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Background & aims: Coronavirus disease 2019 (COVID-19) has a wide clinical spectrum, ranging from asymp-
tomatic infection to severe diseases with high mortality rate. Early identification of high-risk COVID-19 patients
may be beneficial to reduce morbidity and in-hospital mortality. This study aimed to investigate whether
baseline levels of inflammatory markers such as C-reactive protein (CRP) and immune-cell-based inflammatory
indices, neutrophil to lymphocyte ratio (NLR), derived-NLR (d-NLR), and platelet to lymphocyte ratio (PLR) at
hospital admission are associated with adverse disease outcomes in COVID-19 patients.

Methods: Clinical data from 391 hospitalized COVID-19 patients in three Siloam Hospitals in Indonesia were
retrospectively collected and analysed from March 20 to October 30, 2020.

Resulits: Fifty-four (13.8%) hospitalized patients had clinical deterioration and required ICU treatment, catego-
rizing them as severe COVID-19 cases. Older age, presence of underlying diseases, and increased inflammatory
markers values at admission were significantly associated with severe cases. After adjustment of sociodemo-
graphic and comorbidities factors, CRP, NLR, and d-NLR values, but not PLRs, were identified as independent
risk factors for disease severity and death in COVID-19 patients. The area under curve (AUC) of CRP, NLR, and d-
NLR were 0.854, 0.848, and 0.854, respectively. The optimal cut-off points for CRP, NLR, and d-NLR for iden-
tification of COVID-19 patients with potential worse disease outcomes were 47 mg/L, 6, and 4, respectively.
Conclusion: Initial assessment of CRP, NLR, and d-NLR values at hospital admission may be important predictors
for adverse disease outcomes in COVID-19 patients.

1. Introduction

A novel human coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), causing the COVID-19 diseases has spread
globally. Indonesia reported its first cases on March 2, 2020, and
currently, there were more than 1 million cases of COVID-19 as of
February 2, 021." The case fatality rate (CFR) for COVID-19 in Indonesia
is higher than worldwide (2.7% vs 2.3%).”> COVID-19 infection has
broad clinical spectrum of diseases, ranging from asymptomatic infec-
tion to life-threatening illnesses.® In patients with severe infection, the
disease might rapidly progress into acute respiratory distress syndrome
(ARDS), coagulopathy, septic shock, and even death.® Early identifica-
tion of high-risk COVID-19 patients is necessary to prompt suitable

medical intervention to reduce morbidity and in-hospital mortality.
However, due to the large numbers of daily COVID-19 cases increase and
relatively insufficient medical resources in Indonesia, " the screening of
such high-risk patients becomes a challenge.

Recent studies have shown that inflammatory markers like C-reac-
tive protein (CRP), and immune-cell-based inflammatory indices such as
neutrophil to lymphocyte ratio (NLR), derived neutrophil to lymphocyte
ratio (d-NLR), and platelet to lymphocyte ratio (PLR), were significantly
associated with adverse disease outcomes of COVID-19 and can be uti-
lized to identify high-risk COVID-19 patients at early stage.”” However,
the optimum cut-off for these inflammatory markers was widely varying
across studies. There was no universal cut-off threshold for these pa-
rameters to predict COVID-19 patients with potentially have clinical
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deterioration. Therefore, in this study, we aim to explore whether the
baseline inflammation markers values of CRP, NLR, d-NLR, and PLR at
hospital admission are associated with an increased risk of disease
severity and death in hospitalized COVID-19 patients and to identify the
best cut-off of these inflammatory markers that can be used in the early
stratification risk of COVID-19 disease.

2. Materials and methods
2.1. Study design and participants

This study was a retrospective observational study on COVID-19
patients who were hospitalized in three Siloam Hospitals located in
Jakarta, Banten, and West Java provinces of Indonesia from 20 March
2020 to 30 October 2020. This study was approved by the research
ethics committee of Faculty Medicine of Pelita Harapan University (No:
147 /K-LKJ/ETIK/V1/2020) and has been granted with waiver of col-
lecting informed consent from study participants.

COVID-19 diagnosis was based on positive SARS-CoV-2 RNA detec-
tion in nasopharyngeal swab specimens by reverse-transcriptase poly-
merase chain reaction (RT-PCR). Exclusion criteria were age younger
than 18 years, pregnant patients, patients with missing clinical and
hematology data, and those without clinical outcomes data. The degree
of severity of COVID-19 (non-severe versus severe) on admission was
assessed using the latest guidelines for coronavirus disease diagnosis and
treatment protocol from the Indonesia Ministry of Health. As outlined in
the guidelines, patients were categorized into four types: mild, moder-
ate, severe, and critical illness. Mild cases included patients with mild
clinical symptoms and no signs of pneumonia in imaging or hypoxia.
Moderate cases included patients with clinical signs of pneumonia
(fever, cough, dyspnoea, fast breathing) but no signs of severe pneu-
monia, including SpOy > 93%. Severe cases included patients who met
one of the following criteria: (1) respiratory rate >30 counts per minute,
(2) SpO3 < 93%, (3) signs of severe respiratory distress. Critical illness
cases included patients who met any of the following criteria: (1) res-
piratory failure requiring mechanical ventilation, (2) the presence of
sepsis and shock sepsis. Only COVID-19 patients with mild and moderate
cases classified as non-severe cases and treated in a regular isolation
ward on hospital admission were included in this study. Since previous
studies have described the median time for COVID-19 clinical deterio-
ration was 9-11 days after onset illness, '° we excluded patients with
early admission (<48 h) to ICU since they were more likely to already be
in a severe or critically ill condition, which may confound the analyses
results.

2.2. Data collection and definitions

A trained team of physicians reviewed and collected the epidemio-
logical, clinical, laboratory, and clinical outcomes data from the elec-
tronic medical records. The laboratory parameters CRP, white blood
cells (WBCs), neutrophil, lymphocyte, and platelet count were measured
at admission and used to calculate several ratios indicative of inflam-
matory markers. The NLR was calculated by dividing the neutrophil
count with lymphocyte count. The d-NLR was measured by dividing the
neutrophil count with WBCs minus the neutrophil count, while the PLR
was obtained by dividing the platelet count with lymphocyte count.

2.3. Outcomes

The primary outcome of this study was COVID-19 severity based on
worse clinical progression experienced by each case during hospitali-
zation. The endpoint for severe COVID-19 was defined as admission to
ICU. The criteria for ICU admission were: (1) respiratory rate >30 counts
per minute, (2) resting pulse oxygen saturation < 93%, (3) signs of se-
vere respiratory distress, and (4) respiratory failure and/or signs of
shock. The secondary outcome was all-cause mortality within 30 days of
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hospitalized COVID-19 patients.

2.4. Data analysis

The Kolmogorov-Smirnov test was used to evaluate the normality
distribution of quantitative data. Mean and standard deviation (SD) was
used to describe normally distributed numeric variables, while median
with the 25th-75th interquartile range (IQR) was used to describe non-
normally distributed numeric variables. Nominal variables were shown
as counts and percentages. Independent group t-test was used for nor-
mally distributed numeric variables and Mann-Whitney U test was used
for non-normally distributed numeric variables. y? test or Fisher’s exact
test was used for nominal variables. Univariate and multivariate logistic
regression models were used to examine the risk factors of disease
severity. We selected variables from demographics and comorbidities
for inclusion in the multivariate logistic regression based on statistical
reasoning from the univariate results (p < 0.25). The variance inflation
factor (VIF) indicator was assessed to investigate the amount of multi-
collinearity within variables in the multivariate regression model.
Receiver operating characteristic (ROC) curve analysis was performed to
assess the predictive value of various inflammatory markers on admis-
sion for predicting COVID-19 severity. The sensitivity and specificity
with 95% confidence intervals (CIs), as well as the optimal cut-off value
for each predictor based on the maximum value of the Youden’s index
were measured. The areas under the curve (AUC) were calculated using
DeLong’s method. We used Graphpad Prism (version 9.0.1), R software
(version 3.6.3), and easyROC (version 1.3.1) for statistical analysis and
graph drawing. In all analyses, a two-tailed p-value of less than 0.05 was
considered as statistically significant.

3. Results
3.1. Characteristics of study subjects

During the study period (from 20 March 2020 to 30 October 2020),
731 patients with confirmed COVID-19 diagnosis were admitted to
Siloam Hospitals. Only 391 patients were included in the final analysis
(Fig. 1). Patients who were admitted to ICU on the first day of admission
(n = 15), patients without available baseline clinical and laboratory
results (n = 259), patients who were pregnant (n = 5), patients under 18
years (n = 6), and patients who were transferred to other hospitals (n =
55) were excluded from the analysis.

The baseline clinical characteristics of COVID-19 patients in our
study were summarized in Table 1. The median age was 43 years (IQR
32-54) and 62% were male. The median time from symptom onset to
admission was seven days (IQR 5-7). The most prevalent underlying
medical conditions were hypertension (17.7%) and diabetes (11.3%).
Cough (59.6%), fever (56.8%), and dyspnoea (35.5%) were the most

Inpatients with COVID-19
n=731

Excluded (n=15)
* Admitted to ICU <48 hours
after hospital admission

COVID-19 patients admitted
to general ward

Excluded (n=325)

n=716 * Missing baseline of clinical and
laboratory parameters (n=259)

* Pregnant (n=5)

* Age <18 years (n=6)

* Transferred patients to other
hospitals (n=55)

COVID-19 patients included
n=391

Fig. 1. Flow chart of patient inclusion.
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Table 1
Demographic, clinical characteristics, and clinical outcomes of COVID-19
patients.

Variables Total (n = 391)
Demographics

Age (years) 43 (32-54)
Gender (male) 243 (62)
Time from symptoms to hospitalization (days) 7 (5-7)
Comorbidities

Diabetes 44 (11.3)
Hypertension 69 (17.7)
Chronic heart diseases 16 (4.1)
Chronic lung diseases 24 (6.1)
Symptoms

Fever 222 (56.8)
Fatigue 77 (19.7)
Cough 233 (59.6)
Anorexia 66 (16.9)
Anosmia 35(9)
Myalgia 49 (12.5)
Dyspnoea 139 (35.5)
Sore throat 61 (15.6)
Diarrhoea 44 (11.3)
Abdominal pain 45 (11.5)
Nausea 93 (23.8)
Vomiting 24 (6.1)
Headache 60 (15.3)
Chest CT images,

Ground-glass opacities 218 (65.1)
Pulmonary fibrosis 3(0.9)
Bronchiectasis 3(0.9)
Tuberculosis 4(1.2)
Clinical outcomes

ICU admission 54 (13.8)
Death 22 (5.6)

Data are presented as median (interquartile range, IQR) or count (%).
Abbreviations: CT, computed tomography; ICU, intensive care unit.

common symptoms on hospital admission. Of the 335 patients with
chest CT scan on admission, most 218 (65.1%) had abnormal results,
showing typical images of ground-glass opacities (Table 1). Out of 391
hospitalized COVID-19 patients, 54 (13.8%) patients had clinical dete-
rioration and required treatment in the ICU (severe cases) and 22 (5.6%)
patients died during hospitalization. The median time between hospital
admission to ICU admission was 4 (3-5) days.

The results of the peripheral blood of the COVID-19 patients on the
day of hospital admission were listed in Table 2. COVID-19 patients who
had disease progression and required ICU treatment showed signifi-
cantly higher baseline levels of WBCs (11.9 vs. 7.5 x 10° cells/pL; p <
0.001), neutrophil count (9.3 vs. 4.7 x 10° cells/pL; p < 0.001), but
lower levels of platelets (242.5 vs. 289 x 10° cells/pL; p = 0.001) and

Table 2
Laboratory findings of COVID-19 patients.
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lymphocytes (0.9 vs. 1.8 x 10° cells/juL; p < 0.001). Patient with severe
COVID-19 as defined by ICU admission had a significant elevation
baseline level of inflammatory markers CRP, NLR, d-NLR, and PLR (p <
0.001, respectively). In addition, compared to patients who survived and
discharged from the hospital (survivor), the significant elevation of
WBCs, neutrophil count, and inflammatory markers; CRP, NLR, d-NLR,
PLR, as well as the lower platelets and lymphocytes were observed on
patients who died during hospitalization (non-survivor).

3.2. Association of baseline inflammatory markers values with COVID-19
disease severity and mortality

Based on the univariate logistic regression analysis, patients’ in-
flammatory markers values at admission were associated with disease
severity of COVID-19 (Table 3). The confounding variables with an
increased risk of severe COVID-19 were age (OR 1.1; p < 0.001), dia-
betes (OR 8.7; p < 0.001), hypertension (OR 4.2; p < 0.001), and chronic
heart disease (OR 5.4; p < 0.001) (Supplementary Table 1). Table 3
showed that even after adjustment of age, gender, and relevant
comorbidities, the values of CRP, NLR, and d-RNL at admission
remained significantly associated with a higher risk of severe disease.
The elevated baseline CRP values were associated with a 1.02-fold
higher risk of severe disease (OR 1.02; 95% CI 1.02-1.03). The higher
baseline of NLR levels was associated with a 1.25-fold higher risk of
severe disease (OR 1.25; 95% CI 1.16-1.36). The odd ratios of severe
disease increased by 1.68-fold for any increment of d-NLR levels on
admission (OR 1.68; 95% CI 1.44-2.01). PLR was related with severe
outcome in the univariable analysis but did not reach statistical signif-
icance after factors adjustment (p = 0.05).

Furthermore, the univariate logistic regression analysis results
showed age, diabetes, hypertension, chronic heart disease, and chronic
lung disease significantly associated with a risk increase of COVID-19
mortality (Supplementary Table 2). As showed in Table 3, the crude
OR for COVID-19 mortality was 1.02 (95% CI 1.01-1.02) for the
elevation of CRP values on admission, 1.17 (95% CI 1.11-1.23) for
baseline NLR elevation, and 1.41 (95% CI 1.26-1.6) for baseline d-NLR
elevation. Table 3 showed that after adjustment confounding variables,
elevation of the CRP, NLR, and d-NLR at admission was significantly
correlated with a higher risk of COVID-19 mortality. Elevation of CRP
values was associated with a 1.01-fold risk increase of death. The
increased NLR parameter value on admission was associated with a
1.12-fold risk increased for COVID-19-related death, while baseline d-
NLR elevation was related with a 1.33-fold higher risk of COVID-19
mortality.

Variables Normal range Primary outcome Secondary outcome

non-ICU (n = 337) ICU (n = 54) p-value Survivor (n = 369) Non-survivor (n = 22) p-value
WBCs, 10° cells/pL 4-10 7.5 (5.5-9.3) 11.9 (8-17.4) <0.001 7.6 (5.6-9.7) 13.8 (8.5-18.8) <0.001
Neutrophil, 10° cells/uL 2-7 4.7 (3.2-6.5) 9.3 (6.4-14.4) <0.001 4.9 (3.3-6.9) 11.7 (7-14.6) <0.001
Lymphocyte, 108 cells/pL 0.8-4 1.8 (1.3-2.3) 0.9 (0.7-1.4) <0.001 1.7 (1.2-2.2) 0.8 (0.6-1.1) <0.001
Platelet, 10° cells/pL 150-400 289 (231-341) 242.5 (166.8-340) 0.001 288 (231-340.5) 207 (128.8-313) 0.001
CRP, mg/L <10 4 (1-16.5) 86.5 (12.5-169.8) <0.001 4 (1-20.8) 74.4 (24.7-201.8) <0.001
NLR 2(2-4) 9.5 (5.8-18) <0.001 2.6 (1.9-4.3) 14.6 (6.6-22.5) <0.001
d-NLR 2(1-3) 6 (4-10) <0.001 1.9 (1.4-2.9) 7 (4.5-10.1) <0.001
PLR 160 (123.5-209) 254 (160.5-383.5) <0.001 164.4 (127-224.5) 199.6 (154.1-443.5) <0.001

Data are presented as median (interquartile range, IQR).

Abbreviations: WBCs, white blood cells; CRP, C-reactive protein; NLR, neutrophil to lymphocyte ratio; d-NLR, derived neutrophil to lymphocyte ratio; PLR, platelet to

lymphocyte ratio.
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Table 3
Risk factors associated with severity and mortality of COVID-19 infection.

Variables ICU-admission COVID-19 mortality

Crude OR (95% CI) p-value Adjusted” OR (95% CI) p-value Crude OR (95% CI) p-value Adjusted” OR (95% CI) p-value
CRP 1.026 (1.020-1.033) <0.001 1.021 (1.015-1.029) <0.001 1.015 (1.010-1.020) <0.001 1.011 (1.005-1.017) <0.001
NLR 1.295 (1.213-1.397) <0.001 1.250 (1.164-1.359) <0.001 1.166 (1.109-1.231) <0.001 1.124 (1.065-1.192) <0.001
d-NLR 1.806 (1.569-2.120) <0.001 1.679 (1.439-2.008) <0.001 1.409 (1.259-1.599) <0.001 1.325 (1.185-1.504) <0.001
PLR 1.000 (1.001-1.004) 0.001 1.002 (1.000-1.003) 0.050 1.003 (1.001-1.005) 0.001 1.001 (1.000-1.003) 0.050

Abbreviations: CI, confidence interval; OR, odds ratio, CRP, C-reactive protein; NLR, neutrophil to lymphocyte ratio; d-NLR, derived neutrophil to lymphocyte ratio;
PLR, platelet to lymphocyte ratio.

 In the multivariate logistic regression analysis, adjusted variables including age, gender, and comorbidities, (diabetes mellitus, hypertension, chronic heart dis-
eases, and chronic lung diseases).

3.3. ROC analysis of inflammatory markers

To investigate the accuracy of each inflammatory markers and their
best cut-off value in predicting severe disease, ROC analysis was per-
formed. Fig. 2 displayed the ROC curves of CRP, NLR, d-NLR, and PLR
inflammatory markers in predicting worse disease progression in
COVID-19 patients.

The AUC of CRP, NLR, d-NLR, and PLR in predicting severe COVID-
19 disease was 0.854 (95% CI 0.780-0.909), 0.848 (95% CI
0.777-0.919), 0.854 (95% CI 0.786-0.923), and 0.699 (95% CI
0.615-0.783), respectively. There were no significant differences in AUC
among CRP, NLR, and d-NLR, indicating comparable performance of
these inflammatory markers to predict disease severity (Supplementary
Table 3). In contrast, PLR performance to predict disease severity of
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Fig. 2. Receiver Operator Characteristic (ROC) curves of inflammatory markers for prediction of severe COVID-19.

The capacity of inflammatory markers CRP, NLR, d-NLR, and PLR values at hospital admission to predict severe outcomes of COVID-19 (n = 391). CRP, C-reactive
protein; NLR, neutrophil to lymphocyte ratio; d-NLR, derived neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; AUC, area under the curve; CI,
confidence interval.
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COVID-19 was significantly lower compared to CRP (p = 0.005), NLR (p
= 0.008), and d-NLR (p = 0.005). Based on the maximum value of the
Youden index, CRP value at admission showed the best differentiation at
47 mg/L with 64.8% sensitivity and 89% specificity for predicting dis-
ease severity. The optimal cut-off points at admission to predict illness
severity was 6 for NLR and 4 for d-NLR (Table 4).

4. Discussion

In this study, we provided potential markers for early risk assessment
of COVID-19 patients at hospital admission using laboratory parameters.
Although most COVID-19 patients experience only mild to moderate
symptoms and have good disease prognosis, some COVID-19 patients
can develop severe disease with increased mortality rate, varying from
30% to 60%.'°'? Our study found that values of CRP, NLR, or d-NLR
inflammatory markers at hospital admission were an independent risk
factor for poor disease outcomes in hospitalized COVID-19 patients.

We reported up to 14% of our hospitalized COVID-19 patients had
worse disease progression and required treatment in the ICU. In agree-
ment with other studies,'>'* patient’s age was significantly associated
with adverse outcomes of COVID-19 infection. This is believed to be
related to immune senescence of the immune system and comorbidities
that were more likely present in elderly patients.'>'® Additionally, the
older age patients had higher expression of angiotensin-converting
enzyme (ACE)-2, an entry receptor of SARS-CoV-2, in the alveolar re-
gion, and they had a lower frequency of lung progenitor cells for the lung
repair process, potentially contributing to the severe manifestation of
disease in older age.'” Hypertension was the most common underlying
disease and had been significantly associated with disease severity and
mortality, as reported previously.'®'° Although the mechanisms behind
the negative impact of hypertension on COVID-19 remain unclear, the
increased expression of ACE-2 due to antihypertensive drugs or ACE-2
gene polymorphism may possibly play negative role in COVID-19 pa-
tient with hypertension.”*?!

Inflammatory response plays a major role in the pathophysiology of
COVID-19 22. The amount of pro-inflammatory cytokines released
following host immune response against SARS-CoV-2 is associated with
the disease severity.'>? Overproduction of proinflammatory cytokines
might lead to severe or critical manifestations and cause hematology
parameters changes, characterized by increased C-reactive protein
(CRP), lymphocytopenia, neutrophilia, and thrombocytopenia.”* Thus,
measurement of inflammatory markers such as CRP or
immune-cell-based inflammatory indices NRL, d-NRL, and PLR may
reflect the degree of systemic inflammatory response occurring in
COVID-19 patients and can be used for early risk assessment of
COVID-19 patients.

CRP has been widely utilized as an acute marker for inflammation,
and CRP elevation is highly associated with poor disease outcomes in
COVID-19 patients.”>?° Our study showed that baseline CRP value in
severe patients’ group was higher than the non-severe group, and this

Table 4
Performance of inflammatory markers at hospital admission to predict worse
disease progression in COVID-19 patients.

Variables  Youden Cut-off Sensitivity, % Specificity, % p-value
index point (95% CI) (95% CI)

CRP 0.54 >47 64.8 89.0 <0.001
(50.6-77.3) (85.2-92.2)

NLR 0.65 >6 75.9 88.7 <0.001
(62.4-86.5) (84.9-91.9)

d-NLR 0.65 >4 77.8 87.2 <0.001
(64.4-88.0) (83.2-90.6)

PLR 0.37 >248 53.7 83.4 <0.001
(39.6-67.4) (79.0-87.2)

Abbreviations: CRP, C-reactive protein; NLR, neutrophil to lymphocyte ratio; d-
NLR, derived neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.
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elevated CRP had significant association with disease severity and
mortality in COVID-19 patients. The optimal cut-off point was 47 mg/L
with AUC ranging between 0.8 and 0.9, suggesting excellent accuracy of
CRP as marker for predicting adverse disease outcomes in COVID-19
patients. Although many studies have shown that elevated CRP levels
may increase risk of worse prognosis in COVID-19 patients, the cut-off
point for the risk stratification was considerably varied ranging from
20.42 to 110 mg/L.?”**® The high variability of CRP cut-off points across
these studies may be due to several factors, for example, differences in
the definition and identification of severe COVID-19 cases, differences in
the studied population characteristics including age, gender, smoking
status, hypertension, diabetes, and the presence of other conditions that
potentially affect CRP concentration in blood including CRP or IL-6 gene
polymorphism.

The immune-cell-based inflammatory indices reflect the alteration of
immune cell numbers and distribution in COVID-19 infection. NLR is
calculated by dividing the neutrophil to lymphocyte count. Similar with
previous studies,””*" we showed that NLR was an independent risk
factor associated with disease severity and mortality in COVID-19 pa-
tients. The significant increase of NLR in severe COVID-19 patients can
be explained by the prominent features of both neutrophilia (>7000
cells/pL) and lymphocytopenia (<1000 cells/pL) in these patients. The
optimal threshold of NLR was 6, with 75.9% sensitivity and 88.7%
specificity to predict adverse outcomes in COVID-19 patients. This result
was similar to previous large COVID-19 cohort study in China involving
12,862 individuals, which showed NLR value of 6 as the best predictive
factor in discriminating patients with high or low risk of unfavourable
disease outcomes.>!

In line with prior studies,”””~ the significant association of PLR with
COVID-19 disease severity and mortality was not observed even after
adjustment of the sociodemographic characteristics and comorbid con-
ditions in multivariate analysis. Additionally, PLR had lower perfor-
mance than the other studied markers for predicting worse disease
outcomes in COVID-19 disease, limiting its use in the clinical setting.
The d-NLR performance for predicting adverse outcomes in COVID-19
patients was comparable with CRP and NLR. However, the d-NLR was
associated with the highest risk of disease severity and death in
COVID-19 patients. Altered turnover in all WBC lineages in COVID-19
disease has been shown previously.>® Since d-NLR calculation took ac-
count of all different types of leukocytes, this ratio may reflect both the
host’s immunity status and the degree of systemic inflammation within
the host, which possibly explains its strong association with adverse
disease outcomes in COVID-19 patients. In particular, the increased
d-NLR values was more likely reflected the neutrophilia conditions of
COVID-19 patients. Neutrophilia caused by the high levels of circulating
pro-inflammatory cytokines had been shown related to poor outcomes of
COVID-19 patients.” Moreover, the lung autopsies of deceased
COVID-19 patients have revealed the presence of neutrophil infiltration
in pulmonary capillaries, extravasation of neutrophil into alveolar
space, and neutrophilic mucositis.>* The increased neutrophil frequency
can be a source of the high level of reactive oxygen species (ROS) and
excess neutrophil extracellular traps (NETSs), resulting in a severe lung
injury. >3

There were several limitations in our study. Firstly, we performed a
retrospective study and missing patients’ data were unavoidable.
Exclusion of patients with missing data also resulted in decrease statis-
tical power. Secondly, the cut-off points for inflammatory markers in our
findings needs to be validated in a larger prospective and multicentre
cohort study.

In conclusion, our study has shown that increasing CRP, NLR, and d-
NLR at hospital admission might be considered as an important marker
for early identification of COVID-19 patients with poor disease prog-
nosis. Inclusion of these parameters in medical decision strategies could
provide more effective and timely initiation of disease management to
optimize the use of limited medical resources.
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