severe groups were found to be less
than 4.0 g /dl (13). During hospitalization,
usually patients with COVID -19 had fever and
receive  antipyretic  drugs  containing
paracetamol which had a serious damage on
the liver. Additionally, inspire that there is no
specific antiviral treatment for COVID-19,
most patients yet take unparticular antiviral
drugs like ritonavir and lopinavir, that may
cause hepatotoxicity and encourage liver
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damage. It has been observed that severe cases
had serious symptoms of oxygen deficiency
and chest tightness (13). Recent studies have
noted that lipid aggregation, glycogen
consuming, oxygen deficiency and ATP
consumption in hepatocytes can immediately
progress to hepatocyte decease (18), along
with increasing of reactive oxygen species
(ROS) and its peroxides that are represented as
the second messengers, activate redox-
sensitive transcription factors, moreover,
stimulate the release of different pro-
inflammatory factors and then cause liver
injury (19). Remarkably, pooled analyses
significantly demonstrated higher levels of
ALT and AST in severe group patients of
COVID-19 in comparison to non-severe group
(20). Hence, three major assumptions have
been proposed including damaging virus
directly, systemic inflammation, and drug-
induced damage. In a recent cohort study
performed in China, scientists had observed an
abnormal level of serum aminotransferase
levels in severe group of COVID-19 patients
in comparison to non-severe group (21).
Although, the ratio of patients with
transaminase abnormalities were high, they
were mild which suggested that liver cell
necrosis is rarely took place. Yet, there was a
greater decrease of protein synthesis,
especially albumin was stimulated by COVID-
19 infection. The explained mechanism is that
the rapid increase of inflammatory cytokines
produces a prevention of protein synthesis in
hepatocytes (22). In spite that the virus
receptor, angiotensin-converting enzyme 2
(ACEZ2), can be observed in specific types of
liver cells (23), the liver injury from viruses
would change the enzymes first and then alter
lipoproteins, coagulation functions and
albumin only if the viral infection prevailed in
the liver. Furthermore, the decrease in albumin
related well with the upsurge of cytokines,
encouraging the idea that liver damage is
directly secondary to cytokine storm (21). The
outcomes of the present research also observed
that the mean value of PCT level was increased
significantly in severe group compared to
healthy control. Recent studies stated that

increased PCT is correlated directly with the
intensity of COVID-19 (19). A meta-analysis
also observed that elevated PCT values are
connected to a ~5- times higher risk of severe
COVID-19 (24). The latter study also
demonstrated that the serum PCT levels were
about eight times higher in critical patients
than in moderate patients and about four times
higher in severe patients than in moderate
patients. Serum PCT levels showed to be
dependent on the disease severity and might be
correlated with bacterial co-infection, as it was
near the rate of increased PCT levels in
patients with medium disease severity (25).
Asghar et al. (2020) confirmed the use of PCT
as a considerable biomarker of COVID-19,
and the prognosis of the severity of the disease
by PCT might be because of the greater co-
infection rates by bacteria with an increased
prevalence of pneumonia associated with a
ventilator (23, 26). In addition, several new
investigations have noticed a considerable
correlation between the increased levels of
PCT and the severity of the disease (27).
Normally, the C-cells of the parathyroid gland
produce the PCT. Yet, the increase of serum
PCT level during infection appeared to be from
neuroendocrine cells in the intestine and lungs.
The presence of the proinflammatory
cytokines, such as interleukin-6 and tumor
necrosis factor-alpha appear to mediate the
release of PCT (28). A present study concluded
that patients infected with viral infection had
much lower level of PCT compared to
bacterial infection (29). Infected patients with
COVID-19 with an increased level of serum
PCT were correlated with a 5-times higher risk
of severe disease progression (24).

The present study had concluded that liver
involvement is common in COVID-19
infection and observed more currently in the
severe COVID-19 group. The speculated
explanations for the hepatic damage, in
addition to the direct cytotoxicity effect of the
virus, other mechanisms include cytokine
upsurge, bacterial infection, and hypoxia and
ischemia injury. More studies are needed to
explain the pathogenesis of the liver injury in
COVID-19 infection.

Rep. Biochem. Mol. Biol, Vol.11, No.3, Oct 2022 529


http://dx.doi.org/10.52547/rbmb.11.3.524
https://rbmb.net/article-1-916-en.html

[ Downloaded from rbmb.net on 2025-11-18 ]

[ DOI: 10.52547/rbmb.11.3.524 ]

Nazar Hasan Anber Z et al

Acknowledgments

We thank all staffs and technicians at the
Biochemistry Department, Medicine College,
University of Baghdad, and at Private Nursing
Home Hospital to their valuable support
throughout the research project.

Financial support
Authors declare that they had no financial
support.

References

1. Pillaiyar T, Wendt LL, Manickam M,
Easwaran M. The recent outbreaks of human
coronaviruses: A medicinal  chemistry
perspective. Med Res Rev. 2021;41(1):72—
135.

2. Ghahramani S, Tabrizi R, Lankarani KB,
Kashani SMA, Rezaei S, Zeidi N, et al.
Laboratory features of severe vs. non-severe
COVID-19 patients in Asian populations: A
systematic review and meta-analysis. Eur J
Med Res. 2020; 25(1):1-10.

3. Rothan HA, Byrareddy SN. The
epidemiology and pathogenesis of coronavirus
disease (COVID-19) outbreak. J Autoimmun.
2020;109:102433.

4. Huang Y, Yang C, Xu XF, Xu W, Liu SW.
Structural and functional properties of SARS-
CoV-2 spike protein: potential antivirus drug
development for COVID-19. Acta Pharmacol
Sin. 2020;41(9):1141-1149.

5. Thomas S. The structure of the membrane
protein of sars-cov-2 resembles the sugar
transporter ~ semisweet. Pathog  Immun.
2020;5(1):342-63.

6. Zhou P, Yang XL, Wang XG, Hu B, Zhang
L, Zhang W et al. A pneumonia outbreak
associated with a new coronavirus of probable
bat origin. Nature. 2020;579(7798):270-273.
7. Ni W, Yang X, Yang D, Bao J, Li R, Xiao
Y, et al. Role of angiotensin-converting
enzyme 2 (ACE2) in COVID-19. Crit Care.
2020;24(422):1-10.

8. Ali N. Relationship between COVID-19
Infection and Liver Injury: A Review of
Recent Data. Front Med. 2020;7(458):1-6.

530 Rep. Biochem. Mol. Biol, Vol.11, No.3, Oct 2022

Ethical Information and conflict of

interest

The entire work had permitted by the Ethical
Committees of local authorities. All
participants provided an inscribed informed
consent, and the research had conducted in line
with the ethical morals identified in the 1975
treaty of Helsinki. The authors declare no
potential conflicts of interest related to the
present research.

9. Nardo AD, Schneeweiss-Gleixner M,
Bakail M, Dixon ED, Lax SF, Trauner M.
Pathophysiological mechanisms of liver injury
in COVID- 19. Liver Int. 2021;41(10:20-32.
10. Moman RN, Gupta N, Varacallo M.
Physiology, Albumin. StatPearls. Treasure
Island (FL): StatPearls Publishing, 2020.

11. Soeters PB, Wolfe RR, Shenkin A.
Hypoalbuminemia: Pathogenesis and Clinical
Significance. JPEN J Parenter Enteral Nutr.
2019;43(2):181-193.

12. AlRawahi AN, AlHinai FA, Doig CJ, Ball
CG, Dixon E, Xiao Z, Kirkpatrick AW. The
prognostic value of serum procalcitonin
measurements in critically injured patients: a
systematic review. Crit Care. 2019;23(1):390.
13. Fan H, Cai J, Tian A, Li Y, Yuan H, Jiang
Z, et al. Comparison of Liver Biomarkers in
288 COVID-19 Patients: A Mono-Centric
Study in the Early Phase of Pandemic. Front
Med (Lausanne). 2021;7:584888.

14. Xie H, Zhao J, Lian N, Lin S, Xie Q, Zhuo
H. Clinical characteristics of non-ICU
hospitalized patients with coronavirus disease
2019 and liver injury: A retrospective study.
Liver Int 2020; 40:1321-6.

15. Lei P, Zhang L, Han P, Zheng C, Tong Q,
Shang H et al. Liver injury in patients with
COVID-19: clinical profiles, CT findings, the
correlation of the severity with liver injury.
Hepatology International 2020;14(5):733-742.
16. Qi X, Liu C, Jiang Z, Gu Y, Zhang G,
Shao C, et al. Multicenter analysis of clinical


http://dx.doi.org/10.52547/rbmb.11.3.524
https://rbmb.net/article-1-916-en.html

[ Downloaded from rbmb.net on 2025-11-18 ]

[ DOI: 10.52547/rbmb.11.3.524 ]

Hepatocellular Damage in COVID-19 Infection

characteristics and outcomes in patients with
COVID-19 who develop liver injury. J
Hepatol. 2020;73(2):455-458.

17. Xu Z, Shi L, Wang Y, Zhang J, Huang L,
Zhang C et al. Pathological findings of
COVID-19 associated with acute respiratory
distress syndrome. Lancet Respir Med. 2020;
8:420-422.

18. Yang L, Wang W, Wang X, Zhao J, Xiao
L, Gui W, et al. Creg in Hepatocytes
Ameliorates  Liver Ischemia/Reperfusion
Injury in a TAK1-Dependent Manner in Mice.
Hepatology. 2019;69(1):294-313.

19. Zhang XJ, Cheng X, Yan ZZ, Fang J,
Wang X, Wang W et al. An ALOX12-12-
HETE-GPR31 signaling axis is a key mediator
of hepatic ischemia-reperfusion injury. Nat
Med. 2018,24(1):73- 83.

20. Shokri Afra H, Amiri-Dashatan N,
Ghorbani F, Maleki I, Rezaei-Tavirani M.
Positive association between severity of
COVID-19 infection and liver damage: a
systematic review and  meta-analysis.
Gastroenterol Hepatol Bed Bench.
2020;13(4):292-304.

21. Huang J, Cheng A, Kumar R, Fang Y,
Chen G, Zhu Y, Lin S. Hypoalbuminemia
predicts the outcome of COVID-19
independent of age and co-morbidity. J Med
Virol. 2020;92(10):2152-58.

22. Costela-Ruiz  VJ, Illescas-Montes R,
Puerta-Puerta JM, Ruiz C, Melguizo-
Rodriguez L. SARS-CoV-2 infection: The role

of cytokines in COVID-19 disease. Cytokine
Growth Factor Rev. 2020;54: 62-75.

23. Chai X,HulL, Zhang Y, Han W, Lu Z, Ke
A et al. Specific ACE2 expression in
cholangiocytes may cause liver damage after
2019-nCoV infection.  bioRxiv, 2020.
DOI: 10.1101/2020.02.03.931766.

24. Lippi G, Plebani M. Procalcitonin in
patients with severe coronavirus disease 2019
(COVID-19): A meta-analysis. Clin Chim
Acta. 2020;505:190-191.

25. Hu R, Han C, Pei S, Yin M, Chen X.
Procalcitonin levels in COVID-19 patients. Int
J Antimicrob Agents. 2020;56(2):106051.

26. Asghar MS, Haider Kazmi SJ, Khan NA,
Akram M, Hassan M, Rasheed U, Ahmed
Khan S. Poor Prognostic Biochemical Markers
Predicting Fatalities Caused by COVID-19: A
Retrospective Observational Study From a
Developing Country. Cureus.
2020;12(8):e9575.

27. Zheng F, Tang W, Li H, Huang YX, Xie
YL, Zhou ZG. Clinical characteristics of 161
cases of corona virus disease 2019 (COVID-
19) in Changsha. Eur Rev Med Pharmacol Sci.
2020;24(6):3404-3410.

28. Falcdo Goncalves P, Menezes Falcdo L,
Duque Pinheiro I. Procalcitonin as Biomarker
of Infection: Implications for Evaluation and
Treatment. Am J Ther. 2017;24(3):e243-e249.
29. Grondman I, Pirvu A, Riza A, loana M,
Netea MG. Biomarkers of inflammation and
the etiology of sepsis. Biochem Soc Trans.
2020;48(1):1-14.

Rep. Biochem. Mol. Biol, Vol.11, No.3, Oct 2022 531


https://doi.org/10.1101/2020.02.03.931766
http://dx.doi.org/10.52547/rbmb.11.3.524
https://rbmb.net/article-1-916-en.html
http://www.tcpdf.org

