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Introduction 

Since February 2019 a new disease caused by severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) has 

been devastating the world. As of today, 12 million people 

have been diagnosed with coronavirus disease-19 (COVID-

19) and more than 550,000 patients died. The US with 3 

million infected patients and 132,000 deaths is the leading 

country followed by Brazil (1,2). In relation, approximately 

200,000 confirmed cases have been detected in Turkey with 

5,000 deaths which is low compared to several European 

Countries. Several reports have been coming about the 

clinical manifestations and blood biochemical results those 

might play an essential role for the estimation of the 

progress of the patients and the management of therapy. 

However, there is no specific treatment defined.  

 

 

 

 

Thus, the distribution of the clinical and demographic 

characteristics of COVID-19 in different regions seems to 

be important to prevent the spread of the disease. A recent 

study showed that SARS-CoV-2 have the ability to bind to 

angiotensin-converting enzyme 2 (ACE2) on 

cholangiocytes causing disruption in the cell functions and 

triggering a systemic inflammatory response led to liver 

injury (1). In addition, various studies revealed elevated 

levels of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) enzymes ranging from 14% to 

53% (3,4). Furthermore, pathological findings have also 

indicated moderate microvesicular steatosis and mild 

lobular and portal activity (5). The present study aims to 

report the clinical and biochemical course of the patients 

hospitalized with COVID-19, and the importance of liver 

function test results on the course of the disease.  

 

 

Abstract 

Objective:  To define the clinical characteristics of patients hospitalized with COVID-19 in ICU and ward and to 

evaluate the significance of liver function test results. A new disease caused by SARS-CoV-2 has been devastating the 

world affecting millions of patients worldwide and leading the significant mortality and morbidity.  

Material and Methods: The demographic features of a cohort of 125 hospitalized patients between March 2020 and 

May 2020 were recorded. The clinical characteristics, laboratory findings, and mortality rates were analyzed. 

Results: A total of 125 patients hospitalized for COVID-19 diagnosis where 113 (90.4%) were followed-up in the ward 

and 12 (9.6%) were in ICU were included in the study. The mean age of the patients was 44.05±16.95 and 88 (70.4%) of 

the patients were male. The most common symptoms were in the following order: cough in 80 patients (64%), dyspnea 

in 40 (32%) and fever in 33 (26.4%). The leukocyte and neutrophil counts were significantly higher in ICU patients with 

COVID-19 compared to patients in the ward (p=0.002, p<0.05; respectively). The CRP and D-Dimer levels were found 

elevated in ICU patients with COVID-19 than in the ward (p<0.05; p<0.05, respectively). The AST level of patients with 

COVID-19 in ICU was significantly heightened than patients in the ward. 

Conclusion: The present study revealed that patients with elevated AST level were at great risk of progressing to severe 

disease those require close monitoring. 

Keywords: coronavirus, epidemiology, pandemics, Severe Acute Respiratory Syndrome, AST, ALT, Liver enzymes 
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Materials and Methods 

After approval of the Ethics Committee and Ministry of 

Health, this study was initiated with a retrospective design 

enrolled patient hospitalized with COVID-19 in the study 

hospital between March 2020 and May 2020. The study 

was completed in compliance with the World Medical 

Association Declaration of Helsinki. All patients had a 

positive PCR (polymerase chain reaction) test result of 

SARS-CoV-2. Patients aged below 18, had a history of 

liver malignancy, liver failure, cirrhosis, hepatitis, receiving 

medical treatment led to impairment in liver function tests 

were excluded. The demographic features, clinical and 

laboratory findings were obtained from hospital database. 

All data were recorded into a standardized data sheet.  

Statistical Analysis 

The distribution of the variables was analyzed using 

Kolmogorov-Smirnov test. Quantitative data were 

presented as mean and standard deviation where qualitative 

data as median (interquartile range [IQR] 25%-75%) 

values, and also with numbers and percentage. The analysis 

of the demographic characteristics was conducted using 

Fisher’s exact test. The comparison of the laboratory 

findings was completed by Mann-Whitney U test. All data 

was analyzed using Statistical Package for Social Sciences 

(SPSS) version 20 program. The significance level was set 

at p<0.05. 

Results  

A total of 125 patients were hospitalized for COVID-19 

diagnosis where 113 (90.4%) were followed-up in the ward 

and 12 (9.6%) were in ICU. The mean age of the patients 

was 44.05±16.95 and 88 (70.4%) were male.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A total of nine patients (7.2%) had asthma where only two 

(1.6%) had chronic obstructive pulmonary disease (COPD). 

For cardiovascular comorbidities; 26 patients (20.8%) had 

hypertension where seven patients (7.2%) had coronary 

artery disease. 

A total of 12 patients (9.6%) had type 1 or type 2 diabetes. 

A total of 41 patients (32.8%) had one or more 

comorbidities, of those 32 (28.3%) were received treatment 

in the ward and 9 (75%) in ICU (p=0.002). The most 

common symptoms were in the following order: cough in 

80 patients (64%), dyspnea in 40 (32%) and fever in 33 

(26.4%). Other symptoms including sore throat (6.4%), 

fatigue (4%) and myalgia (3.2%) are the less common 

symptoms (Table 1). The leukocyte and neutrophil count, 

and CRP and D-Dimer levels were significantly higher in 

ICU patients with COVID-19 compared to patients in ward 

(p = 0.002; p < 0.05; p < 0.05; p < 0.05, respectively). The 

AST levels of patients with COVID-19 in ICU were 

significantly heightened than patients in ward. A total of 11 

patients have died of COVID-19, and all of 11 have died 

while receiving treatment in ICU (Table 3). The mortality 

rate was 8.8% with a mean age of 66 years ranged from 50 

to 81 years. Eight (72.7%) of the deaths had one or more 

comorbidities where three of them had none (p = 0.006). 

One of the eight deaths with comorbidities had COPD and 

seven of them had mainly cardiovascular diseases. Patients 

with higher AST levels are prone to be died from COVID-

19 compared to patients with normal AST levels (p = 0.01; 

Table 4). It is also found that patients who died from 

COVID-19 had significantly higher AST levels than 

patients with COVID-19 discharged from hospital. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Demographic characteristics of patients hospitalized with COVID-19 

Variable All patients Ward ICU p 

Age, years, (median, range) 44 (17 – 84) 41 (17 – 84) 64 (48 – 81) < 0.05*
a
 

Gender 
Female  37 (30%) 35 (31%) 2 (17%) 0.507

b
 

Male 88 (70%) 78 (69%) 10 (83%) 

Comorbidities 
Hypertension 26 (21%) 20 (18%) 6 (50%) 0.018*

b
 

Diabetes 12 (9.6%) 8 (7.1%) 4 (33.3%) 0.016*
b
 

Coronary artery disease 7 (5.6%) 5 (4.4%) 2 (16.7%) 0.135
b
 

COPD 2 (1.6%) 1 (0.9%) 1 (8.3%) 0.183
b
 

Asthma 9 (7.2%) 8 (7.1%) 1 (8.3%) >0.05
b
 

Symptoms 
Fever 33 (26.4%) 31 (27.4%) 2 (16.7%) 0.515

b
 

Cough 78 (62.4%) 71 (62.8%) 7 (58.3%) 0.763
b
 

Dyspnea 40 (32%) 30 (26.5%) 10 (83.3%) <0.05*
b
 

Fatigue 5 (4%) 4 (3.5%) 1 (8.3%) 0.402
b
 

Myalgia 4 (3.2%) 3 (2.7%) 1 (8.3%) 0.336
b
 

Sore throat 8 (6.4%) 8 (7.1%) − >0.05
b
 

Headache 8 (6.4%) 8 (7.1%) − >0.05
b
 

Abdominal pain 1 (0.8%) − 1 (8.3%) 0.096
b
 

*p<0.05. aMann-Whitney U test. bFisher’s exact test. ICU, intensive care unit; COPD, chronic obstructive pulmonary disease. 
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Discussion 

To the best of our knowledge, this study was the first one 

including hospitalized patients infected with SARS-CoV-2 

from the study site. An 9.6% of the patients required ICU 

admission. Hypertension with the rate of 50% and diabetes 

with 33.3% alone were the evident comorbidities for 

admission to the ICU. Although the most frequently 

detected symptom was cough (62.4%), the prevalence of 

dyspnea (83.3%) was higher in patients admitted to ICU. 

The overall mortality rate was 8.8%: and 81.8% of the 

deaths were above 60 years with a mean age of 66 years. 

Among the 11 deaths, three had no comorbidities where the 

rest of the deaths had one or two of the following: diabetes, 

hypertension, and coronary artery disease.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The leukocyte and neutrophil count, and AST, GGT, CRP, 

and D-Dimer levels were found elevated in patients 

admitted to ICU, where albumin level was lower in the 

same patients. Increased AST levels were shown in patients 

who died from COVID-19. Chronic diseases including 

hypertension and diabetes may trigger the conditions to 

prone the patient to be susceptible for being infected with 

SARS-CoV-2. It is known that chronic diseases share 

common pathways with infectious diseases including 

proinflammatory changes and the beginning of the immune 

response. As of today, the pathophysiology of the disease 

related to the comorbidities remains unexplained, only 

various hypotheses have been suggested.  

Table 2: Laboratory results of the patients hospitalized with COVID-19 

 Normal range
†
 Total Ward ICU p 

Leukocyte (10
3
/𝜇L) 4.8 – 10.8 6.23 (4.36 – 15.37) 6.08±.45 9.3±3.43 0.002* 

Lymphocyte (10
3
/𝜇L) 1 – 4.8 1.46 (0.62 – 3.69) 1.65±0.71 1.72±0.95 0.887 

Neutrophil (10
3
/𝜇L) 1.8 – 7.7 4.26 (2.72 – 13.6) 3.79±1.97 6.9±3.19 <0.05* 

NLR – 2.43 (0.21 – 13.08) 2.7±1.74 5.44±4.2 0.014* 

AST (U/L) 0 – 35 38.38 (18 – 71.2) 27.66±22.72 43.23±27.19 0.022* 

ALT (U/L) 0 – 45 27.2 (19 – 63.3) 26.88±31.25 32.69±25.27 0.139 

TBL (mg/dL) 0.3 – 1.2 0.59 (0.31 – 1.34) 0.46±0.25 0.59±0.3 0.118 

ALB (g/dL) 3.5 – 5.2 4 (3.46 – 5.01) 4.4±0.38 3.43±0.59 <0.05* 

GGT (U/L) 0 – 55 33 (16 – 373) 26.76±23.57 78.25±100.6 0.003* 

Creatinine (mg/dL) 0.88 – 1.06 0.88 (0.79 – 1.32) 0.9±0.19 0.97±0.41 0.557 

CRP (mg/L) 0.3 – 1.2 36.89 (2.07 – 378) 11.35±16.21 142.94±126.52 <0.05* 

D-Dimer (ng/mL) < 500 180 (10 – 718) 308.4±811.06 865.5±969.8 <0.05* 

ESR 0 – 30 mm/h 31 (10 – 70) 28.72±20.89 48.25±20.75 0.117 
*p<0.05.†Obtained from the medical biochemistry laboratory of the hospital. Mann-Whitney U test. ICU, intensive care unit; NLR, neutrophil to 

lymphocyte ratio. 

 

Table 3: The outcomes of the patients hospitalized with COVID-19 

 Total Ward ICU p 

n (%) n (%) n (%)  

Status 
Discharge 114 113 1 (8.3) 

<0.05*† 
Died 11 − 11 (91.7) 

 Mean±SD Mean±SD Mean±SD  

Hospital stay (days) 7 (4 – 25) 7.88±2.93 11±5.73 0.022*‡ 

 
*p<0.05. †Chi-square test. ‡Mann-Whitney U test. ICU, intensive care unit. 
 

Table 4: The distribution of liver function test results  

 

 Status 

p Discharge 

n (%) 

Died 

n (%) 

AST Normal 94 (94.9) 5 (5.1) 
0.01*† 

 High 20 (76.9) 6 (23.1) 

ALT Normal 96 (92.3) 8 (7.7) 
0.393

†
 

 High 18 (85.7) 3 (14.3) 

 Median (Range) Median (Range) p 

AST 21.65 (8.3 – 160) 36.9 (15.7 – 96) 0.026*‡ 

ALT 18 (3.6 – 222) 21.9 (6.4 – 93) 0.187
‡
 

*p<0.05. †Fisher’s exact test. ‡Mann-Whitney U test. AST, aspartate aminotransferase; ALT, alanine aminotransferase. 

Normal range for AST: Female (0 – 31 U/L); Male (0 – 35 U/L). Normal range for ALT: Female (0 – 34 U/L); Male (0 – 45 U/L). Ranges obtained 
from the medical biochemistry laboratory of the hospital. 

 



Demir                                                                                            http://dx.doi.org/10.36472/msd.v7i12.442 

742 
Medical Science and Discovery, 2020; 7(12):739-44 

Studies have demonstrated that hypertension is one of the 

most frequent comorbidities in patients with COVID-19 

which had a reported prevalence of 15% and 23.4% in 

patients with severe COVID-19 (2,6). A meta-analysis 

showed that hypertension is rare in discharged patients 

compared to patients died from COVID-19 and a positive 

correlation was found between hypertension and disease 

severity as well as ICU admission(7). Li et al. revealed that 

the prevalence of hypertension in patients with COVID-19 

is 17.1%, and it is two-folds higher in ICU patients 

compared to the ward (8). The present study showed a 

frequency of 21% among patients with COVID-19, with a 

3.6 folds incidence in patients admitted to ICU than in the 

ward. It is very close to the Asian population reported in 

the previous studies. This finding could be associated with 

the usage of Angiotensin-Converting Enzyme (ACE) 

inhibitors and Angiotensin II Receptor Blockers (ARBs) 

among hypertensive patients which mostly result in an 

upregulation of ACE-II which is believed to be the location 

of SARS-CoV-2 surface antigen binding site.  

Furthermore, diabetes is the other most prevalent 

comorbidity among patients with COVID-19. While the 

frequency of diabetes in patients with COVID-19 varies 

from one study to another, a recent meta-analysis 

demonstrated that the prevalence of diabetes is found 

higher in ICU patients than in the ward (9,10). Chinese data 

showed a prevalence between 15% and 25% and it is 

reported as two to four folds higher in ICU patients 

(6,11,12). Despite Chinese reports, a prevalence over the 

50% has been shown in the United States in patients 

admitted to ICU with severe COVID-19 (13). One study 

from China revealed significant data that milder symptoms 

would be seen at the beginning of the infection such as 

fever was less prevalent leading a delay in the diagnosis of 

the disease (14). In addition, diabetes causes elevated 

inflammatory markers, tissue enzymes, and clotting 

abnormalities which may be associated with severe multi-

organ damage and tendency to thromboembolic events as 

well as cytokine storm which is an aggravating factor for 

COVID-19 (14,15). A retrospective analysis showed that 

diabetes or cardiovascular disorders are detected at 85.5% 

of severe patients with COVID-19 than mild counterparts 

(16). Several studies indicate variable frequencies in which 

the present study showed a prevalence of 9.6% in the 

overall study group and 33.3% in ICU patients with 

COVID-19 compared to 7.1% in the ward (2,4,17,18). The 

difference between ICU and ward suggested that diabetes 

seems to be a prognostic factor for the poor prognosis of 

COVID-19. However, it is inevitable that this conclusion 

requires a study with larger sample size.  

Moreover, COVID-19 appears to have variable clinical 

presentations where the most prevalent symptoms in the 

severe disease group were cough, fever, and fatigue. 

However, cough, fever, and dyspnea were the most 

frequent symptoms admitted to the ICU. The prevalence of 

dyspnea was reported as 67.2% in ICU admitted patients 

with COVD-19 compared to 10.2% in the ward. Dyspnea 

could be a sign of pulmonary involvement of the disease, 

where some reports indicated a phenomenon called “silent 

hypoxia” characterized by progressive respiratory failure 

without the presence of dyspnea (19). Chinese data showed 

that the frequency of dyspnea was 37.2% in severe cases 

admitted to ICU which was 14.7% in cases of the ward 

(20,21). In contrast to the information obtained from 

Chinese studies, the present study revealed a prevalence of 

83.3% in ICU admission for dyspnea, where 26.5% in the 

ward with an overall frequency of 32%. The higher 

percentage of dyspnea in ICU deserves an importance for 

predicting ICU admission, therefore future research should 

focus on the evaluation of early hospital admission and 

treatment management in patients with dyspnea.  

Nevertheless, leukocyte count has been reported as 

decreased or normal in patients with COVID-19, however 

critical cases have leukocytosis frequently. A 

comprehensive study by Guan et al.(6) revealed that 

leukocytosis was observed in 25% of the severe cases. In 

general, and asymptomatic patients seem to be normal or 

decreased in patients with COVID-19 during admission and 

tend to elevate with disease progression (22,23). In contrast 

to the leukocyte count that was higher in ICU patients 

compared to the ward, the number of leukocytes is in the 

normal range in the present study. It can be declared that 

leukocytosis in ICU patients with COVID-19 may be 

associated with several factors including co-infections, 

medications, and the variable response of the immune 

system. Similar findings have been found for neutrophil 

numbers as it was higher in ICU patients than in the ward, 

however, it stayed in normal ranges. Most of the studies 

reported that neutrophil count was normal in non-severe 

cases but was elevated in patients with severe disease 

(24,25). In relation, neutrophil to lymphocyte ratio (NLR) 

is accepted as a prognostic factor for COVID-19. Studies 

indicated that it consistently elevated in severe patients 

with COVID-19 (25,26). Feng et al. reported that higher 

NLR detected during admission might be an independent 

predictor of severe pneumonia in patients with COVID-19 

(27). Another study conducted by Zhang et al. noted 

that %94 of the patients who died from COVID-19 had an 

NLR over 5 (28). The current study has shown a higher 

NLR in severe patients admitted to the ICU than in the 

ward, hence it suggested that increased NLR may be a 

useful tool for predicting high-risk patients associated with 

the consistency and proven importance of it. 

Another biochemical finding of the present study is slight 

hypoalbuminemia in ICU patients with COVID-19 which 

was normal in the ward. A cohort study from Spain 

revealed that hypoalbuminemia was common in critical 

patients infected with SARS-CoV-2. The authors also 

concluded that albumin levels might be associated with 

poor outcomes as increased mortality and hospital stay 

(29). It can be speculated that the slight decrease in albumin 

level can be related to the inflammatory response of the 

host to the SARS-CoV-2 infection.  

Inflammatory markers including CRP and D-Dimer have 

been reported to be elevated in patients with COVID-19 

(3,29,30). Studies revealed an increased CRP and D-Dimer 

ranged from 60.7% to 86.3% and 36.4% to 46.4% of the 

patients infected with SARS-CoV-2, respectively 

(2,4,6,31). Significantly higher levels were detected in the 

present study for CRP and D-Dimer in patients admitted to 
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ICU compared to the ward those also observed in various 

infections for severe cases as well. 

The main study parameter of the present study is liver 

function enzymes especially AST and GGT which were 

also elevated in ICU patients. Studies indicated an elevated 

level of GGT that is considered as the cholangiocyte-

related enzyme. However, GGT is mainly located in the 

cell membranes of several tissues such as the heart, brain, 

kidneys, pancreas, bile duct, spleen, gall bladder and 

seminal vesicles. Therefore, merely a higher GGT level 

could be associated with drug-induced liver injury or 

damage in other organs (32). In contrast, an elevated AST 

level was more frequent in severe cases where higher level 

of AST is reported to be more than three-folds according to 

the normal range in 5.66% of the patients with COVID-19 

during hospitalization. Similarly, a three-folds higher level 

of AST was found in ICU patients compared to the ward 

and 23.1% of the patients those also have elevated AST 

died from COVID-19. Limited data is available related to 

the variability of liver function tests. In this context, Chen 

et al. showed no changes in AST level were found in 

patients with COVID-19 (33). However, Cai et al. (34)  

revealed a three-folds increase in 12% of the patients with 

SARS-CoV-2 infection. Additionally, the authors also 

noted that medications including non-steroidal anti-

inflammatory drugs, antibiotics, and herbal medications 

may induce liver injury and were related to disease severity 

in cases with abnormal liver test findings. Therefore, it is 

suggested to closely follow-up cases receiving these 

particular treatments, particularly in those who had 

impaired liver function test levels at admission to the 

hospital.  

Consequently, the present study revealed an overall 

mortality rate of 8.8% with a number of 11 cases of those 

all in admitted to the ICU. The mortality rate of the ICU 

was 91.7%, unfortunately, one patient was merely 

discharged from ICU. Several studies reported dispersed 

mortality rates where a recent Chinese study noted 31.4% 

and it is 21% in a US study. Another study reported an 

apparent mortality rate of 4% in China, 13% in Italy, 11% 

in Spain and 15% in France (35). In relation, distinct 

outcomes have been obtained from several studies as the 

mortality rate of ICU in China is reported as 37.7%, Italy as 

25.6%, the USA as 23.6%, Spain as 29.2% and Denmark as 

41.2%, Germany as 24.3% and UK as 8% (36). The 

unexpected mortality rate in ICU observed in this study 

could highly be associated with the smaller sample size 

compared to the studies in other countries. It should be 

closer or lower after enrolling more cases in the study.  

Previous studies included age, gender, and comorbid 

diseases as the risk factors of COVID-19, this is one of the 

reports to exhibit abnormal liver function test results those 

associated with severe disease. It can be speculated that 

SARS-CoV-2 may lead to severe multi-organ dysfunction 

in humans and the findings of the present study could 

support some part of this hypothesis. 

The present study has some limitations. First, the biggest 

limitation of this study is the very small sample size thus 

inhibits the meaningful conclusions obtained from the 

present study. Second, patients enrolled in this study were 

from a single, large city of Turkey restricting the 

generalizability of the results to the rural areas or other 

regions. Lastly, most of the patients in our cohort were 

Caucasian, hence study findings can not be extended to 

other ethnicities. Large prospective multiethnic studies are 

required to provide comprehensive data about the COVID-

19 pandemic.  

Conclusions   

We present a very first reported data on all cases infected 

with SARS-CoV-2 from a mid-size city of Turkey. Cough, 

dyspnea and fever are the most observed symptoms of the 

disease. Hemocytometric changes particularly elevated 

NLR in patients infected with SARS-CoV-2 might be a 

useful tool for the prediction of the disease progression. 

The remarkable outcome of the present study is that 

patients with elevated AST level were at great risk of 

progressing to severe disease those require close 

monitoring. 
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