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Purpose: Complete blood count (CBC) parameters are widely used as predictors of Coronavirus disease 2019 (COVID-19) severity.
However, the clinical significance of these markers in severe COVID-19 pneumonia remains unclear. This study aimed to investigate
the role of CBC parameters in predicting mortality in patients with severe COVID-19 pneumonia.

Patients and Methods: We conducted a retrospective study at a tertiary care center in southern Thailand. Between January 2020 and
December 2021, adult patients who had been diagnosed with severe COVID-19 pneumonia were enrolled. Demographic and clinical
data, including CBC data on admission, were analyzed and compared between survivors and non-survivors.

Results: A total of 215 patients with severe COVID-19 pneumonia were enrolled. The in-hospital mortality was 29.3%. Non-
survivors had a significantly lower platelet-to-white blood cell ratio (PWR) than survivors (15.8 vs 29.0, p < 0.001). PWR had the best
accuracy in predicting in-hospital mortality, with an area under the curve (AUC) of the receiver operating characteristic curve of 0.801,
followed by the CURB-65 of 0.789.

Conclusion: PWR appears to be a simple independent predictor of mortality in patients with severe COVID-19 pneumonia.
Keywords: white blood cell, platelet, mortality, COVID-19, pneumonia

Plain Language Summary

Patients with severe COVID-19 pneumonia require intensive respiratory support and have higher mortality. Hence, determining the
factors predicting the outcomes of these patients is essential. CBC parameters are being used as predictors of COVID-19 severity.
Therefore, this study investigated the role of CBC parameters in predicting mortality in patients with severe COVID-19 pneumonia. In
our study, PWR was found to be a simple independent predictor of mortality in patients with severe COVID-19 pneumonia, which will
help in better management of these patients.

Introduction

The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
spreading rapidly throughout the world.'* Although most infected patients are asymptomatic, in some cases, they can develop
severe pneumonia requiring intensive respiratory support.> One study in Thailand found that 51% of patients developed
COVID-19 pneumonia and 27% developed severe pneumonia.* The mortality rate of severe pneumonia is higher than that of
the mild form.>” Early triage and appropriate prognostic predictors are crucial for the management of these patients.

In addition to the respiratory tract, COVID-19 affects other organ systems. The hematologic system usually changes
during the COVID-19 infection. The virus affects the hematopoietic and/or coagulation systems, deranging the complete
blood count (CBC) and coagulation test results.®

CBC is a simple marker used routinely in the diagnostic laboratory. Previous studies have attempted to determine
CBC parameters for predicting COVID-19 severity and mortality.” However, the clinical significance of these markers in
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severe COVID-19 remains unclear. Compared to patients with non-severe diseases and survivors, patients with severe
and fatal diseases have considerably higher white blood cell (WBC) counts and lower lymphocyte and platelet counts.”
However, most studies were conducted in China, and limited data are available on severe pneumonia patients.® This
study aimed to investigate the role of WBC, platelet, and other complete blood count parameters in predicting mortality

in patients with severe COVID-19 pneumonia.

Materials and Methods
Study Population and Design

A retrospective study was conducted in a tertiary university teaching hospital in Thailand. Between January 2020
and December 2021, we reviewed all patients with severe COVID-19 pneumonia who were hospitalized in the
COVID-19 wards. Our COVID-19 wards contain 20 beds and involve full-time board-certified intensivists or
pulmonologists. The study was approved by the Human Ethics Committee of the Faculty of Medicine, Prince of
Songkla University (EC number: 64-544-14-1). Owing to the retrospective nature of the study the necessity for
obtaining informed consent was waived.

The study included all patients over the age of 18 who had laboratory-confirmed SARS-CoV-2 infection and severe
pneumonia during admission. Patients who had insufficient CBC count data or had any hematologic illnesses were not
included in this study.

Data Collection

Clinical and epidemiological information on the patients was obtained from their medical records. Age, sex, body mass
index, COVID-19 vaccination, comorbidities, illness severity score, risk scores including CURB-65, National Early
Warning Score 2 (NEWS 2), COVID-GRAM, and 4C mortality score, respiratory support, diagnosis of acute respiratory
distress syndrome (ARDS), CBC parameters at the time of admission, treatment, and in-hospital mortality were included in
the data. CBC counts were estimated using an automated hematological analyzer (XT-1800i, Sysmex Corporation, Japan).

SARS-CoV-2 infection was confirmed using reverse-transcriptase polymerase chain reaction (RT-PCR). Samples
were collected using combined nasopharyngeal swabs and analyzed in the central laboratory of our hospital.

Severe pneumonia was defined as the presence of clinical signs of pneumonia (fever, cough, and dyspnea) and signs of severe
respiratory distress, defined as accessory muscle use, inability to complete full sentences while speaking due to shortness of
breath, respiratory rate > 30 breaths per minute, or SpO, < 90% on room air. Chest imaging (radiography, computed tomography
[CT] scan, ultrasound) may assist in the diagnosis, identification, or exclusion of pulmonary complications.'®

ARDS was identified according to the Berlin definition: onset within 1 week, bilateral lung opacities, no evidence of
cardiac failure-related hydrostatic edema, and a PaO,/FiO, ratio < 300 mmHg with positive end-expiratory pressure
(PEEP) > 5 cm H,0."

Iliness severity was assessed using the Acute Physiology and Chronic Health Evaluation I (APACHE II) variables.'?
After 24 hours of hospital admission, the highest and lowest values for each of the APACHE II variables were recorded.

CURB-65 score comprises 5 variables; 1) confusion, ii) a respiratory rate > 30 breaths per minute, a iii) blood urea
nitrogen level greater than 7 mmol/L, iv) a systolic blood pressure < 90 mm Hg or a diastolic blood pressure < 60 mm
Hg, and v) age > 65 years."?

NEW 2 measured physiologic parameters at the hospital admission including respiratory rate, oxygen saturation, need
for supplemental oxygen, body temperature, blood pressure, heart rate and level of consciousness.'*

COVID-GRAM was calculated from 10 variables at the hospital admission including X-ray abnormality, age,
hemoptysis, dyspnea, unconsciousness, number of comorbidities, cancer history, neutrophil-to-lymphocyte ratio, lactate
dehydrogenase, and direct bilirubin.'

The 4C mortality score was calculated from 8 variables at the hospital admission including age, sex at birth, number
of comorbidities, respiratory rate, peripheral oxygen saturation on room air, Glasgow coma scale score, urea, and

C-reactive protein.'®
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The neutrophil count was divided by the lymphocyte count to get the neutrophil-to-lymphocyte ratio (NLR). By
dividing the platelet count by the white blood cell count, the platelet-to-white blood ratio (PWR) was obtained.

Statistical Analyses

The optimum sample size for diagnostic research was calculated.'” According to our estimates, severe COVID-19
pneumonia has an in-hospital mortality rate of 30%, and a sample size of 88 would have 80% power to distinguish
a difference of 10% from the assumed value of 80% for specificity with 95% confidence.

Using the Shapiro—Wilk test, the data were checked for normality. Percentages are used to convey categorical data.
The median was used to summarize continuous data, along with the interquartile range (IQR). To compare continuous
variables and proportions between groups, Mann—Whitney U-tests, Fisher’s exact probability tests, and Chi-square tests
were applied, respectively.

After the variables’ associations with mortality were assessed using univariable logistic regression (p < 0.2), the
variables were then included in a multivariable logistic regression model. Before modeling, the collinearity between
variables was ecliminated. To find significant independent variables impacting mortality, odds ratios (ORs) and 95%
confidence intervals (Cls) were employed.

Receiver operating characteristic (ROC) analyses were performed to determine the predictive power of CBC para-
meters. The Youden test was performed to determine the optimal cutoff for predicting mortality. The cumulative survival
was compared using the Kaplan—Meier survival analysis. Two-tailed P values less than 0.05 were regarded as statistically
significant. STATA version 16 (StataCorp, College Station, TX, USA) was used to perform all statistical analyses.

Results

Baseline Characteristics

The study included 215 of the 466 patients who were admitted to the COVID cohort wards between January 2020 and
December 2021. The patients were divided into two 2 groups: survivors and non-survivors. A total of 152 patients
(70.7%) were survivors and 63 patients (29.3%) were non-survivors (Figure 1).

The baseline characteristics are presented in Table 1. The non-survival group was older but had a lower BMI than the
survival group. Our patients were vaccinated (15.9% in the non-survival group and 27% in the survival group). The non-
survival group had a higher median severity score (APACHE II) than the survival group (22 vs 16, p < 0.001).

The incidence of ARDS was higher in the non-survival groups than that in the survival group (85.7% vs
44.1%, p < 0.001). They needed more mechanical ventilator support during hospitalization than the survival group
(90.5% vs 44.1%, p < 0.001).

The non-survival group showed significantly higher total WBC and neutrophil counts, and significantly lower
lymphocyte and platelet counts than the survival group at the time of admission. The NLR was significantly higher in
the non-survival group than in the survival group (23.5 vs 9.4, p < 0.001), whereas the PWR was significantly lower in
the non-survival group than in the survival group (15.8 vs 29.0, p < 0.001). The other baseline characteristics are shown
in Supplementary File 1.

Association of CBC Parameters and in-Hospital Mortality

The relationship between the CBC and in-hospital mortality is presented in Table 2. Univariable logistic regression
analysis showed that the variables WBC, neutrophil, platelet, and red blood cell counts, red cell distribution width
(RDW), PWR, and NLR were associated with mortality. Next, the multivariable logistic regression adjusted for severity
score (APACHE 1) included all the aforementioned univariable analytic factors with statistical significance. Only WBC
count, neutrophil count, platelet count, PWR, and NLR were significantly associated with in-hospital mortality.

We examined the optimum cutoff values determined by ROC analysis with an area under the curve (AUC).
The optimal cutoff values for PWR, NLR, neutrophil count, white blood cell count, platelet count, and risk
scores including CURB-65, NEWS 2, COVID-GRAM, and 4C mortality score are shown in Table 3. Among
these CBC parameters, PWR occupied the largest area with an AUC of 0.801, followed by the CURB-65 score
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Patients admitted to COVID ward
January 2020 to December 2021
(n=466)

251 were excluded

79 Not met criteria of pneumonia
103 Not severe pneumonia

30 Confirmed non-COVID infection
34 Age<18

5 Hematologic diseases

v
Patients enrolled (n = 215)

|
. v

Survivors (n= 152, 70.7%) Non-survivors (n= 63, 29.3%)

Figure | Patient recruitment. Showing flow of patients within the study.

with an AUC of 0.789, while the smallest areca belonged to platelet count (AUC of 0.366). The ROC
curve of PWR is shown in Figure 2, and a comparison of the ROC curves for four risk scores is shown in
Figure 3.

Table | Baseline Characteristics of Survivors Vs Non-Survivors

Characteristics Total (n=215) Non-Survivors Survivors p-value
(n=63) (n=152)
Age, years 62 (50-73) 68 (60-77) 60 (46-71) < 0.001
Sex, male 105 (48.8) 32 (50.8) 73 (48) 0.765
BMI 25.4 (22.4-29.4) 234 (21.4-27.7) 25.8 (22.8-30.3) 0.012
COVID-19 vaccination 51 (23.7) 10 (15.9) 41 (27) 0.112
APACHE 1l 18 (14-22) 22 (18-27) 16 (13-20) <0.001
CURB-65 2 (1-3) 3(2-3) 2 (1-2) <0.001
NEWS2 8 (6-10) 10 (8-12) 8 (6-10) <0.001
COVID GRAM 222.6 (181.7-287.7) 287.3 (217.4-339.9) 208.6 (176.9-255.0) <0.001
4C Mortality score 10 (6-13) 12 (10-12) 9 (5-12) <0.001
Need MV support 124 (57.7) 57 (90.5) 67 (44.1) <0.001
Diagnosis of ARDS 121 (56.3) 54 (85.7) 67 (44.1) <0.001
(Continued)
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Table | (Continued).

Characteristics Total (n=215) Non-Survivors Survivors p-value
(n=63) (n=152)

CBC on admission
Hb, g/dL 12.6 (11.2-14) 12.4 (10.4-14) 12.7 (11.7-14.7) 0.145
Het, % 38 (34.5-42.1) 38 (32-42) 38 (35.4-42.1) 0.208
WBC (x10°/L) 9.0l (5.43-13.2) 12.8 (8.9-19.9) 8.2 (5.2-11.6) <0.001
Neutrophil granulocyte (x10%/L) | 7.7 (4.2-11.9) Il (7.5-16.8) 6.5 (3.9-9.9) <0.001
Lymphocyte (x10%/L) 0.6 (0.3-1) 0.4 (0.3-0.7) 0.7 (0.4-1.1) <0.001
Monocyte (x10/L) 0.3 (0.1-0.5) 0.3 (0.1-0.6) 0.3 (0.2-0.4) 0.309
RBC (x10°/L) 4.6 (4-5.2) 4.3 (3.54.9) 4.7 (4.2-5.3) 0.009
RDW, % 13.8 (13-15.1) 14.5 (13.3-16) 13.6 (12.9-14.8) 0.005
Platelet count (x10°/L) 214.5 (170-286) 185.5 (138.5-255) 224.5 (187.2-295.8) 0.002
MPV (fL) 13 (10.5-11.12) 10.6 (10.1-11.3) 10.5 (9.8-11.2) 0.204
NLR 12 (5.1-24) 23.5 (10.946.1) 9.4 (4.3-20.6) <0.001
PWR 25.2 (17.6-35.9) 15.8 (10.8-23.2) 29.0 (22.3-39.0) <0.001

Note: Data are presented as median (interquartile range) or n (%).

Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation Il; ARDS, acute respiratory distress syndrome; BMI, body mass index;
Hb, hemoglobin; Hct, hematocrit; NLR, neutrophil-to-lymphocyte ratio; MPV, mean platelet volume; MV, mechanical ventilation; PWR, platelet-to-white
blood cell ratio; RBC, red blood cell; RDW, red cell distribution width; WBC, white blood cell.

Table 2 Univariable and Multivariable Analyses for in-Hospital Mortality

Variables OR 95% ClI p-value Adjusted 95% ClI p-value
OR*

WBC 1.138 1.081-1.199 <0.001 1.088 1.028-1.152 0.004

N 1.157 1.092—-1.225 <0.001 1.102 1.035-1.172 0.002

L 0.793 0.486—1.295 0.355 0.828 0.591-1.161 0.275
Platelet 0.995 0.992-0.998 0.009 0.995 0.991-0.999 0.023
RBC 0.619 0.448-0.857 0.004 0.827 0.582-1.177 0.292
RDW 1.183 1.024-1.367 0.023 1.142 0.956—1.364 0.143
PWR 0.905 0.873-0.938 <0.001 0.925 0.891-0.960 <0.001
NLR 1.027 1.013-1.040 <0.001 1.017 1.003-1.031 0.020

Note: *Adjusted for APACHE Il score.

Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation II; Cl, confidence interval; N, neutrophil; L,
lymphocyte; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; PWR, platelet-to-white blood cell ratio; RBC, red blood
cell; RDWV, red cell distribution width; WBC, white blood cell.

Additionally, the variation trend of the survival rate between the low PWR (< 20.34) and high PWR (> 20.34) groups
was compared using the Kaplan—Meier survival analysis. The results showed a significant decline in the cumulative
survival rate (p < 0.001) in those with low PWR (Figure 4).
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Table 3 Sensitivity and Specificity of Blood Markers by the Cutoff

Variables AUC 95% CI Cut-off Sensitivity Specificity Correctly LR+ LR-
Classified
PWR 0.801 0.729-0.873 20.34 83.55 67.74 78.97 2.59 0.24
NLR 0.737 0.664-0.810 17 67.74 70.86 69.95 2.32 0.45
N 0.726 0.647-0.805 11.93 47.62 84.87 73.95 3.14 0.61
WBC 0.715 0.635-0.795 14.87 41.27 92.11 7721 5.23 0.64
Platelet 0.366 0.278-0.449 194 45.16 26.97 32.24 0.62 2.03
CURB-65 0.789 0.772-0.855 2 90.48 51.32 62.79 1.86 0.19
NEWS 2 0.678 0.589-0.766 I 36.68 82.84 69.77 2.23 0.73
COVID-GRAM 0.745 0.665-0.825 208.56 87.23 49.61 59.66 1.73 0.26
4C Mortality score 0.776 0.704-0.846 9 90.48 48.67 61.03 1.76 0.19

Abbreviations: AUC, area under the curve; Cl, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; N, neutrophil; NLR, neutrophil-to-
lymphocyte ratio; WBC, white blood cell; PWR, platelet-to-white blood cell ratio.

Discussion
This study investigated the prognostic value of the CBC parameters for in-hospital mortality in patients with severe
COVID-19 pneumonia. Our results showed that WBC count, neutrophil count, platelet count, PWR, and NLR were
significantly associated with in-hospital mortality. The PWR had the highest mortality predictor, followed by the
CURB-65.

In patients with severe COVID-19 infection, leukocyte and neutrophil counts were considerably higher and gradually
increased compared to those with non-severe infection.'®'* Higher total WBC counts were associated with mortality in
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Area under ROC curve = 0.8014

Figure 2 ROC curves for PWR. The area under the receiver operating characteristic curves to discriminate in-hospital mortality for PWR.
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Figure 3 ROC curves for risk score comparisons. The area under the receiver operating characteristic curves for four risk scores: CURB-65, NEWS 2, COVID-GRAM, and

the 4C mortality score.
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Figure 4 Survival analysis. Kaplan-Meier survival estimates, according to PWR. p values were calculated using the Log rank test.
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COVID-19 as reported by Zhu et al*® Similar findings from our study indicated that increased neutrophils were the
primary cause of the increase in WBCs since declining trends in lymphocyte numbers were observed. This activation
mechanism can be explained by the hyperinflammatory state and cytokine storm.?' In addition to the bloodstream, the
lung tissue has also been associated to an increase in neutrophils.”> The abnormal immune response of the lungs in
patients with severe disease is a result of increased infiltration of immature neutrophils.

Lymphopenia was observed in patients with severe COVID-19. Terpos et al discovered that lymphopenia was higher
in severe COVID-19.® Moreover, the same result was reported in a meta-analysis by Danwang et al*> According to
a meta-analysis of lymphocyte counts in COVID-19, patients with severe disease had a considerable decrease in the
number of CD4+ T cells, CD8+ T cells, B cells, natural killer cells, and total lymphocytes compared to those with mild
disease.** The virus may directly infect lymphocytes or it may do so indirectly through inflammatory cytokines that cause
lymphocyte apoptosis or suppress lymphocyte proliferation.®!

Thrombocytopenia is associated with the development of severe disease and mortality in COVID-19 patients. Our study
showed a lower platelet count in non-survivors and associated mortality. The mechanisms of thrombocytopenia in severe
COVID-19 are attributed to infected bone marrow, suppression of bone marrow function by hyperinflammation, and
increased platelet activation and subsequent consumption due to tissue damage.>' Liu et al reported that patients who had
thrombocytopenia at admission were associated with mortality three times higher than those without thrombocytopenia.?®
A meta-analysis by Danwang et al also found that severe COVID-19 patients had lower platelet counts.”

Systemic inflammatory markers represented as hematological ratios, such as NLR, PWR, and lymphocyte-to-
monocyte ratio, were previously investigated as possible indicators of COVID-19 severity. In a study by Aly et al
NLR had the highest severity predictor (AUC 0.838, sensitivity 71.38%, specificity 87.03%) with a cutoff value of 3.5 to
predict severity in COVID-19.%° Kilercik et al revealed that NLR > 4.4 had the most predictive ability for COVID-19
severity (AUC 0.776, 95% CI: 0.744-0.807).>” NLR was also the best prognostic tool for predicting the progressive
severity of COVID-19, as reported by Liu et al*® and Lian et al*” It is crucial to emphasize that the majority of research
on NLR is retrospective. In prospective research published by Yildiz et al, an NLR value of 5.94 accurately predicted in-
hospital mortality in patients hospitalized with COVID-19 pneumonia (AUC 0.665, sensitivity 62%, specificity 64%).*
When compared with other risk scores such as CURB-65, COVID-GRAM, NEWS 2, and 4C mortality score, the best
predictor of mortality was the 4C mortality score (AUC 0.80), followed by the NLR on admission (AUC 0.76).>"

In contrast, our results revealed that PWR was a better predictor of mortality than NLR. WBC and platelet counts
independently predicted mortality. Therefore, the combined hematological ratio resulted in greater performance in
mortality prediction. In our cohort, all patients were diagnosed with severe pneumonia. Previous studies revealed that
patients with severe COVID-19 infection and hypoxemia were more likely to have thrombocytopenia® and leukocytosis.*°
Therefore, a lower PWR was associated with higher mortality. In our results, NLR showed lower predictor performance
than WPR. The dynamic changes of neutrophils and lymphocytes were dependent on disease stages and severity.**>> The
single measurement NLR at the emergency department did not independently associate with COVID-19 mortality in
a previous study, but the delta NLR did.** The utility of PWR was proposed under other conditions. Weng et al found that
a PWR of < 20 is a reliable marker of infection on postoperative splenectomy day 5.%° In patients with HBV-associated
decompensated cirrhosis, Zhang et al demonstrated that a low PWR may be a predictor of a poor prognosis.*®

Besides PWR, CURB-65 was a good mortality predictor in our cohort. CURB-65 is a simple tool comprising 4 clinical
parameters and only 1 laboratory parameter, which originated from a community-acquired pneumonia study. CURB-65
served as a useful COVID-19 mortality predictor in previous studies.”’~* Bradley et al*® reported that CURB-65 could
predict in-hospital death in COVID-19 pneumonia patients with an AUC of 0.79, which was the same as our results (AUC
of 0.789). Other risk scores showed fair mortality predictor performance in our cohort since it originated from
a heterogeneous population. COVID-GRAM was developed to predict the occurrence of critical illness in hospitalized
COVID patients with mild severity.'> The 4C mortality score was developed from COVID-19 UK patients admitted to the
hospital at least 4 weeks before final data extraction.'® The NEWS 2 score was generated as an early warning score in non-
COVID patients. The mortality in COVID-GRAM and 4C mortality score cohorts was 3.2% and 32.2%, respectively.

To the best of our knowledge, this is the first study to report the prognostic value of the PWR in severe COVID-19
pneumonia patients. This new hematological ratio may provide valuable information for assessing disease severity.
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More intensive care should be considered in patients with a high PWR. To validate these results, further studies are
required.

Our study has several limitations. Firstly, the patients were retrospectively enrolled from a single center; therefore,
selection bias may exist. Secondly, we did not evaluate all confounders that might affect hematologic parameters and in-
hospital mortality. Although we excluded patients with hematologic malignancies, we did not consider all potential
factors that influence platelet and white blood cell counts, such as medication, renal function and liver function. We
attempted to document possible treatment effects on mortality; however, some interventions such as nutrition therapy and
uncontrolled antibiotics usage between groups or unmeasured covariates may serve as potential confounding factors.
Thirdly, we focused on CBC at admission, and the dynamic changes in CBC during treatment were not estimated. There
was considerable heterogeneity in the time of blood sample collection, even though it was performed as soon as patients
were admitted to COVID wards.

Conclusion

PWR may serve as a simple, independent predictor of mortality in patients with severe COVID-19 pneumonia. PWR can
promote the identification of patients who need critical care during admission. Thus, our study will contribute to
improving patient management for those who have severe COVID-19 pneumonia.
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