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A B S T R A C T   

Purpose: This study revealed the utility of mean platelet volume (MPV) as a mortality marker in 
SARS-CoV-2 infection, as well as its connection with other inflammatory indicators such as 
procalcitonin (PCT) and neutrophil-lymphocyte ratio (NLR). 
Methods: A total of 1528 patients (853 males and 653 females; mean age: 64.33 ± 16.36 years; 
range, 18–100 years) were hospitalized with COVID-19 between March 2020 and December 
2022. The patients’ demographic and clinical information, including ward and critical care data, 
were gathered from their medical records. On the first and last days, the PCT, NLR, and MPV 
values of the patients, who were divided into groups based on their hospitalization and outcomes, 
were analyzed. 
Results: When the relevant laboratory data from the first and last days were compared, each group 
was statistically significant (p < 0.05). There was a moderate association between the final MPV 
values and the PCT and NLR values of the patients admitted to the ward (r = 0.448 and r = 0.397, 
respectively, where p < 0.01). There was also a substantial and moderate correlation between the 
final MPV levels and the PCT and NLR values of patients admitted to the intensive care unit (r =
0.613 and r = 0.361, respectively, p < 0.01). When compared to the patients’ outcomes, the MPV 
had greater specificity and AUC values than the PCT and NLR (94.4 %, 0.968, 80.6 %, 0.923, 81 
%, 0.845, respectively). 
Conclusion: In patients hospitalized with COVID-19, the specificity of MPV values at the point of 
sickness severity and outcome was shown to be greater than PCT and NLR values, and MPV values 
may be a more accurate predictor of mortality than PCR and NLR.   

1. Introduction 

In December 2019, a new bat-origin coronavirus (2019-nCoV), also known as "Severe Acute Respiratory Syndrome-Coronavirus 2" 
(SARS-CoV-2), which emerged in Wuhan city of Hubei Province, of the People’s Republic of China can infect humans, was detected [1]. 
The disease caused by this virus has been officially named “Coronavirus Disease 2019 (COVID-19)” by the World Health Organization 
(WHO). WHO declared COVID-19 an “international public health emergency” on January 30. It was announced as a pandemic on 
March 11, with a high incidence of COVID-19 cases in 113 countries. 
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It is more contagious than the SARS-CoV virus but less likely to cause death. The incubation period of the disease varies between 2 
and 14 days. Its clinical forms include a broad spectrum from asymptomatic infection to death. While coronaviruses affect the res
piratory system more, SARS-CoV-2 can also affect the cardiovascular, gastrointestinal, hepatobiliary, renal, and central systems and 
cause multiorgan failure [2,3]. Although it is diagnosed serologically, additional parameters are needed in addition to radiological 
imaging in treatment follow-up and prognosis. While rapid tests and PCR measurements hold diagnostic value, it is essential to 
acknowledge that they, in isolation, do not suffice for triage and prognostic follow-up [4,5]. Simultaneously, as the number of patients 
rapidly increases, the burden on laboratories can impede their functioning. 

Although laboratory findings are nonspecific, the most common laboratory findings at the time of diagnosis are low albumin (75.8 
%), high C-reactive protein (CRP) (58.3 %), increased lactate dehydrogenase (57 %), and lymphopenia (43.1 %) [6]. In addition, 
elevated liver enzymes, D-dimer, and ferritin levels are frequently detected. Elevated CRP, D-dimer, serum ferritin, prolonged pro
thrombin time, elevated troponin, elevated creatinine phosphokinase, and hypoxemia are poor prognostic factors [7]. At the same 
time, hematological changes are expected in COVID-19 patients, and a decrease in lymphocyte and platelet counts is observed. 
Elevated platelet activity is frequently observed in viral infections, with platelet indices serving as valuable indicators of this phe
nomenon. While D-dimer holds significance in the context of thrombosis, CRP and ferritin levels are crucial in assessing the infection 
burden. Additionally, indices such as mean platelet volume (MPV), platelet crit (PCT), and platelet distribution width (PDW) play a 
pivotal role in determining disease severity, contingent upon the synthesis of proinflammatory cytokines. Furthermore, elevated 
troponin levels are indicative of cardiac myocyte damage [8]. Studies have shown that platelet count is associated with the disease’s 
severity and mortality risk. Mortality was found to be higher, specifically in severe thrombocytopenia (platelet count <50,000) [9]. 

One of the parameters routinely reported in a complete blood count is MPV. This value provides information about the platelet size. 
Thrombosis-related disorders, as well as infectious and inflammatory processes, can all have an impact on MPV [10]. Platelets acti
vated by classical agonists like ADP, TXA2, and PAF, in addition to inflammatory cytokines like IL-1, IL-6, and TNF-alpha, rapidly 
accumulate at the site of damage. Platelets undergo a shape change, the formation of pseudopodia, the local release of cytoplasmic 
granules, and subsequent aggregation when activated. As a result, these processes are crucial in initiating fibrosis and inflammatory 
responses [11]. Several studies have found that MPV increases inflammatory processes in the respiratory system [12,13]. 

This article revealed the significance of MPV as a valuable indicator of mortality in individuals infected with COVID-19. It further 
explored the association between MPV and other markers of inflammatory parameters. 

2. Methods 

2.1. Study population 

Patients who applied to the Covid Emergency Service of the Süleyman Demirel University Medical Faculty Hospital and were 
hospitalized with the diagnosis of COVID-19 between March 2020 and December 2022 had their procalcitonin (PCT), neutrophil/ 
lymphocyte ratio (NLR), and mean platelet volume (MPV) measured at the time of admission to the emergency room and in the final 
days of the hospital. The data collection was created by reaching the MPV levels backward. Real-Time PCR equipment was used to 
investigate oro-nasopharyngeal swab samples taken from patients with Covid-19 symptoms, and 1528 patients diagnosed with COVID- 
19 and whose laboratory parameters were assessed during their first and last days in the hospital were included in the study. 

Our study is a retrospective, and inclusion criteria were as follows: patients with positive PCR test, over 18 years of age, hospi
talized, and whose laboratory results were obtained at the time of admission and during the hospitalization process were included. 

Exclusion criteria for the trial included patients under the age of 18, concurrent pregnancy, chronic disease, cancer, and inability to 
get laboratory results. 

PCT (ng/ml), NLR, and MPV (fl) results were scanned retrospectively in the groups separated according to their hospitalization and 
discharge status, and the data were recorded. 

2.2. Ethics 

The study was performed in accordance with the principles of the Declaration of Helsinki. Ethical approval was obtained from the 
local ethics committee (protocol code: 2023/35, committee number: 12867572-0s0.01.04–466896), and written informed consent 
was obtained from all the participants. 

2.3. Measurement of samples 

A complete blood count (including neutrophils, leukocytes, and MPV) was performed using flow cytometry on a blood sample 
collected in a purple tube containing the EDTA anticoagulant. The analysis was carried out in the Medical Biochemistry Laboratory 
using a Beckman Coulter DXH 800 complete blood count analyzer. NLR was calculated by dividing neutrophil and lymphocyte counts 
by each other. As the laboratory’s limit, a range of 6.9–10.3 fl for MPV was considered normal. 

The PCT test was performed on serum samples from patients in the Medical Microbiology Laboratory using the electro
chemiluminescence immunoassay method on the Roche Cobas 6000 modular system according to the manufacturer’s instructions. PCT 
values were considered negative if they were less than 0.5 ng/ml, borderline if they were between 0.5 and 2 ng/ml, and high if they 
were greater than 2 ng/ml. 

PCR assay was performed with Rotor-Gene Q MDx 5plex HRM (CA). 
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2.4. Statistical analyses 

Shapiro-Wilk test was used for normality test of PCT, NLR and MPV levels. The groups did not show a normal distribution. Dif
ferences in the mean of continuous variables (PCT, N/L, MPV) between groups (service-intensive care hospitalization, discharge- 
exitus), Kruskall-Wallis test, MannWhitney-U for analysis of differences between groups, laboratory for the first and last day exam
ined between groups and between groups Wilcoxon Signed Rank Test was used for the analysis of the values, Spearman’s Rank Order 
Correlation test was used for the correlation between the laboratory values of the first and last day between the groups. The ROC Curve 
analysis was used to determine the sensitivity and specificity of the laboratory values. P < 0.05 was considered statistically significant. 
Statistical analysis was performed using IBM SPSS 25.0 (SPSS for Windows, SPSS Inc., Chicago, IL, USA), MedCalc® Statistical 
Software version 20.218 (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2023). 

3. Results 

The study encompassed a total of 1528 individuals who tested positive for COVID-19 through PCR tests. Among them, there were 
653 females and 853 males. The participants’ ages ranged from 18 to 100 years, with a mean age of 64.33 ± 16.36. When the PCT, NLR 
and MPV values of all patients were benchmarked on the first and last days, the results were statistically significant for all parameters 
(Table 1). 

The PCT, NLR, and MPV values of the patients, who were divided into groups according to their hospitalization and outcomes, were 
examined on the first and last days, and all comparisons between the groups were found to be statistically significant (p < 0.05) 
(Table 2). 

According to the hospitalization status, there was a moderate correlation between the last MPV values and the PCT and NLR values 
of the patients admitted to the ward (r = 0.448 and r = 0.397, where p < 0.01, respectively). Also, there was a strong and moderate 
correlation between the final MPV values and the PCT and NLR values of patients who were admitted to the intensive care unit (r =
0.613 and r = 0.361, where p < 0.01, respectively) (Table 3). 

As shown in Fig. 1 and Table 4, the MPV had higher specificity and AUC values than PCT and NLR when evaluated according to the 
patients’ outcomes (94.4 %, 0.968, 80.6 %, 0.923, 81 %, 0.845, respectively). 

4. Discussion 

Even though SARS-CoV-2 infection is diagnosed by serology, it is also clinically important to keep an eye on biochemical, 
radiological and hematologic parameters [14]. Platelet volume is a laboratory index automatically generated from a routine complete 
blood count to predict platelet function and activation [15–17]. This study analyzed MPV, PCT, and NLR values on admission and the 
last day of hospitalization for patients with positive PCR tests. As a result of this study, it was observed that the last-day values of the 
patients who were discharged after their treatment was completed were lower than the first day, while the last-day values of those who 
died were significantly higher. 

Many investigations have shown that PCT and NLR levels correlate with clinical severity [4,18–22] These indicators were higher in 
our study, particularly in patients hospitalized to the intensive care unit who died; MPV values also linked with PCT and NLR levels. 

Takahashi et al. investigated gender differences in immune responses to COVID-19 in a 2020 study. Men had higher levels of 
proinflammatory chemokines and cytokines, while women had a stronger T-cell response. However, when gender was considered, 
there were no significant differences in laboratory parameters, hospital stays, or patient outcomes found between the two groups in our 
study. Women and men are disproportionately affected, according to global studies conducted in the United States, Europe, and China. 
Although preliminary data suggested that men were more severely affected that women, another similar research concluded that the 
disease killed more women than men [12,13,23,24]. We believe that factors such as occupational exposure, viral load, comorbidities, 
and advanced age, in addition to the immune system response, play an important role in disease response. 

In their study from 2020, Ergenc et al. said that the rise in CRP and NLR levels played a role in SARS-CoV-2 infection deaths [25]. In 
another study, the NLR, CRP, and platelet levels of 443 PCR-positive COVID-19 patients were retrospectively examined, and it was 
argued that NLR was the best marker among them [26]. At the same time, a 2021 study conducted in India investigating the role of 
hematologic biomarkers other than MPV in COVID-19 infection determined that NLR was the most effective complete blood count 
parameter in discriminating between mild and severe cases [27]. The studies conducted by Xu JB et al. and Heesom et al. revealed a 

Table 1 
Comparison of blood values taken on the first day of and last day of admission of all patients 
included in the study.   

Patients (n = 1528) p 

First PCT 3.32 ± 13.62 <0.05 
Last PCT 4.86 ± 16.19 
First NLR 12.09 ± 13.94 <0.05 
Last NLR 11.07 ± 16.91 
First MPV 8.95 ± 1.00 <0.05 
Last MPV 8.96 ± 1.53 

PCT: ProcalcitoninNLR: Neutrophil-to-lymphocyte ratio MPV: Mean Platelet Volume. 
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correlation between the requirement for ventilation and levels of PCT. They concluded that PCT levels are directly proportional to the 
severity of the disease, indicating that patients with severe infection, specifically those in the critical group, exhibit higher PCT levels 
compared to patients with moderate infection [28,29]. A comprehensive review of 52 articles and 6230 patients underscored that PCT 
levels were elevated in individuals with severe disease, while lower in those with mild disease, and further demonstrated an associ
ation between PCT levels and morbidity and mortality [30]. 

In a study published in 2020, it was discovered that the MPV levels were significantly higher in asymptomatic COVID-19-infected 
children [14]. D-dimer and MPV were examined as prognostic markers in a 2022 study conducted by Durmuş Kocak et al. A moderate 
correlation was found between MPV values 8.1, with an emphasis on the high negative predictive value, and the need for intensive care 
hospitalization [31]. Similarly, in our investigation, the MPV levels decreased in the discharged group while they were found to be 

Table 2 
Comparison of first and last day parameters of PCT, NLR, and MPV values of between groups.  

Groups First PCT Last PCT First NLR Last NLR First MPV Last MPV 

Hospitalization Ward (n = 1396) 3.31 ± 13.86 4.46 ± 15.34 11.27 ± 13.12 10.65 ± 16.62 8.93 ± 1.01 8.89 ± 1.49 
ICU (n = 132) 3.36 ± 10.81 9.11 ± 22.97 20.78 ± 18.68 15.51 ± 19.19 9.12 ± 0.87 9.68 ± 1.70 

p <0.05 <0.05 <0.05 

Outcome Discharge (n = 1091) 2.51 ± 11.63 0.61 ± 4.16 10.34 ± 11.79 5.79 ± 6.80 9.01 ± 1.01 8.20 ± 0.88 
Exitus (n = 437) 5.33 ± 17.50 15.49 ± 26.76 16.47 ± 17.50 24.37 ± 25.25 8.80 ± 0.96 10.85 ± 1.10 

p <0.05 <0.05 <0.05 

PCT: ProcalcitoninNLR: Neutrophil-to-lymphocyte ratio MPV: Mean Platelet Volume ICU: Intensive Care Unit Laboratory for the first and last day 
examined between groups and between groups Wilcoxon Signed Rank Test was used for the analysis of the values. 

Table 3 
Correlation between last day MPV values and PCT and NLR values according to hospitalization status.  

Ward Last PCT Last NLR Last MPV 

r p r p r p 

Last PCT – – 0.483 <0.01 0.448 <0.01 
Last NLR 0.483 <0.01 – – 0.397 <0.01 
Last MPV 0.448 <0.01 0.397 <0.01 – – 

ICU Last PCT Last NLR Last MPV 
r p r p r p 

Last PCT – – 0.392 <0.01 0.613 <0.01 
Last NLR 0.392 <0.01 – – 0.361 <0.01 
Last MPV 0.613 <0.01 0.361 <0.01 – – 

PCT: ProcalcitoninNLR: Neutrophil-to-lymphocyte ratio MPV: Mean Platelet Volume ICU: Intensive Care Unit If the r value is between 0.4 and 0.6, it 
indicates a moderate correlation; 0.6–0.8 indicates a strong correlation. 

Fig. 1. ROC analysis of MPV Value by Outcome Status.  
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significantly higher in the death group, and our findings were correlated with those of this study and the literature. 
Numerous studies in the literature show that MPV levels are elevated or inversely related to inflammatory processes [12,32–36]. 

Compared to previous studies, MPV measurement in our study demonstrated greater sensitivity and specificity. This observation is 
explained by the fact that COVID-19 infection not only causes inflammation but also thrombotic complications, particularly in ICU 
patients [37]. Similar to COVID-19, we propose that MPV can be used as a potent marker for the prognosis of inflammatory diseases 
with thrombotic processes. The widespread use of MPV testing is also facilitated by its accessibility and low cost. In addition to 
well-established parameters like NLR and PCT, we also discovered that MPV plays a more significant role in inflammatory diseases. In 
diseases like COVID-19, where both inflammation and thrombotic events take place, we think that MPV may have a higher prognostic 
value. To support these findings, however, additional research is required. 

Among the indicators examined in terms of outcome status, the MPV level demonstrated a better specificity than PCT and NLR 
levels. We also obtained a higher AUC value in the prediction of separating patients with demised from those who were released. 
According to the ROC analysis we performed in our study, the specificity of MPV values at the point of illness severity and outcome was 
shown to be greater than PCT and NLR values. Furthermore, the AUC of the test, which reflects the test’s ability to discriminate dying 
patients from people discharged with healing based on patient outcomes, was shown to be greater than the others. In conclusion, MPV 
may be a better predictor of death than PCR and NLR. 

It is paramount to comprehend how the correlation between hematologic parameters such as MPV, PCT, and NLR may be applied in 
future clinical contexts. For instance, a study incorporating these biomarkers into various artificial intelligence algorithms revealed 
that the algorithm excelled in terms of diagnostic accuracy and triage speed [38]. Another study found that an automated testing 
device capable of sampling and evaluating results autonomously could offer rapid and effective results, particularly for screening large 
groups (e.g., healthcare workers) [39]. Additionally, it holds significant value to consider how these findings might be integrated into 
routine clinical practice. For instance, further investigations into these biomarkers are warranted to assess their faster and safer uti
lization across diverse patient populations and healthcare settings. Subsequent research endeavors should prioritize translating these 
correlations into practical tools and strategies that enhance patient care and outcomes. 

5. Limitations 

Although our study emphasizes the importance of MPV in a disease characterized by inflammatory and thrombotic processes, it is 
important to note that we had some limitations. Access to variant information was not possible because COVID-19 mutation and 
variant analyses were conducted at the ministry level during the period of our investigation. When the data from the last period in 
which dominant mutations were observed were analyzed, no significant difference was found compared to the first period, which 
could affect the results of our study. Our research was carried out in a single center in a province with a population of 300k people. As a 
result, it is critical to emphasize that by improving facilities, a larger audience could be reached. Since our research was carried out in a 
pandemic hospital, it was confined to the evaluation of COVID-19 patients, making it difficult to compare and evaluate patients with 
other infectious diseases. 
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Table 4 
Sensitivity and specificity, criterion value, and AUC value of last day MPV, PCT, and NLR values measured according by outcome 
status.   

Groups 

Last MPV Last PCT Last NLR 

Specificity (%) 94.4 80.6 81 
Sensitivity (%) 87.2 90.2 75.7 
Criter (Cutoff Value) >9.6 >.0.27 >7.75 
AUC 0.968 0.923 0.845 
p <0.001 <0.001 <0.001 

PCT: ProcalcitoninNLR: Neutrophil-to-lymphocyte ratio MPV: Mean Platelet Volume AUC: Area Under the Curve. 
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