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ABSTRACT

Objective: To investigate the association of white blood cell (WBC) counts, neutrophil, platelets, lymphocyte counts, C-reactive
protein (CRP), neutrophil / lymphocyte ratio (NLR), derived NLR ratio (d-NLR), and platelet / lymphocyte ratio (PLR) at the time
of first admission for mortality caused by COVID-19.

Study Design: Descritive, analytical study.

Place and Duration of Study: Department of Emergency Medicine, Sakarya University Training and Research Hospital,
Turkey from March 2020 to May 2020.

Methodology: One hundred and sixty-nine patients with the diagnosis of Covid-19 were retrospectively reviewed. Patients
were divided into two groups as survivors and non-survivors. Inclusion criteria were age =18 years, RT-PCR test positivity, hospi-
talisation. Patients with missing data were excluded. Data regarding age, gender, WBC counts, neutrophil, platelets, and
lymphocyte, CRP, NLR, d-NLR, PLR and comorbid conditions were analysed for mortality. All tests were done with a two-sided
significance of 5%. For each endpoint, the absolute and relative effects and their corresponding 95% confidence interval were
calculated.

Results: There was a statistically significant association between neutrophil, lymphocyte, CRP, NLR, d-NLR and PLR values
(p=0.005, p<0.001, p<0.001, p<0.001, p<0.001, and p<0.001, respectively) with mortality status of the patients. The cutoff
values calculated by this analysis were 67.50 years for age, 5.12 K/ ul for neutrophil, 1.12 K/ pl for lymphocyte, 67.78 mg / dI
for CRP, 3.9 for NLR, 2.55 for d-NLR, and 148.85 for PLR.

Conclusion: Altered neutrophil and lymphocyte counts, NLR, d-NLR, PLR, and CRP values can be used as early predictors of
mortality in Covid-19 patients.
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INTRODUCTION

In December 2019, a new virus appeared in Wuhan, China,

Despite all the supportive interventions used in the literature,
the overall mortality rate was reported to be 4.7% in COVID-19

which was called as 2019 novel coronavirus. Later, the disease
was labelled as coronavirus disease-19 (COVID-19); and the
virus causing it named as severe acute respiratory syndrome-2
(SARS-COV-2)." It was revealed that the disease has a broad
spectrum, ranging from clinically asymptomatic infection to
death.” The common clinical manifestations of the patients
included fever, nonproductive cough, dyspnea, myalgia,
fatigue, normal or decreased leukocyte counts, and radio-
graphicevidence of pneumonia.

Correspondence to: Dr. Fatih Giineysu, Department of
Emergency Medicine, Sakarya University Training and
Research Hospital, Turkey

E-mail: fatihguneysub55@hotmail.com

Received: July 29, 2020; Revised: August 19, 2020;
Accepted: September 16, 2020

DOI: https://doi.org/10.29271/jcpsp.2020.09.928

patientsand morethan 10%ininpatients.’

Thestudies onthe pathophysiology ofthe disease reportthatan
inflammatory response is at the forefront.* Therefore, recent
studies on COVID-19 have focused on investigating the inflam-
matory response. Among the most studied inflammatory
markers are peripheral white blood cell (WBC) and lymphocyte
counts, neutrophil/lymphocyte ratio (NLR), C-reactive protein
(CRP), procalcitonin and ferritin.” It is seen that CRP, NLR and
platelet/lymphocyte ratio (PLR) are among the most widely
studied biomarkers.**

WBC count, NLR, derived NLR ratio (d-NLR, neutrophil count
divided by WBC number minus neutrophil count) and PLR indicate
systemic response in inflammation.” Most infected patients have
been reported to have lymphopenia and high neutrophil levels.’
Increased NLR is associated with increased mortality not only in
infectious diseases, but also in diseases such as malignancy,
acute coronary syndrome, intracerebral hemorrhage.”
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Table I: General characteristics of patients and comparison of age, gender, laboratory parameters and comorbid diseases between survivors

and non-survivors.

Total patients Survivor Non-survivor
(n =169) (n=84) (n=85) p (%95Cl)
Age (years) mean +SD 64.34+17.62 72.02+11.39 56.75+£19.38 <0.001 (10,44-20,10)
Female 74 (43.8) 34 (40.5) 40 (47.1)

Gender n (% 0.388 (0,240-0,439

ender n (%) Male 95 (56.2) 50 (59.5) 45 (52.9) ( )
WBC (K/uL) Normal: 4.6-10.2 K/uL | 7.70 (5.47-10.90) 7.90 (5.23-12.66) 7.69 (5.74-0.49) | 0.261 (0,255-0,273)
median (IQR)
o om Y| Normal: 2.0-69 K/uL | 521 (3.34-8.48) 6.45 (3.61-11.43) 4.80 (3.05-7.25) | 0.005 (0,004-0,007)
Platelets (K/uL) Normal: 142.0-424.0
radian (I0R] KL 192.00 (144.50-248.50)|181.00 (134.00-262.75)|194.00 (154.50-234.50)| 0.660 (0,655-0,673)
e | Normal: 0.8-3.4 K/uL 1.16 (0.80-2.00) 0.96 (0.65-1.40) 1.57(0.91-2.31)  |<0.001 (0,000-0,000)
EnzZi(:;g(ﬂgR) Normal: 0.0-5.0 K/uL | 65.20 (15.70-118.33) | 88.06 (49.33-171.31) | 25.20 (6.57-86.81) |<0.001 (0,000-0,000)

NLR median (IQR) 4.19 (2.41-8.27)

6.43 (3.30-14.11) 2.88(1.92-5.17) <0.001 (0,000-0,000)

d-NLR median (IQR) 2.60 (1.51-5.08)

4.31 (2.18-7.55) 1.76 (1.08-3.59) <0.001 (0,000-0,000)

PLR median (IQR) 150.00 (96.72-273.32)

176.85 (125.03-308.94)

113.38 (83.05-218.89) |<0.001 (0,000-0,001)

Diabetes mellitus 47 (27.8) 29 (34.5) 18 (21.2) 0.053 (0,039-0,060)
Hypertension 83 (49.1) 52 (61.9) 31 (36.5) 0.001 (0,001-0,001)
Comorbidit Cardiovascular
N (%) ’ disease 21(12.4) 13 (15.5) 8 (9.4) 0.232 (0,168-0,253)
Malignancy 11 (6.5) 8(9.5) 3(3.5) 0.114 (0,102-0,132)
Chronic lung disease 22 (13) 12 (14.3) 10 (11.8) 0.626 (0,398-0,655)
Data arenumber (%) or a median, unless other wise indicated. *The median values (25p-75p) were indicated because parameters did not fit the normal distribution.
Research has shown that in severe cases of COVID-19, there . RUL Y
is an increased level of NLR.® The d-NLR, also known as the O BRER St
inflammatory parameter, has a prognostic value, especially a4 ’h A Age
in cancer patients, similar to NLR." These are being investi- 08 s r,i g :L:Eifﬁﬁg::fes
gated as useful markers to determine the prognosis of (e T dNLR
patients with viral pneumonia. r,y" d d o
o "J AE g
PLR has been shown to be an important parameter in ;‘; " ff f
predicting prognosis in COVID-19 patients, just like NLR.® It | & o
has also been shown to be associated with mortality.® |& .1 r
Previous studies have confirmed that PLR is closely related ) L”
to tumors, diabetes, coronary heart disease, and connective f‘ ‘j.
tissue diseases, and is an inflammatory indicator for the clin- 02 f
ical diagnosis of community-acquired pneumonia.* Valuable s
inflammatory markers in predicting mortality in COVID-19 i/
pneumonia have not been fully elucidated. 00— . T - -
00 02 04 06 08 10
The objective of this study, was to determine the association Dlagoral S!g‘ﬂi"’fs°;1°i:‘:_duced by fhes

of CRP, NLR, d-NLR and PLR with the mortality caused by
COVID-19 association.

METHODOLOGY

This analytical study was carried out on 169 patients who
were admitted at Department of Emergency Medicine,
Sakarya University Training and Research Hospital, with
suspicion of COVID-19 from 13 March to 9 May 2020, and
diagnosed as COVID-19 by reverse transcription-polymerase
chain reaction (RT-PCR). Inclusion criteria were age =18
years, RT-PCR test positivity, hospitalisation. Patients with
missing data were excluded. The study protocol was
approved by the local Ethics Committee [IRB No:
71522473/050.01.04/322].

Figure 1: ROC curve was used to distinguish patients with survivor
and non-survivor COVID-19.

The diagnostic process in the study was carried out
according to the diagnosis and treatment guidelines of the
World Health Organization and the Ministry of Health. The
patients were stratified into two groups: patients who died
after hospitalisation and patients who did not die after hospi-
talisation, and were discharged.

The data required for this study were obtained from the elec-
tronic medical records of patients in the information system
of this hospital. Within the scope of the study, demographic
characteristics, clinical complaints, hematological (WBC,
neutrophil, platelets, lymphocytes, NLR, d-NLR, PLR) and
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serological tests (CRP), number of days of hospitalisation,
throat swab samples and RT-PCR test, hospitalisation require-
ments, death and discharge information were recorded.

The NLR, PLR, d-NLR were calculated as NLR = ratio of
neutrophil count to lymphocyte count, d-NLR = ratio of
neutrophil count to WBC count - neutrophil count, and PLR =
ratio of platelet count to lymphocyte count.

IBM SPSS software version 21.0 was used for statistical anal-
yses. Mean + SD and Median (IQR) values were specified
for continuous variables that did not conform to the nomal
distribution. Statistical analysis of parametric and non-para-
metric continuous variables used independent sample t or
Mann-Whitney U-test. Percentage values are given in the
sharing of nominal categorical data, and statistical analyses
were made by Chi-square test. Receiver operating charac-
teristic (ROC) analysis was performed to evaluate the cutoff
values of the continuous numerical variables. All tests were
done with a two-sided significance of 5%. For each endpoint,
the absolute and relative effects and their corresponding
95% CI were calculated as recommended by Altman and
colleagues.

RESULTS

General characteristics of 169 patients and the relationship
regarding age, gender, laboratory parameters and comor-
bidity between survivors and non-survivors are shown in
Table I. The mean age of the patients is 64.34£17.62 with
56.2% males. The median values of the inflammatory
markers 1.16 K/ul (IQR: 0.80-2.00) for lymphocyte, 65.20
mg/L (IQR: 15.70-118.33) for CRP, 4.19 (IQR: 2.41-8.27) for
NLR, 2.60 (IQR: 1.51-5.08) for d-NLR, and 150.00 (IQR:
96.72-273.3) for PLR, have been identified. The most
common comorbidity in this study was hypertension
(49.1%); and 50.3% of patients died.

The mean age of non-survivors was 72.02+11.39 years and
those who survived was 56.75+19.38 years. This difference
is statistically significant (p<0.001). There is a statistically
significant difference in neutrophil, lymphocyte, CRP, NLR, d-
NLR and PLR values between survivors and non-survivors
(p=0.005, p<0.001, p<0.001, p<0.001, p<0.001, and
p<0.001, respectively).

When analysed for comorbid diseases, hypertension was
statistically significantly higher in the non-survivor group
(p=0.001).

The ROC analysis of the inflammatory markers, that were
found statistically different, was determined in Figure 1. The
areas under the curve and confidence intervals are shown in
Table Il. Cutoff values calculated according to this analysis:
67.50 years for age, 5.12 K/ ul for neutrophil, 1.12 K/ pl for
lymphocyte, 67.78 mg / dl for CRP, 3.9 for NLR, 2.55 for d-
NLR, and 148.85 for PLR.

The test result variables: Age, neutrophil, lymhocytes, NLR,
d-NLR, PLR and CRP has at least one tie between the posi-
tive actual state group and the negative actual state group.
a. Under the non-parametric assumption.

b. Null hypothesis: True area = 0.5.

Table II: ROC curve analysis of clinical laboratory data.

Test result variables Area Asymptotic Sig.” | 95% CI

Age 0.739 | <0.001 0.663 - 0.815
Neutrophil 0.625 | 0.005 0.540-0.709
Lymhocytes 0.318 | <0.001 0.237 -0.399
NLR 0.748 | <0.001 0.674 -0.821
d-NLR 0.748 | <0.001 0.674 -0.821
PLR 0.660 | <0.001 0.577 -0.743
CRP 0.754 | <0.001 0.683 -0.826

DISCUSSION

Since December 2019, COVID-19 has resulted in significant
morbidity and mortality in more than 30 countries world-
wide. This highly infectious virus has surpassed severe acute
respiratory syndrome (SARS) and Middle-east respiratory
syndrome in terms of mortality toll.”* The main cause of coro-
navirus-induced death is often considered severe respiratory
distress. Studies have shown that 26% of patients are
treated in intensive care, with a mortality rate of
4.3%-4.7%.**

Although COVID-19 affects any person at any age, studies
have found that the frequency of death is highest in the
elderly population.™ Data from China and ltaly revealed that
most COVID-19 deaths occurred in adults aged = 60
years." In this study, the mean age of the patients in the
deceased group was 72 years, and that in the survivors was
58. Multivariate logistic regression analysis determined 67.5
years of age as a strong predictor for death from COVID-19-
related pneumonia.

In a study involving 1,099 COVID-19-confirmed patients,
hypertension (23%) and diabetes mellitus (16%) were
reported as the most common comorbid diseases.” A study
on COVID-19 mortality found that in 54 patients who died,
48% had hypertension and 17% had diabetes.’ As expected,
our analysis showed that underlying hypertension and
diabetes were associated with high mortality, consistent
with findings of a similar study on COVID-19 pneumonia.'®

It has been established that COVID-19 pneumonia is conta-
gious, but the mechanisms by which SARS-CoV-2 causes
severe illness and fatal outcomes in humans have not been
established. The systemic inflammatory responses that
occurs in some COVID-19 patients include increased
cytokine release, blood cell component abnormalities, and
clotting factor activation.” With the activation of the inflam-
matory response, neutrophil production increases, while
lymphocyte apoptosis accelerates.® Lymphocytopenia has
been reported to be associated with mortality in COVID-19
patients.” In a study on COVID-19 severity, neutrophil counts
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were found to be significantly high, while lymphocyte counts
were significantly low.” In this study, high neutrophil and
low lymphocyte values were found in the group of patients
who died. Thus, it was established that a decrease in lympho-
cytes and an increase in neutrophils are important indicators
for mortality. Blood tests with particular attention to these
parameters should be conducted for patients admitted to
the Emergency Room for COVID-19.

CRP levels indicate the severity of inflammation; and concen-
tration levels do not change regardless of age, gender, or
physical condition.” CRP activates the complement system
and increases phagocytosis.”® Studies that examined CRP in
COVID-19 cases reported that CRP levels obtained in the
early stage of COVID-19 may predict disease severity.” In
this study, a relationship between CRP levels and mortality
was found. CRP levels measured at early onset of COVID-19
may predict mortality.

Recent reports indicate that inflammatory cytokines,
chemokines, and NLR are associated with disease severity
and indicative of the severity of a cytokine storm.’ NLR, d-
NLR and PLR mainly indicate the level of systemic inflamma-
tion, and their relationship with virulence has been demons-
trated in COVID-19 patients.*®High NLR has been associated
with severe clinical symptoms and intensive care unit-associ-
ated admissions, recoveries, and conditions such as
discharge and mechanical ventilation.® Increased PLR has
been associated with the number of days of hospitalisation
and may indicate the degree of a cytokine storm.? In this
study, increased NLR, d-NLR, and PLR were found to be asso-
ciated with mortality. Assessment for these parameters at
the time of admission to the Emergency Room can help iden-
tify high-risk patients, and facilitate patient management.

In this study, the applicable thresholds for neutrophil,
lymphocyte, CRP, NLR, d-NLR, and PLR were observed using
the receiver operating characteristic curve. The optimal
thresholds obtained for neutrophil, lymphocyte, CRP, NLR,
PLR, and d-NLR (5.12, 1.12, 67.78, 3.9, 148.85, and 2.55,
respectively) showed the highest probabilities of sensitivity
and specificity to change among deceased and survived
patients. These patients should be closely monitored by clini-
cians. In studies related to disease severity, the CRP cutoff
value was 30.7 ng/ml,”* PLR was 126.7 ng/ml,* and NLR was
3.3 ng/ml.° The higher shear values of CRP, NLR, and PLR,
obtained in this study and compared with other studies, indi-
cate the bigger scope of this study in terms of the number
of patients. Furthermore, cutoff values for neutrophil,
lymphocyte, and d-NLR in COVID-19 pneumonia were not
found in the literature; hence, this is the first such report to
the best of authors’ knowledge. This study has relevant
contributions to the literature, given a more comprehensive
scope and more conclusive results compared with other
publications on COVID-19-related mortality.

CONCLUSION

The findings provide further evidence that neutrophil and
lymphocyte counts, and NLR, d-NLR, PLR, and CRP values
can be used as early predictors of mortality.
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