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Abstract
Background and objective

Globally, a large number of people have been impacted by the extremely contagious coronavirus disease
2019 (COVID-19) infection, and several pieces of literature were published on hematological parameter
changes in this infection, particularly focusing on leucocytes. In this study, we have analyzed the platelet
parameters and platelet-leucocyte ratios in COVID-19 patients and correlated them with the disease
severity.

Methods

The COVID-19 patients who were hospitalized during the second peak of the pandemic were assessed. The
platelet count and indices, platelet to lymphocyte ratio (PLR), neutrophil to platelet ratio (NPR), and clinical
severity of each patient were analyzed. The significance of parameters and clinical severity was evaluated
using analysis of variance (ANOVA) and the Kruskal Wallis test. A bivariate analysis was performed to assess
the strength of the association. Receiver operating characteristic (ROC) curves were plotted to detect the
predictive value of parameters for disease severity.

Results

The data of 132 COVID-19 patients has been evaluated. The average mean age was 45.60 + 15.76 years with
slight female predominance. Thrombocytopenia was found in 33% of cases with the majority of them being
mild. Age, platelet distribution width (PDW), and PLR and NPR parameters were significantly (p-value <0.05)
associated with disease severity. ROC curves showed age, PDW, PLR, NPR, absolute neutrophil count (ANC),
and absolute lymphocyte count (ALC) had significant prediction values for clinical severity.

Conclusions

Platelet parameters may not accurately reflect the severity of the disease, but when combined with leucocyte
parameters and their ratios (PLR and NPR), they offer important information about disease severity.

Categories: Pathology, Infectious Disease, Hematology
Keywords: platelets, neutrophils, lymphocytes, hematology, covid-19

Introduction

Coronavirus disease 2019 is a highly infectious airborne disease caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus, which was declared a pandemic on 11 March 2020 by the World
Health Organisation (WHO), and to date, millions of people have been infected with many dying all over the
world due to this deadly infection [1,2]. SARS-CoV-2 is an RNA virus that is also known as coronavirus
because of its ultrastructural club-shaped spikes resembling solar corona on electron microscopy [3]. The
virus has undergone numerous mutations since its first outbreak in the early months of 2020, giving rise to
multiple variants. Some of the variants, like Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.671.2),
and Omicron (B.1.1.529) are identified by the WHO as variants of concern (VOCs). Among them, the Delta
variant, which is responsible for the catastrophic second wave in India, has mutated spike protein with
enhanced angiotensin-converting enzyme-2 (ACE-2) binding capacity, making it highly infectious and fatal
[4,5]. After evasion into the host cells, the virus, irrespective of any variants, induces a series of events,
especially renin-angiotensin-aldosterone axis derangement, immune dysregulation, and cytokine storm
leading to tissue injury and destruction [6]. The JN.1 variant, with an additional mutation in spike protein
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and high transmissibility, was recently classified as a distinct variant of interest (VOI) from the parent
lineage of BA.2.86 by WHO. This variant has been identified in a few states of India with rising concern, but
its pathogenesis and clinical behavior are yet to be explored in detail [7].

The clinical features of COVID-19 range from asymptomatic to fatal pneumonia, with the most common
being influenza-like symptoms such as fever, dry cough, and weakness. In severe cases, patients may present
with acute respiratory distress syndrome (ARDS), metabolic acidosis, septic shock, and multi-organ failure
[3,8]. Changes in the hematological parameters, both quantitative and morphological, have been widely
investigated in the recent past. The most commonly observed changes are lymphopenia, neutrophilia,
elevated neutrophil-to-lymphocyte ratio (NLR), thrombocytopenia, elevated D-dimer, and prothrombin
time. These changes become more evident with the severity of the disease. The morphological changes of
blood cell components include immature granulocytes, toxic granulation, pseudo-Pelger Huet deformity,
atypical lymphocytes, activated monocytes, hyperchromatic platelets, and platelet clumps [6,9]. However,
changes in platelets and their indices related to this highly contagious viral infection are less explored in the
research articles.

Platelets, the anucleate blood component, are crucial for the coagulation pathway as well as the immune
system. The antimicrobial defense mechanism of platelets, comprising both innate and adaptive immunity,
is well known to protect against many bacterial, viral, and parasitic infestations [10]. Hence, we aim to study
platelet parameter changes in COVID-19 patients and their relationship with disease severity. This study
also emphasizes the value of a simple, reasonably priced complete hemogram that provides a wealth of
information to aid in patient care in settings with limited resources.

Materials And Methods
Study design and participants

This is a cross-sectional retrospective study performed in the Department of Pathology of a tertiary care
hospital on a tropical Indian island. Sampling was done by the convenience sampling method. All complete
hemogram reports of COVID-19-positive patients on their admission day from April 2021 to July 2021, the
second peak of the COVID pandemic, irrespective of age and gender, were selected. Only patients with
positive real-time polymerase chain reaction (RT-PCR) tests were included.

Data collection

A data collection format was used to assess age, gender, clinical severity and various platelets’ parameters

like platelet count (normal 150-400 x10%/L), mean platelet volume (MPV: 8.6-15.5 L), platelet distribution
width (PDW: 8.3-25 fL), plateletcrit (PCT: 0.22-0.24 %), platelet large cell ratio (P-LCR: 15-35 %), platelet to
lymphocyte ratio (PLR), and neutrophil to platelet ratio (NPR). The absolute lymphocyte count (ALC) and
absolute neutrophil count (ANC) were also calculated for the evaluation of PLR and NPR. All samples were
run by the hematology analyzer machine Transasia Sysmex XN 1000 (Sysmex, Mumbai, India) and registered
in a hematology register. Data were also collected from patients’ medical records for clinical categorization
of the disease.

Definitions

Platelet count <150X109/L was considered thrombocytopenia, whereas a count >400x10 9/L was considered
thrombocytosis. Thrombocytopenia was graded as a mild or moderate category if the count was > 100 to

<150x109/L; 50 to <100x109/L respectively.

The clinical severity of the COVID-19-positive patients was categorized according to the Indian Council of
Medical Research (ICMR) guidelines. The mild disease is characterized by upper respiratory tract symptoms
and/or fever without shortness of breath or hypoxia while the moderate category has either a respiratory rate
> 24/min, breathlessness, or oxygen saturation (Spo2) of 90% to < 93% on room air. The severe disease is
reserved for patients with a respiratory rate >30/min, breathlessness, or Spo2 <90% on room air [11].

Analysis plan
Data were entered in Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA, USA) and statistical

analysis was done using SPSS® IBM trial software version 26.0 (IBM Corp., Armonk, NY). The descriptive
data were presented as mean, median, frequencies, proportions, and standard deviation. The normality
distribution was assessed by the Shapiro-Wilk test.

The significance of platelet parameters and the clinical severity (mild, moderate, and severe) of the COVID-
19 disease was evaluated by using analysis of variance (ANOVA) for parametric data and the Kruskal-Wallis

test for non-parametric data. Tukey HSD (Honestly Significant Difference) post-hoc test was conducted for

parameters showing a significant p-value in ANOVA.

Bivariate analysis was performed to generate the odds ratio (OR) for the strength of association of various
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Variables

Age (Mean + Standard deviation)

parameters, which showed deviations from normal ranges, with the clinical severity. For this purpose, 130
adult cases were divided into two groups, severe (moderate and severe disease) and non-severe group (mild
disease), excluding two children. The parameters with known normal ranges for adults are divided into
normal and abnormal groups. Fisher’s exact test was done for significance. 95% confidence interval for OR,
and p-value less than 0.05 were used for the significance of the test.

To establish the predictive value of each parameter for severe disease, receiver operator characteristic (ROC)
curves were plotted. An area under the curve (AUC) of > 0.65 was considered acceptable.

Results

A total of 132 COVID-19-positive cases were evaluated during this time period. The age ranges from 1 to 80
years with a mean age of 45.60 + 15.76 years with slight female predominance (Male: Female ratio-0.9:1.0).
In the clinical severity, the most common was the mild category (49.2%), followed by almost equal
percentages of the moderate (25.8%) and severe categories (25%). There were 43 cases (33%) of
thrombocytopenia and only 4 cases (3%) of thrombocytosis. Among the thrombocytopenia cases, 27 (63%)
and 16 (37%) cases were in the mild and moderate grades, respectively.

Clinical severity worsened with the increasing age of the patient, and significant ‘p’ values were observed

between the mild to moderate and mild to severe categories (Table ).

Clinical severity
P-value (ANOVA)

Mild
38.63+15.122

Clinical severity (1)

Moderate
49.74+11.927

Clinical severity (J)

Severe
55.06+13.872

Mean difference (I-J)

0.0001

P value (Post-hoc)

Moderate -11.105 0.001
Mild

Severe -16.430 0.000

Mild 11.105 0.001
Moderate

Severe -5.325 0.271

Mild 16.430 0.000
Severe

Moderate 5.325 0.271

TABLE 1: One-way ANOVA test and post-hoc for age

ANOVA, analysis of variance

Among the platelet parameters, PDW, PLR, and NPR showed an increase in median values with worsening of
the disease condition and a significant (p<0.05) association with disease severity. Other parameters depicted
insignificant values (Table 2).
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Variables

Platelet count (10°/L)
MPV (fL)

PDW (fL)

PCT (%)

P-LCR (%)

PLR

NPR

Unit

Median (IQR)

Mean + SD

Median (IQR)

Median (IQR)

Mean + SD

Median (IQR)

Median (IQR)

Clinical severity (Median (Interquartile range))

Mild
175 (87)

11.629 + 2.007
16.10 (0.90)
0.20 (0.09)
38.529 + 13.521
123 (133.5)

26 (18)

Moderate

156 (148.25)
11.944 + 1.868
16.35 (0.925)
0.19 (0.156)
41.282+13.419
159.5 (186.25)

37.5 (34.25)

TABLE 2: Correlation of platelet parameters with clinical severity

*Kruskal-Wallis test; #One-way ANOVA test

IQR, interquartile range; MPV, mean platelet volume; NPR, neutrophil to platelet ratio; PCT, plateletcrit; PDW, platelet distribution width; P-LCR, platelet

large cell ratio; PLR, platelet to lymphocyte ratio; SD, standard deviation

Severe

174 (133.5)
12.033 + 1.708
16.0 (1.1)

0.19 (0.1)
41.597 + 11.257
247 (232)

63 (76.5)

P value

0.635"
0.547%
0.014
0.772"
0.437%
0.001"

0.0001"
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In bivariate analysis, no platelet parameters showed a strong association with severe disease. However,

neutrophilia (OD-6.57) and lymphopenia (OD-1.96) were associated with clinical severity (Table 3).
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Variables

Platelet
count

MPV

PCT

P-LCR

ALC

ANC

Clinical severity

i Total P-value (Fisher’s exact Odds ratio (95%
ey Severe Non-severe (n=130) test) Cl)
(n=33) (n=97)
Thrombocytopenia 12 31 43 1.22(0.53-2.81)
Normal 20 63 83 0.898 1
Thrombocytosis 1 3 4 1.05(0.1-10.67)
Low 0 4 4 —
Normal 31 89 120 0.280 1
High 2 4 6 1.44(0.25-8.23)
Low 19 48 67 1.7(0.64-4.52)
Normal 7 30 37 0.559 1
High 7 19 26 1.58(0.48-5.22)
Low 0 2 2 =
Normal 11 35 46 0.518 1
High 22 60 82 1.17(0.51-2.69)
Lymphopenia 21 43 64 1.96(0.82-4.65)
0.125
Normal 12 54 66 1
Neutropenia 0 7 7 —
Normal 8 61 69 0.0001 1
Neutrophilia 25 29 54 6.57(2.64-16.34)

TABLE 3: Bivariate analysis of various parameters with clinical severity

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; MPV, mean platelet volume; PCT, plateletcrit; P-LCR, platelet large cell ratio

The ROC curve analysis (Figures 1-3) for predicting risk factors for severe COVID-19 patients showed
significant ‘p’ values with > 0.65 AUC in age, PDW, PLR, NPR, ANC, and ALC. The AUC of NPR (0.80) and
ANC (0.81) were larger than the rest of the other parameters. The optimal cutoff values, sensitivity, and
specificity are depicted in Table 4.
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FIGURE 1: ROC curves of a) Age, b) Platelet count, c) ANC, and d) ALC

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; ROC, receiver operating characteristic
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FIGURE 2: ROC curve of platelet indices

MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width; P-LCR, platelet large cell ratio;
ROC, receiver operating characteristic
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FIGURE 3: ROC curve of PLR and NPR

NPR, neutrophil to platelet ratio; PLR, platelet to lymphocyte ratio; ROC, receiver operating characteristic
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Parameters

Age (years)

Platelet count (10°/L)
MPV (fL)

PDW (fL)

PCT (%)

P-LCR (%)

PLR

NPR

ANC

ALC

AUC 95% CI P-value Optimal cutoff Sensitivity (%) Specificity (%)
0.72 0.63-0.82 0.000 >43.5 81.8 52.5

0.48 0.36-0.60 0.827 — — _

0.54 0.43-0.65 0.473 — — _

0.65 0.53-0.76 0.010 >15.75 81.8 29.3

0.47 0.35-0.59 0.651 — — _

0.54 0.43-0.65 0.446 — — —

0.70 0.60-0.80 0.000 >131.5 84.8 49.5
0.80 0.72-0.89 0.000 >36.5 87.9 66.7
0.81 0.74-0.89 0.000 >6047.5 90.9 65.7
0.73 0.64-0.83 0.000 <1231 87.9 48.5

TABLE 4: AUC and cutoffs of different parameters

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; AUC, area under the ROC curve; MPV, mean platelet volume; NPR, neutrophil to
platelet ratio; PCT, plateletcrit; PDW, platelet distribution width; P-LCR, platelet large cell ratio; PLR, platelet to lymphocyte ratio

Discussion

The SARS-CoV-2 and its mutated virulent variants lead to multiple pandemic waves worldwide with a
significant burden of morbidity and mortality. In our study, people affected during the second wave of the
pandemic in this remote Indian island were analyzed. The mean age of the COVID patients was 45.60 + 15.76
years with a younger (38.63 = 15.12 years) population in the mild category and the elderly (55.06 + 13.87
years) in the severe category. The finding is comparable with other studies [12,13]. The higher prevalence of
associated comorbidities in the elderly may be the reason why disease severity rises with age. The majority of
Indian studies found a male predominance with plausible explanations, including smoking habits, outdoor
activities, and gender differences, in India [12-14]. However, we observed slight female predominance in this
geographical region.

We have observed 33% thrombocytopenia in hospital-admitted patients, but interestingly, we couldn’t find
any correlation between a low platelet count and clinical severity. Some authors, like Giiglii et al. [1] and
Arise et al. [15], reported 25% and 23.9% cases of thrombocytopenia, respectively. Moreover, both studies
mentioned the non-correlation of thrombocytopenia with disease severity. These findings are quite similar
to our findings. However, other authors like Lippi et al. [16] and Li et al. [17] opined that low platelet count
is significantly associated with severe disease and mortality. A review article by Wool et al. [18] stated that
COVID-19-induced thrombocytopenia is characteristically mild, which is comparable with our findings.
Several mechanisms may contribute to the low platelet count in COVID-19 infection. This could be cytokine
storm-induced bone marrow suppression, excessive consumption during microthrombi formation, or due to
splenic or hepatic sequestration [9,18]. Isolated virus-induced immune thrombocytopenia cases were also
reported due to the presence of anti-platelet antibodies or lupus anticoagulant antibodies [19,20].

Research on platelet indices varied widely, with some writers focusing solely on MPV and PDW while others
examined all indices. Some have compared the results between survivors and non-survivors while others
have compared them with severe or not-severe categories. In our study, we have included all parameters on
admission day and only PDW is found to be significantly correlated with disease severity (p<0.05). We didn’t
include the follow-up cases. A research article by Ozcelik et al. [21] observed significantly lower MPV and
higher PDW in COVID-19 patients compared to the influenza infection. Another article mentioned
significantly low PCT and high MPV, PDW, and P-LCR in COVID-19 patients compared to controls [22]. A
study conducted by Asrie et al. [15] at a northwest Ethiopian hospital concluded that increased PDW is
significantly associated with disease severity. The freshly released immature, large platelets that were
released as compensation for platelet destruction may have increased the PDW. However, they couldn’t find
any obvious association with MPV, PCT, or P-LCR. On the contrary, Ravindra et al. [23] claimed that there
was no discernible difference between survivor and non-survivor groups, as well as between moderate and
severe categories, with respect to MPV and PDW. Another study by Cavus et al. [24] reported a significantly
lower PCT in COVID-19 patients compared to controls; however, there is no difference between severe
versus mild categories.

The PLR, an easily available novel inflammatory marker in most clinical settings, has widely been used as a
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prognostic marker for neoplastic as well as cardiovascular diseases in the pre-COVID era [25]. Recently, a
meta-analysis on PLR in COVID-19 infection opined that elevated PLR is associated with increased
morbidity and mortality [26]. We also observed similar findings with gradually increasing values of PLR from
mild, moderate, to severe disease, which is statistically significant (p-value 0.001). The elevated PLR ratio in
critically ill patients is due to the marked lymphopenia compared to the thrombocytopenia. Directly virus-
induced pyroptosis, enhanced utilization by interleukin-6 (IL-6), and acute tissue sequestration seem to be
the mechanisms of lymphopenia [26].

Another inflammatory marker, NPR, is found to be associated with cardiovascular and cerebrovascular
events like infective endocarditis, myocardial infarction, hemorrhagic transformation of acute ischemic
stroke, and hematoma expansion in spontaneous intracerebral hemorrhage [27-30]. We have first analyzed
this marker in relation to COVID-19 infection. Our result revealed that the increasing value of NPR is highly
associated with disease severity. The relationship of NPR with disease severity could be the reflection of
neutrophilia more than thrombocytopenia. The virus-induced inflammation or a subsequent bacterial
infection may both contribute to neutrophilia in SARS-CoV-2 infection [9].

For the evaluation of PLR and NPR, we have also calculated ALC and ANC, respectively, and correlated with
disease severity. Our findings showed lymphopenia and neutrophilia on admission day were highly
associated with disease severity. A meta-analysis by Henry et al. [31] also opined similar findings.

In this present study, ROC curve analysis revealed high sensitivity ranges from 81.8% to 90.9% in age, PDW,
PLR, NPR, ANC, and ALC parameters. However, specificity was low in all parameters. PLR with a cut-off of
more than 131.5 has 84.8% sensitivity and 49.5% specificity, which is comparable with the findings of
Ravindra et al. [23]. On the other hand, Wang et al. [32] observed 77.42% sensitivity and 75% specificity with
an optimal cut-off of 189.11 of PLR. Additionally, the comparison of other parameters is restricted by the
dearth of studies using ROC curve analysis.

Limitations

There are a few caveats in our study. First, we took the parameters only on admission day. The parameters
on follow-up days were not assessed, which lacks information about the changes related to any improvement
or worsened condition of the disease. Second, we did not have clinical details and therefore, could not
exclude patients on antiplatelet therapy, or with hematological diseases, cancer, or pregnancy, which can
affect the platelet parameters.

Conclusions

We attempted to evaluate platelet parameters in COVID-19 patients and have noted that platelet
parameters by themselves may not accurately and independently reflect the severity of the disease, but
when combined with leucocyte parameters (ALC and ANC) and their ratios (PLR and NPR), they will offer
important information about disease severity. Additionally, without performing a lot of expensive
serological (D-dimer assay, C-reactive protein, or IL-6) and radiological (high-resolution computed
tomography of the chest) investigations, these parameters can be easily obtained from a complete
hemogram, which is accessible for populations of all income levels.
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