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The present study was done to evaluate hematological, immunological, and inflammation markers in male
and female patients infected with COVID-19, ranging from moderate to severe cases in Erbil city of Iraq. The
study included 200 samples (60 male, and 60 female patients infected with COVID-19). While 40 healthy
males and 40 healthy females were used as a control group. The results found significant differences in total
white blood cells (WBC), lymphocytes, immunoglobin G (IgG), immunoglobin M (IgM), C-reactive protein
(CRP), Ferritin, and erythrocyte sedimentation rate (ESR) between healthy control and patients infected with
COVID-19 in males and females. Patients with COVID -19 showed a significantly p< 0.001 higher value
of total WBC, IgG, IgM, CRP, Ferritin, and ESR when compared with the control group in both males and
females. The percentage of lymphocytes in male and female patients is significantly p< 0.001 lower than that
of the healthy control group. No significant differences in red blood cells (RBC), hemoglobin (Hb), hematocrit
(HCT), and thrombocytes were observed between the control and patient groups in both males and females.
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Introduction

In December 2019, numerous patients in Wuhan City,
Hubei Province, Central China, developed pneumonia of
unknown origin. This pneumonia, dubbed coronavirus dis-
ease 2019 (COVID-19), is caused by a new CoV, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
formerly known as 2019 novel coronavirus (2019-nCoV)
(1-3)

Hematological alterations can and do occur, with the
potential to improve the surveillance of infectious process-
es to signal the severity of their suspicion. Patients initially
experience symptoms such as fever, dry cough, exhaus-
tion, and shortness of breath, as well as certain less com-
mon symptoms such as diarrhea and vomiting, after being
exposed to SARS-CoV-2. Even though most patients with
COVID-19 have mild to moderate symptoms, the condi-
tion can have serious consequences. Older persons and
people with pre-existing chronic medical illnesses like
cardiovascular disease, diabetes, and cancer may have a
worse clinical phenotype (4, 5). Laboratory abnormali-
ties, particularly hematological alterations, enable moni-
toring of the status of SARS-CoV-2 infection since the he-
matopoietic system and hemostasis encounter significant
implications throughout the evolution of COVID-19 (6).

Lymphocytopenia, neutrophilia, eosinopenia, moderate
thrombocytopenia, and thrombocytosis are the most prev-
alent hematological abnormalities. The leukocyte count
could be normal, low, or high. Neutrophils are the most
distinctive WBC type and an essential component of the
immune system (7-9).

Antibodies to both IgM and IgG could provide insight
into the progression of virus infection (10, 11). IgM is

detectable 3—6 days after a SARS infection, and IgG is
detectable after 8 days (12). Anti-SARS-CoV-2 serologi-
cal assays for virus-specific IgM and IgG antibodies have
just recently been developed and one COVID-19 patient
had similar serological responses (13, 14). The ESR is
a key indicator of immunological decline. COVID-19, on
the other hand, is a highly infectious disease caused by
SARS-CoV-2, and the mechanism of how the virus inter-
acts with the immune system once it infects the human
body remains unknown, despite extensive research into
the virus's structure and genetic sequence (15)

The present study aimed to evaluate the detection of
some hematological (RBC, Hb, WBC, PCV, and thrombo-
cyte), immunological (IgG and IgM) parameters, and in-
flammation markers (CRP, ferritin, and ESR) in moderate
to severe patients infected with COVID-19.

Materials and Methods

Subjects

The present study includes 200 subjects aged between
40-60 years, chosen from Masif clinical lab staff, Floria
clinical lab, Santi life hospital, Zheen international hospi-
tal, and Shakib clinical lab staff in Erbil city. Four groups
were created from the subjects as follows:

Group I (40 healthy males used as a control group).

Group 2 (40 healthy females used as a control group).

Group 3 (60 patient males infected with COVID -19).

Group 4 (60 patient females infected with COVID -19).

The mean ages of the subjects in all groups ran-
ged between 40-60 years with no significant differences
between the groups. The mean ages of the male control
group were (45.34 + 10.87); control females (48.46 =+
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9.67), males covid-19 (48.54 + 8.75), and females covid-19
(50.44 £ 7.68). The study has been conducted during the
period from March 2021 to September 2022. The patients
are infected in moderately to a severe state. The samples
were taken during 15-30 days of infection. Smoking, alco-
holism, diabetes, lung disease, hypertension, and another
disease that interferes with the results are excluded from
the study.

Collection of samples

A vein was punctured to take 5 ml of blood from each
subject. A2 ml and a 3 ml portion of the blood sample was
divided. To estimate the ESR and conduct a CBC count,
the first component was put in a tube containing EDTA.
For the second component, the serum was collected by
centrifuging it at 3000 rpm for 15 minutes. IgG, IgM, CRP,
and ferritin were all tested on the serum after it had been
kept at -20 °C.

Complete blood count

The RBC, Hb, hematocrit (HCT), WBC, lymphocytes,
and thrombocytes were measured by using a Coulter
Counter instrument (Medonic, USA).

Immunological parameters
IgG and IgM were measured by using the enzyme-lin-
ked immunosorbent assay (ELISA).

Inflammation biomarkers

Serum CRP was measured by using Cobas c111, while
serum ferritin was estimated by using Cobas e411. ESR
was estimated by using of Westergren tube and method.

Statistical analysis
The data was analyzed with the help of SPSS (Ver-
sion 17). The results are presented as means with standard

errors. The analyzed parameters between control and pa-
tients of COVID -19 were compared using an independent
t-test. A p-value equal to or less than 0.05 was considered
to be statistically significant.

Results

Hematological parameters

Comparison of some hematological parameters be-
tween patients infected with COVID-19 and healthy con-
trol groups are presented in tables 1 and 2. The results
found significant differences in total WBC, and lympho-
cytes between healthy control and patients infected with
COVID-19 in males and females. Patients with COVID-19
showed a significantly p< 0.001 higher value of total WBC
(12.34+£0.70 in males and 11.50 £0.69 x103/uL in females
when compared with the control group in both males (7.68
+ 0.84 x103/uL) and females (8.68 + 0.76x103/uL). The
percentage of lymphocytes in males 7.32 + 0.65% and fe-
males 14.20 + 2.24% patients is significantly p< 0.001
lower than that of the healthy control groups (32.18 +
3.12% in males and 31.44 + 3.65% in females). No sig-
nificant differences in RBC, Hb, HCT, and thrombocytes
were observed between the control and patient groups in
both males and females.

Immunological and inflammation markers
Comparison of some immunological and inflammation
biomarkers between patients infected with COVID-19 and
healthy control groups are presented in tables 3 and 4. The
results found significant differences in IgG, IgM, CRP,
ferritin, and ESR between healthy control and patients
infected with COVID-19 in males and females. About the
immunological parameters, patients with covid-19 showed
significantly p< 0.001 higher value of IgG (28.32+5.10 in
males and 36.78 = 6.32 g/L in females), IgM (11.42 + 3.69

Table 1. Means + standard errors of hematological parameters in control and infected males with COVID-19.

Hematological parameters Control Patients with covid-19 p-value
RBC (x 10%uL) 4.90+0.32 478 £0.27 0.070
Hb (mg/dL) 15.36 £ 1.45 14.67 +1.36 0.065
HCT (%) 44.60 £4.76 41.46 +3.86 0.068
Total WBC (x 10%/uL) 7.68 £0.84 12.34 £ 0.70 0.001
Lymphocytes (%) 32.18 £3.12 7.32+£0.65 0.001
Thrombocyte (x 10°/uL) 248.43 +£2.12 230.42 +28.34 0.058

p-value < 0.05 is considered significant.

Table 2. Means + standard errors of hematological parameters in control and infected females with COVID-19.

Hematological parameters Control Patients with covid-19 p-value
RBC (x 10%/uL) 4.38+0.36 4.20+0.24 0.060
Hb (mg/dL) 13.40 £ 1.56 12.70 £ 1.46 0.068
HCT (%) 40.28 £3.42 38.70 £3.42 0.056
Total WBC (x 10%/uL) 8.68 +0.76 11.50 +0.69 0.001
Lymphocytes (%) 31.44 +3.65 14.30+2.24 0.001
Thrombocyte (x 10%/uL) 275.46 + 35.37 268.54 +30.26 0.078

p-value < 0.05 is considered significant.
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Table 3. Means + standard errors of some immunological and inflammation biomarkers in control and infected males with COVID-19.

Some immunological and inflammation biomarkers  Control Patients with covid-19 p-value
IgG (g/L) 743 +1.25 28.32+5.10 0.001
IgM (g/L) 1.12+0.12 11.42+3.69 0.001
CRP (mg/dL) 0.07 £0.01 32.34+£4.56 0.001
Ferritin (ng/ml) 130.45+16.17 820.27 +£90.26 0.001
ESR (mm/hr) 4.34 +0.65 65.24 + 8.89 0.001

p-value < 0.05 is considered significant.

Table 4. Means + standard errors of some immunological and inflammation biomarkers in control and infected females with COVID-19.

Some immunological and inflammation biomarkers Control Patients with covid-19 p-value
IgG (g/L) 8.45+1.67 36.78 £ 6.32 0.001
IgM (g/L) 0.67+0.13 9.27+1.45 0.001
CRP (mg/dL) 0.05 +0.01 42.36+6.78 0.001
Ferritin (ng/ml) 94.67 £ 15.36 720.56 + 75.68 0.001
ESR (mm/hr) 10.34 +£0.98 72.54 £ 12.68 0.001

p-value < 0.05 is considered significant.

in males and 9.27 + 1.45 g/L in females) when compa-
red with the control group in males (IgG, 7.43 + 1.25 and
IgM, 1.12 £ 0.12 g/L) and females (IgG, 8.45 + 1.67 and
IgM, 0.67 £ 0.13 g/L). Regarding the inflammation bio-
markers, patients with covid-19 showed significantly p<
0.001 higher concentrations of CRP (32.34 £ 4.56 in males
and 42.36 = 6.78 mg/dL in females), Ferritin (820.27 +
90.26 in males and 720.56 + 75.68 ng/ml in females) and
ESR (65.24 + 8.89 in males and 72.54 + 12.26 mm/hr in
females) when compared with the control group in males
(CRP, 0.07 £ 0.01 mg/dL, Ferritin, 130.45 £+ 16.17 ng/ml
and ESR 4.34 + 0.65 mm/hr ) and females (CRP, 0.05 +
0.01 mg/dL, Ferritin, 94.76 £ 15.36 ng/ml and ESR 10.34
+ 0.98mm/hr).

Discussion

The observed results in the present study are in agree-
ment with the findings of (16) who record lymphopenia in
severe COVID-19 disease. Also (17) found that patients in
the severe group had considerably (p<0.05) fewer lympho-
cytes than those in the non-severe infected with the CO-
VID-19 group in Chongqing, China. According to recent
research, lymphocyte counts in COVID-19 patients with
mild illness are normal. On the other hand, lymphope-
nia is found in 20-96% of severe illnesses (18, 19). Lym-
phocytes play an important role in both inflammation and
infection. While these parameters may be used as inflam-
matory markers by themselves, their ratios to one another
may also be indicators of early inflammation (7-9). The
ratio of these two features was used as an inflammatory
measure because stress induces circulating leukocytes to
increase neutrophils and reduce lymphocytes (20). The re-
sults of the present study are in contrast with the finding of
(21) who found a drop in hemoglobin and thrombocytes
in COVID-19 patients' injured lungs as a result of platelet
consumption and/or production reduction.

The recorded results regarding immunological and
inflammation markers are in agreement with the findings
of (22) who concluded that IgM levels rose during the

first week after SARS-CoV-2 infection, peaked after two
weeks, and subsequently fell to near-background levels in
the majority of patients. After one week, IgG was detected
and remained at a high level for a long time. The rates of
IgM and/or IgG antibody detections in the mild, severe,
and critical illness categories were not substantially dif-
ferent. IgM levels were greater in severe and critical cases
than in mild cases, but IgG levels were lower in critical
cases than in both mild and severe cases. IgM is detectable
3—-6 days after a SARS infection, and IgG is detectable
after 8 days (23). Anti-SARS-CoV-2 serological assays for
virus-specific IgM and IgG antibodies have just recently
been developed and one COVID-19 patient had similar se-
rological responses (13, 14). Quick and specific antibody
detection could provide information for confirmation or
exclusion of SARS-CoV-2 infection in suspected patients,
according to the Chinese National Health Commission's
current 'Guideline of diagnosis and treatment for COV-
ID-19' (24).

The mentioned results are in agreement with the ob-
servation of (25), who found a significant elevation of in-
flammation markers such as CRP, serum Ferritin, and ESR
in patients of COVID-19. Age, gender, and physical con-
dition have little impact on CRP concentration, which is
related to the intensity of inflammation (26). The comple-
ment system and phagocytosis are activated by CRP lev-
els, which help the body get rid of dangerous microbes Pa-
tients with severe pneumonia had higher CRP levels, and
CRP levels can be used to detect pneumonia early (27).
It's a critical factor for diagnosing and assessing severe
lung infectious illnesses (28). Matsumoto's research also
demonstrated the importance of CRP levels in cases of se-
vere pneumonia (29). This study found that as the disease
progressed, CRP levels and the width of the largest lung
lesion increased. The severity of the disease and lung le-
sions were found to be correlated with CRP levels. This
demonstrates that in the early stages of COVID-19, CRP
levels may be a good indicator of lung lesions and dis-
ease severity. Ferritin, through direct immuno-suppressive
and pro-inflammatory actions, contributes to the cytokine
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storm and is a significant modulator of immune dysregula-
tion, especially in extreme hyperferritinemia (30). The ob-
servation that deadly COVID-19 results are accompanied
by cytokine storm syndrome suggests that cytokine storm
syndrome affects the severity of the illness (31). Many
diabetics have high ferritin levels in their blood, and it's
well-recognized that they're more likely to develop major
COVID-19 issues (32, 33).

In conclusion, the current study concluded that moder-
ate to severe COVID-19 patients have a significant eleva-
tion of lymphocytes and immunological factors such as
IgG and IgM. Moreover, the inflammation markers such
as serum CRP, ferritin, and ESR also increased.
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