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Background: Coronavirus disease affects mainly the respiratory system. Other systems, including
blood, are also affected. Blood cell abnormalities have varied between studies. The majority of patients present with platelet abnormalities. Methods: This was a laboratory observation study. All
cases positive for the coronavirus disease 2019 (COVID-19) by reverse transcriptase — polymerase
chain reaction (RT-PCR) test during the study period were considered for inclusion. Platelet index
data were captured from an automated hematology analyzer: platelet count, mean platelet volume (MPV), platelet distribution width (PDW), plateletcrit (PCT), and platelet–large cell ratio (P-LCR).
Platelet lymphocyte ratio (PLR), platelet neutrophil ratio (PNR), and platelet monocyte ratio (PMR)
were calculated. The cases were classified into two groups: moderate and severe. The difference in
alteration of platelet parameters between moderate and severe COVID-19 cases was analyzed using SPSS 22 version software. A p-value of < 0.05 was considered statistically significant. Results:
Most cases (44.9%) were in the age group of 41 – 60 years. The male-to-female ratio was 1.9:1.
Moderate cases comprised 53.4%, and 46.6% of cases were severe. The association of PLR and PNR
between moderate and severe cases was statistically significant. PLR was higher in severe cases
than moderate cases, whereas PNR was higher in moderate cases than severe cases. Conclusions:
Studying platelet index profiles in COVID-19 patients can improve our limited knowledge of the
disease progression regarding platelet parameters. PLR and PNR are the more reliable platelet parameters in managing COVID-19 patients, which help predict the prognosis and aid in improving
therapeutic options for severe cases.
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INTRODUCTION

METHODS

Coronavirus disease affects mainly the respiratory
system, but other systems can also be affected, including hematologic parameters. Blood cell abnormalities
have varied between studies; most cases have shown
decreased lymphocytes and neutrophilia, and a few
have shown thrombocytopenia 1 . The mechanisms by
which coronavirus affects the hematopoietic system
are not clear.

This laboratory-based observational study was performed over six months, from October 2020 to March
2021, at the Department of Pathology in a tertiary
healthcare center in South India. The study obtained
ethical clearance from the institute ethics committee.
The objectives were to assess the profile of platelet
parameters in COVID-19-positive cases and analyze
the difference in the profile of platelet parameters between moderate and severe COVID-19-positive cases.
All cases testing positive for COVID-19 by reverse
transcriptase–polymerase chain reaction (RT-PCR)
test were included. Cases with incomplete clinical details were excluded.
The sociodemographic data of all the cases were captured from the hospital record section. The platelet
index data were collected from the hematology section at the Department of Pathology. The platelet parameters captured by automated hematology analyzer
were platelet count, mean platelet volume (MPV),
platelet distribution width (PDW), plateletcrit (PCT),
and platelet–large cell ratio (P-LCR). Platelet lymphocyte ratio (PLR), platelet neutrophil ratio (PNR), and

The majority of coronavirus infection patients present
with platelet abnormalities. A possible mechanism
may be a decrease in platelet production due to bone
marrow aplasia, because of either the effect of cytokines or the direct effect of coronavirus on the bone
marrow 2 .
This study reviews the changed platelet indices in
coronavirus disease 2019 (COVID-19) disease. Interpreting these changes in patients infected with severe
acute respiratory syndrome coronavirus-2 (SARSCoV-2) could contribute to timely diagnosis and predict the prognosis.
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platelet monocyte ratio (PMR) were calculated using
the platelet count, absolute lymphocyte count, absolute neutrophil count, and absolute monocyte count
obtained with the automated hematology analyzer.
The cases were classified into two groups: moderate
and severe. Patients with ≥ 90% oxygen saturation
were defined as moderate COVID-19, and patients
with room air oxygen saturation < 90% were defined
as severe COVID-19 3,4 . The changes in platelet indices were analyzed for all cases. The difference in alteration of platelet parameters was analyzed between
the moderate and severe COVID-19 groups.
The data were entered into a Microsoft Excel datasheet
and analyzed using SPSS version 22 software (IBM
SPSS Statistics, Somers, NY, USA). Categorical data
were represented as frequencies and proportions.
Continuous data were represented as mean and standard deviation. An independent t-test was used as a
test of significance to identify the mean difference between two quantitative variables. A p-value of < 0.05
was considered statistically significant after assuming
all the rules of statistical tests.

RESULTS
A total of 410 cases were analyzed. Most cases (44.9%)
were in the age group of 41 – 60 years (Table 1). Most
were men, constituting 269 cases (65.6%), and women
represented 141 cases (34.4%). The male-to-female
ratio was 1.9:1 (Table 2). Moderate cases comprised
53.4%, and 46.6% of cases were severe (Table 3).
The mean PDW was 12.09 ± 2.67%. Among moderate cases, the mean PDW was 11.96 ± 2.68%, and
it was 12.25 ± 2.66% in severe cases. The difference
in PDW between moderate and severe cases was not
statistically significant (p = 0.272; Tables 4 and 5).
The mean MPV was 10.48 ± 1.08 fL. Among moderate and severe cases, the mean MPV was 10.4 ± 1.13
and 10.51 ± 1.02 fL, respectively. The difference in
MPV between moderate and severe cases was not statistically significant (p = 0.606; Tables 4 and 5).
The mean P-LCR was 28.35 ± 8.13%. Among moderate cases, the mean P-LCR was 28.07 ± 8.29%, and it
was 28.68 ± 7.96% among severe cases. The difference
in P-LCR between moderate and severe cases was not
statistically significant (p = 0.448; Tables 4 and 5).
The mean PCT was 0.34 ± 1.56%. Among moderate
cases, the mean PCT was 0.43 ± 2.13%, and among
severe cases, it was 0.24 ± 0.09%. The difference of
PCT between moderate and severe cases was not statistically significant (p-value 0.222) (Tables 4 and 5).
The mean PLR was 219.60 ± 176.23%. Among moderate cases, the mean PLR was 159.1 ± 113.7%, and
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among severe cases, it was 288.9 ± 207.2%. The difference in PLR between moderate and severe cases was
statistically significant (p < 0.001; Tables 4 and 5).
The mean PMR was 502.86 ± 435.92%. Among moderate cases, the mean PMR was 468.9 ± 352.9%, and
it was 541.7 ± 513.1% among severe cases. The difference in PMR between moderate and severe cases was
not statistically significant (p = 0.091; Tables 4 and 5).
The mean PNR was 43.36 ± 33.82%. Among moderate cases, the mean PNR was 56.50 ± 37.59%, and
among severe cases, it was 28.3 ± 20.3%. The difference in PLR between moderate and severe cases was
statistically significant (p < 0.001; Tables 4 and 5).
The mean platelet count was 241.48 ± 101.40 x109 /L.
Among moderate cases, the mean platelet count was
244 ± 100 x109 /L, and among severe cases, it was
239 ± 103 x109 /L. The difference in platelet count between moderate and severe cases was not statistically
significant (p = 0.650; Tables 4 and 5).

DISCUSSION
COVID-19 is a pandemic viral disease caused by the
novel coronavirus SARS-CoV-2. Hematologic abnormalities are observed in COVID-19 patients. We
aimed to analyze platelet parameters in moderate and
severe COVID-19 cases.
In this study, male patients were predominantly affected, accounting for 269 cases (65.6%); women constituted 141 cases (35.4%). This was similar to the
study by Ozcelik et al. 3 . In our study, most cases were
in the age group of 41 – 60 years (n = 184, 44.9%). The
cases were further subdivided into moderate and severe cases. More cases were categorized as moderate
(n = 219, 53.4%).
PDW is a measurement of platelet anisocytosis, determined by calculating individual platelet volumes,
and the normal range is 10.0 – 17.9% 5 . In the present
study, the mean PDW was within the normal range
for both moderate and severe cases. Ozcelik et al. reported higher PDW levels in COVID-19-positive patients 3 . In COVID-19, the PDW value is expected to
be higher due to a cytokine storm leading to platelet
production and destruction mechanisms. PDW determines the platelet size distribution range. A high
PDW level indicates the destruction of immature
platelets 6 . In our study, the normal PDW is probably due to a normal platelet count in the majority of
cases (only 20% had thrombocytopenia).
MPV is a measure of the average size of platelets, and
the normal range is 7.5 – 11.5 fL 3 . The mean MPV
was within the normal range for both categories of
cases in the present study. MPV is considered an
inflammatory marker, and it determines the size of
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Table 1: Distribution of subjects according
to age group in the present study
Age of subjects

Frequency

Percentage

< 20 yrs

21

5.1%

21 - 40 yrs

94

22.9%

41 - 60 yrs

184

44.9%

61 - 80 yrs

99

24.1%

81 - 100 yrs

12

2.9%

Total

410

100.0%

Table 2: Distribution of subjects
according to gender in thepresent
study
Sex

Frequency

Percentage

Female

141

34.4%

Male

269

65.6%

Total

410

100%

Table 3: Distribution of subjects
according to severity ofCOVID-19
disease
COVID-19

Subjects

Percentage

Moderate

219

53.4%

Severe

191

46.6%

Total

410

100.0

Table 4: Profile of platelet parameters among cases in the present study
Platelet parameters

Minimum

Maximum

Mean

SD

PDW (%)

0.1030

23.3000

12.095861

2.6740860

MPV (fl)

7.8000

17.2000

10.488049

1.0881575

P-LCR (%)

8.2000

58.3000

28.357561

8.1372129

PCT (%)

0.0200

30.0000

0.347805

1.5639965

PLR

10.8100

1304.3000

219.609537

176.2386736

PMR

30.7600

4081.8000

502.860683

435.9225552

0.9400

187.8000

43.369976

33.8220995

16

612

241.48

101.406

PNR
Platelet count (x

109 /L)

PDW: Platelet Distribution Width, MPV: Mean Platelet Volume, P-LCR: Platelet- LargeCell Ratio, PCT: Plateletcrit, PLR: Platelet Lymphocyte ratio, PNR: Platelet Neutrophil ratio, PMR: Platelet
Monocyte ratio
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Table 5: Comparison of profile of platelet parameters among moderate and severe cases of
COVID-19
Platelet parameters

Moderate

Severe

p-value

Mean

SD

Mean

SD

PDW (%)

11.9603

2.6827

12.2513

2.6627

0.272

MPV (fl)

10.4621

1.1384

10.5178

1.0298

0.606

P-LCR (%)

28.0726

8.2944

28.6843

7.9623

0.448

PCT (%)

0.4360

2.1365

0.2467

0.0956

0.222

PLR

159.1637

113.7943

288.9166

207.2759

< 0.001

PMR

468.911

352.9102

541.78

513.1374

0.091

PNR

56.5070

37.5945

28.3071

20.3429

< 0.001

244

100

239

103

0.650

Platelet count (Thousands / cu.mm)

PDW: Platelet Distribution Width, MPV: Mean Platelet Volume, P-LCR: Platelet- Large Cell Ratio, PCT: Plateletcrit,
PLR: Platelet Lymphocyte ratio, PNR: Platelet Neutrophil ratio, PMR: Platelet Monocyte ratio.

platelets 7 . MPV levels are increased in several diseases but reduced in viral diseases 8,9 .The reason for
decreased MPV is the destruction of young platelets
at the site of inflammation. Ozcelik et al. reported
statistically significantly (p = 0.027) decreased MPV
in COVID-19 cases 3 .Guçlu et al. reported a decrease
in MPV at follow-up of COVID-19 patients, associated with significant mortality 10 . Our study did not
include follow-up of cases.
P-LCR is defined as the percentage of platelets that
surpass the normal platelet volume value of 12 fL in
the total platelet count. The P-LCR normal range is
15 – 35% 3 . The mean P-LCR was slightly increased
in both moderate and severe COVID-19 cases in the
present study, but this was not statistically significant.
P-LCR is a platelet index used to predict inflammation in numerous diseases, such as autoimmune diseases. Due to the expeditious inflammatory processes
in COVID-19, severe patients have demonstrated increased P-LCR 6,11 .
PCT is a measure of total platelet mass, with a normal
range of 0.20 – 0.36% 12 . PCT in the present study was
slightly higher in both moderate and severe COVID19 cases, but this was not statistically significant. He et
al. found that PCT was not significant in COVID-19
cases (p = 0.0545) 11 .
PLR is defined as the ratio of platelet to absolute
lymphocyte counts. The normal range for PLR is
36.63 – 149.13% 13 . The mean PLR was increased
in severe COVID-19 cases compared to moderate
cases, and this was statistically significant (p < 0.001).
PLR has been advocated as a novel biomarker for
predicting the prognosis and severity of COVID19 14 .Simadibrata et al. found increased PLR in severe COVID-19 cases. The underlying pathogenesis
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of high PLR levels in severe COVID-19 cases is not
clearly understood. A possible explanation is a decline in absolute lymphocyte count, which may be
greater than the decline in platelet count, leading to
increased PLR in severe cases 15 .
PMR is defined as the ratio of platelet to absolute
monocyte counts. The normal range is 7 — 22%. In
the current study, the mean PMR ratio was altered in
both moderate and severe cases, indicating significant
changes in monocytes and platelet counts, but the difference was not statistically significant between the
groups. PMR parameters in COVID-19 cases have
not been assessed by any study in the English literature to the best of our knowledge.
PNR is defined as the ratio of platelet to absolute
neutrophil counts. The p-value was < 0.001 between moderate and severe cases in the present study.
PNR was more increased in the moderate COVID19 cases than severe cases. This could be due to a
cytokine storm in severe cases of COVID-19, which
causes recruitment of many neutrophils, neutrophilia,
and increased absolute neutrophil count, resulting in
decreased PNR. Hence, PNR may be a prognostic
marker for COVID-19 cases. PNR has also been used
as a prognostic marker in acute ischemic stroke 16 .
However, no published literature has been found regarding PNR in COVID-19.
In this study, thrombocytopenia was observed in 20%
of cases, the majority of which were severe. However,
no statistically significant difference existed between
moderate and severe cases in platelet count. Evidence
suggests that platelet and platelet indices have a role in
prothrombotic responses to viral infections 17 .Some
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studies have reported a relationship between thrombocytopenia and severity of COVID-19, describing
the mechanisms as suppression of bone marrow due
to COVID-19 infection resulting in a reduction in
platelet production, platelet destruction because of
increased immune and inflammatory responses, and
platelet consumption due to microthrombus formation in the lungs and other organs 18,19 . Endothelial cell damage causes activation and aggregation of
platelets, leading to thrombus formation and causing
depletion of platelets and eventually megakaryocytes,
ultimately resulting in reduced platelet production 19 .
Platelets also express surface receptors that enable the
entry and binding of numerous viruses 20 .
This study’s limitations were that it was unicentric
with a relatively small sample size, and the cases were
not followed up. However, estimation of platelet parameters is cheap and widely available, and some parameters can differentiate between moderate and severe COVID-19 cases. COVID-19 is a novel infection, so it is essential to recognize the biomarkers that
may help predict the severity of the disease and aid
as a prognostic factor. Research with a larger population is required to validate the findings of our study
so that the information can be used for better care of
COVID-19 patients.

review of literature, manuscript editing, manuscript
revision; Prabhakar Kamarthi: Data collection,
manuscript editing
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