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Abstract

Background: The elevated neutrophil to lymphocyte ratio (NLR) is significantly associated with the mortality and severity
of patients with infectious diseases in general.Recent studies have suggested that NLR could be an effective predictor for the
mortality of patients with COVID-19 Objective: to assess NLR that can be used as prognostic marker in COVID-19 in order
to help physicians to set up early treatment strategies. Methods:A cross-sectional study in isolation hospital of Zagazig
University Hospitals after approval by institutional research board (IRB) conducted on 48 confirmed COVID-19 patients,we
divided patients into two groups according to severity of symptoms into (mild and severe) Severe patients met at least one
of the following conditions: (1) Shortness of breath, RR =30 times/min, (2) Oxygen saturation (Resting state) < 93%. All
patients underwent a laboratory investigation with assessment of NLR. Results:There is statistically significant negative
correlation between NLR and each of lymphocyte, platelet count, and serum albumin.Regarding respiratory rate and oxygen
saturation, there is statistically significant positive correlation between NLR and respiratory rate, whereas negative
correlation between NLR and oxygen saturation (r= 0.676, -0.632) respectively.NLR was found to be the strongest predictor
(AUC, 0.96, sensitivity 96.7%, specificity 66.7%, positive predictive value (PPV) 82.9%, negative predictive value (NPV)
92.3%, accuracy 85.4% (p<0.001). So, according to our study NLR could discriminate COVID-19 severe patients from mild
patients. The optimal cutoff of NLR in prediction of severe disease was >5.1464 in our study. Conclusion: Elevated NLR
was an independent prognostic biomarker for COVID-19 patients. Therefore, the usable NLR are recommended as practical
tools to assess prognosis and to evaluate the severity of clinical symptoms in COVID-19 patients.
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Introduction

WHO announced “COVID-19” as the name of this new disease, following guidelines previously developed with the World
Organization for Animal Health (OIE) and the Food and Agriculture Organization of the United Nations (FAO) (1).

Clinical features of the disease include fever, dry cough, fatigue, dyspnea, sore throat and headache (2).

Those symptoms more obviously noticed with advanced age and with other comorbidities including cardiovascular diseases,
diabetes, hypertension, cancer and COPD. And those have been categorized as high-risk groups (2).

To date, a specific treatment for COVID-19 has not been identified, except for meticulous supportive care. Therefore, it is
crucial to identify the risk factors that are associated with the poor prognosis of patients. Some studies suggested that older
age comorbidities (hypertension and cardiovascular diseases), sequential organ failure assessment scores and some laboratory
indices are associated with the development of poor prognosis (4).

However, some of these risk factors are cumbersome and costly. The neutrophil to lymphocyte ratio (NLR) and platelet to
lymphocyte ratio (PLR) are novel biomarkers that provide important information about the systemic inflammation status, and
these are easily obtained from routine laboratory studies. The elevated NLR and PLR are significantly associated with the
mortality and severity of patients with infectious diseases in general (2).

Therefore, recent studies have suggested that NLR could be an effective predictor for the mortality of patients with COVID-
19 (5).

Therefore, in this study neutrophil to lymphocyte ratio (NLR) was investigated as prognostic markers of severity of COVID-
19
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Patients and Methods

Cross-sectional research was conducted on 48 patients over the age of 18 who were confirmed to have COVID-19 at Zagazig
University Hospital's Isolation Hospital.

A total 48 participants were included as follow:

A comprehensive sample have been taken including all patients with confirmed COVID-19 according to national health
committee guidance and by RNA detection of the virus who admitted to the isolation hospital during a period of six months
(average 8 patients / month) . Sample was 48 patients.

Subject eligibility:
Inclusion criteria:
1- Confirmed cases of COVID-19 by PCR.

2-patients with age group older than 18 years old, of both sex.
Exclusion criteria:
Patients with

1) Patient’s age less than 18 years

2) Patients who had an active condition during time of COVID-19 which could affect blood cell count, as

COPD, hematological diseases, liver disease, radiotherapy and chemotherapy.

All participants of the study were subjected to:

a) Full history taking and thorough physical examination with emphasis on demographic and clinical data

b) Blood samples were extracted immediately and sent to laboratory for routine and specific investigations with
assessment of complete blood count CBC) before any interventional measures and fluid administration.

C) Laboratory Investigations included

a) CBC with calculation of blood indices (Hemoglobin, Hematocrit, MCV, MCH, MCHC)
b) Liver function tests (LFTs)

c) Kidney function tests (KFTSs)

d) Arterial blood gases

e) LDH

f) D-dimer

g) Serum Ferritin

h) C-Reactive Protein

Statistical Analysis

Data analysis was performed using the software SPSS (Statistical Package for the Social Sciences) version 28. Quantitative
variables were described using their means and standard deviations or median and range according to type of data.
Categorical variables were described using their absolute frequencies and were compared using chi square test. To compare
ordinal data between two groups, chi square for trend test was used. Kolmogorov-Smirnov (distribution-type) and Levene
(homogeneity of variances) tests were used to verify assumptions for use in parametric tests. To compare quantitative data
between two groups, Mann Whitney test (for not normally distributed data) and independents sample t test (for normally
distributed data) were used. To assess strength and direction of correlation between two continuous variables, Pearson
correlation (for normally distributed data) and Spearman rank correlation coefficients (for not normally distributed data)were
used. ROC curve was used to determine beast cutoff of certain quantitative parameter in diagnosis of certain health problem.
The level statistical significance was set at P<0.05. Highly significant difference was present if p<0.001.

Results

64.6% out of the 48 studied patients were males. Distribution of the studied patients according to associated comorbidities.
Out of them, 45.8%, 37.5% and 16.7% had comorbid diabetes, hypertension and heart diseases respectively. Twelve patients
had no comorbidities(Table 1)

62.5% of the studied patients had severe form of COVID-19 infection(Table 2)
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Median ALT, AST, creatinine, BUN, total and direct bilirubin were 28.5 U/L, 31.15 U/L, 0.94 mg/dL, 0.63 mg/dL and 0.245
mg/dL respectively. Median neutrophil/lymphocyte ratio and platelet/lymphocyte ratio were 8.23 and 191.67
respectively(Table 3)

there is statistically significant relation between disease severity and each of CRP, LDH, D dimer and serum ferritin. Severe
disease was associated was higher CRP, LDH, D dimer and serum ferritin(Table 4)

There is statistically significant relation between disease severity and neutrophil/lymphocyte ratio. Severe disease was
associated was higher neutrophil/ lymphocyte ratio(Table 5)

There is statistically significant positive correlation between neutrophil/lymphocyte ratio and each of neutrophil, AST,
creatinine, and BUN. There is statistically significant negative correlation between neutrophil/lymphocyte ratio and each of
lymphocyte, platelet count, and serum albumin. There is statistically non-significant positive correlation between
neutrophil/lymphocyte ratio and either ALT, direct and total bilirubin(Table 6)

There is statistically significant positive correlation between neutrophil/lymphocyte ratio and each of CRP, LDH, d dimer and
serum ferritin(Table 7)

The best cutoff of neutrophil/lymphocyte ratio in prediction of severe disease is >5.1464 with area under curve 0.96,
sensitivity 96.7%, specificity 66.7%, positive predictive value (PPV) 82.9%, negative predictive value (NPV) 92.3%,
accuracy 85.4% (p<0.001)(Table 8)

Table (1): Distribution of the studied patients according to demographic data and comorbidities:

Sex:

Female 17 35.4%

Male 31 64.6%
N=48 %

Comorbidities

Diabetes 22 45.8%

Hypertension 18 37.5%

Heart disease 8 16.7%

No 12 25%

Table (2): Distribution of the studied patients according to severity of COVID-19:

N=48 %

Severity:

Mild 18 37.5%

Severe 30 62.5%

Table (3): Laboratory data among the studied patients:
Routine lab. Neutrophil 7.49 £ 3.26 6.65 3.9-13.2

Lymphocyte 0.992 + 0.419 0.85 0.4-2.01
Platelet count 198.8 + 71.22 199 83-436
ALT 31.11+11.11 28.5 12-49
AST 36.16 £ 14.19 31.15 8.1-62.2
Albumin 3.11+0.31 2.14-39
Creatinine 1.22 + 0.57 0.94 0.5-2.6
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BUN 112.35 £+ 59.87 124.9 23.9-250
T. bilirubin 0.7+0.4 0.63 0.24 -1.65
D. bilirubin 0.28 +0.18 0.245 0.07 - 0.87

Acute phase LDH 446.17 + 279.51 362.5 148 - 1400

reactants CRP 64.77 + 51.28 47.35 0.73-248
D dimer 1.98 + 2.05 1.05 0.1-7.8
Ferritin 671.03 £ 546.11 493.9 155 - 2879

Ratios Neutrophil/ lymphocyte ratio  9.41 + 6.32 8.23 2.16 - 26.4
Platelet/lymphocyte ratio 225.96+116.56 191.67 80 - 726.67

Table (4): Relation between disease severity and acute phase reactants:

Mild Severe Z p
Median (range) Median(range)
CRP 33.2(0.73 - 158.9) 67.535 (14.33 - 248) -4.174 <0.001**
LDH 205 (148 — 609) 283.58 (206 — 1400) -4.366 <0.001**
D dimer 0.4(0.1-1.4) 2.6 (0.3-7.8) -4.689 <0.001**
Ferritin 213.85 (155 — 1353) 611.5 (180 — 2879) -3.812 <0.001**

Table (5): Relation between disease severity and neutrophil/lymphocyte ratio among the studied

patients:
Mild Severe Z p
Median (range) Median(range)
Neutrophil/lymphocyte ratio 33 11.55 -5.303 <0.001%*
(2.16 - 8) (5.13 - 26.4)

Table (6): Correlation between neutrophil/lymphocyte ratio and the studied routine laboratory data:

Neutrophil 0.817 <0.001%*
Lymphocyte -0.771 <0.001%*
Platelet count -0.397 0.005*
ALT 0.212 0.147
AST 0.619 <0.001%*
Creatinine 0.504 <0.001**
BUN 0.526 <0.001%*
T. bilirubin 0.218 0.136

D. bilirubin -0.044 0.765
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Serum albumin -0.504 <0.001**

Table (7): Correlation between neutrophil/lymophocyte ratio and the studied acute phase reactants:

CRP 0.439 0.002*

LDH 0.503 <0.001**
D dimer 0.542 <0.001**
Ferritin 0.503 <0.001**

Table (8): performance of neutrophil/lymphocyte ratio in prediction of severe disease:

Cutoff AUC Sensitivity Specificity PPV NPV Accuracy P
=>5.1464 0.96 96.7% 66.7% 82.9% 92.3% 85.4% <0.001**
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Figure (1) ROC curve showing performance of neutrophil/lymphocyte ratio in prediction of severe
disease

Discussion

COVID-19 caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has been found all over the
world since its first outbreak in Wuhan, China. COVID-19 patients are generally classified as mild, severe, and critical types
according to the severity of clinical symptoms (6)

A cytokine storm is an abnormal discharge of soluble mediators following an inappropriate inflammatory response that leads
to immunopathological events. Neutrophils, macrophages, mast cells, and natural Killer cells are among the innate leukocytes
that contribute to the pathogenesis of cytokine storms. Neutrophils participate as mediators of inflammation and have roles in
promoting homeostatic conditions following pathological inflammation (7).

Continuous dynamic monitoring of reliable clinical and laboratory indicators will help identify a subset of patients with
COVID-19 developing severe disease, which can contribute to an early control of this disease and a good clinical prognosis
(8).

The two biomarkers readily available in routine laboratories, blood lymphocytes and neutrophil counts, are expected to
provide an accurate clinical tool to incline reasonable medication and care because lymphopenia marks immune exhaustion
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while neutrophilia demonstrates the immunological exacerbation. Meanwhile, combining the two parameters as a Neutrophil-
to-lymphocyte ratio (NLR) helps to constitute a powerful predictive and prognostic nomogram (9).

The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are novel biomarkers that provide
important information about the systemic inflammation status, and these are easily available from routine laboratory studies.
The elevated NLR and PLR are significantly associated with the mortality of patients with infectious diseases (10).
Therefore, recent studies have suggested that NLR might be an effective predictor for the mortality of patients with COVID-
19 (8).

This is a comparative cross-sectional study conducted on confirmed COVID-19 patients in the Isolation Hospital in Zagazig
University Hospitals, which include 48 patients with age group older than 18 years old, of both sexes. The majority of
patients were males (n=31, 64.6%) and the females (n=17, 35.4%) unlike Sebo et al. (11) who reported that (63% of patients
were female). We grouped the patients into severe and mild COVID. The proportion of severe cases, including critical
illness, was 62.5% and the proportion of mild cases was 37.5%.

There was non-statistically significant relation between disease severity and sex, (about 73% of those with severe disease
versus 50% of mild form were males). These results were in line with Yang et al. (12) who reported no significant difference
was observed in terms of gender.

Out of 48 patients, 25% (n=12) had no pre-morbidity while the others had underlying chronic medical conditions. The
reported premorbid conditions were diabetes mellitus in 45.8% (n=22), hypertension in 37.5% (n=18), and heart diseases in
16.7% (n=8).

The severe case patients showed high frequencies in the occurrence of diabetes (53.3%), hypertension (40%) and heart
diseases (16.7%) versus mild case patients which exhibited 33.3%, 33.3% and 16.7% respectively. There was non-
statistically significant relation between disease severity, presence of comorbid diabetes, hypertension or heart disease,
maybe due to population heterogeneity. Unlike Yang et al. (12)study which showed significantly high frequencies in the
occurrence of diabetes (p < 0.01), hypertension (p < 0.01) and renal dysfunction (p < 0.01) in severe case patients.

Regarding laboratory investigation among the studied patients, there were a wide range of abnormalities, particularly with
acute phase reactants as elevated C-reactive protein (CRP), LDH, Ferritin, and D-dimer the most common abnormalities.
Also, there were a higher levels of kidney function likely in BUN median 124.9 mg/dl, while there were normal liver
enzymes, bilirubin and albumin. According to white blood cell ratio, Median neutrophil/lymphocyte ratio NLR and
platelet/lymphocyte ratio PLR were 8.23 and 191.67 respectively, which considers high according to the normal range.

NLR has been shown to be a simple, stand-alone method for evaluating systemic inflammation. Neutrophils play a central
role in the innate immune response, resulting in multiple organ failure and lethality of severely injured patients. In contrast,
lymphocytes play a major role in the inflammatory response (13).

Our study demonstrated that lymphopenia, neutrophilia and increased neutrophil to lymphocyte ratio, which might be due to
inflammatory response, have a significant association with the disease severity. Neutrophil to lymphocyte ratio was highest in
patients with severe cases, as NLR median in severe cases (11.5), tended to be higher than mild cases (3.3). Our results were
consistent with Liao et al. (14) that proved elevated neutrophil to lymphocyte ratio as a useful predictor for severity and
mortality of SARS-CoV-2 infection. The association of NLR with severity of covid-19 disease was also assessed by a study
of Yang et al. (12) who concluded that high neutrophil to lymphocyte ratio and the age are the independent factors for
indicating poor clinical outcome of covid-19 patients. Also,Ok et al. (15) reported that the NLR similarly correlated with
disease severity, and this achieved using the multivariate logistic regression model, which adjusted age, gender, and
comorbidities to minimize the potential impact of a confounding NLR, It was determined that the NLR was an independent
predictor of disease severity.

Clinicians should consider low lymphocyte count as well as the elevated serum levels of CRP, D-dimers, ferritin, cardiac
troponin and IL-6, which may be used in risk stratification to predict severe and fatal COVID-19 in hospitalized patients (16).
In the present study, severe disease was associated was higher levels of each of CRP, LDH, D dimer and serum ferritin.
These results were consistent with Chen et al. (17), Ruan et al. (18) and Sun et al. (19) who confirmed that inflammatory
markers such as CRP level, ESR, serum ferritin LDH and D dimer were elevated in severe and critically ill groups.

CRP level is increased in COVID-19 patients, and it has been shown that survivors had median CRP values of approximately
40 mg/L, while non-survivors had median values of 125 mg/L, indicating a strong correlation with disease severity and
prognosis (18). Serum ferritin has been found to correlate with the presence of severity of disease and in other diseases states,
including inflammatory conditions (20). Critical and severe cases have shown significantly higher levels of plasma D-
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dimers and fibrin degradation products, increased prothrombin times and activated partial thromboplastin times compared to
other cases (21).

When the efficacy of NLR in predicting COVID 19 disease severity was examined by ROC analysis, NLR was found to be
the stronger predictor (AUC, 0.96, sensitivity 96.7%, specificity 66.7%, positive predictive value (PPV) 82.9%, negative
predictive value (NPV) 92.3%, accuracy 85.4% (p<0.001), than NLR to discriminate COVID-19 severe patients from mild
patients. The optimal cutoff of NLR in prediction of severe disease was >5.1464. These results were similar to Yang et al.
(12)who proposed the optimal threshold at 3.3 for NLR which showed a superior prognostic possibility of clinical symptoms
to change from mild to severe and had the highest of sensitivity and specificity and the largest of AUC. Another study done
by Yan et al. (13) who showed that the NLR indicate significant performance to predict in-hospital mortality. The cut-off
level for the NLR was 11.75 with sensitivity of 97.5%, and specificity of 78.1%.

Li et al. (22) their meta-analysis regarding the predictive value of NLR on disease severity and mortality in COVID-19
patients have concluded that NLR can help the clinicians in early identification of severe cases, help in early triage and
starting of proper treatment on time, which will help to reduce the overall mortality of COVID-19

Conclusion

the findings of this study indicated that elevated NLR was an independent prognostic biomarker for COVID-19 patients.
Therefore, the usable NLR are recommended as practical tools to assess prognosis and to evaluate the severity of clinical
symptoms in COVID-19 patients. Clinicians should consider the increased NLR value which may be used in risk
stratification to predict severe and fatal COVID-19 in hospitalised patients
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