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Abstract: Hypercoagulation in the alveoli of the lungs is one of the causes of
death in SARS-CoV?2 virus infection. Hypercoagulation is defined by an
elevation in D-Dimer, which typically rises on the fifth day of therapy. This
parameter is not available in all hospitals and is still relatively expensive in
preventing premature death. Platelets count and indices are suggested to
describe the thromboinflammatory condition in COVID-19 patients. This
research is an observational analytic study with a cross-sectional study design in

59 COVID-19 patients treated at Hassanuddin University Hospital. The
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patients who are declared COVID-19 based on the results of radiological
examinations and PCR swabs underwent routine blood tests and D-Dimer
before undergoing therapy. Data were analyzed using the Spearmen test in
SPSS version 26 to reveal the correlation between platelet count, platelet

Research indices, and D Dimer in COVID-19 patients with severe and non-severe

conditions. Platelet count, platelet indices, especially MPV, and D-Dimer
values were found to correlate in both groups COVID-19 using the Spearman
rho correlation test (p < 0.000) with strengths correlation between -44.6 and
60.5. There was a significant association between platelet count and MPV value
with D-Dimer in COVID-19 patients.

Keywords: COVID-19; D-Dimer; platelets; platelet index

INTRODUCTION

The World Health Organization (WHO) declared COVID-19, a viral infectious disease that originated in
Wuhan, China, and has since spread all over the world, as a new pandemic disease in March 2020." Acute
respiratory distress syndrome (ARDS), multiple organ dysfunction syndrome (MODS), and even death are
possible clinical symptoms of COVID-19, which spreads through respiratory droplets and has an incubation
period of 1 to 14 days.*3 A higher risk is associated with advanced age, smoking, and comorbid conditions
such as diabetes, hypertension, cardiovascular disease, chronic obstructive lung disease, and cancer. Patients
with COVID-19 have a more severe condition and die more frequently than those without COVID-19 34

In COVID-19, ARDS and progressive respiratory failure are the main mortality. Endothelial damage,
blood flow stasis, and hypercoagulation are the Virchow triad's three components that comprise the COVID-
19 ARDS and respiratory failure mechanism. In COVID-19, endothelial injury can arise due to proinflammatory
cytokines or direct SARS-CoV-2 invasion into endothelial cells, leading to cell damage. A thrombotic condition
brought on by endothelial damage may end in hypercoagulation.>7

Acute respiratory distress syndrome and respiratory failure can be carried on by pulmonary vascular
micro thrombosis, which can be brought on by hypoxia, endothelial damage, and inflammatory response.
Platelets are essential for the processes of coagulation, hemostasis, thrombosis, immunomodulation, and



Vol23No 1
January 2023

inflammation.®? Recent studies have shown that in pneumonia driven by SARS-CoV2, platelet aggregation,
adhesion, infiltration, and inflammatory response contribute to pulmonary damage and microvascular
thrombosis.™ Significant prognostic markers that can anticipate disease severity and mortality at an early
stage include platelet count and platelet indices.™

Thromboembolism is characterized by an increase in D-Dimer > 1.0 I/mL.>®7 D-dimer is a byproduct of
fibrinolysis, the process by which blood clots are degraded. Pneumothorax, arterial and venous thrombosis,
DIC, pregnancy, inflammation, cancer, chronic liver disease, trauma, surgery, and vasculitis are all linked to
high D-dimer levels.™" Dimer D levels usually start increasing on the fifth day of therapy, which makes it more
difficult for COVID-19 patients to undergo early treatment and protects them from death.’>' Hence, a
parameter of the same precision as D-Dimer is required, cheap, and accessible in all hospitals to prevent
premature death. The D-Dimer examination is typically not affordable in all facilities treating COVID-19
patients.

This research aims to determine the relationship between platelets, platelet indices, and D-Dimer in
COVID-19 patients. A routine hematological profile test is considered to identify the severity and mortality of
the condition before an increase in D-Dimer occurs.

MATERIAL AND METHOD

This observational analytic study used a cross-sectional design involving 59 patients diagnosed with
Covid-19. This study used probability sampling in COVID-19 patients treated at Hassanuddin University
Hospital from September 2022 to November 2022. At the time of chest X-ray evaluation, Covid-19 was
identified by PCR test, either with or without pneumonia. Patients with hematologic and oncologic
malignancies, immune thrombocytopenia, coagulopathy, bone marrow and other related pathologies
(essential thrombocytosis, myelodysplastic syndrome, aplastic anemia, etc.), patients with other diseases of
platelet number and function that are affected by drug use, patients with liver cirrhosis, splenomegaly, and
renal disease were all excluded from this study. This study was evaluated and accepted by the Ethics
Committee. (Approval number is 861/UN4.6.4.5.31/PP36/2021/13-19. Date: 31.12.2021).

Patients who visit the emergency department with symptoms including coughing, fever, and
shortness of breath are typically given complete blood counts and biochemical testing. D-dimer levels will be
evaluated in blood samples from patients who match the inclusion criteria. On an automated hematology
system, a CBC with MPV, PDW, and PCT was done. The particle-enhanced immunoturbidimetric assay was
used to measure D-dimer. The reference ranges for MPV, PDW, PCT, and Platelet were 150-450 (x103/L), 7.2—
11.1 fL, 9-13%, and 0.15-0.40%. D-reference Dimer's range was 500 pg/L.

There are two groups of patients. All patients who required respiratory support with invasive or non-
invasive ventilation or a high-flow oxygen device with a respiratory rate > 30 breaths/min or with an SPO2 of
93% on room air were classified as COVID-19 patients with severe disease. Patients with mild-moderate
symptoms also need oxygen through a mask or nasal cannula and have an SPO2 greater than 93%.

The mean and standard deviation represented all continuous variables (SD). A Kruskall-Wallis test or
an independent sample T-test was used to compare the characteristics of severe and non-severe COVID-19
patients. If the data was not normally distributed, the Spearman rho correlation analysis was used to examine
the correlation between the variables. The findings of this regression analysis were presented as 95% adjusted
odds ratios, and all variables with a p-value of less than 0.05 were included in the multivariate analysis.

RESULT

From September to November 2022, this research was conducted at Hassanuddin University Hospital.
Patients who arrived at the hospital with COVID-19-like symptoms were admitted to a specific Emergency
department. Before being moved into a specific isolation room for COVID-19 therapy, all patients who
declared COVID-19 based on the PCR swab examination and chest X-ray results had routine blood testing,
blood chemistry, and inflammatory indicators such D-Dimer. Fifty-nine patients met the eligibility
requirements forinclusion. The patient's comorbid disease was tracked down using remnants of medical data
based on Table 1.
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Table 1. Characteristics of COVID-19 Patients as Participants
Parameter Non-Severe Severe P
N/(Mean+SD) N/(Mean+SD) Value
Gender
Male 11(18.64%) 16(27.11%)
Female 19(32.20%) 13(22.03%)
Age (Years) 38.8 16 53+15.4 0.156*
Hb (g/dl) 12.99+2.10 11.56+2.70 0.200*
WBC (x10°/uL) 7.63+2.84 12.79+16.26 0.200*
PLT(x10°/uL) 298+117 224+157 0.200*
MPV (fL) 9.167+2.373 13.50+4.323 0.070*
PDW (%) 11.39+3.91 19.92+34.61 0.000
PCT (%) 0.273+0.153 0.230+0.058 0.120*
D-Dimer (pg/L) 148+227 9424883 0.000
Comorbid
Without comorbid 17(28.8%) 1(1.69%)
With Comorbid 13(22.03%) 28(47.45%)
Hypertension (HT) 6(10.16%) 6(10.16%)
DM 3(5.08%) 5(8.47%)
COPD 1(1.69%) 13(22.03%)
Cardiovascular disease 2(3.38%) 4(6.77%)
RA 1(1.69%) 0

Haemoglobin (Hb), White Blood Cell (WBC), Platelet (PLT), Mean Platelet Volume (MPV), Diabetes
Mellitus (DM), Chronic obstructive pulmonary disease (COPD), Rheumatoid Arthritis (RA), Platelet Distribution

Width (PDW), Plateletcrit (PCT), * Normal data distribution (P>0.05)

T-test and Kruskall-Wallis test showed significant differences in both groups on PLT, MPV and D-Dimer
Values in COVID-19 patients. Platelet counts in COVID-19 patients with severe degrees were lower than mild-
moderate degrees. However, the platelet count in both groups was still within normal limits. The MPV and
PDW values were higher in patients with severe degrees compared to those with mild-moderate degrees

(Table 2).

Table 2. Analysis of PLT, MPV, PDW, PCT and D-Dimer values differences in non-severe and severe COVID-19

Parameter Non-Severe p-Value
N/(Mean+SD) N/(Mean+SD)

PLT 298+117 0.043*

(x10°/uL)

MPV (fL) 9.167+2.373 13.50+4.323 0.000**

PDW (%) 11.39+£3.91 0.198

PCT (%) 0.27320.153 0.230+0.058 0.164

D-Dimer 1484227 0.000**

(pg/D)

*T-test, **Kruskall-Wallis Test

To assess the correlation between the four variables in the two groups, the Spearman rho test was
used as an alternative. The study showed a correlation between PLT, MPV, and D-Dimer values in severe and

non-severe COVID-19 patients with a correlation of p 0.000 (Table 3).
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Table 3. Analysis of Correlation between PLT, Platelet index and D-Dimer in non-severe and severe COVID-19

Parameter COVID-19

r p
PLT (x10°/uL) -44.5 0.000*
MPV (fL) 60.5 0.000*
PDW (%) 16.9 0.201
PCT (%) -70.6 0.568
D-Dimer (pg/L) 60.5 0.000*

* Spearman rho
In addition, a correlation test was performed between platelet count and platelet index with D-Dimer
using the Spearman-Rho test in this study. Spearman Rho test showed a correlation between PLT, MPV and

D-Dimer values in COVID-19 patients with a correlation of p 0.000 (Table 4).

Table 4. Analysis of Corelation between PLT, Platelet index and D-Dimer in COVID-19

Parameter D-Dimer

r P
PLT (x10°/uL) 42.6 0.001*
MPV (fL) 56.1 0.000*
PDW (%) 29.5 0.025
PCT (%) -15.0 0.909

* Spearman rho
DISCUSSION

In this study, there were more than 32 (54.23%) female COVID-19 patients, 13 (22.03%) of whom were
with severe disease. 11 (18.64%) patients had mild-moderate symptoms, and 27 (45.76%) patients were male.
Patients suffering from the severe disease were 53 years old on average. It aligns with research by Yardimci
et al., which found that patients with severe symptoms were, on average, 57.21 years old."”

Patients are more likely to acquire COVID-19 infection with severe disease seriousness if they have a
history of coexisting conditions. HT, chronic obstructive lung disease (COPD), diabetes mellitus (DM), and
cardiovascular illnesses were the most frequent comorbidities. According to Zang's research, individuals
older (>65 years) and with concomitant conditions such as hypertension, diabetes, cardiovascular disease,
chronic obstructive pulmonary disease, and cancer are more likely to develop this illness. If they are infected
with COVID-19, their condition will worsen and even increase fatalities. 345

Four major proteins—spike (S), nucleocapsid (N), membrane (M), and envelope—make up the
coronavirus genome (E). When protein S interacts with the ACE2 receptor, infection happens.'® As SARS-CoV-
2 builds up in the lungs, it disrupts alveolar epithelial and endothelial cells and infiltrates inflammatory cells,
producing proinflammatory cytokines, including IL-1, IL-6, and TNF. This immune response may become
excessive in people with severe COVID-19, leading to a cytokine storm that sets off the systemic inflammatory
response syndrome (SIRS). >° The enhanced activation of the coagulation cascade and excessive thrombin
generation brought on by COVID-19's hyperinflammation. The prothrombotic state brought on by
coagulation issues in COVID-19 raises the risk of thromboembolism and venous and arterial thrombosis.™®"7

Platelet count, MPV, and D-Dimer values revealed a significant difference between severe and non-
severe COVID-19 individuals based on a T-test, with a mean (298 vs. 224, 9.167 vs. 13.50, and 148 vs. 942,
respectively). Although the platelet counts of COVID-19 patients in this study varied, 42 (71.1%) of them had
normal platelet counts, and 18 (30.5%) had severe illness. Thirteen patients (22.03%) had thrombocytopenia,
ten (16.94%) had serious illnesses, and one had thrombocytosis. In a similar vein, Yang et al. study's on 1476
COVID-19 patients, revealed that 306 individuals (20.7%) developed thrombocytopenia.™

It’s different from the study by Fogarty et al. reporting that they did not find a significant decrease in
platelets and fibrinogen. However, there was a significant increase in D-dimer. '9*° According to Fan et al., all
COVID-19 patients treated in the ICU and outside of the ICU had normal platelet counts, according to the
platelet count results. According to Fan et al., most COVID-19 patients treated in the ICU had a normal platelet
value since patients with COVID-19 infection do not have any platelet aggregation.>*
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In research from Wuhan, thrombocytopenia at admission in COVID-19 patients was linked to a 4.24-
fold higher risk of inpatient mortality. In comparison to patients without thrombocytopenia (median 186
109/L), those with thrombocytopenia (median 105 109/L) were more likely to be older, male, have a higher
APACHE Il score, have lower absolute neutrophil and lymphocyte counts, have higher C-reactive protein
(CRP) and have alower Pa02/FiO2 ratio®**4. In COVID-19, thrombocytopenia can develop due to a few factors,
along with a cytokine storm that kills bone marrow progenitor cells, a viral infection of the bone marrow that
directly restricts hematopoiesis, an increase in autoantibodies and immune complexes that cause platelet
destruction, and lung injury that causes platelet aggregation. Additionally, eating platelets decreased the
number of circulating platelets.>

The average MPV value was greater than patients with less severe diseases (13.50 vs. 9.16 fL). The
same outcomes were also discovered in a study by Geoffrey.?® According to preliminary data, critically ill
COVID-19 patients who were hospitalized and matched for platelet count had MPVs that were considerably
larger than those who were not (11.6vs10.5 fL). Even among COVID-19 patients with normal platelet counts,
this trend toward higher MPV is still significant.?® Surprisingly, even at normal platelet counts, COVID-19 is
linked to a rise in the proportion of immature platelets. It may be another factor contributing to the rise in
clotting events in COVID-19 because immature platelets are known to be more functional.??® Compared to
healthy donors, non-COVID-19 patients, and mild-moderate COVID-19 patients, Zang et al. found that severe
and critically severe COVID-19 patients had decreased PLT and PCT and increased MPV and PDW.?>#In contrary
to COVID-19 patients with retained platelet counts, Liu et al. found that COVID-19 patients with
thrombocytopenia had a statistically significantly higher mean platelet volume (MPV, median 10.3 fL) (median
9.9 fL).22 The body's reaction to thrombocytopenia is an increased mean platelet volume, which, outside of
congenital platelet abnormalities, means an increase in the number of circulating young platelets.?®

Hottz et al. reported that individuals with severe COVID-19 who need ICU and IMV showed enhanced
platelet activation and platelet-monocyte aggregation formation, but people with the mild disease would
not. The distribution of distinct platelet sizes, a sign of platelet function and activation, is specified by PDW
and MPV, respectively. In the acute phase of inflammation, PLT is elevated, and MPV is lowered because MPV
and PLT have an inverse relationship."™

Thrombocytopenia and viral infection can coexist for a range of reasons. Inflammatory signals and
immune response are both significantly influenced by platelets. Viral infections have a procoagulant effect
due to the interactions between endothelial cells, platelets, and leukocytes. In COVID-19, three hypotheses
regarding platelet count and morphology are also proposed. First, as with other coronaviruses,
thrombocytopenia is probably caused by an infection of the bone marrow. The immune system's elimination
of platelets is the second. Third, platelet consumption is brought on by lung aggregation. Blood clots may be
avoided by the fibrin degradation product known as D-dimer.?7?® According to Zhou et al. study, the biggest
predictor of mortality in COVID-19 patients was an increase in D-dimer >1.0 I/mL. *° According to Cui et al.
study, D-dimer >1.5 I/mL had a sensitivity of 85% and a specificity of 88.5% as a predictor of venous
thromboembolism in COVID-19 patients. The D-dimer level varied between patients with severe and non-
severe COVID-19, according to our study. D-dimer levels were greater in severe patients than in less severe
patients (942883 vs. 148227).28 D-dimers are much greater in COVID-19. The most likely causes are fibrinolysis
and pulmonary vascular bed thrombosis. D-dimers show fibrin clot development, clot FXllla crosslinking, and
fibrinolysis. The significant increase in D-dimers in COVID-19 is due to cytokine storm and viremia-induced
coagulation activation, while superinfection and organ failure are also potential causes.?3

The relationship between initial D-dimer levels and disease severity and outcome has been
investigated in several studies. D-dimer has been found as a potential indication for COVID-19 patients’
prognosis since the COVID-19 pandemic's outbreak. In numerous research, admission day D-dimer has
demonstrated promise for predicting the illness severity."»'>'¢ D-dimer may be a valuable early marker for
predicting in-hospital patient mortality, according to Zhang et al.'s study in China, which included 343
patients. They discovered that 2 g/ml was the ideal cut-off value for D-dimer. 23 Another study conducted in
China discovered that a D-dimer value of more than 2 g/ml at admission was linked to a higher risk of mortality
(odds ratio, 10.17 (95% Cl, 1.10-94.38))."> The optimal cut-off value for admission of D-dimer to predict hospital
mortality, according to an Indian study, was 1.44 g/ml. On the other hand, 2.01 g/ml was the ideal number for
the highest D-dimer measurement taken while the patient was in the hospital to predict inpatient mortality.>®
Similar to our study, a statistically significant difference in MPV values was seen at admission for patients with
PLT 100x103 L, patients with PLT between 100 and 150 x103 L, and those without thrombocytopenia (median
15.8 f L, (range: 9.3-19.5, median: 11.3 f L, range: 7.0-19.2, and median: 8.fL, range: 6.0-19.6, respectively).
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However, few studies investigate the function of platelets and platelet index as early indicators of

severe disease in COVID-19 patients by examining the connection between D-Dimer readings with platelet
count and platelet index. With a D-Dimer value of 0.000 and a correlation between -44.5 and 60.5 in this
study, there is a significant correlation between platelet count and MPV.

CONCLUSION

A significant correlation existed between platelet count and platelet index, especially MPV and D-

Dimer, in COVID-19 patients. Platelet count and index could be used as alternative parameters to assess
endothelial damage and the occurrence of early thrombosis in COVID-19 patients.
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