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Abstract

The patho-physiology of COVID19 is still not clear. This study investigated the status of coagulation,
LDH activity, and inflammation in SARS-CoV-2 infected patients. One hundred and thirty-four newly
diagnosed COVID19 infected patients (age ranged65-82years) attending Mullingar Regional Hospital,
Mullingar, Republic of Ireland, volunteered to participate in this study. They all presented with a
pulmonary disorder, pyrexia, vomiting, body pains, etc. SARS-CoV-2 confirmatory test was done with
RT-PCR molecular test using Cepheid Genexpert System. The data of another 121 plasma samples of
apparently normal, non-COVID19 infected individuals taken before the emergence of COVID19 served
as controls. Levels of blood platelets was determined in the participants using Siemen ADVIA 2120
Haematological System, and plasma D-dimer was determined in the participants using Star Max-
Stago—-Automatic Coagulation Analyzer LDH activity, plasma ferritin, and C-reactive protein (CRP)
were determined in the participants using Beckman AU680-Chemistry Analyser. SARS-CoV-2 —infected
patients showed significantly (p<0.001) higher levels of D-dimer (1522.95+1395.45ng/ml), CRP
(125.3+116.4mg/l), ferritin (488.5+514.9pg/l), and LDH activity (574.4+446.7iu/l) compared to
controls (78.8+18.1ng/ml, 2.4+1.7mg/l, 61.3+58.2pg/l, 304.1+76.6iu/l respectively). The blood
platelet count did not show significant (p>0.05) change in the COVID19 patients (252.2 x 10°+101 x
10°%) compared to controls (256.4 x 10°+63.2 x 10°. Elevated LDH activity could indicate tissue
breakdown in the SARS-Cov-2 infected patients. Hyper-coagulation and inflammation are imminent in
the COVID19 patients. Adjuvant anticoagulant and anti-inflammatory therapies may be useful as part
of therapeutic regimen in the SARS-CoV-2 infected patients.
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Introduction

COVID-19 is a disease caused by severe
acute respiratory syndrome coronavirus-2
(SARS-CoV-2). The virus has the ability to
spread via natural aerosols from human to
human and mother to child during pregnancy [1].
SARS-CoV-2 has been found in stool, aerosols,
and  Dblood.  Sustained  human-to-human
transmission through inhalation or contact with
infected droplets enhances the pandemicity with
an incubation period ranging from 2 to 14 days
[2]. The disease is mild (asymptomatic) in most
people; and may progress to pneumonia, acute
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respiratory distress syndrome (ARDS), septic
shock, metabolic acidosis, and multi-organ
dysfunction in some (usually the elderly and
those with co-morbidities) [3]. The virus binds
to the angiotensin-converting enzyme-2
molecule, highly expressed on the epithelium of
the nasopharyngeal airway, type Il pneumocytes
of the alveoli, vascular endothelial cells, and the
macrophages of the lung tissue of the host [3].
Increased levels of pro-inflammatory cytokines,
such as tumour necrosis factor-o. (TNF-a) and
interleukins (IL), IL-1, and IL-6, have been
reported as products of cellular activation in
severe SARS-Cov-2 infection [4, 5]. The
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interplay between blood coagulation, immune
cells, and platelets restricts the dissemination of
pathogens during infection [6, 7]. The activation
of the coagulation system and leucocytes during
infection are associated with the release of IL-1,
IL-6 which enhances inflammation [4]. Apart
from the direct interaction of a typical virus with
platelets and other cells, endothelial injury
through the interaction of SARS-CoV-2
specifically activates the lectin pathway of
complement on the endothelial cell surface [8].
A vast body of literature shows that cellular
activation enhances cytokine release and
induction of tissue factor (TF) expression on
mononuclear cells that subsequently initiates
coagulation activation and thrombin generation
[6, 9].

Transmembrane protein TF secreted by sub-
endothelial cells or induced by pathogen-
associated  molecular  patterns,  bacterial
lipopolysaccharides, and viral dsRNA can also
initiate and enhance the coagulation process [10,
11]. The TF can be complex with the plasma
coagulation protease (FVII/FVIla) to enhance
the coagulation process during infection by
converting FX to FXa [6, 7]. The FXa then forms
the prothrombinase complex with FVa to initiate
the conversion of prothrombin to thrombin. The
FXa, FVa, and thrombin consequently form a
pathway that leads to thrombin-mediated
cleavage of fibrinogen to fibrin that is cross-
linked by activated FXIII to form a stable clot
[4].

Excessive coagulation could initiate the
recruitment of leukocytes and enhance
inflammation characterized by changes in the
plasma levels of acute-phase proteins (APPs) in
the infected individuals. Plasma levels of APPs
increase (positive APPs) or decrease (negative
APPs) in response to inflammation [12].
Activation of the hepatocytes by cytokines such
as interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumour necrosis factor-a has been reported to
play critical roles in the production of the APPs
[13].

The consequences of inflammation have been
associated with several pathological conditions,
including tissue or organ damage. This study
was designed to assess the tissue damage by
determining the plasma activity of lactate
dehydrogenase (LDH), an index of tissue injury.
Since coagulopathy, inflammation, and tissue
damage have been suspected to be contributing
factors in the pathogenesis of COVID19, and
this study was designed to assess the levels of
coagulopathy, inflammation, and tissue damage
in COVID19 patients by determining the plasma
levels of D-dimer, C-reactive protein, plasma
ferritin, LDH, and blood platelets count in
SARS-CoV-2 infected patients.

Materials and Methods
Materials

One hundred and thirty-four newly diagnosed
COVID19 infected patients presenting directly
to Mullingar Regional Hospital, Mullingar, the
Republic of Ireland with the pulmonary disorder,
pyrexia, vomiting, pains, etc., volunteered to
participate in this study. Another 121 plasma
samples of apparently normal, non-COVID19
infected individuals taken before the emergence
of COVID19 served as controls. Informed
consent was obtained from every participant
before the commencement of this study. This
study was approved by the Institutional Review
Board, and ethical approval was obtained from
the Texila American University Ethical
Committee.

Selection of the Area

This study was carried people living in
Mullingar metropolis and its environs, where
Covid19 prevalence was 2% at the time the study
was conducted. Analyses of samples were
carried out at Mullingar Regional Hospital,
Mullingar, Republic of Ireland.

Sample Size Determination

The sample size was determined using the
following formula.



Za’pq

Where:

N = required sample size

Za/2 = Standard deviation at 95%
confidence interval = 1.96

d = the degree of precision
expected (3%)

p = prevalence is 2%

Z = 1.96, p=2%, g=1-p,d =
0.03

N = 1.96x1.96x 0.02x0.98 =
0.032

Samplesize = 83.7

Sampling techniques: A simple random
technique was employed to recruit the COVID19
patients for this study.

Data Collection

Participants were asked to respond to a
questionnaire for information about the clinical
presentation such as pulmonary disorder,
pyrexia, vomiting, body pains after confirmation
of COVID19 status. Six milliliters (ml) of
venous blood sample were taken from the
anticubital vein of every participant. 4ml was put
into lithium heparin was for the determination of
LDH activity, ferritin, C-reactive protein and D-
dimer. Another 2 ml of blood was put into an
ethylene diamine tetra acetic acid (EDTA) bottle
for the determination of platelet count. After
centrifugation of the sample in a lithium heparin
bottle, the plasma was separated and stored at -
20°C until ready for analysis.

Study Location

This study was carried out at Mullingar
Regional Hospital, Mullingar, Republic of
Ireland.

Methods

For confirmation of COVID19, RT-PCR
Molecular Test was carried out using Cepheid
Genexpert System. Another 121 apparently
normal, non-COVID19 infected individuals
whose blood samples have been stored before
the emergence of COVID19 served as controls.
Levels of blood platelets were determined in the
participants using Siemen ADVIA 2120
Haematological System, and plasma D-dimer
were determined in the participants using Star
Max-Stago—Automatic Coagulation Analyzer
LDH activity, plasma ferritin, and C-reactive
protein (CRP) were determined in the
participants using Beckman AU680-Chemistry
Analyser.

Statistical Analysis

Statistical analyses were performed using
Statistical Package for Social Sciences (SPSS)
for Windows, version 21.0 (SPSS Inc. Chicago,
USA). Data were expressed as Mean + SD.
Student (T) test was used for comparison of
COVID19 patients and controls. The changes
were considered as significant when p-values
were less than 0.05.

Results

As demonstrated in Figs. 1-4, COVID19
patients showed significantly (p<0.05) higher
levels of D-dimer (1522.95+1395.45ng/ml),

CRP (125.3+116.4mgl/l), ferritin
(488.5+514.9pg/), and LDH  activity
(574.4+446.7iu/l)  compared to controls

(78.8+18.1ng/ml, 2.4+1.7mg/l, 61.3+58.2pg/l,
304.1+76.6iu/l respectively). The blood platelet
count (Fig. 5) did not show significant (p>0.05)
change in the COVID19 patients (252.2 X
10°+101 x 10°) compared to controls (256.4 x
10°+63.2 x 10°).
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Figure. 1. Levels of CRP in COVID19 Patients and Controls
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Figure. 2. Plasma Levels of D-dimer in COVID19-Infected Patients and Controls
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Figure.3. Plasma Levels of LDH in COVID19-Infected Patients and Controls
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Figure. 4. Plasma Levels of Ferritin in COVID19-infected Patients and Controls
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Figure. 5. Levels of Platelets in COVID19-infected Patients and Controls
Discussion show that under physiological conditions, a

The pathophysiology of COVID-19 has not
been well documented. Awvailable literature
shows that respiratory disorder, intra-vascular
coagulation, and hypoxia are  major
consequences of the SARS-Cov-2 infection.
Other studies have reported lower levels of
CD4+ T-cells and CD8+ T-cells in nearly all the
COVID19 patients (14), with significantly
higher circulating endothelial cell counts, serum
levels of interleukin-6 (IL-6), and interleukin-8
(IL-8) in the COVID19 patients [15]. This
present study confirmed the possibility of
disseminated intravascular coagulation as
proved by a significantly higher level of D-
dimer, a product of cross-linked fibrin
degradation and an index of hyper-coagulation
in our COVID19 patients. The elevated level of
D-dimer in this could be due to excessive
activation of platelets and inflammation in the
COVID19 patients.

This could also be evidence of the excessive
intravascular coagulation commonly reported in
SARS-CoV-2 infected patients. Previous studies

balance of coagulation and fibrinolysis
maintains the D-dimer generated in the blood of
most healthy individuals at a range of <250
ng/ml [16, 17]. Meanwhile, in this study, a
plasma level of 1522.95+1395.45ng/ml was
observed in COVID19 patients. A similarly
higher level of D-dimer (2950 ng/mL) has been
reported in COVID19 patients by previous
workers [18, 19]. The present finding could be
due to the aberration of coagulation and
fibrinolysis processes in the COVID19 patients.
Since a high degree of fibrin degradation
produces an increased level of D-dimer in the
SARS-Cov-2 infected patients, this study
confirms the clotting complications, such as
microvascular  thrombi and  disseminated
intravascular coagulation commonly reported in
COVID19 patients by previous studies.
Interleukin-1, interleukin-6 and interferon-
gamma released during cellular activation in
COVID19 disease can induce the hepatocytes to
produce a large array of acute phase proteins
including CRP and ferritin [20]. The changes in
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plasma levels of APPs observed in this study
could therefore be due to excessive activation of
hepatocytes in response to viremia during
SARS-Cov-2 infection [13]. The two APPs
(CRP and ferritin) determined in this study are
positive acute phase reactants and indices of
markers of inflammation that increase in
response to infection and trauma. A significantly
higher level of CRP in the COVID19 patients
recruited for this study could be due to their
responses to SARS-CoV-2 infection or
inflammation.

The immunological roles of CRP include
initiation of opsonization, phagocytosis, and
lysis of invading organisms such as bacterial and
viruses. It can also activate macrophages,
prevents damage to tissues, modulates
phagocytic cell functions, enhances the removal
of harmful molecules and pathogens, possesses
anti-proteolytic activity, and presumably blocks
the migration of cells into the lumen of blood
vessels, thus preventing the establishment of a
generalized systemic inflammation [21].
Therefore, an increased level of CRP in this
study might be a protective strategy employed
by the system to fight against possible invading
pathogens. Our study agrees with the report of
previous workers who also  observed
significantly higher levels of CRP during
infections [22, 23]. CRP has therefore been
proposed to be an index of severity of COVID19
in emergency cases [24, 25].

A significantly higher level of plasma ferritin
observed in our COVID19 patients complements
our report of possible inflammation in COVID19
patients. This significant increase in the plasma
level of ferritin could be a physiological defense
strategy to bind iron and deprive the pathogen
from getting enough iron for its metabolic
activities. This study corroborates previous
reports that serum ferritin concentration
increases in response to infections or
inflammatory process [22, 23]. This study,
therefore, confirm the elevated level of plasma
ferritin reported in COVID19 patients by
previous researchers [26].

LDH is a cytoplasmic, unilocular enzyme that
is present in almost all tissues but at high
concentrations in the muscle, liver, and kidney.
The function of the enzyme is to catalyze the
reversible conversion of lactate to pyruvate with
the reduction of NAD+ to NADH and vice versa
[27]. The enzyme is also involved in the
anaerobic metabolism of glucose when oxygen
is absent or in limited supply, a process that
could be beneficial in hypoxic COVID19
patients. The activity increases in tissue injury,
organ damage, haemolysis, infections, and
cancers. High serum LDH activity observed in
this study agrees with a previously reported
study that presented high LDH activity as a risk
factor in younger patients with COVID19
disease [28, 29]. Our study also agrees with other
researchers who reported higher levels of LDH
in COVID19 patients [15, 25]. The significantly
higher LDH activity in our COVID19 patients
could be due to tissue or organ damage. Since
LDH is a cytoplasmic enzyme, acute tissue
breakdown in the SARS-CoV-2 infected patients
could enhance the liberation of the enzyme into
the plasma.

Platelet’s activation has been implicated in
COVID19 pathogenesis, although the functions
have not been well defined. A study has reported
a significantly lower level of platelets in patients
with severe SARS-CoV-2 infection [30]. An
early  study  hypothesized that mild
thrombocytopenia with a decreased platelet
could be associated with a poor prognosis of
COVID19 [31]. Another report demonstrates
changes in platelet gene expression and function
in COVID-19 patients [32]. The present study
did not show any significant change in the
platelet status of the COVID19 patients recruited
for this study.

Meanwhile, other studies have highlighted
that platelet hyperactivity in COVID-19
contributes to the coagulopathy and activation of
monocytes, leading to the release of tissue
factor, the principal regulator of the coagulation
cascade [32, 33].
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Conclusion

Increased levels of fibrin degradation product
(D-dimer) and CRP are imminent in the
COVID19 patients. Elevated LDH activity could
indicate tissue breakdown in the SARS-Cov-2
infected patients. Adjuvant anticoagulant and
anti-inflammatory therapies may be useful as
part of a therapeutic regimen in the SARS-CoV-
2 infected patients.
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