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A B S T R A C T

Background: COVID-19 is a pandemic that affects millions of people worldwide Pakistan. 

The lungs are the organs that are most affected by COVID-19. It can also affect other 

organs such as heart, liver and kidneys. The biomarker parameters associated with these 

can fluctuate with the disease, which can lead to organ failure. 

Objective: The objective of this study was to assess multiple organ biomarkers in 

hospitalized COVID-19-positive patients within the Pakistani population and explore their 

correlation with the severity of the disease. 

Results: In this cross-sectional study, 269 blood samples (239 males and 30 females) were 

collected from COVID-19 positive patients. Serum was separated from all the blood 

specimens for the determination of chemical analytes such as cardiac biomarker (CK, 

LDH), liver biomarkers (ALP, ALT, bilirubin and albumin), kidneys biomarkers (urea and 

creatinine), electrolytes (sodium and potassium) and inflammatory marker such as C-

reactive protein (CRP) on fully automated Chemistry Analyzer COBAS C501 in the 

teaching hospital of University of Lahore, Pakistan. 

Conclusion: In COVID-19 positive patients the level of LDH, CK and CRP were higher 

(abnormal) while Albumin, Urea, and Sodium showed decreased levels. These abnormal 

values were mostly in older patients (61-80) Albumin, creatinine and CRP showed 

significant p values after statistical analysis using SPSS. Thus, COVID-19 mostly effects 

Cardiac and Hepatic cells in comparison to other organs. 

Keywords: biomarkers, electrolytes, CRP, COVID-19, patients, Pakistan.

I n t r o d u c t i o n

The term "corona" is derived from their distinctive 

crown-like appearance when viewed under an electron 

microscope, typically measuring around 150 to 160 nanometers 

in size. 1 Coronaviruses are enveloped viruses with an 

approximate size of around 100 nanometers. They are 

characterized by a multitude of spikes protruding from their 

envelope, giving the virus a distinct crown-like appearance. 

These viruses have a positive-stranded RNA genome ranging 

in size from 27 to 32 kilobases (kb), which is notably the largest 

among RNA viruses.2 Outer cover comes from their host cell, 

hence possesses glycoprotein points.3 The nucleocapsid of the 

coronavirus has a naturally occurring helical shape. However, 

when it becomes part of the virus's structure, it adopts a 

spherical form. Inside the host cell, the cytoplasm serves as the 

location for the replication of coronavirus RNAs.4,5  Corona 

viruses including SARS-CoV gain passage into human cells 

through ACE2 (angiotensin converting enzyme 2), a human cell 

receptor. 6 

Mostly COVID-19 transmitted by inward inhalation of 

irresistible aerosols.7 After the transmission of Corona virus, the 

incubation period of Covid-19 is around 3-14 days. Corona virus 

might source of infection progressed from less symptoms to 

deadly sickness. COVID-19 infects the Lungs and larynx in the 

older age patients responsive to deadly pneumonia.8 Other 

indefinite side effects of COVID-19 incorporate high 

temperature, myalgia, cough, cold and dyspnea (without or with 

the diarrhea).9 Long lasting corona symptoms can be 

progressed into different types of hypoxemia, problems in 

trachea or bronchi and ARDS (acute respiratory distress 

syndrome), which can lead to bacterial pneumonia.10  
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Coronaviruses primarily originate in animals. When 

these viruses successfully jump from animals to humans, they 

can trigger epidemics. In December 2019, the coronavirus was 

initially identified as a cause of pneumonia in Wuhan, China.11 

The disease was not confined to the China only but it rapidly 

affected the other regions of the world. At the start of 2020, the 

disease was named as COVID-19. The COVID-19 was 

announced as 6th public health emergency of internetional 

concern (PHEIC), by the World Health Organization (WHO).12 

The coronavirus was regarded as pendemic by WHO in march, 

2020.13 The pandemic of corona virus is an exceptional public 

health emergency which put some more burden on developing 

countries like Pakistan. As severity of disese the corona can 

cause multi organ failure like, lungs, kidneys, liver and heart or 

can alter their function.  

We got much more information regarding clinical 

feathers of COVID-19, however, there is a notable gap in our 

understanding of abnormalities in laboratory diagnostic markers 

related to multiple organs, including the liver, kidneys, and 

heart, and their connection to the severity of the disease. The 

principal objective of this study was to assess multiple organ 

biomarkers in hospitalized COVID-19-positive patients within 

the Pakistani population and explore their correlation with the 

severity of the disease. 

M e t h o d o l o g y

A cross sectional study was conducted in the University 

diagnostic laboratory of University of Lahore teaching hospital, 

Lahore, Pakistan in May, 2021. 

A total 269 samples were collected from COVID-19 positive 

patients. Blood specimen for the determination of chemical 

analytes was collected from the COVID-19 positive patients 

who were admitted in the teaching hospital of University of 

Lahore, Lahore, Pakistan.  

All patients with age group of 1-80 years without the 

discrimination of gender were included in this study. But the 

patients who were already suffering from acute or chronic heart, 

kidney and liver diseases were excluded as per the information 

provided by patients or their relatives.  

A convenient sample technique was used to obtain a 

venous blood specimen. A 3-4 ml of blood sample was 

collected from the COVID-19 positive patients. Sample was 

brought to the University Diagnostic Laboratory. Serum was 

separated from the whole blood through centrifugation 

technique.14  

Serum samples then processed for the assessment of 

different biochemical analytes such as Cardiac enzymes 

(Creatinine Kinase CK, Lactate Dehydrogenase LDH), Liver 

function test (Alkaline Phosphates ALP, Alanine 

Aminotransferase ALT, Bilirubin and Albumin) Renal function 

test (Urea, Creatinine), electrolytes Sodium and Potassium 

Level and C-Reactive Proteins. All parameters were performed 

in fully automated Chemistry Analyzer COBAS C501.15 

Data was analyzed in Statistical Software IBM SPPS. P value < 

0.05 was considered significant.  

R e s u l t s

It was observed that 29% (69/239) male patients show high 

(abnormal) CK value. While in female COVID patient 20% 

(6/30) showed high (abnormal) CK level as shown in table I. 

There was a non-significance p-value 0.862. 

It was noted that almost 55% (130/239) male Covid patient 

showed abnormal level of LDH. While 50% (15/30) female 

patient showed abnormal level (high) of LDH among COVID-19 

positive patients as shown in table-2. p-value was 0.064, after 

statistical analysis which was not significant.   

It was noted that ALP 13% male (31/239) showed high ALP 

value while 20% (6/30) female showed high ALP level as shown 

in table-3. The p value was 0.171 which was not significant. 

48 (20%) of male patient showed abnormal (high) ALT level. 

While 5/30 (17 %) showed high ALT level as shown in table-4. 

Table I: Gender and age wise CK values among COVID-19 patients. 

Creatine Kinase CK (Normal Range : 30-192U/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40
No. (%)

41-60 No. (%) 61-80 No.
(%)

Male Normal 7(70) 65(73) 76(68) 21(75) 169(71) 0.862 

High 3(30) 24(27) 35(31) 7(25) 69 (29) 

Total 10(100) 89(100) 111(100) 28(100) 238(100) 

Female Normal 1(100) 19(79) 4 (80) - 24(80)

High - 5 (21) 1(20) - 6(20)

Total 1(100) 24(100) 5(100) - 30(100)
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There was a not-significance p-value of 0.18. 

20 (8%) male COVID-19 patient showed abnormal total bilirubin 

level while no abnormality was seen in female COVID patients 

as shown in table V. The p value was 0154. which was not 

significant.  

A result of all positive COVID-19 patients showed that 

out of 239 males, only 4(2%) patients showed abnormal (High) 

Albumin result and 30 (12%) have Low Albumin level. Out of 30 

Females 3(10%) showed abnormal (Low) Albumin level as 

shown in table VI. There was a significance p-value of 0.005. 

A result of all positive COVID-19 patients showed that 

out of 239 males 31(13%) showed abnormal (High) Urea value, 

and 33(14%) have Low Urea level. Out of 30 Female only 

1(3%) have high Urea level and 13(43%) showed Low Urea 

level as shown in table VIII. There is a non-significance p-value 

of 0.809. 

It was noted that, out of 239 males 12(5%) showed abnormal 

(High) Creatinine values while out of 30 Female COVID patients 

only 1(3%) showed abnormal (High) Creatinine level as shown 

in table-8. There was a significant p-value, which was 0.002. 

In electrolytes analysis both salts (Na and K) were analyzed for 

all 269 COVID patients (239 males and 30 females).  

It was observed that out of 239 males only 99 (41%) 

showed low Sodium level and 6 (2%) male patients showed 

high sodium level while 7 (23%) female patients showed low 

Sodium level. After statistical analysis it was observed that, the 

p-value was 0.276, which was not a significant figure and the

set normal range was 125-150 mmol/L.

It was observed that out of 239 males 16 (7%) showed low 

potassium level while rest of male patients showed normal 

potassium level against the set range, which was 3.5-5.0 

Table IV: Gender and age wise ALT values among COVID-19 patients. 

Alanine Aminotransferase ALT   (Normal Range:1-42U/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No. (%) 41-60 No. (%) 61-80 No.
(%)

Male Normal 9(90) 76(84) 82(74) 24(86) 191(80) 0.18 

High 1(10) 14(15) 29(26) 4(14) 48((20) 

Total 10(100) 90(100) 111(100) 28(100) 239(100) 

Female Normal 1(100) 20(83) 4(80) - 25(83)

High - 4(17) 1(20) - 5(17)

Total 1(100) 24(100) 5(100) - 30(100)

Table III: Gender and age wise ALP values among COVID-19 patients. 

Alkaline phosphatase ALP (Normal Range: 35-300 U/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No. (%) 41-60 No. (%) 61-80 No. (%)

Male Normal 7(70) 79(88) 95(85) 27(96) 208(87) 0.171 

High 3(30) 11(12) 16(14) 1 (3) 31(13) 

Total 10(100) 90(100) 111(100) 28(100) 239(100) 

Female Normal 1(100) 18(75) 5(100) - 24(80)

High - 6(25)        - - 6 (20) 

Total 1(100) 24(100) 5(100) - 30(100)

Table II: Gender and age wise LDH values among COVID-19 patients. 

Lactate Dehydrogenase LDH(Normal Range:150-450U/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No. (%) 41-60 No. (%) 61-80 No. (%)

Male Normal 5(50) 46(53) 45(42) 7(25) 103(44) 0.064 

High 5(50) 41(47) 63(58) 21(75) 130(56) 

Total 10(100) 87(100) 108(100) 28(100) 233(100) 

Female Normal 1(100) 12(50) 2(40) - 15(50%)

High 0(0) 12(50) 3(60) - 15(50%)

Total 1(100) 24(100) 5(100) 30(100) 
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mmol/L. In females COVID patients 23(77%) out of 30 female’s 

patients showed normal value and only 1(3%) showed high 

potassium level. After statistical analysis, the p-value was 

0.138, which was not a significant value.  

CRP analysis was performed for all 269 COVID patients. It was 

observed that out of 239 males, 80 (33%) showed abnormal 

(High) CRP value while out of 30 Female 4 (13%) showed 

abnormal (High) CRP level. After statistical analysis, the p value 

was 0.001, which was significant.  

Table VI: Gender and age wise Albumin values among COVID-19 patients. 

ALBUMIN(Normal Range : 35-50 g/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No.
(%)

41-60 No. (%) 61-80 No.
(%)

Male Low 4(40) 8(9) 10(9) 8(28) 30(12) 0.005 

Normal 6(60) 79(88) 100(90) 20(71) 205(86) 

High - 3(3) 1(1) - 4(2)

Total 10(100) 90(100) 111(100) 28(100) 239(100) 

Female Low - 3(12) - - 3(10) 

Normal 1(100) 21(87) 5(100) - 27(90)

Total 1(100) 24(100) 5(100) - 30(100)

Table VII: Gender and age wise Urea values among COVID-19 patient 

UREA(Normal Range =3.3-6.7 mmol/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No. (%) 41-60 No. (%) 61-80 No.
(%)

Male Low 3(30) 13(14) 14(13) 3(11) 33(14) 0.809 

Normal 7(70) 75(83) 80(72) 13(46) 175(73) 

High - 2(2) 17(15) 12(43) 31(13) 

Total 10(100) 90(100) 111(100) 28(100) 239(100) 

Female Low 1(100) 10(42) 2(40) - 13(43)

Normal - 13(54) 3(60) - 16(53)

High - 1(4) - - 1(3) 

Total 1(100) 24(100) 5(100) - 30(100)

Table VIII: Gender and age wise Creatinine values among COVID-19 patients. 

CREATININE(Normal Range : 62-120 umol/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No. (%) 41-60 No. (%) 61-80 No. (%)

Male Normal 10(100) 90(100) 104(97) 23(82) 227(95) 0.002 

High - 7(6) 5(18) 12(5) 

Total 10(100) 90(100) 111(100) 28(100) 239(100) 

Female Normal 1(100) 23(96) 5(100) - 29(97) 

High - 1 (4) - - 1(3) 

Total 1(100) 24(100) 5(100) - 30(100)

Table V: Gender and age wise Total Bilirubin values among COVID-19 patients 

Total Bilirubin(Normal Range : 0.1-17 umol/L) 

Gender Age Group (Years) Total 
No. (%) 

p-value

1-20
No. (%) 

21-40 No. (%) 41-60 No. (%) 61-80 No.
(%)

Male Normal 10(100) 78(87) 104(94) 27(96) 219(92) 0.154 

High - 12(13) 7(6) 1(3) 20 (8) 

Total 10(100) 90(100) 111(100) 28(100) 239(100) 

Female Normal 1(100) 24(100) 5(100) - 30(100)

Total 1(100) 24(100) 5(100) - 30(100)
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D i s c u s s i o n

The pandemic of CoV-2 SARS caused by the ARS 

Corona Virus 2, has led to numerous cases and deaths around 

the world, as the new virus is spreading far more quickly and is 

very contagious.16 In the clinical feature of SARS CoV2 a good 

knowledge has been gained.  

CK in earlier times recognized as creatine 

phosphokinase which is located within cells found in supreme 

number in, myocardium, brain and skeletal muscle, lesser 

amounts rise in other primitive tissues. In this study we 

observed that, 75 (69 males, 6 females) COVID patients 

showed elevated level of CK, while in age wise distribution 

analysis, it was observed that, in age group range of (41-60 y) 

35 out of 111 (31%) patients showed abnormal values. While in 

age group of (21-40 y) (24 out of 89) 27% showed high CK. In 

one of other studies, it was observed that 13/40 (33%) COVID 

positive patients showed elevated level of CK.17 

Increased serum LDH value is one of the abnormal 

diagnostic parameters in COVID-19 patients with a severe or 

fatal course of disease.18,19 Probable clinical and biological 

consequences of elevated LDH are pulmonary damage, as well 

as general organ damage.20 In present study 21(75%) 

individuals belong to 61-80 years aged showed high LDH value, 

whereas out of 108 patients 63(58%) individuals belong to 41-

60 years aged showed abnormal value, age group between 21-

40 out of 87 patients 41(47%) individuals have a high LDH 

value, while in another study it was noted that individuals age 

group 61-80 (73.6%) showed high LDH level. 21 

In our study raised ALP was estimated, 31% (13 

n=239) in males and 20% (6 n=30) in females while the total 

Bilirubin was raised 8% (8 out of 239) in males and females 

showed no abnormalities all were with normal Bilirubin. 

Whereas in another study it was noted that ALP and total 

Bilirubin raised in 6.1%, and 4.1% individuals. 22 

It was observed that, ALT level was elevated in 20% 

(48 out of 239) males and 17% (5 out of 30) in females. but 

other studies showed number of variations, in the present study 

26 % COVID positive patients (29 out of 111) between age 

group of 41-60 showed high ALT level, which was abnormal 

ALT level. Whereas in another study it was demonstrated that 

high Alanine Aminotransferase (ALT) levels were reported in 11 

(11/115, 9.57%) of patient.23 Individuals who have affected with 

COVID-19 look have high rates of liver dysfunction. Patients 

relating to the stage in the development of disease before the 

symptoms are observed, level of ALT were high in 8.9% 

individuals 24, In a research instigation New York, approximately 

5700 patients, 39% ALT >60U/L were reported.25 Hepatic 

enzyme abnormalities are familiar in SARS patients, even 

though the liver injury has not been reported to be a major 

feature of this illness. 23,26 ALT present most common in 

the liver but found in plasma and in various body tissues. Its 

breaks into the two parts of the alanine through catalyzation 27.

On account of previous and present studies results we 

assumed that COVID 19 pathogenicity on liver cells 

(hepatocytes) is varying. SARS- CoV2-ACE2 receptors in 

human epithelial cells play an important role for its binding. 

Several studies reveal that CoV-2-SARS can also bind to the 

ACE2 receptor, enabling the virus to duplicate in cells.28,29 

Hypoalbuminemia in COVID 19 patients have 

significance role, in present study Albumin is decreased 12% 

(30 out of 239) in males and 10% (3 out of 30) in females with 

the sample size of 269 patients. In our study the age group 

between 61-80 years showed 28% (8 out of 28) showed low 

albumin, whereas age group of 1-20 years out of 104 

individuals showed low albumin. previous studies showed that 

Albumin is decreased in 62.9%individuals with the sample size 

of 4662 patients. 30 

About 15% of the patients who expired had constant 

renal disease in Britain. Receptor of ACE2 are found in kidneys 

due to occurrence of ACE2 receptors in kidneys there are 

chances of abnormalities in kidney function due to COVID 19, 

previous cohort study showed 13 % Urea and Creatinine 

abnormalities.31 In our cross sectional study 13% have high 

Urea level and 33% have a low urea level and 5% individuals 

showed high creatinine level. The possible reason of this 

variability in both studies is study pattern in our study patients 

were not under observation.  

In our study sodium and potassium showed some 

abnormalities, sodium was decreased in 41% (99 out of 239) in 

males and 23% (7 out of 30) in females, and potassium 

decrease in 7% and the individuals who showed high potassium 

were 10% (23 out of 239). In another studies it was found that 

sodium and potassium was decreased significantly in COVID 

19 patients 32. Sample delayed might cause high potassium 

come in serum and shows falsely high level in result, as 

compare to sodium only 2 % shows increase sodium level there 

is a possible cause for high potassium. 

In our cross-sectional study we determined blood 

parameters abnormalities in COVID 19 positive patients. Total 

269 individuals were involved in our study 89% male and 11% 

were females with the age group between 1-80 years. A 

remarkable difference was seen in laboratory parameters of 

COVID 19 positive patients as also in previous studies. In our 

study 33% males and 13% females showed high CRP level 

whereas in other studies 73.6% individuals showed high CRP 
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level 33. Among 28 male patients 15 (53%) individuals belong to 

61-80 years old showed a highest value of CRP and out of 111

patients 45 (40%) individuals showed abnormal high level of

CRP belong to 41-60 years old, whereas out of 100 individuals

17(19%) showed high value of CRP in the age between 21-40

years, same findings have been observed by some other

scientists globally 18,34,35. The previous studies showed that

level of CRP and the width of major lung abrasion elevated as

the infection progress 36. The level of CRP be certainly

associated by lung abrasion and infection severity, near the

beginning phase of CoV-19, eminent level of CRP might be a

sign of lung abrasion and infection severity 36. CRP is a

blood analysis indicator for inflammation in the body formed

within the liver and its intensity is deliberate via testing the

blood, and are classified like an impulsive stage reactant, as

inflammation progress level of CRP greater than before.

C o n c l u s i o n

In COVID-19 positive patients, our study observed 

elevated LDH, CK, and CRP levels, alongside decreased 

Albumin, Urea, and Sodium levels, with a stronger effect in 

older individuals (61-80 years). Cardiac markers (CK and LDH) 

did not correlate significantly with the virus, while liver markers 

(ALP, ALT, bilirubin) had mostly non-significant correlations, 

except for albumin. Renal marker creatinine showed a 

significant correlation, while urea did not. Electrolytes (sodium, 

potassium) had non-significant correlations, and CRP showed a 

significant correlation. COVID-19 appeared to affect cardiac 

and hepatic cells more prominently, based on LDH, CK, and 

albumin levels. 

R e f e r e n c e s

1. Mitra P, Misra S, Sharma P. COVID-19 pandemic in
India: What lies ahead. Indian J Clin Biochem .
2020;35(3):257–9.
http://dx.doi.org/10.1007/s12291-020-00886-6

2. Gao B, Gong X, Fang S, Weng W, Wang H, Chu H, et
al. Inhibition of anti-viral stress granule formation by
coronavirus endoribonuclease nsp15 ensures
efficient virus replication. PLoS Pathog.
2021;17(2):e1008690.
http://dx.doi.org/10.1371/journal.ppat.1008690

3. Rabaan AA, Al-Ahmed SH, Haque S, Sah R, Tiwari R,
Malik YS, et al. SARS-CoV-2, SARS-CoV, and MERS-
COV: A comparative overview. Infez Med.
2020;28(2):174–84.

4. Zhao Y, Zhao Z, Wang Y, Zhou Y, Ma Y. Single-cell
RNA expression profiling of ACE2, the putative
receptor of Wuhan 2019-nCov. biorxiv. 2020;

5. Letko M, Munster V. Functional assessment of cell
entry and receptor usage for lineage B β-

coronaviruses, including 2019-nCoV. bioRxivorg . 
2020;  
http://dx.doi.org/10.1101/2020.01.22.915660 

6. Dong N, Yang X, Ye L, Chen K, Chan EW-C, Yang M, et
al. Genomic and protein structure modelling analysis
depicts the origin and infectivity of 2019-nCoV, a
new coronavirus which caused a pneumonia
outbreak in Wuhan, China . bioRxiv. 2020.
http://dx.doi.org/10.1101/2020.01.20.91336u

7. Read JM, Bridgen JR, Cummings DA, Ho A, Jewell CP.
Novel coronavirus 2019-nCoV: early estimation of
epidemiological parameters and epidemic
predictions. medrxiv. 2020.

8. Mahase E. China coronavirus: what do we know so
far? BMJ. 2020;368:m308.
http://dx.doi.org/10.1136/bmj.m30

9. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al.
Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet.
2020;395(10223):497–506.
http://dx.doi.org/10.1016/S0140-6736(20)30183-5

10. Hui DS, Azhar EI, Madani TA, Ntoumi F, Kock R. The
continuing 2019-nCoV epidemic threat of novel
coronaviruses to global health-The latest 2019 novel
coronavirus outbreak in Wuhan. China International
journal of infectious diseases. 2020;91264–6.

11. Sharma A, Singh K, Koundal D. A novel fusion based
convolutional neural network approach for
classification of COVID-19 from chest X-ray images.
Biomed Signal Process Control.
2022;77(103778):103778.
http://dx.doi.org/10.1016/j.bspc.2022.103778

12. Oliveira Wkd C, Croda J. Coronavirus disease COVID-
19 pandemic and the Declaration of Public Health
Emergency in Brazil: administrative and
epidemiological aspects. SciELO Brasil. 2022;

13. Sheikhi K, Shirzadfar H, Sheikhi M. A review on novel
coronavirus (Covid-19): symptoms, transmission and
diagnosis tests. Research in Infectious Diseases and
Tropical Medicine. 2020;2(1):1–8.

14. Lenz KD, Jakhar S, Chen JW, Anderson AS, Purcell
DC, Ishak MO, et al. A centrifugal microfluidic cross-
flow filtration platform to separate serum from
whole blood for the detection of amphiphilic
biomarkers. Sci Rep. 2021;11(1):5287.
http://dx.doi.org/10.1038/s41598-021-84353-z

15. Alam JM, Matinuddin S, Amin A, Mahmood SK.
Quality check, comparative precision and
standardization of liver function test (LFTs)
parameters on two identical standalone Cobas c501
analyzers, organized 24/7 and operated by different
sets of lab technologists. Chem Res J. 2020;5(2):88–
95.



Effect of Corona Virus on Multi-Organs Diagnostics Biomarkers Among COVID-19 Positive Hospitalized Patients… 

RJAHS  2022 Vo l  1  No 2  53 

16. Perlman S. Another decade, another Coronavirus. N
Engl J Med. 2020;382(8):760–2.
http://dx.doi.org/10.1056/NEJMe2001126

17. Li L, Zhou Q, Xu J. Changes of laboratory cardiac
markers and mechanisms of cardiac injury in
Coronavirus disease 2019. Biomed Res Int.
2020;2020:7413673.
http://dx.doi.org/10.1155/2020/7413673

18. Wang Z, Yang B, Li Q, Wen L, Zhang R. Clinical
features of 69 cases with Coronavirus disease 2019
in Wuhan, China. Clin Infect Dis . 2020;71(15):769–
77. http://dx.doi.org/10.1093/cid/ciaa272

19. Zhang J-J, Dong X, Cao Y-Y, Yuan Y-D, Yang Y-B, Yan
Y-Q, et al. Clinical characteristics of 140 patients
infected with SARS-CoV-2 in Wuhan, China. Allergy
.2020;75(7):1730–41.
http://dx.doi.org/10.1111/all.142382.

20. Li K, Fang Y, Li W, Pan C, Qin P, Zhong Y, et al. CT
image visual quantitative evaluation and clinical
classification of coronavirus disease (COVID-19). Eur
Radiol.2020;30(8):4407–16.
http://dx.doi.org/10.1007/s00330-020-06817-63.

21. Qaisieh R, Al-Tamimi M, El-Hammuri N, Shalabi M,
Kilani MM, Taha H, et al. Clinical, laboratory, and
imaging features of COVID-19 in a cohort of
patients: Cross-sectional comparative study. JMIR
Public Health Surveill. 2021;7(9):e28005.
http://dx.doi.org/10.2196/280054.

22. Fan Z, Chen L, Li J, Cheng X, Yang J, Tian C, et al.
Clinical features of COVID-19-related liver functional
abnormality. Clin Gastroenterol Hepatol
.2020;18(7):1561–6.
http://dx.doi.org/10.1016/j.cgh.2020.04.0025.

23. Zhang Y, Zheng L, Liu L, Zhao M, Xiao J, Zhao Q. Liver
impairment in COVID-19 patients: A retrospective
analysis of 115 cases from a single centre in Wuhan
city, China. Liver Int. 2020;40(9):2095–103.
http://dx.doi.org/10.1111/liv.144556.

24. Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, et al.
Radiological findings from 81 patients with COVID-
19 pneumonia in Wuhan, China: a descriptive study.
Lancet Infect Dis. 2020;20(4):425–34.
http://dx.doi.org/10.1016/S1473-3099(20)30086-
47.

25. Tapper EB, Asrani SK. The COVID-19 pandemic will
have a long-lasting impact on the quality of cirrhosis
care. J Hepatol. 2020;73(2):441–5.
http://dx.doi.org/10.1016/j.jhep.2020.04.0058.

26. Chan HLY, Leung W-K, To K-F, Chan PKS, Lee N, Wu
A, et al. Retrospective analysis of liver function

derangement in severe acute respiratory syndrome. 
Am J Med . 2004;116(8):566–7.  
http://dx.doi.org/10.1016/j.amjmed.2003.11.0249. 

27. Giannini EG, Testa R, Savarino V. Liver enzyme
alteration: a guide for clinicians. CMAJ .
2005;172(3):367–79.
http://dx.doi.org/10.1503/cmaj.104075210.

28. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al.
Clinical characteristics of 138 hospitalized patients
with 2019 novel Coronavirus-infected pneumonia in
Wuhan, China. JAMA. 2020;323(11):1061–9.
http://dx.doi.org/10.1001/jama.2020.1585

29. Coronavirus N. Situation Report–11. 2020
[https://www. who. int/docs/default-
source/coronaviruse/situation-reports/20200131-
sitrep-11-ncov. pdf? sfvrsn= de7c0f7_4]. Accessed
on. 2020 Feb;1.

30. Puelles VG, Lütgehetmann M, Lindenmeyer MT,
Sperhake JP, Wong MN, Allweiss L, et al. Multiorgan
and renal tropism of SARS-CoV-2. N Engl J Med.
2020;383(6):590–2.
http://dx.doi.org/10.1056/NEJMc2011400

31. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L,
et al. Kidney disease is associated with in-hospital
death of patients with COVID-19. Kidney Int.
2020;97(5):829–38.
http://dx.doi.org/10.1016/j.kint.2020.03.0052.

32. Lippi G, South AM, Henry BM. Electrolyte
imbalances in patients with severe coronavirus
disease 2019 (COVID-19). Ann Clin Biochem .
2020;57(3):262–5.
http://dx.doi.org/10.1177/00045632209222553.

33. Zhu J, Ji P, Pang J, Zhong Z, Li H, He C, et al. Clinical
characteristics of 3062 COVID-19 patients: A meta-
analysis. J Med Virol. 2020;92(10):1902–14.
http://dx.doi.org/10.1002/jmv.258844.

34. Xu Y-H, Dong J-H, An W-M, Lv X-Y, Yin X-P, Zhang J-
Z, et al. Clinical and computed tomographic
imaging features of novel coronavirus pneumonia
caused by SARS-CoV-2. J Infect . 2020;80(4):394–
400.
http://dx.doi.org/10.1016/j.jinf.2020.02.0175.

35. Guan W-J, Ni Z-Y, Hu Y, Liang W-H, Ou C-Q, He J-X,
et al. Clinical characteristics of Coronavirus disease
2019 in China. N Engl J Med. 2020;382(18):1708–
20. http://dx.doi.org/10.1056/NEJMoa20020326.

36. Wang L. C-reactive protein levels in the early stage
of COVID-19. Med Mal Infect. 2020;50(4):332–4.
http://dx.doi.org/10.1016/j.medmal.2020.03.007


