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ARTICLE INFO ABSTRACT

Article history:
Received on: July 9, 2022 Coronavirus is a new pandemic disease that began in Wuhan, China, and has since spread
Revised on: August 7, 2022 over the globe. The number of COVID-19 cases reported daily in Iraq has slowly increased.
Accepted on: August 7, 2022 This study aims to investigate the effect of Covid-19 on the normal range of White Blood Cells
Published on: October 01, 2022 (WBC), D-Dimer, and Lactate Dehydrogenase (LDH). This study looked at 65 patients who had

tested positive for SARS-CoV-2 using polymerase chain reaction analysis. Patients with mild

symptoms and a normal CT scan for the chest were separated into three groups: those with

Keywords: mild symptoms and a normal CT scan for the chest, those with intermediate disease
COVID-19 presenting with fever and cough, other respiratory symptoms, and those with severe disease.
D-Dimer At the time of the study, all patients' data were collected from Al-Diwaniyah Teaching hospital
LDH admission for parameters of White blood cell count, lactate dehydrogenase (LDH) levels, and
White blood cells D-Dimer levels, from December 27, 2020, to April 1, 2021. The WBC count, D-Dimer, and LDH

in the patients with COVID-19 were higher than that of the control group (8.15 X109/L versus
390 ng/ml and 593 U/L), respectively, and the difference was highly significant (p < 0.001).
There was no significant difference in WBC count and LDH among patients according to the
severity (p > 0.05). A larger leukocyte count, D-Dimer, and LDH increased the risk of death.
These signs can reliably predict a patient's prognosis while in the hospital. Our study's best
lab marker was LDH.
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1. Introduction renamed (SARS-CoV-2) (Kermali et al., 2020). COVID-19

confirmed cases reached over 90.000.000 on January 12,

Wuhan City in China was the center of an unexpected 2021, with over 1.900.000 deaths. Iraq is one of the top-

outbreak of pneumonia in December 2019. Chinese ranked countries afflicted by COVID-19, with over 600.000

scientists discovered a new coronavirus, dubbed SARS confirmed cases and over 12.000 deaths (Kaftan et al,
coronavirus two, in January 2020 and has since been 2021).

Due to genetic homologies between coronaviruses,
COVID-19 had a clinical course and pathological findings
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count, also known as leukocytosis, indicates that the body is
fighting an infection, and COVID-19 is no exception.
According to research, people who test positive for COVID-
19 but have no symptoms often have a high WBC count,
particularly lymphocytes (Han et al., 2020). Significant links
between WBC count and death have been discovered (Zhu et
al., 2021).

D-Dimer Plasma coagulation results in the generation of
soluble fibrin. D-Dimer is produced as a byproduct of
crosslinked fibrin degradation. As a result, it is a sensitive
biomarker for venous thromboembolism diagnosis (Shorr et
al., 2002) D-Dimer levels are associated with coagulopathy,
and high levels are a predictor of Covid-19 development
(Magro, 2020). LDH is an intracellular enzyme found in cells
in almost all organ systems (Yameny, 2021). This enzyme
can be present in almost all live cells. Because it is linked to
metabolic acidosis, it is an essential indication of cytokine
storm in Covid-19 infection (Chhetri et al., 2020). During a
14-day follow-up, we evaluated the D-Dimer and LDH and
their correlation with the modification of (WBC) in a group of
65 confirmed COVID-19 patients. We also wanted to see if
there was a link between WBC, D-Dimer, LDH levels, and
illness severity.

2. Materials and Methods

2.1. Study Population

The participants in the study were 125 persons ranging in
age from 18 to 82 years, 65 COVID-19 patients from Iraq's
Al-Diwaniyah Teaching Hospital, and 60 healthy controls.
COVID-19 had 42 men and 23 women, compared to 31 men
and 29 women in the healthy controls. Based on clinical
symptoms, laboratory testing, and chest computed
tomography (CT) scans, all of the cases were classified as
mild, moderate, and severe as follows:

Mild: People with COVID-19 symptoms (fever, cough, sore
throat, malaise, headache, muscle pain, nausea, vomiting,
diarrhea, loss of taste and smell) but no shortness of breath,
dyspnea, or abnormal chest imaging.

Moderate: Individuals with the moderate illness have an
oxygen saturation (SpO2) of 94 percent on room air at sea
level and show indications of lower respiratory disease
during clinical examination or imaging.

Sever: Patients with COVID-19 with a SpO2 of 94 percent
on room air at sea level, a PaO2/FiO2 of 300 mm Hg, a
respiratory rate of >30 breaths/min, or lung infiltrates of
>50 percent are deemed to have severe sickness. The clinical
condition of these patients rapidly deteriorates. A nasal
cannula or a high-flow oxygen device is used.

The control group consists of 60 uninfected people who
have not previously displayed signs of coronavirus. A doctor
makes the diagnostic and patient selection at Al-Diwaniyah
Teaching Hospital who do not have any of the various signs
and symptoms of COVID-19 (e.g., fever, cough, sore throat,
malaise, headache, muscle pain, nausea, vomiting, diarrhea,
loss of taste and smell) and PCR negative. In the Elecsys
immunoassay system, electrochemiluminescent
immunoassay (ECLIA) was used. Between the Covid-19 and
the control group, all of the parameters were evaluated and
compared. This study was approved by the Ethics
Committee of the Medicine College and the Ministry of
Health. Under the Ministry of Health's guidance, a
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questionnaire was conducted with the permission of each
person who participated in the study.

2.2. Statistical Analysis

The data were collected, summarized, analyzed, and
presented using the statistical package for social sciences
(SPSS) version 23 and Microsoft Office Excel 2010.
Quantitative (numeric) data were initially tested for
normality distribution using the Kolmogorov-Smirnov test.
At the same time, qualitative (categorical) variables were
reported as number and percentage as well as median (a
measure of central tendency) and inter-quartile range (a
measure of inter-quartile variation), while non-normally
distributed numerical variables were expressed as median (a
measure of central tendency) and standard deviation (an
index of dispersion).

3. Results and Discussion

This research aimed to look at several blood parameters in
COVID-19 patients who had been proven positive. Compared
the severity of COVID-19 disease to a number of blood
markers, We divided the patients into groups based on the
severity of their illnesses in this study. Mild, moderate,
severe, and categories were assigned to the patients. There
were 16 miles, 28 intermediate, and 21 severe patients out
of 65. The increasing age was an essential factor associated
with poor outcomes with increased WBC, D-Dimer, and
LDH.

The comparison of demographic characteristics between
the patients with COVID-19 and the healthy controlled
persons is shown in Table 1. There was no significant
difference in mean age between the controlled group and
patients with COVID-19, 48.52 +16.02 years versus 51.74
+15.27 years, respectively (p = 0.252). The controlled group
included 31 (51.7 %) males and 29 (48.3 %).

Table 1
Comparison of demographic characteristics between patients with COVID-19
and healthy controlled persons

Control group COVID-19 group

Characteristic P-value
n =60 n =65
Age (years)
Mean +SD 48.52 +16.02 51.74 £15.27 0.2521
Range 18 -82 21-75 NS

n: the number of cases; SD: standard deviation; I: independent samples t-test;
NS: not significant at P-value > 0.05.

Our results showed a significant increase was observed in
the WBCs levels in patients with COVID-19 as compared
with the controlled group 8.15 (5.92) and 6.30 (3.16),
respectively, and the difference was highly significant (p <
0.001) as explained in Table 2. The current study's results
were similar to the study (Javanian et al., 2020), .which has
been previously reported that the WBCs count increased in
patients with the COVID-19 disease. One of the fibrin
breakdown products (FDPs) is D-Dimer. It has an 8-hour
half-life and is detected in the blood around 2 hours after
crossed-fibrin formation. It rises with age; the D-Dimer
molecule consists of 2 crosslinked D fragments from
fibrinogen, the smallest fibrinolysis-specific degradation
product found in circulation (Zhang et al., 2018).
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In this study, there was a significant (p<0.001) increase in
the D-Dimer levels in patients with COVID-19 as they are
compared with healthy individuals
390.00(618.00),277.74(172.54) respectively they are shown
in Table 2, The results of the study have corresponded with
other studies (Ye et al., 2020; Zhang et al., 2020a), which
showed elevated levels in the D-Dimer levels in A group of
patients with COVID-19. Patient mortality might be
predicted by D-Dimer levels of more than 2.0 g/mL (a
fourfold increase) upon admission, indicating that D-Dimer
could serve as an early and useful indicator for managing
Covid-19 patients (Zhang et al.,, 2020b). The virus may
cause the LDH to enter the bloodstream by damaging cells
with ACE2 (Cure & Cure, 2020). LDH elevations are related
to cell damage, inflammation, or both. Cell lysis occurs, or
cell membranes are damaged, and LDH will be released into
the extracellular space (Chen et al., 2020).

Table 2

Comparison of markers of inflammation between patients with COVID-19 and
healthy control subjects

Control group COVID-19 group

Characteristic P-value
n = 60 n =65
WBC X109/L

Median (IQR) 6.30 (3.16) 8.15 (5.92) <0.001 M

Range 3.5-10.2 2.92 -21.17 HS
D-dimer (ng/ml)

Median (IQR) 277.74 (172.54) 390.00 (618.00) <0.001 M

Range 48.3 -460.48 42.32 -7500 HS
LDH (U/L)

Median (IQR) 188.00 (33.00) 593.00 (350.00) <0.001 M

Range 140 -255.16 169 -1623 HS

n: number of cases; IQR: inter-quartile range; I: independent samples t-test; M:
Mann Whitney test; HS: highly significant at P-value < 0.01

Table 3
Comparison of mean age of patients with COVID-19 according to the severity of
disease

Sev.erity of Number of Mean age SD P-value
disease cases (years)
Mild 16 43.06 15.21
Moderate 28 51.54 15.43 0.007
Severe 21 58.62 11.88 S
Total 65 51.74 15.27

n: number of cases; SD: standard deviation; O: One-way ANOVA; HS: highly
significant at P-value < 0.01

Patients with severe disease increased WBC count. WBC
count at admission is significantly correlated with death in
COVID-19 patients; a higher level of WBC count (=
6.16 x 10M"9/L) should be given more attention in the
treatment of COVID-19 (Zhu et al, 2021). A significant
increase in WBCs may signify clinical worsening and an
increased risk of a poor outcome (Henry et al., 2020). Cases
of chest CT scans stratified COVID-19 severity by cases of
patient severe, moderate, and mild. In the present study, a
high D-Dimer elevation in the severe cases (847.00
(1947.00) as it is compared with mild and moderate cases
216.00 (108.25), 432.50 (523.25) is respectively shown in
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Table 4. The assay may be used early as a marker of severity
before chest CT scans or as a complement to CT and clinical
staging. The level was high in severe cases. There was a
highly significant difference in D-Dimer level among patients
according to severity (p < 0.001); the level was high in severe
cases. The present study's consequences correspond with
previous studies (Fazio et al., 2021; Soni et al., 2020), which
show that COVID-19 patients frequently have increased
levels of D-Dimer. Among patients admitted to the hospital
with COVID-19, D-Dimer levels correlate with disease
severity and serve as a good predictive sign for mortality.

An increase in D-Dimer indicated a hypercoagulable state
in patients with Covid-19, which might be attributed to
several reasons, one of the causes is that virus infections are
usually accompanied by an aggressive pro-inflammatory
response and insufficient control of an anti-inflammatory
response (Wong et al., 2017). And another reason is that the
hypoxia found in severe Covid-19 can stimulate thrombosis
by increasing blood viscosity and a hypoxia-inducible
transcription factor-dependent signaling pathway (Gupta et
al., 2019; Tang et al., 2020).

It is known that D-specificity dimers for the diagnosis of
venous thromboembolism are limited; however, the most
sensitive change in coagulation parameters in COVID-19 is
the increase in D-Dimer value, dimer's which indicates an
increased risk for developing thrombosis. In addition,
because the D-Dimer is known to be a mixture of weight
fragments, tests can give results in weight for volume units
or as fibrinogen equivalent units (FEU). Comparing findings
from different tests may not be accurate (Conte et al., 2021).
When plasmin cleaves fibrin to break down clots, one of the
fragments produced is D-Dimers. The essays are frequently
used as a diagnostic approach to rule out thrombosis. Any
pathologic or non-pathologic event that promotes fibrin
production or breakdown, on the other hand, increases
plasma D-Dimer levels (Sproul et al., 2018; Linkins &
Takach Lapner, 2017).

Fibrinogen is cleaved by thrombin, which leads to the
production of fibrin monomer (FM). FMs rapidly react with
each other by forming a two-stranded fibrous polymer. The
polymers then aggregate laterally to form fibers. Activated
factor XIII covalently binds adjacent D regions, which
stretch the fibrin thread, increase the stiffness of the clot,
and make it more resistant to lysis by plasmin. Other
crosslinks also occur. During fibrinolysis, plasmin can
Cleave the fibrin polymers between the adjacent D and E
regions, but the covalently bound D regions cannot be
separated. This results in fibrinolytic products. They are of
various sizes, contain a "D-Dimer" motif, and when small
enough, they are soluble (Hardy et al., 2020). In this study,
increased LDH levels of LDH were observed in patients with
COVID-19 as compared with the controlled group 593.00
(350.00) and 188.00 (33.00), respectively, as shown in Table
2.

The levels of LDH in patients with severe cases had higher
levels of LDH 635.00 (383.50) as compared with mild and
moderate cases 560.00 (301.00), 560.50 (273.25) Table 4.
These outcomes were matched with (Lu et al., 2020), which
found significant differences in the levels of LDH in severe,
mild, and moderate cases. Upper and lower respiratory tract
infection with SARS-COV-2 may trigger an early acute
respiratory  inflammatory response, releasing pro-
inflammatory cytokines such as interleukin-1, followed by
inflammasome activation and production of active mature
interleukin-1, a mediator of pulmonary inflammation and
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fibrosis (Conti et al., 2020). Lung parenchymal cells and
local inflammatory cells could be sources of high LDH levels
(Kanchana et al., 2013); LDH levels that are high in the
blood are an indirect indicator of lung tissue injury (Mura et
al., 2007).

Table 4
Comparison of inflammatory markers according to the severity of disease
Mild Moderate Severe
Characterist
ic P-value
n=16 n =28 n=21
0.182 K
WBC 7.05 (4.77) 8.70 (5.98) 8.60 (5.48)
NS
<0.001
D-Dimer 216.00 432.50 847.00 K
(108.25) (523.25) (1947.00)
HS
0.116 K
LDH 560.00 560.50 635.00
(301.00) (273.25) (383.50) NS

n: number of cases; K: Kruskal Wallis; HS: highly significant at P-value < 0.01;
NS: not significant at P-value > 0.05

ROC curve analysis was used to assess further the
predicting power of the two diagnostic factors mentioned
above. LDH showed higher sensitivity (0.969) in the ROC
curve and the area under the curve (AUC) (0.986). However,
D-Dimer showed higher sensitivity (0.422) in the ROC curve,
the area under the curve (AUC) (0.677).WBC showed higher
sensitivity (0.344) in the ROC curve, the area under the
curve (AUC) (0.681), as shown in Table 5.

Table 5
The characteristics of receiver operator characteristics (ROC) curve analysis for
WBC, D-Dimer, and LDH

Characteristic LDH D-Dimer WBC
Cutoff <0.9 <0.9 <0.9
AUC 0.986 0.677 0.681
95CI% 0.963 t01.000 0.581 t0 0.773 0.586 to 0.777

P-value 0.001 0.001 0.001
Sensitivity 0.969 0.422 0.344
Specificity 1 1 1
Accuracy 98% 67% 68%

AUC: area under the curve; CI: confidence interval; HS: highly significant at P-
value < 0.001
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Fig. 1. ROC curve for lab parameters

4. Conclusion

A higher level of the leukocyte count, D-Dimer, and LDH
were all linked to an increased risk of death. Patients'
prognoses can be accurately predicted by monitoring these
markers while in the hospital. LDH was the best laboratory
marker in our study Our findings, taken together, can be
useful in clinical practice, but they need to be confirmed by
larger, multi-center investigations.

4.1. Recommendations

Measuring WBC, LDH, and D-Dimer, a larger sample size
of patients with COVID-19. After a full recovery, a follow-up
study for COVID-19 patients investigates WBC, LDH, and D-
Dimer levels.

4.2. Limitation

Our study had some limitations. This study was
conducted at a single centre with a limited sample size,
time, lack of follow-up, and a small cohort of consenting
patients. Furthermore, because many patients died in the
hospital and outcomes were unknown at the time of writing,
we only collected clinical data within three months for our
analysis. COVID-19 is a fast-spreading virus with a wide
range of severity. A bigger cohort study of COVID-19
patients worldwide would help better to identify the disease's
clinical characteristics and risk factors.

4.3. Abbreviations

¢ AUC = area under the curve

e CT = computerized tomography

ECLIA = Elecsys immunoassay system,
electrochemiluminescent immunoassay

FDPs = fibrin breakdown products

FEU = fibrinogen equivalent units

FM = fibrin monomer

LDH = lactate dehydrogenase

MERS = middle east respiratory syndrome
ROC = receiver operating characteristic

SARS = is a severe acute respiratory syndrome
So2 = saturation oxygen

SPSS = statistical package for the social sciences
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o WBCs = White blood cells
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