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Introduction
The COVID-19 pandemic has posed an enormous challenge 
to health care services throughout the world. Providing inten-
sive care treatment and ventilatory support to the critically ill 
patients during the pandemic is a difficult task for resource-
poor countries. Triaging patients to the most appropriate health 
care setting is of paramount importance at the initial presenta-
tion for a better outcome. Many laboratory and clinical param-
eters have been identified as predictive markers of severe 
COVID-19 infection and scores such as “4C” is used in coun-
tries to identify patients likely to develop severe manifestations. 
However, use of multiple laboratory parameters is not feasible 
in resource constraint settings during massive outbreaks and it 
is vital to have simple, cheap and widely available tests for iden-
tifying patients likely to develop severe disease. Sri Lanka has 
reported approximately 660 000 cases so far with more than 
16 000 deaths. The rapid surge in cases caused a massive strain 
on the government funded health sector and it is vital to iden-
tify patients needing admission and transfer to a health care 
with facilities to provide respiratory support promptly.

Neutrophil-lymphocyte ratio (NLR) is a simple parameter 
derived from the full blood count and its usefulness as a 

predictive marker of mortality and disease progression has been 
explored in many conditions including sepsis,1 ischaemic heart 
disease2 and malignancy.3 Studies also report an association of 
NLR and disease severity in COVID-19.4-6 Combination of 
cycle threshold (Ct) value, absolute lymphocyte count and the 
NLR was suggested to predict respiratory compromise in a 
cohort of patients from a single center in Sri Lanka.7 Diagnosis 
of COVID-19 is established more frequently using rapid anti-
gen-based tests precluding the use of such predictive models in 
all settings. Due to the effect of diabetes,8 metabolic syndrome9 
and non-alcoholic fatty liver disease10 on the NLR, the cut-off 
values vary according to the studied population. We have con-
ducted an observational study in Sri Lanka during the third 
wave of COVID-19 pandemic to derive the best cut-off value 
of NLR to predict patients at high risk of death, requiring res-
piratory support and patients needing high-dependency or 
intensive care unit admission.

Methods
A retrospective observational study was performed by gather-
ing data from confirmed COVID-19 patient (rapid antigen 
test and/or SARS-CoV-2 PCR positive) clinical records at 
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on-admission in patients who developed severe disease com-
pared to others.

Absolute neutrophil, lymphocyte counts and NLR in 
the study population

The median neutrophil count was 4.07 × 103/µL (IQR 2.97-
6.79) and the median lymphocyte count was 1.74 × 103/µL 
(IQR 1.36-4.75) in the study population. The calculated NLR 
ranged from 0.12 to 48.28 with a median value of 2.32 (IQR 
1.37-4.76). A higher absolute neutrophil, a lower absolute lym-
phocyte count and a higher NLR were significantly associated 
with the need for respiratory support in the form of non-inva-
sive ventilation, high-flow nasal oxygen or invasive ventilation 
(Table 1). In addition, a higher neutrophil count, a lower lym-
phocyte count and a higher NLR was significantly associated 
with the need of escalation to a high-dependency unit, inten-
sive care unit and associated with mortality (Table 1).

NLR is a predictor of severe disease

Our data revealed that the NLR on-admission to the hospital 
in patients with COVID-19 predicted severe disease and in-
hospital deterioration. We developed ROC curve for further 
identification of the association of NLR with severe disease 
(Figure 1). A NLR value higher than 3.6 was the best cut-off 
value identified to predict severe disease with a sensitivity of 
80% and a specificity of 80%. Since the area under the curve 
(AUC) for the selected cut off for NLR >3.6 was 0.8 (95% CI 
0.72-0.88, P < .0001), respective NLR value on admission can 
be used as an excellent discriminator in identifying the severe 
disease outcome in Sri Lankan population.

Patients with NLR >3.6 were older and had a higher heart 
rate and a lower SpO2 on-admission (Table 2). The CRP, 
SGOT and creatinine were higher among patients with a 
NLR > 3.6 compared to patients with a value ⩽ 3.6 (Table 2).

The odds ratio NLR > 3.6 on predicting severe disease was 
15.4 (CI 6.5-36.5, P < .0001) and the risk persisted after cor-
recting for the possible confounding effect of age (adjusted OR 
11.1, CI 4.5-27.0, P < .0001).

Discussion
Cheap and widely available markers are useful in triaging 
patients with COVID-19 at community level and in health 
care settings. We report the association of severe COVID-19 
and the NLR performed on-admission to a tertiary care insti-
tution in Sri Lanka. We have derived the best cut-off value of 
NLR to be used to screen patients who are at high risk of 
deterioration at first presentation during the COVID-19 
pandemic.

The age distribution and the presence of comorbidities in 
our study population were comparable to studies from the 
region.5,11 Increasing age and male gender is known to be asso-
ciated with severe disease.5 Previous studies have revealed poor 
T-cell activation, higher ACE-2 levels and poor habits such as 

Colombo South Teaching Hospital, Kalubowila, Sri Lanka. 
Details were collected from records of patients admitted to the 
medical wards during July to August 2021. A data collection 
sheet was used to record demographic details, clinical and bio-
chemical parameters on-admission to the healthcare setting 
and the need of respiratory support, escalation to a high-
dependency unit (HDU) or intensive care unit (ICU) and all-
cause mortality. The NLR was calculated by dividing the 
absolute neutrophil count from the absolute lymphocyte count. 
Due to the retrospective nature of the study and the sole use of 
secondary data, consent from the patients were not obtained. 
Ethical approval was obtained from the Ethics Review 
Committee of Colombo South Teaching Hospital and admin-
istrative approval obtained prior to data collection.

Shapiro–Wilk test was used to test the normality of data. 
Categorical data were displayed as frequencies (percentage) 
and continuous data in a skewed distribution were described as 
median (IQR). The non-parametric test, Mann Whitney U 
test was used to compare quantitative data and the Pearson chi-
squared test was used to compare categorical data. Receiver 
operator characteristic (ROC) curve was used to identify the 
predictive ability of NLR value on-admission and a NLR > 3.6 
in identifying severe disease. Logistic regression was used to 
calculate the odds ratio of NLR in predicting a severe outcome 
and adjusted for age in multivariable logistic regression. 
Statistical significance was considered as P < .05.

Results
Baseline characteristics of the study population

There were 208 COVID-19 confirmed patients included in 
the study with a median age of 56 years (IQR 43-67) and 98 
(47.1%) were males. Comorbidities seen in the study popula-
tion were diabetes (n = 70, 33.7%), hypertension (n = 67, 32.2%), 
ischaemic heart disease (n = 15, 7.2%), dyslipidaemia (n = 39, 
18.8%), chronic kidney disease (n = 11, 5.3%) and chronic liver 
disease (n = 6, 2.9%). Severity of illness was mild in 158 (76%) 
and moderate-severe in 50 (24%) patients. There were 26 
(12.5%) patients requiring non-invasive ventilation, high-flow 
nasal oxygen or invasive ventilation and 39 (18.8%) required 
high-dependency or intensive care unit admission for organ 
support. There were 37 (17.8%) deaths in the study group. 
Patients who deteriorated in the hospital requiring respiratory 
support, transfer to a high-dependency unit (HDU) or an 
intensive care unit (ICU) and patients who succumbed to the 
illness were classified as the “severe disease” group.

A significantly higher heart rate (100.5 vs 91, P < .0001) 
and a lower oxygen saturation (SpO2) (88.5 vs 98, P < .0001) 
was seen on-admission to hospital in patients who developed 
severe disease compared to non-severe category (Supplemental 
Table 1). Investigations revealed a higher C-reactive protein 
(CRP) (134.4 vs 20.8, P < .0001), a higher white cell count 
(9.3 × 103/µL vs 6.7 × 103/µL, P < .0001), higher serum glu-
tamic-oxaloacetic transaminase (SGOT) (56.5 vs 35.3, 
P < .01) and higher serum creatinine (141.9 vs 79, P < .0001) 
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smoking contributing to a worse outcome in males compared 
to females.12-14 Although not statistically significant, a higher 
frequency of diabetes and hypertension was seen in the severe 
COVID-19 category of our study. The lower numbers in the 
groups could have affected the power in identifying a signifi-
cant association. The presence of tachycardia on-admission 
and a high CRP correlated with a severe disease outcome and 
both these parameters were associated with a high NLR sug-
gesting that these patients had features of a systemic inflam-
matory response.

Neutrophils are components of the first line of defense in 
infections and they are involved in the inflammatory 
response to injury. A high neutrophil count initiates the sys-
temic inflammation seen during the cytokine mediated 
response in COVID-19. Lymphocytes are important for 
initiating the immune response to infection and low lym-
phocytes have shown to be associated with a severe disease 
outcome.15,16 NLR which incorporates both neutrophil and 
lymphocyte counts is therefore, a useful prognostic marker 
in COVID-19.

Despite the available literature on the association of NLR 
as a marker of disease severity in COVID-19, cut-off values 
identified are highly variable suggesting the heterogeneous 
distribution of this parameter. The NLR value considered 
normal for a healthy adult is not clear. Forget et al, reported 
a mean NLR of 1.65 in a Belgian population of apparent 
good health and the upper limit was reported as 3.5.17 There 
are no data available in other regions. Studies conducted in 
COVID-19 patients in Asia report cut-off values ranging 
from 4 to 11 in predicting mortality and severe disease.5,11,15,18 
The presence of metabolic syndrome, non-alcoholic fatty 
liver disease and diabetes affect the baseline NLR of an indi-
vidual. It is important to identify the population-specific 
NLR cut-off values in countries with a high prevalence of 
such metabolic conditions as Sri Lanka. Our data reveal that 
a NLR more than 3.6 had a sensitivity and specificity of 80% 
in identifying patients likely to develop severe COVID-19. 
A patient having a NLR>3.6 at first presentation had 
11-times higher risk of dying, needing respiratory support or 
requiring HDU or ICU admission independent of age.

The limitations of this study were the relatively low number 
of patient data used in the study. Patient data was collected 
prior to initiation of the community-based care for COVID-
19 in the country. This allowed the study investigators to use 
data from asymptomatic-mild to severe disease and helped 
derive most appropriate data for the study. The retrospective 
nature of the study was a limitation but yielded necessary 
information for us to make conclusions.

In conclusion, this retrospective study in a resource con-
straint setting has identified NLR as an appropriate marker in 
predicting a severe disease outcome and the use of the cut-off 
value 3.6 could help identify COVID-19 patients needing 
admission and close monitoring.
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Table 2. The association of clinical parameters and biochemical investigations with NLR > 3.6.

VARIAbLES TOTAL
N = 208

NLR ⩽ 3.6
N = 143

NLR > 3.6
N = 65

STATISTIcS
P VALUE

Age 56 (47.5-66.5) 52 (35.5-60.0) 64 (53.2-73.0) <.0001

Males (n, %) 98 (47.1) 64 (44.8) 34 (52.3) .31

Heart rate (bpm) 93 (80.5-102.5) 92 (80.0-100.5) 98 (82.5-109.5) .02

SpO2 on room air (%) 98 (94-98.5) 98 (97.0-99.0) 92 (84.2-96.0) <.0001

cRP (mg/L) 27.6 (7.3-89.5) 21.95 (4.9-50.5) 118.1 (28.4-183.1) <.0001

SGOT (U/L) 36.3 (23.7-58.5) 35.5 (21.4-53.15) 44.05 (30.8-82.2) .01

SGPT (U/L) 35.1 (20.8-48.3) 31.14 (15.7-48.2) 34.55 (22.2-80.8) .11

creatinine (µmol/L) 85.6 (68.3-105.2) 77.4 (65.5-93.8) 98.25 (79.2-214.1) <.01

Abbreviations: cRP, c-reactive protein; SGOT, serum glutamic-oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase.
All values except male gender is given as median (IQR).

Figure 1. The ROc curve of NLR value on-admission and NLR>3.6 in determining a severe disease outcome.



Perera et al 5

ORCID iD
Nilanka Perera  https://orcid.org/0000-0003-0154-1864

Supplemental Material
Supplemental material for this article is available online.

REfEREnCES
 1. Huang Z, Fu Z, Huang W, Huang K. Prognostic value of neutrophil-to-lym-

phocyte ratio in sepsis: A meta-analysis. Am J Emerg Med. 2020;38:641-647.
 2. Afari ME, Bhat T. Neutrophil to lymphocyte ratio (NLR) and cardiovascular 

diseases: an update. Expert Rev Cardiovasc Ther. 2016;14:573-577.
 3. Templeton AJ, McNamara MG, Šeruga B, et al. Prognostic role of neutrophil-

to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis.  
J Natl Cancer Inst. 2014;106.

 4. Lagunas-Rangel FA. Neutrophil-to-lymphocyte ratio and lymphocyte-to-C-
reactive protein ratio in patients with severe coronavirus disease 2019 (COVID-
19): a meta-analysis. J Med Virol. 2020;92:1733-1734.

 5. Wang Q , Cheng J, Shang J, Wang Y, Wan J, Zhang P. Clinical value of labora-
tory indicators for predicting disease progression and 19 : a death in patients with 
COVID-retrospective cohort study. Published online 2021. doi:10.1136/
bmjopen-2020-043790

 6. Jimeno S, Ventura PS, Castellano JM, et al. Prognostic implications of neutro-
phil-lymphocyte ratio in COVID-19. Eur J Clin Invest. 2021;51:1-9.

 7. Abeysuriya V, Seneviratne SL, de Silva AP, et al. Combination of cycle threshold 
time, absolute lymphocyte count and neutrophil:lymphocyte ratio is predictive of 
hypoxia in patients with SARS-CoV-2 infection. Trans R Soc Trop Med Hyg. Pub-
lished online 2021:1-8. doi:10.1093/trstmh/trab182

 8. Mertoglu C, Gunay M. Neutrophil-Lymphocyte ratio and Platelet-Lymphocyte 
ratio as useful predictive markers of prediabetes and diabetes mellitus. Diabetes 
Metab Syndr Clin Res Rev. 2017;11:S127-S131.

 9. Liu CC, Ko HJ, Liu WS, et al. Neutrophil-to-lymphocyte ratio as a predictive 
marker of metabolic syndrome. Med (United States). 2019;98(43).10.

 10. Alkhouri N, Morris-Stiff G, Campbell C, et al. Neutrophil to lymphocyte ratio: 
A new marker for predicting steatohepatitis and fibrosis in patients with nonal-
coholic fatty liver disease. Liver Int. 2012;32:297-302.

 11. Kalyon S, Gültop F, Şimşek F, Adaş M. Relationships of the neutrophil–lym-
phocyte and CRP–albumin ratios with the duration of hospitalization and 
fatality in geriatric patients with COVID-19. J Int Med Res. 2021;49:03000605 
2110461.

 12. Takahashi T, Ellingson MK, Wong P, et al. Sex differences in immune responses 
that underlie COVID-19 disease outcomes. Nature. 2020;588:315-320.

 13. Sama IE, Ravera A, Santema BT, et al. Circulating plasma concentrations of 
angiotensin-converting enzyme 2 inmen and women with heart failure and 
effects of renin-angiotensin-aldosterone inhibitors. Eur Heart J. 2020;41: 
1810-1817.

 14. Acharya Y, Pant S, Gyanwali P, et al. Gender disaggregation in COVID-19 and 
increased male susceptibility. J Nepal Health Res Counc. 2020;18(3):345–350.

 15. Imran MM, Ahmad U, Usman U, Ali M, Shaukat A, Gul N. Neutrophil/lym-
phocyte ratio—a marker of COVID-19 pneumonia severity. Int J Clin Pract. 
2021;75:1-7. doi:10.1111/ijcp.13698

 16. Terpos E, Ntanasis-Stathopoulos I, Elalamy I, et al. Hematological findings and 
complications of COVID-19. Am J Hematol. 2020;95:834-847.

 17. Forget P, Khalifa C, Defour JP, Latinne D, Van Pel MC, De Kock M. What is 
the normal value of the neutrophil-to-lymphocyte ratio? BMC Res Notes. 
2017;10:1-4.

 18. Ma A, Cheng J, Yang J, Dong M, Liao X, Kang Y. Neutrophil-to-lymphocyte 
ratio as a predictive biomarker for moderate-severe ARDS in severe COVID-19 
patients. Crit Care. 2020;24:24-27.

https://orcid.org/0000-0003-0154-1864

