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Background: Coronavirus 2019 (COVID-19) or the Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) have been
linked to cases of mild to severe respiratory illnesses. Infections with COVID-19 constitute a worldwide pandemic, according to
the World Health Organization (“WHQO”). Objective: This study aimed to investigate at the relationship between a biochemical
factors and COVID-19 infection in Anbar City, Iraq. All of the patients have already been given a COVID-19 diagnosis and show
signs and symptoms of it. Method: A study at a Fallujah teaching hospital confirmed a diagnosis of COVID-19 in 45 patients and
50 healthy individuals . Laboratory evaluations included white blood cell count (W.B Cells), hemoglobin (Hb), Platlate count,
Erythrocyte Sedimentation Rate (ESR), adenosine deaminase (ADA) activity, lactate dehydrogenase (LDH) activity, LDH/ADA
ratio, aspartate transaminase (AST) activity, alanine transaminase (ALT) activity, D-dimer, vitamin D, and C-reactive protein
(CRP). Results: COVID-19 patients exhibit increased white blood cell count, concentration, ESR, ADA levels, and serum LDH

levels, while maintaining unaffected platelet count, ALT, AST, and d-Dimer levels.
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INTRODUCTION

The global pandemic caused by the Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) is responsible for
the spread of Coronavirus Disease 2019 (COVID-19).11
While most individuals infected with SARS-CoV-2 exhibit
mild symptoms and recover without medical intervention,
the virus can lead to severe respiratory illness that poses
a risk to life.”) An investigation has been conducted to
examine the correlation between several haematological
factors and both the occurrence and severity of COVID-19
infection. These characteristics provide crucial insights on
the patient’s immune response and overall health condition
during the course of the disease.”! Several haematological
parameters, such as neutrophil-lymphocyte ratio, platelet
count, and total white blood cell count, were measured.
M Based on the available research, findings from other
published studies, and the published results, it can be
inferred that there is a connection between these two
viruses and their respective partners. Investigating the
mechanisms that control the levels of purine nucleosides
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and adenosine could yield valuable insights into the
progression of COVID-19 and potentially lead to novel
therapeutic approaches for both the early and advanced
stages of the disease.’! The erythrocyte sedimentation rate
(ESR) is a measurement of the speed at which red blood
cells in a blood plasma sample settle over a defined period
of time.This test assesses the physiological response of the
organism to an inflammatory condition.

Adenosine provides protection against a wide array of
inflammatory processes. Adenosine deaminase, a vital
enzyme produced by cells in response to viral or bacterial
infections, is responsible for this.”? ADA® catalyses the
deamination of adenosine into inosine. The transporters
responsible for nucleosides, specifically adenosine, interact
intimately with both anabolic and catabolic purine enzymes
to regulate adenosine levels.”?» ADA, an enzyme with high
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capacity and low affinity, converts adenosine into inosine.
ADA is crucial in situations where adenosine levels are
elevated. Hence, reducing ADA levels to augment the
defensive adenosine could potentially lead to improved
clinical outcomes in individuals with COVID-19. It is
important to note that adenosine-induced immunosuppression
might hinder the elimination of the virus, but it can also
impede its replication during the early stages of infection.!”
Lactate dehydrogenase (LDH) catalyses the conversion of
pyruvate to lactate, which is the last step of aerobic glycolysis.
I LDH has shown promise as a predictive biomarker in
persons with COVID-19.2 One relevant biomarker is LDH,
as greater levels of LDH have previously been associated
with more severe outcomes in patients with different viral
infections.'” Preliminary findings in COVID-19 participants
indicate significant variations in LDH levels between
individuals with severe illness and those without.!'

Liver dysfunction is a commonly observed clinical sign in
people infected with SARS-CoV, although it is often mild in
nature. Liver injury serves as a prognostic indicator for patient
progression in COVID-19 and holds important importance.
The elements that lead to liver damage include the direct
attack of SARS-CoV-2, drug toxicity from COVID-19
treatment, acute inflammatory changes, and hypoxia.'¥
Studies have shown that plasma D-dimer levels can serve as
a prognostic indication for outcomes in COVID-19 patients.
Increased levels of D-dimer, a marker for the development and
breakdown of blood clots, may indicate a greater likelihood
of thrombotic events in COVID-19 patients.[>!

1, 25-dihydroxyvitamin D, a bioactive derivative of
vitamin D, enhances the activity of innate antiviral
defence mechanisms and regulates inflammation during
infection.l's! Furthermore, there is a possibility of acquiring
vitamin D insufficiency, which might subsequently elevate
the risk of contracting a severe COVID-19 infection.!'”?
C-reactive protein (CRP), an acute-phase protein and potent
regulator of the host innate immune system, is highly
predictive of the need for ventilator support and may be
advantageous in guiding the intensification of treatment for
uncontrolled inflammation associated with COVID-19.'8]

MATERIALS AND METHODS

Study Design and Participants

A comparison study was conducted at al-Fallujah Teaching
Hospital, throughout the period of October 2020 to
December 2020, in which blood samples were taken from
two participant groups. Group A consists of 45 patients.
These individuals are experiencing moderate symptoms of
COVID-19. They have been confirmed to have COVID-19
using RT-PCR testing (Reverse Transcription Polymerase
Chain Reaction). Group B (consisting of 50 people) has been
confirmed negative for COVID-19 using RT-PCR testing.
According to the interim recommendations of the World
Health Organisation (WHO), patients with COVID-19 were
diagnosed." This guidance encompasses diagnostic criteria
for COVID-19, which include both clinical and laboratory
investigations. Laboratory confirmation was achieved by
employing RT-PCR testing on specimens collected from

the nasopharynx or throat using swabs. This method is
commonly used to detect the existence of the SARS-CoV-2
virus, which is responsible for generating COVID-19.
All patients who tested positive for the presence of the
virus in their nasopharyngeal/throat swab samples using
RTPCR, and whose results were validated by a physician or
laboratory, were included in the study. However, suspected
cases with similar clinical symptoms were not included.
The study excluded people who had prior experience
using vitamin D supplements, hypercalcemia, renal or
hepatic disease, hypoparathyroidism, were pregnant, or
had musculoskeletal disorders.

Clinical and Biochemical Parameters

The laboratory tests employed in this study encompassed
a diverse range of assessments to evaluate the immune
response, blood parameters, inflammation, and organ
function, among other aspects of health and the impact of
COVID-19 on the patients. Researchers can utilise them to
enhance comprehension of the impacts of COVID-19 on
the body and potential connections between the disease and
these variables. Measurement of white blood cells, platelet
count, erythrocyte sedimentation rate (ESR), haemoglobin
concentration (Hb%), D-dimer levels, vitamin D levels,
C-reactive protein levels, adenosine deaminase (ADA)
levels, aspartate aminotransferase (AST) levels, alanine
aminotransferase (ALT) levels, lactate dehydrogenase
(LDH) activity, and the LDH/ADA ratio in individuals
with COVID-19. The Beckman-Coulter method for size
measurement and counting use discernible alterations in
electrical resistance caused by nonconductive particles
suspended in an electrolyte. A concurrent flow of an electric
current and a suspension of blood cells occurs through
a minuscule aperture simultaneously. The user’s text is
simply “A”. The region where suspended particles are
detected is a narrow aperture located between electrodes.
Successful. Every particle in the detecting zone displaces
an equivalent volume of electrolyte. Beckman Coulter,
Inc. The displaced volume is determined by measuring
a voltage pulse, where the magnitude of each pulse is
directly proportional to the volume of the particle. The
quantity of suspension drawn through the opening is
precise and consistent. Beckman Coulter use high-speed
technology to enumerate and measure individual particles
at a rapid rate of thousands of times per second. This
approach is universally applicable, irrespective of particle
morphology, hue, or dimensions.?” ESR: The Erythrocyte
Sedimentation Rate (ESR) using the Wintrobe Method is a
quantitative assessment of the speed at which red blood cells
(RBCs) drop to the bottom of a vertical test tube during a
specified duration.”! The serum ADA activity of all study
participants was evaluated using the well-established classic
colorimetric approach developed by Giusti and Galanti.
(221 LDH catalyses the conversion of pyruvate to lactate
and NADH to NAD. The rate of NADH oxidation can be
quantified by observing the absorbance at 340nm, which
is directly related to the activity of LDH in the serum. The
compound a-Ketoglutarate undergoes a chemical reaction
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with L-alanine to produce L-glutamate and pyruvate.
This reaction is utilised in a method to measure the rate
at which reduced nicotinamide adenine dinucleotide
(NADH) is consumed. The International Federation of
Clinical Chemistry advocates for the implementation
of standardised protocols for ALT measurement, which
involve optimising substrate concentration, utilising tris
buffer, and initiating substrate reaction.” The International
Federation of Clinical Chemistry advocates the adoption
of standardised protocols for ALT measurement, which
involve optimising substrate concentration, employing Tris
buffer, preincubating the sample, initiating the substrate
reaction, and ensuring optimal activation of pyridoxal
phosphate. Transaminases facilitate the conversion of amino
acids and a-keto acids.*” These techniques exhibit high
sensitivity and specificity, leading to a minimal occurrence
of reagent blanks. The colorimetric analytical approach
developed by Lippi and Guidi can identify combinations
within approximately 5 minutes at a temperature of
37°C.») D-dimer: Monoclonal antibodies are employed
for the identification and measurement of D-dimer in
blood, plasma, or serum. The mini-vidas D-dimer test is
extensively utilised and is not affected by any interfering
factors. Specialised D-dimer tests are commonly employed
in clinical studies to exclude the presence of venous
thromboembolism.?" The precision of the 25-OH vitamin
D total assay was evaluated by testing assay controls and

serum samples. The precision was established by using
samples with 25(OH)D levels ranging from 10 to 130 ng/
mL.?71 The ELFA test for antigen detection employs a
two-stage enzyme immunoassay sandwich method, which
is supplemented with a subsequent fluorescence detection
phase. The equipment automatically performs each step
by using pre-dispensed reagents. The conjugate attaches
to the antigen during the initial phase after the sample is
collected and undergoes repeated cycling in and out of the
Solid Phase Receptacle (SPR).**

Statistical Analysis

The statistical analysis was performed using the SPSS
(version 20) program. The results were presented as
meant SD. A T-independent test was used in the statistical
analysis to determine whether there were any differences
between the two groups. Multiple range tests at p < 0.05
were recognized as significant, therefore even though very
significant results were discovered at p < 0.001, and the
range tests at p < 0.05 were considered to be non-significant.

RESULTS AND DISCUSSION

Hematological Parameter

In this experiment, 95 samples—45 COVID-19 patients
and 50 healthy control subjects—were used. The levels
of hematological parameter (mean & SD) for the groups
that were examined is shown in table (1).

Table 1: Levels of Hematological Parameter (mean + SD) for All Studied Groups.

Hematological Parameter Patient Group (No.=45) Control Group (No.=50) p- Value
White blood celles count, (x200/uL) 9500 £1200 6400 + 705 0.000
Hemoglobin (g/dl) 11.3+£0.6 12.1£0.74 0.033
Platelet count (count/uL) 478000 + 24000 380000 + 41000 0.685
Lymphocytes, % 13+£2 23£3 <0.001
Erythrocyte sedimentation rate(ESR), (mm/60 min) 62+5 40+ 6 0.001

Table (1) displays a comparison of the total white blood
cell count, haemoglobin concentration, platelet count,
lymphocyte count, and erythrocyte sedimentation rate
(ESR) indices between patients with COVID-19 and the
control group without COVID-19. The results of our study
indicate a significant rise in the concentration of total
white blood cell count and erythrocyte sedimentation
rate (ESR) in COVID-19 patients compared to the control
group. The average + standard deviation (SD) values of
the haemoglobin (Hb) concentration and lymphocyte
count demonstrate a statistically significant decline in
individuals with COVID-19 when compared to the control
group. Nevertheless, there was no notable disparity in
platelet count levels seen between the two groups.

The measurement of total white blood cell count is an often
recorded abnormality in patients infected with COVID-19.
M The study found that individuals with COVID-19
exhibited significantly elevated levels of total white blood
cells compared to the control group. An increased total
white blood cell count is commonly observed in many
viral infections, including COVID-19. The immune

response elicited by COVID-19 is accountable for the
elevated leukocyte count reported in these individuals.
In response to viral infections such as this one, the body
usually generates and releases a greater quantity of white
blood cells.””! In our investigation, we made an important
observation: the concentration of haemoglobin (Hb) was
lower in people with COVID-19 compared to the control
group. The decreased levels of haemoglobin in individuals
with COVID-19 can be attributed to various factors.
For instance, the intense inflammatory response of the
body can potentially affect the production of red blood
cells, leading to a decrease in haemoglobin levels.?” A
recent study demonstrated that individuals diagnosed
with COVID-19 saw a swift decline in haemoglobin
(Hb) and red blood cell (RBC) levels. This decline can
be attributed to the disruption of the normal process of
red blood cell production in the bone marrow, which is
caused by the release of cytokines, especially in severe
cases of COVID-19.B1 COVID-19 can also interfere
with iron metabolism, a vital process for the formation
of haemoglobin.™
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No significant disparity in platelet counts was seen
between the COVID-19 individuals and the control
group in the ongoing trial. Some viral infections can
cause either an increase (thrombocytosis) or a decrease
(thrombocytopenia) in platelet counts. COVID-19 can
impact the blood and immune system in various ways,
but it does not always cause a consistent change in platelet
counts for every person.’? The results of our study align
with previous research that has shown a correlation between
thrombocytopenia in COVID-19 infection and the severity
of the disease. This indicates the presence of a consumption
coagulopathy.®Y A prominent characteristic observed in
numerous cases of COVID-19 is a statistically significant
reduction in lymphocyte levels among infected patients,
as compared to a control group. Our analysis confirms
this finding. The immunological response to COVID-19
is often associated with a reduction in lymphocyte levels
in patients. Nevertheless, various investigations have
consistently reported that lymphocytopenia is the most
commonly observed abnormality in patients of COVID-19.
Furthermore, subsequent studies observed neutrophilia.
There is a strong correlation between the severity of the
disease and a decrease in the number of lymphocytes. This

Enzyme Markers

may offer a rationale for the disparity in results between
the present study and the referenced papers.*?

The erythrocyte sedimentation rate (ESR) has a restricted
function in evaluating the severity and prognosis of
coronavirus disease 2019 (COVID-19).5

Based on our research, A notable finding is that individuals
with COVID-19 exhibited a significantly elevated
Erythrocyte Sedimentation Rate (ESR) in comparison
to a control group. Within the context of COVID-19, an
increased erythrocyte sedimentation rate (ESR) signifies
heightened inflammation within the body. This aligns with
the understanding that inflammation plays a significant role
in the development of COVID-19, which is acknowledged
as an inflammatory condition. There may be a connection
between the increased erythrocyte sedimentation rate (ESR)
and the immune system’s reaction to the infection, as well
as the resulting inflammation in many organs and tissues.
B34 Elevated erythrocyte sedimentation rate (ESR) is not
specific to any one disease; it can be detected in COVID-19
as well as other inflammatory conditions. Typically, it is
employed to assist in the identification and tracking of
medical disorders, in combination with further clinical
and laboratory findings.[**!

Table 2: Levels of Enzymes Marker( mean + SD) for All Studied Groups.

Enzymes Patient Group (No.=45) Control Group (No.=50) p- Value
ADA (U/L) 36.19+1.09 13.96 £2.73 0.000
LDH (U/L) 1379 118+ 6 0.000
meanLDH/meanADA 3.80 8.45 0.000
AST (U/L) 27.6+£8.2 8.0+3.1 0.022
ALT (U/L) 21.0+5.6 52+7.0 0.050

The enzymological analysis revealed a considerable rise in
ADA levels in COVID-19 patients compared to the control
group, as seen in table (2). The serum LDH level had the
most pronounced significance in patients when compared
to healthy individuals. The average serum LDH/ADA ratio
in COVID-19 patients exhibited a statistically significant
difference when compared to the control group in this
experiment. The study found that there was no significant rise
in the mean blood ALT and AST values in COVID-19 patients
compared to the healthy volunteers. The average serum levels
of ALT, AST, and d-Dimer in COVID-19 patients showed
no significant increase compared to the healthy volunteers
in this study. The investigation’s findings indicate that
COVID-19 patients exhibited a notable deficiency in vitamin
D levels when compared to individuals without the virus.
Additionally, the levels of CRP were significantly elevated
in patients as opposed to healthy volunteers.

The utilisation of adenosine deaminase activity as a diagnostic
method has been employed to recommend a therapy for
COVID-19.28 The study’s findings indicate that COVID-19
patients will exhibit elevated levels of ADA compared to
uninfected control participants. Elevated ADA levels during
COVID-19 indicate a heightened immune response in

patients. This aligns with the understanding that COVID-19
is associated with an inflammatory response when the body
combats the virus.’! The increased levels of ADA observed
in COVID-19 patients are associated with the release of the
enzyme from deceased lung cells, which is in turn connected
to the activation of immunological markers such as cytokines.
1381 The results align with other studies that discovered ADA
was accumulated in tissues at the site of inflammation and
functioned as a ligand for receptors produced by lymphocytes,
triggering signalling pathways during lung inflammation
caused by bacterial or viral infections.*”

LDH serves as an indicator for several inflammatory
disorders, such as infections, malignancies, ischemia,
sepsis, and cardio-pulmonary failure.*? An often noted
discovery in the present study is an elevation in lactate
dehydrogenase (LDH) activity among COVID-19 patients
in comparison to healthy participants. Increased levels
of LDH in the bloodstream can serve as a sign of harm
to tissues or cells. Elevated LDH activity in individuals
with COVID-19 is often associated with the disease’s
impact on various bodily tissues and organs, indicating
potential tissue and lung injury in these patients.*!) The
severity of the disease may be associated with increased
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LDH levels, indicating tissue destruction. Monitoring
LDH levels can simplify the assessment of tissue damage
and overall health in COVID-19 patients. This is because
COVID-19 can lead to insufficient tissue perfusion and
malfunction of different organs, perhaps caused by several
factors such as thrombosis.!*?

The primary results The current study concludes that the
measurement of ADA level and LDH in COVID-19 samples
lacks precision and therefore does not provide significant
diagnostic benefits for COVID-19. The LDH/ADA ratio is
a potential biomarker for diagnosing COVID-19. The LDH/
ADA ratio demonstrates sufficient accuracy in diagnosing
COVID-19, suggesting its potential as a beneficial diagnostic
tool for identifying instances of COVID-19. The LDH/ADA
ratio is sometimes included in a panel of laboratory tests
for diagnosing COVID-19. The table above demonstrates
a notable disparity between the sick and healthy cohorts.
The precision of this ratio may vary depending on several
factors, including the size of the population being studied,

Other Parameter

the stage of the disease, and the specific testing methods
employed.?! The most significant data were provided by
the test that specifically aids in diagnosing COVID-19,
which involves evaluating the LDH/ADA ratio.

The average serum ALT and AST levels in COVID-19
patients showed a statistically negligible increase. Elevated
levels of the liver enzymes ALT and AST in the blood are
often associated with liver injury or inflammation. The
impact of specific viral infections, such as COVID-19,
on liver enzymes can exhibit variability. COVID-19
patients may encounter liver issues, and although the exact
reason for the impaired liver function remains uncertain,
several highly plausible theories have been suggested. An
immediate consequence of the illness could be modified
liver functionality.**! In addition, Feng ef al.*! postulated
that the elevated viral load of SARS-CoV-2 could potentially
lead to hepatic impairment. SARS-CoV-2 gains entry
into hepatocytes and cholangiocytes via binding to ACE2
receptors located on their surface."*”!

Table 3: Levels of Other Parameter (mean + SD) for All Studied Groups.

Other Parameter Patient Group (No.=45) Control Group (No.=50) p- Value
Age, (y1) 38+9 33+7 0.230
d- Dimer (mg/L) 12.1+£2.6 333+£17 0.000
Vitamin D, (nmol/L) 19.54 + 57.8+ 8.67 0.000
CRP (mg/L) 13.43+5.66 2.1+0.3 0.000

The average serum levels of d-Dimer and CRP in COVID-19
patients showed a statistically negligible rise compared to
the healthy volunteers in this study. The investigation’s
findings indicate a notable disparity in vitamin D levels
between COVID-19 patients and individuals in good health,
as evidenced by the data presented in table (3).

An established observation among individuals with
COVID-19, as compared to those who are healthy, is an
increase in D-dimer levels. This increase is commonly
seen in severe cases of the disease. COVID-19 can induce
a hypercoagulable condition, increasing the likelihood of
blood clot development. Elevated D-dimer values indicate the
dissolution of these clots. The assays are widely performed
as a stage in a diagnostic process to rule out the existence of
thrombosis. However, any medical or non-medical procedure
that enhances the production or breakdown of fibrin also
increases the levels of plasma D-dimer.*! Our findings align
with several studies that have identified the virus’s ability to
harm the endothelium, the inner lining of blood vessels. This
damage can trigger a series of clotting reactions, leading
to elevated D-dimer levels and an increased likelihood of
death in individuals with COVID-19.4"!

A noteworthy finding reveals that COVID-19 patients
exhibited significantly reduced levels of vitamin D in contrast
to healthy persons. There is a suggestion that there could
be a correlation between COVID-19 and a lack of vitamin
D. To determine the potential correlation between vitamin
D status and COVID-19 incidence, severity, or outcomes,

researchers can compare COVID-19 patients who have
insufficient levels of vitamin D with healthy volunteers.
M8 Scientists have conducted extensive research on the
influence of vitamin D on immune system functionality and
respiratory infections. The immunomodulatory properties of
vitamin D are widely recognised, and insufficiencies in this
vitamin have been associated with a higher susceptibility to
respiratory infections, including those affecting the lungs.
The impact of vitamin D on SARS remains uncertain, despite
evidence indicating its potential to reduce the occurrence
and severity of many respiratory illnesses, including the flu
and the common cold. COVID-19 is a disease caused by the
SARS-CoV-2 virus. The correlation between vitamin D and
COVID-19 is currently under investigation. An association
has been established between a vitamin D deficiency and a
heightened susceptibility to severe COVID-19, as indicated
by specific research findings.*®!

Furthermore, studies have shown that the CRP (C-reactive
protein) can be used as a reliable indicator to predict the
progression of COVID-19 in patients. During the COVID-19
pandemic, individuals with elevated CRP levels compared to
healthy individuals are likely experiencing an inflammatory
reaction caused by the viral infection. Individuals diagnosed
with COVID-19 often exhibit elevated levels of C-reactive
protein (CRP), which serves as an indicator of the extent of
inflammation associated with the disease. Healthcare personnel
may find C-reactive protein (CRP) to be an indispensable
tool for assessing a patient’s condition and monitoring the
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advancement of an illness. Elevated levels of C-reactive
protein (CRP) have been associated with heightened severity of
COVID-19 symptoms and outcomes, since they may indicate a
more intense or forceful inflammatory reaction.” The present
study’s results align with earlier research indicating that the
liver’s significant synthesis of acute-phase proteins (APPs),
including CRP, leads to an elevation in CRP levels. CRP is
a sensitive biomarker used to detect tissue injury in response
to infectious illnesses. Acute inflammation unequivocally
leads to elevated levels of C-reactive protein (CRP) in the
bloodstream !

COoNCLUSION

The findings suggest that lymphocyte percentages, CRP,
and ESR can serve as indicators for COVID-19, providing
information on the link between haematological alterations
and the advancement and result of the illness. This review
emphasises the significance of utilising the LDH/ADA
ratio instead of assessing the levels of ADA and LDH in
the serum of COVID-19 patients. This approach would
yield a more precise diagnosis.
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