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Abstract

The coronavirus disease 2019 (COVID-19) is a respiratory disease caused by SARS-CoV-2 in
humans and animals. This study aimed to find out socio-demographic factors, epidemiology,
clinical characteristics, and laboratory findings in COVID-19 diseased patients. Data was collected
on a predesigned questionnaire from COVID-19-positive patients admitted to hospitals. Blood
samples were collected for hematology, and serum biochemical analysis.

A total of 199 COVID-19-positive patients were enrolled, among which 145 (72.86%) were from
the Quetta division. High prevalence was observed in the age group 51-75 years. Amidst total,
127(63.8%) males and 72(36.2%) were female patients including 78(39.2%) smokers. Forty-nine
49(24.6%) hospitalized patients were critical, 52(26.1%) moderate and 98(49%) with mild health
issues. Patients diagnosed with comorbidities like diabetes, chronic respiratory disease, and
cardiovascular disease. The total death rate was 33(16.58%). Patients presented general symptoms
and infrequent symptoms of diarrhea, chest distress, breath shortness, and vomiting.

Increased count of leucocytes and neutrophils and lower count of erythrocytes, hemoglobin,
platelets, and lymphocytes were measured in critical patients. Higher level of C-reactive protein, D-
dimer, urea, and creatinine, was measured in critical patients. Impairments in hematological
parameters such as biochemical profiles predict disease severity in patients and serve as indicators
for the prognosis and severity of COVID-19.
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Epidemiological, Clinical, And Laboratory Findings In Covid-19 Positive Patients In Hospitals Of Quetta, Pakistan: A
Retrospective Multi-Centerd Study

e Introduction:

Coronavirus disease-19 (COVID-19) is a novel viral infectious disease determined in December
2019 in a Chinese province, Wuhan. The infection is caused by a novel severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) (Huang et al. 2020) The COVID-19-positive patients had
previously visited a local market of Huanan Seafood and the transmission was considered to be
associated with Huanan Seafood market and causes SARS-CoV-2 transmission from animals to
humans(Li et al., 2020). However, later it was known that it spread more rapidly from human-to-
human .

Earlier the lungs were considered the target organ for infection, however, the presence of
angiotensin-converting enzyme 2 (ACE2) receptors in other body organs made them susceptible to
SARSCoV-2 infection The novel coronavirus damages the body organs by binding to the epithelial
cell receptors of the lungs, intestines, blood vessels, and kidneys by the ACE2 receptor(Yang et
al.,2020). Pneumonia is the most prevalent clinical characteristic of COVID-19 infection including
fever, cough, myalgia, and exhaustion (Huang et al., 2020).

Studies have determined that age, gender, and comorbidities increase the severity of the disease and
men are more vulnerable to COVID-19 disease than women(Chen N et al.,2020). It was shown that
comorbid medical conditions in COVID-19 patients were observed over the age of 65 years(Onder
G et al.,2020). The common comorbidities include hypertension, diabetes, cardiovascular
disease(Yang J et al.,2020) and respiratory disease and high frequency is realized among active
smokers(Guan et al., 2020). Hematological abnormalities in COVID-19-positive patients are a
major cause of disease progression, severity, and mortality. Thrombocytopenia, abnormal
coagulation profile, and lymphopenia are associated with disease progression, severity, and risk of
mortality(Lillicarp, D et al.,2020).

Other frequent abnormalities in COVID positive patients include C-reactive protein (CRP) and D-
dimer(Feng, P et al., 2019). The electrolyte imbalance is also observed in COVID-19 patients(Guan
et al., 2020). In meta-analysis lower concentrations of electrolytes that is sodium, calcium and
potassium were determined to cause the severity of the disease(Lippi, G et al., 2020). The purpose
of the study is to reveal the epidemiological, clinical characteristics and laboratory findings in
COVID-19-positive patients admitted to hospitals. The association between the epidemiological,
and clinical markers including laboratory investigations will help in finding the transmission
pattern, alteration in blood cells as diagnostic markers, and associated physiological and
biochemical factors.

+  Materials and methods

2.1. Study design:A retrospective, multi-centered study was conducted on epidemiological and
clinical features and laboratory findings of the COVID-19 positive patients admitted at Fatima
Jinnah institute of chest disease and Sheikh Khalifa bin Zayed hospital, Quettafor a period of 7
months (Sep 2020 to March 2021).

2.2. Study population: A total of 199 COVID-19-positive patients were enrolled in this study.

2.3. Data collection:Data was collected on predesigned proforma and kept confidential. Positive
patients were earlier confirmed for SARS-CoV-2 by real-time polymerase chain reaction (RT-PCR)
using samples from the upper respiratory tract. Data from different epidemiological parameters, and
clinical and laboratory findings were considered. Blood samples were collected for hematological
profile and serum biochemistry investigations such as CRP, D-Dimer, LDL, HDL, cholesterol, urea
and creatinine, and serum electrolytes.

2.4. Ethical approval: The study was established after approval from the ethical review committee,
at the center for advanced studies in vaccinology and biotechnology (CASVAB), University of
Balochistan, Quetta Pakistan.
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2.5. Statistical analysis:Descriptive analysis of the variables was expressed as mean or percent (%).
All the statistical analyses were performed by using the SPSS program. Statistically significant
values of p<0.05 was considered.

Results

3.1 Epidemiological characteristics: In this study, a total of 199 COVID-19-positive patients were
enrolled, among which 127(63.8%) were male, and 72(36.2%) were females.

The highest number of 88(44.2%) infected patients were from the age group 51-75Y, followed by
63(31.7%) patients from the age group 26-50Y and 30(15.07%) patients were from the age group 1-
25Y. Interestingly, the lowest infected age group 76-100Y, where containing only 18(9.04%)
individuals infected with COVID-19 disease. Remarkably, the higher percentage of 145(72.86%) of
infected patients were from the Quetta division, followed by Zhob 17(8.54%), Sibi 15(7.53%),
Kalat 16(8%) and Makran 7(3.51%). The data further showed that 18 (9.04%) patients were health
workers, while 181(90.95%) were non-health workers. The highest rate of COVID-19 infection was
realized in Pashtoon 84(42.2%) community, followed by Baloch 58(29.1%), Punjabi 41 (20.6%),
Hazara 9 (4.5%) and others 7 (3.5%) (Table 1).

Table 1. Epidemiological parameters of COVID-19 patients
Characterization Frequency Percent
(Age years)

1-25 30 15.07
26-50 63 31.65
51-75 88 44.2
76-100 18 9.04
Gender
Male 127 63.8
Female 72 36.2
Makran division 7 3.51
Region Kalat division 16 8.00
Sibi division 15 7.53
Zhob division 17 8.54
Quetta division 145 72.86
Others 7 3.5
Hazara 9 4.5
Ethnic group Punjabi 41 20.6
Baloch 58 29.1
Pashtoon 84 42.2
Employment Health worker 18 9.04
status Non-health worker 181 90.95
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3.2 Clinical features: Clinical features were grouped into mild, moderate, and critical based on
health conditions. The asymptomatic or patients with few symptoms were placed in the mild group,
while symptomatic cases were placed in moderate and critical groups. Data analysis showed that
49(24.6%) patients were critical, 52(26.1%) were moderate and 98(49%) were determined with
mild health problems. Most of the patients (36.68%) had a fever and a temperature between 37.30C
to 380C. Furthermore, 58(29.14%) patients had high temperature (38.10C-39.00C), where most of
the cases 23(46.9%) were critical. Of the patients with high temperature >390C were 32(16.08%),
among which 14(28.57%) were critical, 10(19.23%) were moderately sick and 8 (8.16%) were of
mild cases.

A total of 135(67.83%) patients had coughs, among which mild, moderate, and critical patients were
68(69.38%), 30(57.69%), and 37(75.51%), respectively. Chest distress was present in 76(38.19%)
patients, among which the highest number 33(67.34%) belong to a critical group. Of patients which
had shortness of breath 96(48.2%), among which the highest number 35(71.42%) of patients were
critically ill. Intensive ventilation was provided to 48(24.12%) patients, among which 30(61.22%)
patients were critical and 14(26.92%) were moderately sick.

Headache, myalgia, and anorexia were reported in 95(47.73%), 153(76.9%), and 152(76.38%) were
present in overall 199 patients, respectively, however, these features were higher in critical patients.
\Vomiting and diarrhea were comparatively low and only 40(20.10%) and 68(34.17%) had vomiting
and diarrhea, respectively (Table 2). Patients with clinical symptoms of fatigue were 108(54.27%)
and nasal congestion was realized in 66 (33.16%) patients. Fifty-five, 55(27.63%) patients were
admitted to the intensive care unit (ICU), of which 34(69.38%) were in critical condition. A total of
33(16.58%) patients died, among which 21(42.85%) were critically ill (Table 2).

Table 2. Clinical features of COVID-19 positive patients

Clinical signs and symptoms Mild Moderate Critical Total

n=98 (%) n=52 (%) n=49 (%) n=199 (%)
Fever
37.3-38°C 38(38.77) 21(40.38) 14(28.57) 73(36.68)
38.1-39°C 20(20.40) 15(28.84) 23(46.9) 58(29.14)
>39°C 8(8.16) 10(19.23) 14(28.57) 32(16.08)
Cough 68(69.38) 30(57.69) 37(75.51) 135(67.83)
Chest distress 18(18.36)  25(48.07) 33(67.34)  76(38.19)
Breath shortness 34(34.69) 27(51.92) 35(71.42) 96(48.24)
Invasive ventilation 4(4.08) 14(26.92) 30(61.22) 48(24.12)
Headache 28(28.57)  32(61.53) 35(71.42)  95(47.73)
Myalgia 72(73.46)  38(73.07) 42(85.71)  152(76.38)
Vomiting 12(12.24) 13(25) 15(30.61) 40(20.1)
Diarrhea 33(33.67)  16(30.76) 19(38.77)  68(34.17)
Anorexia 73(74.48) 38(73.07) 41(83.67) 152(76.38)
Nasal congestion 34(34.69) 15(28.84) 17(34.69) 66(33.16)
Nausea 38(38.77) 24(46.15) 30(61.22) 92(46.23)
Unconsciousness 11(11.22) 19(36.53) 33(67.34) 63(31.65)
Fatigue 48(48.97) 28(53.84) 32(65.30) 108(54.27)
Admission to ICU ~3(3.06) 1 18(34.61)  34(69.38  55(27.63)
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Clinical outcomes
Recovered 96(97.95) 42(80.76) 28(57.14) 166(83.41)
Died 2(2.04) 10(19.23) 21(42.85) 33(16.58)

3.3 Chest tomography of the patients: Sixty-five 65(32.66%) positive patients were investigated
by computerized tomography (CT) scan, among which 27 (41.53%) had unilateral, 16 (24.61%) had
a bilateral lung infection, 9 (13.84%) had ground glass opacities, 8(12.3%) had subpleural lesions,
and 5(7.69%) had tiny nodules. Twelve (n=12) patients with a unilateral lung infection were critical
and 10 patients fell in moderate infection. However, 8 patients were critical and 6 were fall into
moderate groups in bilateral lung infection. In-ground glass opacities 7 patients were critical (Table
3).

Table 3. Chest computed tomography of COVID-19 patients
Chest computed Mild Moderate Critical Total
tomography n=98 n=52 n=49 n=199
Unilateral 5 10 12 27
Bilateral 2 6 8 16
Ground glass 1 1 7 9
opacities 2 2 4 8
Sub pleural lesion 1 2 2 5
Tiny nodules

3.4. Smoking status: Data showed, 78 (39.2 %) patients were smokers and 121(60.8%) were non-
smokers (60.8%). The health condition of the smokers was poor than nonsmokers, and the majority
of smokers were placed on mechanical ventilation. Invasive ventilation was provided to 25
(32.05%) patients, whereas in non-smokers 23% of patients were placed on ventilation. The death
ratio among smokers was 17.94%, which was less (15.7%) in non-smokers (Table 4).

Table 4. Smoking status of COVID-9 positive patients

Invasive Death
o . .
Frequency (%) ventilation Survivor Died (%)
Smoker 78 (39.2) 25 64 14 17.94
Non- 121 (60.8) 23 102 19 15.70
smoker
Total 199 (100.0) 48 154 33 16.58

3.5. Comorbidities: Results showed 118(59.29%) COVID-19-positive patients had no associated
disease. Patients with comorbidities were in pattern of, diabetic 45(22.61%), chronic respiratory
disease 24(12.06%), cardiovascular disease 8(4.02%), and chronic kidney disease were 4(2.01%).
Patients had also underlying comorbidities such as 5(11.11%) patients having diabetes and chronic
respiratory disease, 4(8.88%) had diabetes with cardiovascular disease, and 1(2.22%) patient had
diabetes with chronic kidney disease (Table 5).
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Table. 5 Comorbidities associated with COVID-19 disease

Disease Numbers (%)

COVID-19 without comorbidities 118 (59.29)
. Numbers . . Numbers
Disease (%) Diabetes + Comorbidities (%)
Diabetes 35(77.77)
Diabetes + CVD 4 (8.88)
Diabetes 45 (22.61) D‘|abetes +  Respiratory 5 (11.11)
COVID-19 with disease
— Diabetes + Kidney disease 1(2.22)
Comorbidities Respirator
espiratory 24 (12.06)
disease
CVD 8 (4.02)
Kidney disease 4 (2.01)
Total: 199

3.6. Effect on the hematological parameter in COVID-19 positive patients: A significant
difference was realized in the blood physiological parameters of COVID-19-positive patients.
Variations were realized in total leucocyte count, lymphocyte, and neutrophils. Patients with critical
conditions had higher values of white blood cells (12.28+0.61), and a lower count of lymphocytes
(11.59+0.52) was measured. However, in contrast, an increased neutrophil count of 79.28+0.72 was
realized. It was noted that the value of erythrocytes (RBC 4.3£0.23) and hemoglobin (HGB
7.52+0.52) was significantly decreased in patients with critical conditions. whereas no significant
difference was observed in the indices of RBCs except MCH. Depletion in the count of platelets
(184.58+13.11) was observed in patients with critical health status compared to mild and moderate
groups. A significant effect was seen on PCT (1.79+0.65) in critical patients as compared to other
groups' distribution. Furthermore, no significant effect was realized in the value of MPV, and PDW
in all three groups of critical, mild, and moderate patients as shown in (Table 6).

Table 6. Comparative analysis of hematological parameters of COVID-19 positive patients in mild,
moderate and critical groups

Hematological parameter Mild Moderate Critical P value
(n=98) (n=52) (n=49) <0.05
White blood cell(10°/L) 8.65+0.30 9.71+0.56 12.28+0.61 0.005
Lymphocyte (%) 19.2340.65 15.73+0.69  11.59+0.52 0.002
Monocyte(%) 10.8610.43  9.83%0.46 8.61+0.51 0.004
Neutrophil (%) 69.08+0.88  73.12+1.00 79.28+0.72 0.001
Eosinophil(%) 0.98+0.08 0.72+0.09 0.85+0.11 0.12
Basophils(%) 0.09+0.03 0.02+0.01 0.04+0.02 0.06
Hemoglobin (g/L) 9.35+0.32 9.13+0.45 7.52+0.52 0.003
Red blood cell (10*%/L) 5.29+0.15 4.74+0.21 4.340.23 0.002
Hematocrit (HCT) (%) 33.98+0.99 32.41+1.7 30.8+1.66 0.24
Mean corpuscular volume 80.12+1.45  77.5242.25 76.37+2.72 0.35
(MCV) (fL)
Mean corpuscular hemoglobin  30.54+0.37  28.71+0.92 29.23+1.11 0.17
(MCH) (pg)
Mean corpuscular 33.60+0.3 34.08+0.31 32.43+£0.58  0.005
hemoglobin
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concentration(MCHC) (g/dL)

0.005
0.60

0.50

Platelets 10°/L 255.2848.14 226.1+£11.95 184.58413.11 0.001
Platelet crit (PCT) (%) 0.35£0.02 0.81+0.32 1.79£0.65

Mean platelet volume (MPV) 7.96+0.16 7.67+0.21 7.83+0.28

(FI)

Platelet distribution width 13.21+0.33 13.124£0.44 12.46+0.69

(PDW) (fL)

P<0.05 showing significant level. P>0.05 Showing non—signifiéant result

3.7. Effect of COVID-19 infection on the biochemical profile: The critical patients were realized
to have a significant increase in C-reactive protein (CRP) (24.27+2.33), D-dimer (168.92+8.3), and
LDH (175.10+21.70) in critical patients as compared to mild and moderate patients. However, a
non-significant effect was seen on serum ferritin and ALT (Table 7). Troponin which shows damage
to the heart muscle was significantly (0.05+0.02) higher in critical patients, however, the non-
significant effect of creatine kinase (CK) was realized. Furthermore, a significant effect was seen in
sugar level, urea, and creatinine, while no significant difference was observed for uric acid value.
Significantly, higher cholesterol (218.8+8.22) and low HDL (39.67+0.75) were measured in critical
patients. No effect was seen on LDL and triglyceride (Table 7).

Table 7. Effect on serum profile of COVID-19 positive patients in mild, moderate and critical

groups
Serum
Parameter
C-reactive
(mg/L)
D-dimer (ng/L)
Serum ferritin (ng/mL)

protein(CRP)

Alanine amino
transaminase

(ALT) (U/L)

Lactate dehydrogenase

(LDH) (U/L)

Creatine kinase (CK) (U/L)
Troponin (ng/mL)
Glucose fasting (mg%)
Uric acid (mg%)

Urea (mg%)

Creatinine (mg%)

Low-density
lipoprotein(LDL) (mg%)
High density

lipoprotein(HDL) (mg%)
Cholesterol (mg%)
Triglyceride (mg%)

Mild
(n=98)
11.29+0.8

143.49+3.71
212.05+5.84
30.47+0.74

93.88+7

79.00+5.81
0.01+.00
115.11+2.88
0.79+0.02
40.35+0.78
0.79+0.02
150.57+3.68

51.42+0.77

174.26%4.2
202.27+4.81

Moderate
(n=52)
17.1+1.91

142.15+4.09
174.79+8.24
30.73+1.11

129.46+14.67

79.10+8.36
0.03+.01
123.73£5.49
0.97+0.07
45.48+2.03
0.97+0.07
146.77%2.8

43.80+0.80

201.08+5.94
20245.16

Critical
(n=49)
24.27+2.33

168.92+8.3
197.43+11.96
34.71+1.44

175.10+21.70

79.88+8.19
0.05+.02
139.51+7.5
1.13+0.1
48.75+2.49
1.13+0.1
157.38+2.89

39.67+0.75

218.8+8.22
213.02+5.87

P<0.05 showing significant level. P>0.05 showing non-significant result.

P value
<0.05
0.002

0.004
0.008
0.006

0.001

0.987
0.001
0.001
0.099
0.003
0.001
0.253

0.003

0.002
0.406
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3.8. Effect on serum electrolytes: A significant difference was realized in the electrolytes of
COVID-19 patients. Results showed that critical patients had a significantly lower value of
potassium (3.62+0.15), sodium (102.98+2.33), chloride (91.53+1.67), calcium (6.45+0.22), and
bicarbonate (15.88+0.61) as compare to mild and moderate patients (Table 8).

Table 8. Serum electrolytes of COVID-19 positive patients

Serum Electrolytes Mild Moderate Critical P value

(n=98) (n=52) (n=49) <0.05
Potassium [K*] (meq/L) 4.66+0.09 3.72+0.11 3.62+0.15 0.001
Sodium [Na*] (meg/L) 134.3140.83  119.00+1.78  102.98+2.33  0.003
Chloride [CI7] (meqg/L) 100.81+0.53 98.10+0.91 91.53+1.67 0.001
Calcium [Ca+] (mg/dI) 8.47+0.09 7.6240.10 6.45+0.22 0.003
Bicarbonate [HCO3] 24.13+0.34 20.90+0.54 15.88+£0.61 0.001
(meq/L)

P<0.05 showing significant levels. P>0.05 Showing non-significant result

. Discussion

Our study described epidemiology, clinical characteristics, and correlation of laboratory
investigations regarding COVID-19-positive patients of Balochistan province, which was
affected by different waves of COVID-19 disease. During this study, we identified different
epidemiological parameters, clinical features, and associated factors identified in SARS-
CoV-2 infected patients. The frequency of COVID-19-positive cases in the age group of 51-
75 years was higher than in younger age groups showing that the adult age group was more
prone to acquire the infection. This advocate that a considerable country's population
comprises young adults, showing strong immunity against disease (Ahmad et al. 2021).
These findings were also in agreement with the previous study, where patients of > 50 years
were more vulnerable to COVID-19 disease(Jakhmola et al., 2021). Furthermore, including
old age other factors such as weakened immune system, and underlying morbidities are the
risk factors associated with COVID-19 infection(Mehra et al., 2020).

Interestingly, the frequency of COVID-19-positive cases was 1.76 times greater in
males compared to females. The possible reason which is also reported in other studies that
men are more exposed to COVID-19 due to changes in daily routine activities. The men
population in this study was mostly employed, exposed publicly more, or in close contact
putting them at higher risk to acquire COVID-19 infection than females(Stelzig et al., 2020).
This advocate that individuals with more public exposure are at higher risk of acquiring the
disease. In addition, men mostly have the habit of smoking and alcohol consumption
compared to women and this behavior makes men more susceptible to acquiring infection
(Raimondi et al. 2021). Furthermore, biological and environmental factors, sex steroids and
higher levels of estrogen, which has immune-stimulatory roles in women are supposed to be
the cause of low incident rate in females .

In a previous study among 252 critical care unit admitted patients in the United
Kingdom (UK), 66.8% were White, 15.2% were Asian, 9.9% were Black and 8.1% were
from other ethnic groups(Gov.uk 2019).

The current study revealed that Pashtoon and Baloch ethnic groups were more
affected than other communities. The reason for which high population community in the
region, the trend of the joint family system including poor housing ventilation and weak
socioeconomic status is considered. According to our results, the local transmission of the
virus is determined in Quetta, which is the most populated city of the province of
Balochistan, where human-to-human transmission of the disease is considered. Social
distancing is always encouraged to avoid the dissemination of the disease in the area(Dalton
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et al., 2020).

The occupational risk of acquiring COVID-19 infection was not uniform. In non-
health workers like drivers, daily wagers, transporters, shopkeepers, barbers, police, driver,
and district administrators were at higher risk of acquiring infection. As these individuals
were continuously exposed and in contact with the public had a higher risk of acquiring
COVID-19 infection.While the teachers, students, and housewives were at less risk, and the
possible reason for this due to the educational institute was closed and the teachers and
students were likely in less risk of acquiring the disease. This is also in line with the study of
(Magnusson et al. 2021)

Interestingly, a very less number of 18 (9.04%) health workers were infected with
COVID-19 infection, which shows that the standard operating procedure (SOPS) were
followed and prevented the disease while treating patients in hospitals and health care
centers. However, in contrast, in the early days of the disease, considerable numbers of
healthcare workers were infected by COVID-19 in China(Chen T et al., 2021) and a study
showed that 23 healthcare workers died revealing the risk, that health workers have while
dealing with infectious diseases(Ing EB et al., 2020).

Amidst the clinical features cough and fever are the most common symptoms, which
shows the organism’s response to various infectious diseases(Plaza, J et al., 2016). It was
reported that 81.3% of COVID-19 patients had fever(Xie et al., 2021) and 76% had cough
(Huang et al. 2020) which was considered the second most common clinical
manifestation(da Rosa Mesquita et al., 2021). Our study showed clinical presentations of
anorexia, diarrhea, and chest distress including dyspnea, headache, and myalgia, vomiting,
nausea in all three categories of the study. However, the severity of the clinical parameters
was higher in critical patients.

The Angiotensin-converting enzyme 2 (ACE2), the cellular receptor for SARS-CoV-2 is
widely distributed in different cell organs including the gastrointestinal tract (GIT)(Hikmat
et al., 2020). This indicates that cell types in the GIT are potentially susceptible to SARS-
CoV-2 infection and the study corresponds that diarrhea is associated with COVID-19
infection. The clinical symptoms of dyspnea, headache, and myalgia, vomiting, nausea was
also reported previously(Murat et al., 2021; Asghar et al., 2020).

Smoking damages the upper respiratory tract and decreases the pulmonary immune
system which results in increased severity of the disease(Baur et al., 2013). It is associated
with the progression of COVID-19 and is considered a high-risk factor in facilitating
COVID-19 disease compared to non-smoker(Patanavanich et al., 2020). In our study, we
reported that the severity and death ratio is higher in smokers. Furthermore, it was
determined that COVID-19-positive patients with respiratory disease or asthma had critical
health conditions(Chen N et al., 2020).

In this study, diabetes showed adverse effects on COVID-19-positive patients followed
by respiratory and cardiovascular disease (CVD), respectively. Previously, it was determined
that 57.7% COVID-19 positive patients had one or more comorbidities(Bajgain et al., 2021).
The long-term effect of elevated blood sugars results in a weakened immune system, with a
possible link to ACE2 expressions in cardiac tissues(Ma RCW et al., 2020). Patients with
renal disease and those on dialysis were reported to have increased mortality when infected
with SARS-CoV-2 virus(Alberic et al., 2020). The ACE2 expression in kidney cells is a
unique target for SARS-CoV-2 causing tubular and glomerular damage (Diao et al., 2020).

Moreover, the mortality rate (16.58%) was measured in our study with the highest
mortality (42.85%) in critically ill patients. Various studies previously reported mortality
percentages in the double digits of 22% to 23%(Ciceri et al., 2020) and determined that a
higher degree of inflammation is triggered in critical patients(Henry BM et al., 2020).

Our study revealed a significant effect on hematological parameters. An increased
count of leukocytes and neutrophils was realized in critical patients as compared to
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moderate and mild groups. However, a significant decrease in lymphocytes was observed. It
was determined that leukocytosis and lymphopenia are associated with C-reactive
protein(Javanian et al., 2020). The lymphopenia can be used as a diagnostic marker in
COVID-19 infection(Zhao et al., 2019). Similarly, we observed a lower count of RBCs and
hemoglobin concentration, which was also reported elsewhere(Wang C et al., 2020). The
low count of RBCs may arise due to the immune damage that leads to the suppression of the
bone marrow, resulting in the gradual increase of anemia, however, no significant effect was
seen on the indices of erythrocytes in COVID-19-infected patients.

The decrease in hemoglobin concentration is associated with the severity of the diseaseas, as
the concentration of HGB was severe in critical groups of this study. Platelets are important
for homeostasis and also play a key role in defense mechanisms in inflammatory conditions
(Shahri et al., 2021).

In this study, thrombocytopenia occurred in severe COVID-19 infection. A previous
study also reported thrombocytopenia in COVID-19-positive patients and was considered a
diagnostic biomarker and severity of the disease(Yang X et al., 2020). The SARSCoV-2 has
an impact on megakaryocytic maturation and increases platelet aggregation, which led
platelet consumption in the microcirculation of damaged lung tissue. Additionally, the novel
coronavirus inhibits erythropoiesis in the bone marrow which consequently causes
thrombocytopenia by reducing platelet production(Ulrich et al., 2020).

In our study, an increased level of C-reactive protein (CRP) was reported in critical patients,
which showed statistically significant results between the groups, and this corresponds to
previous studies(Erol et al., 2021; Huyut et al., 2022), where patients who died from
COVID-19 infection had higher CRP levels(Ardestani et al., 2021). In addition, the level of
D-dimer was significantly higher in critical patients as compared to the mild and moderate
groups. This is also reported in other research studies (Dubey et al., 2021; Guan et al.,
2020).

The enzyme lactate dehydrogenase (LDH) level was significantly higher in critical patients.
This is also in line with previous research(Erol et al., 2021), which showed an increase in
LDH enzymes and indicates that liver dysfunction occurs in COVID-19 disease. Cardiac
troponin is a marker of heart muscle damage and was significantly higher in critical patients,
which indicates the risk of tissue death, organ failure, or heart attack in patients with
COVID-19 disease. An increase in the neutrophil count is associated with elevated troponin
levels including an increased risk of acute respiratory syndrome(Terpos et al., 2020). This
correlates to our results of an increase in neutrophilic leukocytosis and troponin level. Urea
and creatinine were significantly higher in the critical patients compared to the mild and
moderate groups which indicates that impairment in kidney function develops in COVID-19
infection. Previous studies also have obtained a similar pattern of results (Mertoglu et al.,
2021).

Furthermore, the COVID-19 infection showed a significant effect on cholesterol and high-
density lipoprotein (HDL) in critically ill patients when compared to mild and moderate
groups of patients. Previous studies advocate our results that patients with COVID-19
infection had significantly decreased levels of cholesterol and HDL(Hu et al., 2020). In this
study, we report the depletion of electrolytes in critical patients. This study is in line with
previous studies(De Carvalho et al., 2021), which also showed that low serum concentration
of electrolytes is measured in severe cases of COVID-19-infected patients(Chen D et al.,
2020; Tezcan et al., 2020). In conclusion, the characteristics of the biochemical and
hematological laboratory parameters in COVID-19 patients were determined, and obtained
different indicators regarding the severity of the disease. The findings will provide important
evidence for better diagnosis and treatment of COVID-19 patients in order to improve
clinical outcomes.
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