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Neutrophil-to-lymphocyte Ratio and Platelet-to-lymphocyte 
Ratio as Markers for Predicting the Severity in COVID-19 
Patients: A Prospective Observational Study
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Ab s t r Ac t
Background: Coronavirus disease-2019 (COVID-19) pandemic has shown unpredictable course in individual patients. Few patients develop 
severe disease with progression after admission to a healthcare facility. Multiple parameters have been investigated to identify a marker to 
predict disease progression. Neutrophil-to-lymphocyte ratio (NLR) or platelet-to-lymphocyte (PLR) ratio has shown some promise. The current 
investigation explores the role of NLR and PLR to predict the disease progression.
Materials and methods: After obtaining ethics committee approval, 608 patients were screened for inclusion in the prospective observational 
study, and 201 patients were included in the final analysis. The NLR and PLR were derived from routinely obtained complete blood count analysis. 
The patients were followed to determine the development of severity of the disease during the course. The NLR and PLR were analyzed in both 
univariate and multivariable models to assess the association and prediction.
Results: In nonsevere (NS) group, the mean age of patients was 50.9 ± 16.3 years, and 66 (61.2%) were male, while in severe group (S), the mean 
age of patients was 53.7 ± 16.4 years, and 65 (69.89%) were male. NLR at day 1 and day 3 was significantly lower in survivors as compared to 
nonsurvivors, while the relation of PLR in both the groups was not statistically significant. The NLR is better in predicting the severity of disease 
as well as mortality than PLR. 
Conclusion: The NLR calculated at the time of admission has high predictive value for disease deterioration and adverse clinical outcome. 
Keywords: COVID-19 mortality, COVID-19, COVID-19 infection, Mortality, Mortality prediction.
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In t r o d u c t I o n
Coronavirus disease-2019 (COVID-19) has been declared as pandemic 
by the World Health Organization,1 and it has infected over 79 
million people worldwide with more than 1.7 million deaths.1,2 
COVID-19 has shown a varied spectrum of presentation ranging 
from asymptomatic to severe illness requiring intensive care.3,4 
While most of the infected are either asymptomatic or presented 
with mild symptoms like fever and dry cough, >14% developed 
severe disease with dyspnea, tachypnea, and desaturation requiring 
hospitalization and oxygen supplementation.5 Older age, male sex, 
heart failure, and obesity are some of the discernible risk factors 
associated with severe illness.6 High viral load and over exuberant 
host immune response manifesting as cytokine storm contribute 
to pathogenesis of multiple organ dysfunction, including acute 
respiratory distress syndrome, coagulation dysfunction, acute 
cardiac injury, and renal injury.7,8

Early clinical diagnosis and treatment of COVID-19 may help in 
decreasing the severity, mortality of patients as well as controlling 
the spread of the virus. Despite all the measures, diagnosing the 
COVID-19 patients early and predicting the patient’s severity and 
mortality remain challenging. Many techniques like hemogram and 
biochemical analysis that can be used to facilitate the diagnosis 
and prognosis of COVID-19 early are being used. Certain markers 
derived from the peripheral blood such as white blood cell count 
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(WBC count), neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and even certain biochemical markers like 
CRP and LDH have been used independently for predicting the 
prognosis in systemic inflammatory conditions. 15,16,17

Both NLR and PLR are the well-established inflammatory 
markers in systemic inflammatory conditions.9,10 Few studies until 
recently had shown that elevated NLR can be predictors for severity 
and poor outcome in COVID-19 patients.11–14 Timely identification 
of these markers plays a pivotal role in the management and thus 
the outcome of the disease. Though there is an exhausting list 
of predictors of severe COVID-19 illness, the simplicity and cost-
effectiveness of the NLR and PLR markers are more suitable to 
low-resource establishment and third world countries. Here in this 
study, we evaluated the role of NLR and PLR in the peripheral blood 
to predict the severity in COVID-19 patients and overall mortality.

MAt e r I A l s A n d Me t h o d s
This prospective, single-center, observational study was 
conducted after obtaining the approval from Institutional Ethics 
Committee, AIIMS, New Delhi (Approval No-IEC-555/19.06.2020, 
CTRI/2020/07/026574).

A total of 608 laboratory-confirmed COVID-19 patients admitted 
to JPNATC, from June 15, 2020, to October 30, 2020, were included in 
the study. The participants were diagnosed COVID-19 positive on the 
basis of the RT-PCR report. The enrolled patients were examined by 
the doctors at the time of admission and were divided into two groups 
based on the severity of illness: Group NS (nonsevere) and Group S 
(severe), and shifted accordingly in the ward and ICU, respectively. 

Group NS: Patients having fever, mild respiratory symptoms, typical 
X-ray/CT showing image abnormalities of viral pneumonia.

Group S: Patients with any one of the following features (a) Shortness 
of breath, RR>30/minute and (b) oxygen saturation in the resting 
state <93% with PaO2/FiO2 ≤300 mm Hg were considered. 

Patients with age less than 6  years, pregnancy, dialysis 
dependent, known malignancy, and psychiatric illness were 
excluded from the study. 

After obtaining informed consent, the clinical symptoms, signs, 
comorbidities, laboratory investigations, and treatment received 
were collected from hospital’s electronic medical records. After 
the participant was enrolled in the study, he/she was followed till 
discharge or death. If required, follow-up on telephone consultation 
was done after the discharge. One researcher recorded the 
demographic data, clinical symptoms/signs, and comorbidities, and 
the other researcher recorded laboratory data and followed up the 
patients. The complete blood count was noted on the first and the 
third day of the admission. NLR and PLR were derived in accordance 
with the CBC results. NLR was calculated as the ratio of the absolute 
neutrophil count to the absolute lymphocyte count, and PLR as 
the ratio of the platelet count to the absolute lymphocyte count.

Statistical Analysis
All the statistical analyses were carried out using R software, and 
two-sided p <0.05 was considered significant. Continuous data are 
reported as mean ± SD, median and interquartile range (IQR) as 
applicable, while categorical data are expressed as frequency and 
percentage. Shapiro–Wilk test was performed for the normality 
of the sample data. An independent-sample t-test was used for 
univariate analysis, while Student’s t-test for parametric data and 
Mann–Whitney U-test for nonparametric were applied to compare 

the independent groups. Multivariable analysis was done, and odd 
ratio was calculated. The logistic regression models were performed 
to identify the factors affecting the severity in COVID-19 patients. 
The ROC analysis was performed to predict the severity of COVID-19. 

re s u lts
A total of 608 patients with COVID-19 confirmed with RT-PCR were 
screened for possible inclusion in the study. Three hundred and 
fifty-eight patients satisfied the inclusion criteria. Further, 157 
patients were excluded from the study due to the lack of laboratory 
and clinical data and trauma patients. The study finally included 
201 patients who were categorized into severe and nonsevere 
based on their initial clinical presentation at the time of admission. 
The NS group had 108 patients, while S group had 93 patients  
(Flowchart 1). 

Baseline Demographics
In NS group, the mean age of patients was 50.9 ± 16.3 years, and 
66 (61.2%) were male and 42 (38.8%) were female, while in S group, 
the mean age of patient was 53.7  ±  16.4  years, and 65 (69.89%) 
were male and 28 (30.10%) were female. The most common 
comorbidities in both groups were diabetes and hypertension. 
There was no significant difference in age, sex, or comorbidities in 
both the groups except for CVA, which was significantly higher in 
S group (Table 1).

Mode of Respiratory Support at Time of Admission
In NS group, out of 108 patients, 79 patients received oxygen via face 
mask (FM), 8 via non-re-breathing mask (NRBM), 6 via nasal prongs 
(NP), and 14 maintained saturation on room air (RA). In S group, out 
of 93 patients, 40 patients were mechanically ventilated, 16 patients 
via high-flow nasal cannula (HFNC) and NRBM each, 8 were given 
noninvasive ventilation (NIV), 12 was on FM, and one was on NP. The 
table shows that NS patients had lower oxygen requirements, and 
most of the patients maintained oxygen saturation with oxygen 
therapy via FM, while in S group, most of the patients required 
mechanical ventilation and higher form of oxygen therapy via 
HFNC, NRBM, and NIV (Tables 1 and 2).

Laboratory Parameters
The laboratory test showed that the total leucocyte count and 
neutrophil count were significantly higher, while the lymphocyte 

Flowchart 1: Inclusion and exclusion criteria (flow diagram)
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Outcome Measures
Forty-three patients in NS group and 76 patients in S group 
had a significant escalation of disease. The median ICU stay was 

count was significantly lower in S group as compared to NS group. 
The NLR and PLR were significantly higher in the S group as 
compared to NS group at the time of admission (Table 1).

Table 1: Demographics and clinical characteristics of patients diagnosed with COVID-19

Characteristics Nonsevere (n = 108) Severe (n = 93) p value
Age (years) 50.9 ± 16.3 53.7 ± 16.4 0.23
Male 66 65 0.19
Female 42 28
Comorbidity (%)
Diabetes 41.66 43 0.84
Hypertension 41.66 35.48 0.37
CAD 10.01 10.75
COPD  2.77  2.15 0.77
ASTHMA  4.85  3.22 0.61
CLD 10.01  6.45 0.343
CKD 14.81 15.5 0.96
CVA  4.62 12.90 0.03
Laboratory parameters (median, IQR)
Hb1 (mean ± SD) 10.9 ± 2.63 11.6 ± 2.28 0.04
Hb3 (mean ± SD) 10.6 ± 2.45 11.1 ± 2.28 0.15
TLC1 9,765 (6,860) 11,900 (8,100) 0.005
TLC3 9,400 (6,935) 11,840 (5,450) 0.004
PL1 166,500 (100,500) 167,000 (120,000) 0.8
PL3 190,000 (150,000) 191,000 (116,000) 0.29
N1 7,955 (6,255) 10,323 (7,658) 0.001
N3 7,830 (7,696) 10,350 (5,557) 0.01
L1 1,312 (797) 980 (939) 0.001
L3 1,235 (1,305) 1,080 (805) 0.01
NLR 1 7.36 (7.37) 10.8 (10.2) 0.001
NLR 3 7.73 (7.74) 9.11 (9.90) 0.009
PLR 1 135 (146) 182 (178) 0.001
PLR 3 167 (196) 163 (121) 0.239
Mode of respiratory support at  
admission in number (n)
Initial respiratory Support (IRS) <0.001
Room air (RA) 15  0
Face mask (FM) 79 12
Nasal prongs (NP)  6  1
Non-re-breathing mask (NRBM)  8 16
High-flow nasal cannula (HFNC)  0 16
Noninvasive ventilation (NIV)  0  8
Mechanical ventilation (MV)  0 40
Outcome analysis (median, IQR)
Escalation % (n) 39.8 (43) 81.7 (76) 0.001
ICU stay (days) 5 (8) 12 (11) 0.001
Hospital stay (days) 13 (9) 14 (12) 0.3
Mortality % (n) 25.9 (28) 67.7 (63) 0.001

CAD, coronary artery diseases; COPD, chronic obstructive pulmonary diseases; CLD, chronic liver disease; CKD, chronic kidney 
disease; CVA, cerebrovascular accident; Hb 1 and Hb 3, hemoglobin at first and third day of admission; TLC1 and TLC3, total 
leukocyte count at first and third day of admission; PL1 and PL3, platelet at first and third day of admission, N1 and N3, absolute 
neutrophil count at first and third day of admission; L1 and L3, absolute lymphocyte count at first and third day of admission; 
NLR 1 and NLR 3, neutrophil-to-lymphocyte ratio at first and third day of admission; PLR 1and PLR 3, platelet-to-lymphocyte 
ratio at first and third day of admission; IRS, initial respiratory support; RA, room air; FM, face mask; NP, nasal prongs; NRBM,  
non-re-breathing mask; HFNC, high-flow nasal cannula; NIV, noninvasive ventilation; MV, mechanical ventilation; Escalation, 
increase in respiratory support and oxygen requirement. p value <0.05 considered statistically significant
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significantly lower in NS group than in S group, but the total hospital 
stay in both the groups was not significant. The mortality rate was 
significantly lower in NS group (Table 1). Analysis of NLR and PLR 
in survivors and death showed that NLR at day 1 and day 3 was 
significantly lower in survivors as compared to nonsurvivors, while 
the relation of PLR in both the groups was not statistically significant 
(Table 4, Figs 4 and 5). The NLR is better in predicting the severity of 
disease as well as mortality than PLR (Table 3). In univariate analysis, 
NLR1 has an AUC of 0.6 (Fig. 1) with the sensitivity and specificity 
of 60 and 55%, respectively. On the other hand, PLR1 has AUC OF 
0.52 (Fig. 2) with the sensitivity and specificity of 51% (Table 3).The 
model comprising factors such as age, comorbidities, Hb, TLC, NLR 
1, PLR 1, escalation, and initial respiratory support (IRS) showed the 
sensitivity of 88%, specificity of 87% and AUC of 0.94 for predicting 
the severity of COVID-19 at the time of admission (Fig. 3).

Table 2: Factors associated with severity of COVID-19 disease

Factors Odd ratio (95% CI) p value
Multivariable analysis
Age (years) 1 (0.96–1.03) 0.896
Comorbidity 2.16 (0.39–11.86) 0.375
Hb1 1.21 (0.96–1.53) 0.095
TlC1 1 (0.99–1) 0.82
NLR1 1.05 (0.96–1.14) 0.23
PLR1 0.99 (1–1) 0.45
Escalation 4.34 (1.45–12.96) 0.008
Initial respiratory support
HFNC-FM 8.49 (0.0–∞) 0.98
MV-FM 233.27 (26.69–2038.16) 0.001
NRBM-FM 13.12 (3.65–47.13) 0.001
NIV-FM 4.10 (0.0–∞) 0.99
NP-FM 0.99 (0.09–11.04) 0.99
RA-FM 0.77 (0.08–7.290) 0.82

Hb 1, hemoglobin at first day of admission; TLC1, total leukocyte count at 
first day of admission; NLR 1, neutrophil-to-lymphocyte ratio at first day 
of admission; PLR 1, platelet-to-lymphocyte ratio at first day of admission; 
RA, room air; FM, face mask; NP, nasal prongs; NRBM, non-re-breathing 
mask; HFNC, high-flow nasal cannula; NIV, noninvasive ventilation; MV,  
mechanical ventilation; Escalation, increase in respiratory support and  
oxygen  requirement. p value <0.05 considered statistically significant

Table 3: Receiver-operating curve analysis of NLR 1 and PLR1

AUC (95% CI) Cutoff value Sensitivity Specificity p value
NLR1 0.60 0.43 0.60 0.55 0.001
PLR1 0.52 0.44 0.51 0.51 0.001

NLR 1, neutrophil-to-lymphocyte ratio at first day of admission; PLR 1, 
platelet-to-lymphocyte ratio at first day of admission; p value <0.05  
considered significant

Table 4: Overall NLR and PLR in survivors and nonsurvivors (mean ± SD)

Parameters Survivor (n = 110) Nonsurvivors (n = 91) p value
NLR 1 9.72 ± 7.83  13.15 ± 12.28 0.01
NLR 3 8.68 ± 7.22  11.67 ± 7.50 0.0003
PLR 1 192.72 ± 141.75 220.15 ± 178.66 0.57
PLR 3 212.27 ± 172.13 183.43 ± 128.08 0.54

NLR 1 and NLR 3, neutrophil-to-lymphocyte ratio at first and third day of 
admission; PLR 1 and PLR 3, platelet-to-lymphocyte ratio at first and third 
day of admission; p value <0.05 considered significant

Fig. 1: Receiver operating characteristics curve of neutrophil to 
lymphocyte ratio on first day of admission (NLR1) (cut off value-0.43)

Fig. 2: Receiver operating characteristics curve of platelet to lymphocyte 
ratio on first day of admission (PLR1) (cut off value-0.44)

Fig. 3: Receiver operating characteristics curve of model including 
multiple variables (cut off value 0.3)
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lymphocytes through angiotensin-converting enzyme 2 (ACE2) 
receptors and cluster differentiation (CD) 147-spike proteins.21,22 
The final outcomes are the reduced levels of CD4+, CD8+ T 
lymphocytes and raised levels of regulatory T cells. Increased levels 
of proinflammatory cytokines along with T-cell lymphopenia result 
in severe cytokine storm, leading to even greater lymphocytic 
apoptosis and multi-organ dysfunction. This manifests as an 
increase in NLR or PLR, which correlates with disease severity.23–25

Liu et al. in their study have found that NLR was an independent 
risk factor for the in-hospital mortality and proper assessment of 
NLR of COVID-19 patients will help to identify high-risk individual.25 
Li et  al. in 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-19.26 Yang et  al. showed that raised NLR and age were 
associated with severe COVID-19 illness and independently predicted 
the poor clinical outcome of COVID-19. Ciccullo et al. demonstrated 
that younger age and NLR below 3 were associated with clinical 
improvement, while NLR over 4 predicted the transfer to ICU.27 Liu 
et al. in their study showed that patients with more than 50 years 
and NLR ≥3.13 are more likely to develop critical illness.28

Various other researchers around the globe have concluded 
that NLR and PLR can be used to stratify COVID-19 patients and high 
NLR at admission has been associated with poor outcome.11,29–31 
Our study prospectively validates the findings of previous studies 
and demonstrates that NLR can be used as a tool to predict disease 
deterioration and serious clinical outcomes. In further analyzing the 
data for the overall mortality, the NLR1 and NLR3 ratios were found 
to be significantly high in the patients with death than in survivors.

Our study too has various limitations. First, it was single-center 
study. Second, the sample size of the study was not large enough 
to evaluate the predictive performance of NLR on COVID-19 
disease severity and mortality. Third, the effect of other treatment 
modalities before admission to our hospital on NLR has not been 
excluded. Steroids have been used in the treatment, which can 
cause leukocytosis, thus affecting it. Moreover, the NLR and PLR are 
time-sensitive variables, and values are dynamic during the course 
of disease. Hence, multicenter studies with large sample size are 
needed to evaluate predictive performance of the NLR and PLR in 
determining COVID-19 severity and mortality.

co n c lu s I o n
Our study demonstrated that NLR calculated at the time of 
admission has high predictive value for disease deterioration and 
adverse clinical outcome. It can be used for early stratification of 
patients; thus, patients with higher NLR can be given higher-level 
critical and supportive care.
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dI s c u s s I o n
In this study, we have evaluated the role of NLR and PLR at 
admission in predicting the severity and mortality in COVID-19 
patients. Our study has showed that higher NLR and PLR values 
at the time of admission were associated with an increased risk of 
severe disease, while increased NLR significantly showed higher 
mortality in COVID-19 patients. This study shows that this simple 
and easily available parameter can be used to predict the course 
of disease and prognosis in COVID-19 patients. Patient in S group 
has 4.34 times higher risk of escalation of disease and mortality as 
compared to patients in NS group. The above clinical manifestation 
can be explained as COVID-19 patients suffering from severe disease 
present with leukocytosis, thrombocytopenia, lymphopenia, and 
neutrophilia than with the patients suffering from nonsevere 
disease.18 These patients have a higher likelihood of developing 
ARDS requiring ICU admission and mechanical ventilation.19–20 
Various mechanisms of lymphopenia in COVID-19 patients have 
been associated with the ability of COVID-19 virus to infect T 

Fig. 4: Comparison of neutrophil to lymphocyte ratio at first day of 
admission in survivor and non-survivor (NLR1)

Fig. 5: Comparison of platelet to lymphocyte ratio at first day of 
admission in survivor and non-survivor (PLR1)
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