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Abstract

The novel coronavirus (COVID-19) produced severe acute respiratory coronavirus syndrome (SARS-CoV-2;
formerly known as 2019-nCoV) and has mild to fatal symptoms. This study aimed to investigate the different
blood markers in confirmed positive COVID-19 individuals and see how they associated with the severity of the
condition. A cross-sectional study was conducted from September 2020 to March 2021 on seventy-six (20
female and 56 male) Iragi patients unvaccinated against COVID-19. The mean age of the study subjects was
(47.00+13.31; 43.86+14.27) for males and females, respectively. 68.42% of the cases with mild illness, 14.47%
with moderate illness, and 17.10% were severely ill. The severity of COVID-19 was assessed by several
hematological parameters, including white blood cell (WBC) count, derived indicators such as neutrophils to
lymphocyte ratio (NLR) and IL6, C-reactive protein (CRP), D-dimer, and S-ferritin. The results showed that
lymphocyte count was lower in severely ill patients compared to patients with mild and moderate symptoms,
with a significant difference between the three groups (2.274.83). Additionally, the NLR results showed a
significant rise (11.56£1.23) in severe COVID-19. The results of the present study indicated that serum levels of
IL6, CRP, and S-ferritin revealed significant differences (41.20£6.23 pg/ml), (50.66+12.55 mg/l), and
(454.60£95.69 ng/ml) at (P<0.05) in sever ill compared with mild and moderately ill patients respectively. The
results indicated a highly significant positive correlation between IL6 and severity of COVID-19 infection at
P<0.01. Furthermore, a positive connection is seen in Neutrophil, CRP, and NLR (0.229, 0.264, and 0.277) at
(P<0.05) respectively.
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1. Introduction

The novel coronavirus (COVID-19) is responsible for
severe acute respiratory coronavirus syndrome (SARS-
CoV-2; previously known as 2019-nCoV) and has
symptoms ranging from extremely mild to life-
threatening (1). On January 30, 2020, the World Health
Organization declared COVID-19 a global public
health emergency due to the disease's rapid spread,
which was already seen in December 2019 and January
2020 (2). Some complications include pneumonia,
acute severe respiratory distress syndrome, renal
insufficiency, and death (3).

Excessive inflammatory responses to SARS-CoV-2
are thought to impact disease severity and mortality in
COVID-19-infected patients significantly. It has been
linked to high levels of circulating cytokines, severe
lymphopenia, and significant mononuclear cell
infiltration in the lungs, spleen, heart, kidney, and
lymph nodes (2). The World Health Organization
(WHO) classified cases into three severity levels based
on clinical symptoms: mild, severe, and critical. The C-
reactive protein (CRP) is a systemic inflammatory
response characterized by increased pro-inflammatory
cytokines, such as interleukin-6. It can be triggered by
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various factors, including infections, toxins, and others
(4). To reduce case fatality, clinical monitoring and
effective treatment measures were required. The CT
scan was crucial in determining the severity of the
disease (5).

Additionally, CRP levels can aid in the early
detection of pneumonia (6). A combination of
symptoms, risk factors, and a chest CT scan showing
pneumonia characteristics can also be used to identify
the infection (7). The CRP and interleukin 6 (IL-6)
levels increased in the severe stage of the illness,
according to a study by Liu, Li (8). A combination of
laboratory testing was used to determine the prognosis
and state of hyper inflammation, e.g., neutrophil-to-
lymphocyte ratios (NLR). COVID-19 causes changes
in lymphocytes, white blood cells, platelets,
neutrophils, and other hematological markers (9).
Lymphopenia was previously recorded and was the
most prevalent blood count abnormality (10, 11).

According to various studies, NLR was higher in
severe patients than in those with mild or moderate
disease (12). Wang (2) claimed in previous research
that increased CRP is associated with lung lesions and
hence indicates the severity of the disease. The D-dimer
is a fibrin degradation product, and its amount grows as
the severity of community-acquired pneumonia
increases (13). This study aimed to investigate the
different blood markers in confirmed positive COVID-
19 individuals and see how they associated with the
severity of the condition.

2. Materials and Methods

2.1. Study Population

A cross-sectional study was conducted from
September 2020 to March 2021. All patients aged (23-
81) years with confirmed COVID-19 infection and who
were unvaccinated against COVID-19 at Merjan
Medical City Hospital, Babylon, Irag, were included.
Diagnosis of COVID-19 was made according to the
clinical signs and diagnosis of the consultant physician.
It mainly includes an epidemiological history, clinical

symptoms, chest CT examination, and detection RT-
PCR confirmed the results of COVID-19. According to
National Health Commission (14), the clinical
classification at admission consists of one of three
types: mild, moderate, and severe cases.
2.2. Biological Markers

Blood samples from patients with positive RT-PCR
results for SARS-CoV-2 were sent for Complete blood
count (CBC), IL6, CRP, D-dimer, and S-ferritin as the
biological markers examined in this study. The
Beckman Coulter Analyzer system performs the CBC
test automatically using Beckman Coulter Kit Solution
(Beckman, Germany). Serum IL-6 assays, S-ferritin,
and CRP, were determined by electro-
chemiluminescence immunoassay (Roche Diagnostics
GmbH, Mannheim, Germany).
2.3. Biostatistical Consideration

Data were analyzed using SPSS (version 20, SPSS
Inc. Chicago, Illinois, USA). Descriptive statistics
(mean, standard deviation) and differences were
compared by one-way ANOVA at P<0.05 using
Duncan’'s Multiple Range Test to compare means and
determine significance between variables (P<0.05). It
was conducted using a t-test student test for comparing
two groups. Spearman correlation coefficient (r)
determined the relationship between the studied
parameters.

3. Results and Discussion

The global prevalence of COVID-19 patients has
increased. When studying the COVID-19 outbreak, it is
critical to evaluate clinical, demographic, and
hematological variables. The current study enrolled 76
positive individuals with Covid-19 from Merjan
Hospital in Babylon, Irag. Based on the symptoms and
confirmation by CT-scan and RT-PCR, as per the
Government of Iraq Ministry of Health guidelines,
cases were categorized as mild, moderate, and severely
ill. The mild cases were (68.42%), (14.47%) with
moderate symptoms, and (17.10%) cases were severely
ill (Table 1).
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Table 1. The study subjects' essential characteristics

o All patients n=76 Mild Moderate Sever
Characteristics 52(68.42%) 11(14.42%) 13(17.10%) P-value
No %
Female 20 (26.3%) 12(60%) 2 (10%) 6(30%) 0.041*
Male 56 (73.6%) 40(71.43%) 9(16.07%) 7 (12.50%) ’
Age (years)
19-34 20 16 (80%) 3 (15%) 1(5%)
35-50 33 26 (78.79%) 2 (6.06%) 5 (15.15%) 0.005*
51-66 17 9 (52.94%) 5 (29.41%) 3 (17.65%) '
67-82 6 1 (16.67%) 1 (16.67%) 4 (66.67%)
Age mean (year) Male Female
Mean+S.D
47.00+13.31 43.86+14.27 0.860

3.1. Patients' Characteristics

Table 1 shows 76 patients with positive COVID-19,
with a mean age of (47.00£13.31; 43.86+14.27) for
males and females, respectively. Among the total
individuals (76), 20 (26.31%) were females, while 56
(73.68%) were males. The age categories vary from
(23-80) years; 26.3% were between the ages of 19 and
34, 43.4% were between the ages of 35 and 50, 22.3%
were between the ages of 51 and 66, and 7.8% were
between the ages of 67 and 82. It was found that
significantly frequent patients in the age range from
(35-50) years (P<0.05). A previous study by Usul, San
(15) reported a higher frequency of COVID-19
infection in males than females. Another recent meta-
analysis of 3,111,714 reported global cases indicated no
difference between males and females with confirmed
COVID-19 infection (16). Previous studies by Klein
and Morgan (17) and Mo, Xing (18) indicated that
when COVID-19 progresses and becomes more severe,
the hospitalization rate for males is 50 percent higher
than for females.

Fever (64.47%), Nasal congestion (44.73%), Cough
(73.68), and Diarrhea (51.31%) were the common
symptoms table 2. A previous World Health
Organization (19) study reported that COVID-19
typically causes a fever and cough between 2 and 14
days after exposure to the virus in some people,
especially the elderly and those with underlying chronic
health conditions. These symptoms can progress to

pneumonia, characterized by chest tightness,
discomfort, shortness of breath, and a dry cough that
necessitates hospitalization.

Table 2. Frequency of different symptoms among COVID-19

patients
Characteristics No % (76)
Symptoms
Fever 49 (64.47%)
Diarrhea 39 (51.31%)
Cough 56 (73.68%)
Nasal congestion 34 (44.73%)

3.2. Hematological Parameters

Table 3 shows that lymphocytopenia was seen in
severely ill patients compared to patients with mild and
moderate symptoms, with a significant difference
between the three groups (2.274.83). The results
showed a rise (7.49+4.14) in neutrophil count in the
severe patients but no significant differences among
groups ill. For COVID-19 patients, the ratio of
neutrophils to lymphocytes (NLR) predicts disease
progression, critical cases, and death. The NLR results
showed a significant rise (11.56+£1.23) in severe
COVID-19. A complete blood count is one of the most
important and readily available investigations for
COVID-19 infection detection and severity assessment.
According to a previous study, the number of white
blood cells (WBCs) increased with the severity of
COVID-19 disease (20).

Increased neutrophils represent the severity of the
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inflammatory response, whereas reduced lymphocytes
suggest the severity of the immunological imbalance
in COVID-19. The concept of NLR amplifies these
correlations (21). The present results support Xu, Shi
(22), who revealed that fatal SARS-CoV-2 infection
cases had higher neutrophil numbers and lower
lymphocyte counts. The measurement of lymphocyte
functions has been proposed to determine the severity
of COVID-19 disease (23). In various clinical
conditions, the NLR has emerged as a powerful
inflammatory marker with diagnostic and prognostic
relevance. Lymphocytes and neutrophils have
essential roles in the etiology of many diseases and
immunological defense, according to a previous study
(24). A previous study by (25) reported that
Neutrophil counts are thought to reflect the
inflammatory state as the disease progress. In contrast,
lymphocyte counts are thought to represent the
consequence of regulated immune responses. Al-
Khafaji, Abdulla (26) noted the diagnosis that CT
imaging is helpful along with CBC and CRP assays as
a primary screening test.

Table 4 depicts comparisons of serum biochemistry
parameters. A study of mild, moderate, and severe
symptom patients revealed a significant difference in
IL6, CRP, D-dimer, and S-ferritin levels.

The results of the present study indicate that serum
levels of IL6, CRP, and S-ferritin revealed high
significant differences (41.20+6.23 pg/ml),
(50.66+£12.55 mg/l), and (454.60+95.69 ng/ml) at
(P<0.05) in sever ill compared with mild and
moderately ills respectively. While the level of D-dimer
suggests that significant deference (380.15+158.29
ng/ml) at (P<0.05) in moderate ill compared with mild
and severe ills (235.41+78.52) and (315.19+140.25)
ng/ml respectively. Regarding the level of zinc, there
was no significant difference among the ill groups.
Lymphopenia, CRP levels, ferritin, and D-dimer levels
are used to determine the severity of the disease and
thus the prognosis. Increased D-dimer and Fibrinogen
degradation products suggest systemic
hypercoagulability and may signify the onset of venous
thromboembolism (27).

Table 3. Hematological parameters in different illness groups of COVID-19 patients

Severity Parameters Mild Moderate Sever
MeanzS.E

RBC (x108/ul) 4.82+0.072 4,77+0.18? 4.68+0.162
WBC (cellx103/ul) 7.86+1.132 8.01+0.38? 9.70+0.222
Lym (cellx10%/pl) 3.28+2.772 4.85+8.80° 2.27+4.832
Neu (cellx103/ul) 6.78+1.712 7.33+3.08? 7.49+4.142
Bas (cellx103/ul) 0.82+0.19P 0.54+0.272 1.02+0.40°
Eos (cellx103%/ul) 1.23+0.25° 0.41+0.112 0.47+0.142
HCT (%) 38.66+0.782 34.05+£3.772 36.82+1.902
HGB 12.84+0.222 12.80+0.55? 12.23+0.642
Neu /Lym ratio (NLR) 2.99+0.292 2.42+0.692 11.56+1.23°

Different letters in the same row mean a significant difference

Table 4. Values of different serum biochemical parameters in different iliness groups of COVID-19 patients

Severity Mild Moderate Sever
Parameters Mean+S.E
IL-6 (pg/ml) 6.07+0.942 5.26+1.022 41.20%6.23°
CRP (mg/L) 20.72+4.35° 17.58+13.19° 50.66+12.55°

D-dimer(ng/ml) 235.41478.522
S-ferritin(ng/ml) 326.41+46.332
Zinc 61.63+1.342

315.19+140.25°
454.60+95.69°
64.31+2.232

380.15+158.29°¢
330.05+86.352
64.73+3.232

Different letters in the same row mean a significant difference
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Furthermore, CRP can be used as a predictor of
pneumonia and the severity of COVID (28, 29). IL-6 is
a crucial measure in determining the severity of the
cytokine storm and inflammation in COVID-19
disease. IL-6, a pleiotropic cytokine, can influence
various immune and physiological processes, including
the production of acute-phase protein and inflammation
and the activation of antigen-specific immune
responses, apoptosis, hematopoiesis, differentiation,
and cellular metabolism (30).

3.3. The Person Correlation Analysis of COVID-19
Patients

As shown in table 5, the correlation between all study
markers WBC types (Neutrophil, Lymphocyte,
Basophil, and Eosinophil), RBC, HCT, HGB, IL6, D-
dimer, S-ferritin, CRP, NLR, and Zinc of the patient
group was explained. A critical, highly significant
positive correlation was found between IL6 and severity
(0.455) at (P<0.05) levels. Furthermore, a positive
connection is seen in Neutrophil, CRP, and NLR (0.229,
0.264, and 0.277) at (P<0.05), respectively.

Several studies have found that increased sera IL-6
levels in patients with COVID-19 infection were
positively connected with severity and death (31). As

previously stated by Fox, Akmatbekov (32), they found
that the severity of pulmonary immune damage is
associated with the presence of large numbers of
neutrophils and macrophages in the lung tissues. A
study by Wang (2) noted that the CRP levels are
positively associated with inflammatory severity and
represent the severity of lung lesions.

According to the findings of this study, the levels of
IL-6 in the severe group (41.2) were significantly
higher than in the mild (6.07) and moderate groups
(5.26) (Figure 1).

Some researchers found IL-6 expression in COVID-
19 patients, implying that increased IL-6 and other
cytokine levels were associated with disease severity
(33). High IL-6 levels in COVID-19 patients are
thought to be the most objective proof of the ongoing
"cytokine storm," as seen in patients with septic shock
and heart surgery (34, 35). The present study revealed
the levels of CRP in the severe group (50.66) were
significantly higher than in the mild (20.72) and
moderate groups (17.58) (Figure 2).

The neutrophils lymphocyte ratio (NLR) was
significantly higher in severe (11.56) than in mild and
moderate ill (2.99 and 2.42), respectively (Figure 3).

Table 5. Pearson correlation coefficient between severity of disease and all parameters

HCT HGB LYM Neu Bas Eos D-dimer S ferritin IL6 CRP  Zinc WBC NLR
Severity r -147  -119 -.086 229 030 -.216 .075 .133 4557 264" 126 .094 277
of disease Sig. .204 .307 462 .046 .796 .060 519 .252 .000 .021 277 422 .015
*. Correlation is significant at the 0.05 level (2-tailed)
50 b 60 b
a5
40 + 50 }:
L35 40
'% 30 +
§s & 30
§ 20 1 a2 i 50.66
3 15 + 20 I
10 i 10
& - I 17.58
| 5.26
e Mild Moderate Sever 0 Mild Moderate Sever

Figure 1. IL6 (pg/ml) in various levels of COVID-19-infected
patients

Figure 2. CRP (mg/L) in different levels of COVID-19-
infected patients
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Figure 3. Neutrophil’s lymphocyte ratio (NLR) in different

levels of COVID-19-infected patients

Several studies reported that patients with severe
COVID-19 infection had a higher NLR than those with
less severe COVID-19 infection (36, 37).

In this study, we assessed the hematological and
serum parameters in a peripheral blood sample from
Iragqi COVID-19 patients. These indicators can be used
to detect and assess illness progression, and cautions
can be taken for the patient before the patient's clinical
condition worsens, potentially lowering morbidity and
mortality.
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