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Background: Several studies have described the clinical characteristics of patients with novel coron- 

avirus (SARS-CoV-2) infected pneumonia (COVID-19), indicating severe patients tended to have higher 

neutrophil to lymphocyte ratio (NLR). Whether baseline NLR could be an independent predictor of in- 

hospital death in Chinese COVID-19 patients remains to be investigated. 

Methods: A cohort of patients with COVID-19 admitted to the Zhongnan Hospital of Wuhan University 

from January 1 to February 29 was retrospectively analyzed. The baseline data of laboratory examinations, 

including NLR, were collected. Univariate and multivariate logistic regression models were developed to 

assess the independent relationship between the baseline NLR and in-hospital all-cause death. A sen- 

sitivity analysis was performed by converting NLR from a continuous variable to a categorical variable 

according to tertile. Interaction and stratified analyses were conducted as well. 

Results: 245 COVID-19 patients were included in the final analyses, and the in-hospital mortality was 

13.47%. Multivariate analysis demonstrated that there was 8% higher risk of in-hospital mortality for each 

unit increase in NLR (Odds ratio [OR] = 1.08; 95% confidence interval [95% CI], 1.01 to 1.14; P = 0.0147). 

Compared with patients in the lowest tertile, the NLR of patients in the highest tertile had a 15.04- 

fold higher risk of death (OR = 16.04; 95% CI, 1.14 to 224.95; P = 0.0395) after adjustment for potential 

confounders. Notably, the fully adjusted OR for mortality was 1.10 in males for each unit increase of NLR 

(OR = 1.10; 95% CI, 1.02 to 1.19; P = 0.016). 

Conclusions: NLR is an independent risk factor of the in-hospital mortality for COVID-19 patients espe- 

cially for male. Assessment of NLR may help identify high risk individuals with COVID-19. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

The novel coronavirus, named as SARS-CoV-2, was first recog-

nized in Wuhan, China, in December 2019. Considering the rapid

outbreak in China and fast worldwide spread of the coronavirus

disease 2019 (COVID-19) caused by SARS-CoV-2, this infectious dis-

ease has aroused emerging global concerns. As of March 29, 2020,

82419 people have been diagnosed as COVID-19 in China, among

them 3306 ended up with death. Moreover, 582131 people world-

wide were infected, and the mortality rate was 4.7%. As there are
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urrently no standardized treatments and medications available, it

s crucial to identify risk factors of severe prognosis for COVID-19

atients. 

The neutrophil to lymphocyte ratio (NLR), easily calculated

rom a routinely blood test by dividing absolute neutrophil count

y absolute lymphocyte count, has been reported of having great

alue in indicating a patient’s overall inflammatory status. 1 In-

reasing NLR is a risk factor of mortality not only in infectious

iseases but also in malignancy, acute coronary syndrome, intrac-

rebral hemorrhage, polymyositis and dermatomyostis. 2-5 A recent

esearch has exhibited that severe cases of COVID-19 tended to

ave higher NLR. 6 Whether NLR could be an independent predictor

f mortality in hospitalized COVID-19 patients needs to be further

lucidated. 
eserved. 
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Fig. 1. Study Population. 
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So far researches of COVID-19 are focused on the epidemiol-

gy and clinical features of the patients, 7-9 information regarding

isk factors of mortality is scarce. In the present study, we aim to

nvestigate whether the NLR can serve as a valuable predictor of

n-hospital mortality. 

ethods 

tudy design and participants 

For this retrospective cohort study, COVID-19 patients who were

dmitted to Zhongnan Hospital of Wuhan University from January

 to February 29, 2020 were consecutively included. The clinical

utcomes, discharge from hospital or death, were recorded up to

ebruary 29, 2020. Zhongnan Hospital of Wuhan University, lo-

ated in Wuhan, Hubei Province, is one of the major hospitals re-

ponsible for the COVID-19 treatment assigned by the government.

he diagnosis of COVID-19 was based on the World Health Orga-

ization interim guidance. 10 The clinical data of 270 patients have

een obtained, and a flow diagram is showed in Fig. 1 . Patients

hose age were under 18 years old, being pregnant, died on ad-

ission, having missing baseline data or being transferred to other

esignated hospitals during hospitalization were excluded. There-

ore, 245 patients were included in the final analyses. 

This study was approved by the Medical Ethics Committee

f Zhongnan Hospital of Wuhan University (Approval Number

020054) and complied with the Declaration of Helsinki. The data

sed in the study were anonymous, so the requirement for in-

ormed consent was waived. 

ata collection 

Information included demographic data, comorbidities, symp-

oms and signs, laboratory findings and chest computed tomo-

raphic (CT) scans were reviewed. All data were collected with a

ustomized form from the electronic hospital information system.

he medical records of the patients were reviewed by three inves-

igators (JC, XD and YJ) independently to verify data accuracy. 

Peripheral venous blood samples were assessed at the central

aboratory of Zhongnan hospital following standard operative pro-

edures. The routine blood tests (including white blood cell count

WBC], leukocyte subtypes, hemoglobin count and platelet count)
ere measured with XN-90 0 0 multi-function automatic blood an-

lyzer of fluid (Sysmex Corporation, Kobe, Japan). The ARCHITCT

i16200 automatic biochemistry analyzer (Abbott Laboratories, Illi-

ois, United States) was used to measure the biochemical parame-

ers. Blood coagulation tests including plasma D-dimer, prothrom-

in time (PT), international normalized ratio (INR), activated par-

ial prothrombin time (APTT), thrombin time (TT) were measured

y ACL TOP 700 system (Instrumentation Laboratory, Milan, Italy). 

Identifying of SARS-CoV-2: the throat swab samples were tested

or SARS-CoV-2 with the Chinese Center for Disease Control and

revention (CDC) recommended Kit (BioGerm, Shanghai, China)

ollowing WHO guidelines for qRT-PCR. 11 , 12 

tatistical analysis 

Summary statistics of the demographic and clinical character-

stics of all patients stratified by NLR tertiles were expressed as

requencies and proportions for categorical variables, mean ± SD

r median and interquartile for continuous variables. The differ-

nces among groups were assessed using the chi-squared test for

ategorical variables, the one-way ANOVA for normally distributed

ontinuous variables, and the Kruskal-Wallis test for skewed con-

inuous variables. 

We first examined the relationship of the NLR as a continu-

us variable with the outcome of in-hospital death, and then we

valuated this relationship when NLR was treated as variable cate-

orized into tertiles. Univariate and multivariate logistic regression

odels were used to evaluate these relationships, then unadjusted

nd adjusted odds ratio (ORs) and 95% confidence intervals (CIs)

ere calculated. In the multivariate adjusted models, age, gender,

ody mass index (BMI), hypertension, chronic liver diseases, HIV

nfection, chronic obstructive pulmonary disease (COPD), smoking

tatus (never smoked and smokers), respiratory rate ( < 30 and

30 bpm), creatinine, Alanine aminotransferase, PT and d-dimer

ere included. These adjusted features included the ones that,

hen added to this model, changed the odds ratio by at least 10

ercent. The lowest tertile was the reference for NLR. 

Interaction and stratified analyses were conducted according to

ender, age ( < 60 and ≥ 60 years), BMI ( < 25 and ≥ 25 kg/m 

2 )

nd hypertension at baseline. To evaluate the relationships be-

ween different blood cell types in the blood routine test and the

n-hospital death, we repeated the multivariate logistic regression
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models using continuous forms of the blood cell counts. All P

values were calculated using two-tailed tests of statistical signifi-

cance with a type I error rate of 5%. All statistical analyses were

performed using Empower(R) ( www.empowerstats.com , X&Y solu-

tions, Inc., Boston, MA) and R ( http://www.R-project.org ). 

Results 

Of 245 patients included in the final analyses, the mean (stan-

dard deviation) age of the cohort was 53.95 (16.90) years, and

46.53% of the participants were male. The overall number of in-

hospital death was 33 (13.47%). Table 1 compared the baseline de-

mographic, clinical, and biochemical characteristics of included pa-

tients by tertiles of the NLR. Compared with subjects in the low-

est tertile of the NLR, those in the highest tertile were older, more

likely to be male. The most common symptoms on admission of

patients in the highest tertile were fever and dry cough, followed

by fatigue and poor appetite. Moreover, individuals in the highest

tertile were more likely to have underlying comorbidities, includ-

ing hypertension, diabetes, coronary heart disease, chronic liver

disease and carcinoma. The incidence of in-hospital death signif-

icantly increased across NLR tertiles (2.44% vs. 6.17% vs. 31.71% for

tertile 1 vs. tertile 2 vs. tertile 3, respectively). 

Table 2 showed the univariate logistic regression models

between baseline variables and death. The univariate analysis

indicated that age (OR = 1.09, 95% CI, 1.06-1.13, P < 0.0 0 01),

BMI (OR = 1.15, 95% CI, 1.01-1.30, P = 0.0328), Hypertension

(OR = 3.94, 95%CI, 1.82-8.53, P = 0.0 0 05), Diabetes (OR = 3.30,

95% CI, 1.24-8.77, P = 0.0168), CHD (OR = 6.46, 95% CI, 2.33-17.90,

P = 0.0 0 03), Respiratory rate ≥ 30 bpm (OR = 7.43, 95% CI, 1.76-

31.38, P = 0.0064), Neutrophil (OR = 1.34, 95% CI, 1.19-1.50, P <

0.0 0 01), ALT (OR = 1.01, 95% CI, 1.00-1.02, P = 0.0094), Creatinine

(OR = 1.01, 95% CI, 1.00-1.01, P = 0.0177), PT (OR = 1.30, 95% CI,

1.01-1.67, P = 0.0448), C-reactive protein and Procalcitonin values

were positively correlated with the risk of in-hospital death.

The female (OR = 0.23, 95% CI, 0.10-0.54, P = 0.0 0 07) and MAP

(OR = 0.96, 95% CI, 0.92-0.99, P = 0.0245) was negatively correlated

with the risk of death. 

The results of univariate and multivariate logistic regression

models assessing the relations of NLR and in-hospital mortality

were shown in Table 3 . In the unadjusted model, the ORs of death

significantly augmented as the NLR increased and the tertiles of

NLR upgraded. There was a 10% increase in risk of in-hospital

mortality for per unit increase in NLR (OR = 1.10; 95% CI, 1.05 to

1.14; P < 0.0 0 01). The OR for tertile 3 was significantly higher

than the OR for tertile 1 (OR = 18.57; 95% CI, 4.24 to 81.44; P =
0.0 0 01). Adjustment for demographic variables and comorbidities

did not weaken the associations between the NLR and death.

Further adjusting for the baseline levels of respiratory rate, alanine

transaminase, creatinine, prothrombin time and D-dimer did not

affect the relationships in the fully adjusted models. NLR as a

continuous variable was associated with 8% increased risk of

mortality in the fully adjusted models (OR = 1.08; 95%CI, 1.01 to

1.14; P = 0.0147). Meanwhile, elevated tertile of NLR exhibited an

increase in risk of mortality for the third tertile (vs the first tertile)

with OR of 16.04 (95% CI, 1.14 to 224.95; P = 0.0395). 

To evaluate the consistency of the relationship between NLR

and risk of all-cause mortality during hospitalization, stratified

analyses were performed ( Fig. 2 ). For each unit increase of NLR, the

adjusted OR for mortality was 1.10 in males ( P = 0.016) and 1.00 in

females ( P = 0.972), and the difference for interaction was not sta-

tistically significant ( P interaction = 0.240). There was a borderline

significant association for mortality risk in patients less than 60

years (adjusted OR = 1.09; 95% CI, 1.00 to 1.19; P = 0.053) in com-

parison with patients 60 years or older ( P interaction = 0.786). The
djusted OR for patients with normal body mass index (defined as

MI < 25 kg/m 

2 ) was 1.06 ( P = 0.107), while in those with an ele-

ated BMI the OR was 1.11 ( P = 0.091). The difference of interaction

as not significant between two groups ( P interaction = 0.473).

oreover, increasing NLR still was a risk factor for death in pa-

ients with or without hypertension, and no evidence of interaction

ffect was found between groups ( P interaction = 0.604). 

The associations between different blood cell counts and in-

ospital mortality were measured and shown in Table 4 . The risk

or mortality increased as the level of baseline neutrophil elevated

n the adjusted model (OR = 1.30; 95% CI, 1.05 to 1.60; P = 0.0139

n model 2). There was a significant association between baseline

onocyte count and mortality in the unadjusted model (OR = 6.92;

5% CI, 2.01 to 23.84; P = 0.0022), however, the significance faded

hen considering the cofounders in the adjusted models. Addition-

lly, baseline lymphocyte, red blood cells and platelet counts were

ot associated with in-hospital death both in unadjusted or fully

djusted models. 

iscussion 

This retrospective cohort study included 245 COVID-19 pa-

ients, and the total in-hospital mortality was 13.47%. We found

hat higher NLR significantly associated with an increased risk of

ll-cause death during hospitalization. Older age and high level

f D-dimer are considered independent predictors of in-hospital

eath. 13 We adjusted age, D-dimer concentrations and other co-

ariates to minimize the potential impact of confounding. More-

ver, features that, when added to the model, changed the odds

atio by at least 10 percent have been added to the multiple lo-

istic regression models. Compared with crude regression analy-

es, this association still persisted when adjusting for demographic

nd clinical variables in the multivariable regression analyses. Ac-

ording to the stratified analysis, the risk of mortality tended to be

igher as NLR increased in male patients. 

Several studies have addressed the difference of baseline leuko-

yte counts between the clinical stages in COVID-19 patients. Qin C

t al. 6 reported that severe cases of COVID-19 were likely to have

igher neutrophil count but lower lymphocyte count compared

ith non-severe patients, thus the NLR tended to be higher in se-

ere infection patients. Mo P et al. 14 investigated 155 patients with

OVID-19 and found that refractory patients had higher level of

eutrophils in comparison with general patients. Moreover, some

esearchers evaluated the clinical characteristics of the SARS-CoV-

 reactivation. The study included 5 reactivated patients, among

hich one patient had progressive lymphopenia and progressive

eutrophilia indicating the potential value of leukocyte counts on

OVID-19 reactivation. 15 Limited by the number of patients, dif-

erence of clinical outcome and lack of follow-up, the specific risk

actors for in-hospital mortality remain to be identified. 

In this study, we found that patients with increased NLR had

 higher risk for mortality during hospitalization after adjustment

or other cofounders, meanwhile, the male had a more significant

ssociation with the risk of mortality than the female. This find-

ng is consistent with the results concluded by Mo P et al. 14 that

ale patients have a higher incidence of disease refractoriness.

urther research should be conducted to confirm this result and

etermine the differences in the pathophysiological mechanisms

etween male and female with COVID-19. 

NLR has taken both the levels of neutrophils and lymphocytes

nto account, and been proposed as a new biomarker for systemic

nflammation. The high NLR results from increased neutrophil

ount and decreased lymphocyte count. The inflammatory re-

ponse could stimulate the production of neutrophils and speed

p the apoptosis of lymphocytes. Dysregulated immune cell

http://www.empowerstats.com
http://www.R-project.org
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Table 1 

Baseline characteristics of COVID-19 patients and all-cause death during hospital according to the tertiles of neutrophil-lymphocyte ratio (NLR) ( n = 245). 

Variable Tertile 1 Tertile 2 Tertile 3 P value 

(0.54-2.21; n = 82) (2.21-4.82; n = 81) (4.85-88.09; n = 82) 

Demographic 

Age, years 47.74 ± 15.83 52.68 ± 17.07 61.41 ± 15.01 < 0.001 

Sex < 0.001 

Male 24 (29.27%) 40 (49.38%) 50 (60.98%) 

Female 58 (70.73%) 41 (50.62%) 32 (39.02%) 

BMI (kg/m 

2 ) 22.66 ± 2.93 24.41 ± 3.23 23.99 ± 3.65 0.003 

Smoking 1 (1.22%) 4 (4.94%) 5 (6.10%) 0.257 

Symptoms and signs 

Fever 61 (74.39%) 62 (76.54%) 75 (91.46%) 0.010 

Dry cough 39 (47.56%) 49 (60.49%) 52 (63.41%) 0.092 

Fatigue 36 (43.90%) 36 (44.44%) 45 (54.88%) 0.285 

Anorexia 14 (17.07%) 15 (18.52%) 27 (32.93%) 0.028 

Myalgia 24 (29.27%) 27 (33.33%) 24 (29.27%) 0.810 

Dyspnea 8 (9.76%) 10 (12.35%) 27 (32.93%) < 0.001 

Sputum 15 (18.29%) 24 (29.63%) 28 (34.15%) 0.064 

Pharyngalgia 9 (10.98%) 7 (8.64%) 1 (1.22%) 0.026 

Diarrhea 6 (7.32%) 8 (9.88%) 4 (4.88%) 0.438 

Nausea 3 (3.66%) 8 (9.88%) 6 (7.32%) 0.278 

Dizziness 3 (3.66%) 2 (2.47%) 5 (6.10%) 0.490 

Headache 5 (6.10%) 5 (6.17%) 2 (2.44%) 0.449 

Vomiting 2 (2.44%) 5 (6.17%) 3 (3.66%) 0.440 

Abdominal pain 3 (3.66%) 0 (0.00%) 0 (0.00%) 0.049 

Respiratory rate ≥ 30 bpm 0 (0.00%) 0 (0.00%) 8 (9.88%) < 0.001 

Heart rate, beats per min 81.23 ± 12.01 87.14 ± 13.23 91.40 ± 18.49 < 0.001 

MAP, mmHg 88.48 ± 7.87 93.78 ± 10.77 90.34 ± 10.34 0.002 

Comorbidities 

COPD 2 (2.44%) 4 (4.94%) 2 (2.44%) 0.585 

Hypertension 11 (13.41%) 14 (17.28%) 27 (32.93%) 0.005 

Diabetes 5 (6.10%) 6 (7.41%) 12 (14.63%) 0.131 

CHD 5 (6.10%) 3 (3.70%) 10 (12.20%) 0.100 

Carcinoma 2 (2.44%) 1 (1.23%) 6 (7.32%) 0.091 

CLD 0 (0.00%) 3 (3.70%) 4 (4.88%) 0.135 

HIV infection 1 (1.22%) 0 (0.00%) 1 (1.22%) 0.608 

Laboratory findings 

White blood cells, 10 ̂ 9 /L 3.86 ± 1.58 4.23 ± 1.36 8.49 ± 5.69 < 0.001 

Neutrophil, 10 ̂ 9 /L 2.03 ± 0.90 2.83 ± 1.00 7.38 ± 5.37 < 0.001 

Lymphocyte, 10 ̂ 9 /L 1.39 ± 0.67 0.92 ± 0.31 0.62 ± 0.35 < 0.001 

Red blood cells, 10 ̂ 12 /L 4.09 ± 0.52 4.22 ± 0.56 4.04 ± 0.79 0.161 

Hemoglobin, G/L 127.89 ± 15.59 130.39 ± 13.73 124.33 ± 24.79 0.117 

Platelet, 10 ̂ 9 /L 178.39 ± 47.57 174.70 ± 66.60 191.49 ± 89.23 0.274 

ALT, U/L 23.93 ± 18.08 26.77 ± 17.79 40.56 ± 42.19 < 0.001 

AST, U/L 27.65 ± 12.91 36.16 ± 27.33 52.10 ± 57.68 < 0.001 

Glucose, mmol/L 5.84 ± 1.47 6.81 ± 3.30 8.22 ± 3.85 < 0.001 

Blood urea nitrogen, mmol/L 4.20 ± 1.60 4.69 ± 2.34 8.06 ± 8.31 < 0.001 

Creatinine, μmol/L 65.60 ± 20.48 75.06 ± 37.49 118.18 ± 180.33 < 0.001 

D-dimer, ng/mL 303.63 ± 565.30 685.37 ± 3143.50 2287.51 ± 6052.35 < 0.001 

PT, sec 12.39 ± 0.90 12.81 ± 1.01 13.42 ± 1.73 < 0.001 

APTT, % 31.03 ± 2.32 31.33 ± 3.82 31.27 ± 5.35 0.410 

TT, sec 14.82 ± 1.91 14.98 ± 1.49 15.55 ± 4.01 0.198 

C-reactive protein, mg/L 14.18 ± 16.58 36.18 ± 36.18 94.63 ± 76.13 < 0.001 

Procalcitonin, ng/mL < 0.001 

< 0.1 72 (93.51%) 69 (90.79%) 38 (46.34%) 

≥ 0.1, < 0.5 5 (6.49%) 4 (5.26%) 26 (31.71%) 

≥ 0.5, < 1 0 (0.00%) 3 (3.95%) 7 (8.54%) 

≥ 1 0 (0.00%) 0 (0.00%) 11 (13.41%) 

Imaging features 

Consolidation or Ground-glass opacity 77 (95.06%) 78 (97.50%) 82 (100.00%) 0.108 

All-cause death 2 (2.44%) 5 (6.17%) 26 (31.71%) < 0.001 

Data are mean ± SD, median (interquartile range), or percentage. P values comparing groups are from a χ ² test for categorical variables, and ANOVA for 

continuous variables. BMI = Body mass index. MAP = mean arterial pressure. COPD = chronic obstructive pulmonary disease. CHD = coronary heart disease; 

CLD = chronic liver disease. ALT = alanine transaminase. AST = aspartate transaminase. PT = prothrombin time. APTT = activated partial thromboplastin time. 

TT = thrombin time. 
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esponses and consequently immunologic abnormality are be-

ieved to play remarkable roles in the severity of virus-induced

isease. 16 When immune response is dysregulated, it would re-

ult in an excessive inflammation, even death. One of the most

rominent factors associating with the severity and outcomes of

he Middle East respiratory syndrome coronavirus (MERS-CoV)

isease is the hematological change in leukocyte populations. 17 
eukocytosis characterized by increased neutrophils and monocytes

as primarily observed in several MERS-CoV patients, and all the

eceased patients showed rapid drops of lymphocyte counts. 18 , 19 

ecent studies showed that higher levels of inflammatory cy-

okines, chemokines and NLR in infected patients were correlated

ith the severity of the disease than did those non-severe pa-

ients, suggesting the involvement of cytokine storm in disease
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Table 2 

The unadjusted association between baseline variables and all-cause death during hospitalization (n = 245). 

Variable Statistics Odds ratio (95% CIs) P value 

Age, years 53.95 ± 16.90 1.09 (1.06, 1.13) < 0.0001 

Sex 

Male 114 (46.53%) 1.0 

Female 131 (53.47%) 0.23 (0.10, 0.54) 0.0007 

BMI (kg/m 

2 ) 23.67 ± 3.34 1.15 (1.01, 1.30) 0.0328 

COPD 

No 237 (96.73%) 1.0 

Yes 8 (3.27%) 4.14 (0.94, 18.22) 0.0602 

Hypertension 

No 193 (78.78%) 1.0 

Yes 52 (21.22%) 3.94 (1.82, 8.53) 0.0005 

Diabetes 

No 222 (90.61%) 1.0 

Yes 23 (9.39%) 3.30 (1.24, 8.77) 0.0168 

CHD 

No 227 (92.65%) 1.0 

Yes 18 (7.35%) 6.46 (2.33, 17.90) 0.0003 

Carcinoma 

No 236 (96.33%) 1.0 

Yes 9 (3.67%) 1.89 (0.38, 9.51) 0.4404 

CLD 

No 238 (97.14%) 1.0 

Yes 7 (2.86%) 2.67 (0.50, 14.37) 0.2525 

HIV infection 

No 243 (99.18%) 1.0 

Yes 2 (0.82%) - ∗ 0.9894 

Smoking 

No 235 (95.92%) 1.0 

Yes 10 (4.08%) 2.93 (0.72, 11.94) 0.1341 

Heart rate, bpm 86.59 ± 15.37 1.01 (0.99, 1.03) 0.3044 

MAP, mmHg 90.86 ± 9.94 0.96 (0.92, 0.99) 0.0245 

Respiratory rate, bpm 

< 30 236 (96.72%) 1.0 

≥ 30 8 (3.28%) 7.43 (1.76, 31.38) 0.0064 

Neutrophil, 10 ̂ 9 /L 4.09 ± 3.97 1.34 (1.19, 1.50) < 0.0001 

Lymphocyte, 10 ̂ 9 /L 0.98 ± 0.57 0.58 (0.26, 1.32) 0.1979 

Hemoglobin, G/L 127.52 ± 18.78 0.98 (0.96, 1.00) 0.0504 

Platelet, 10 ̂ 9 /L 181.56 ± 70.01 0.99 (0.99, 1.00) 0.0507 

ALT, U/L 30.48 ± 29.33 1.01 (1.00, 1.02) 0.0094 

Creatinine, μmol/L 86.46 ± 109.60 1.01 (1.00, 1.01) 0.0177 

PT, sec 12.88 ± 1.34 1.30 (1.01, 1.67) 0.0448 

D-dimer, ng/mL 1102.17 ± 4050.14 1.00 (1.00, 1.00) 0.1123 

C-reactive protein, mg/L 45.77 ± 57.85 1.02 (1.01, 1.03) < 0.0001 

Procalcitonin, ng/mL 

< 0.1 179 (76.17%) 1.0 

≥ 0.1, < 0.5 35 (14.89%) 66.37 (14.14, 311.53) < 0.0001 

≥ 0.5, < 1 10 (4.26%) 206.50 (29.61, 1440.03) < 0.0001 

≥ 1 11 (4.68%) 398.25 (50.19, 3160.05) < 0.0001 

Data are mean ± SD, n (%), n/N (%), or median (IQR). 

BMI = Body mass index. COPD = chronic obstructive pulmonary disease. CHD = coronary heart disease; CLD = chronic liver disease. 

MAP = mean arterial pressure. ALT = alanine transaminase. PT = prothrombin time. 
∗ The model failed because of the small sample size. 

Table 3 

Risk association between baseline NLR and in-hospital death. 

Unadjusted Odds ratio (95% CIs) P value Model 1 a Odds ratio (95% CIs) P value Model 2 b Odds ratio (95% CIs) P value 

NLR 1.10 (1.05, 1.14) < 0.0001 1.09 (1.03, 1.14) 0.0013 1.08 (1.01, 1.14) 0.0147 

Tertiles NLR 

Tertile 1 1.0 1.0 1.0 

Tertile 2 2.63 (0.50, 13.97) 0.2560 1.71 (0.14, 21.38) 0.6768 1.52 (0.09, 25.08) 0.7700 

Tertile 3 18.57 (4.24, 81.44) 0.0001 16.61 (1.58, 174.66) 0.0192 16.04 (1.14, 224.95) 0.0395 

a Model 1 was adjusted for age, sex, body mass index, history of Hypertension, history of chronic liver disease, history of HIV infection, history of chronic obstructive 

pulmonary disease, smoking status. 
b Model 2 was adjusted for age, sex, body mass index, history of Hypertension, history of chronic liver disease, history of HIV infection, history of chronic obstructive 

pulmonary disease, smoking status, respiratory rate, alanine transaminase, creatinine, prothrombin time, D-dimer. 



Y. Liu, X. Du and J. Chen et al. / Journal of Infection 81 (2020) e6–e12 e11 

Table 4 

Associations between baseline blood cell counts in the blood routine test and the in-hospital death. 

Unadjusted Odds ratio (95% CIs) P value Model 1 a Odds ratio (95% CIs) P value Model 2 b Odds ratio (95% CIs) P value 

Neutrophil, 10 ̂ 9 /L 1.34 (1.19, 1.50) < 0.0001 1.26 (1.08, 1.47) 0.0030 1.30 (1.05, 1.60) 0.0139 

Lymphocyte, 10 ̂ 9 /L 0.58 (0.26, 1.32) 0.1979 0.81 (0.37, 1.78) 0.6009 0.86 (0.34, 2.15) 0.7431 

Monocyte, 10 ̂ 9 /L 6.92 (2.01, 23.84) 0.0022 2.55 (0.47, 13.80) 0.2788 0.78 (0.04, 13.47) 0.8617 

Red blood cells, 10 ̂ 12 /L 0.60 (0.34, 1.06) 0.0800 0.84 (0.28, 2.50) 0.7553 0.48 (0.14, 1.70) 0.2576 

Platelet, 10 ̂ 9 /L 0.99 (0.99, 1.00) 0.0507 0.99 (0.98, 1.00) 0.0428 0.99 (0.98, 1.00) 0.1609 

a Model 1 was adjusted for age, sex, body mass index, history of Hypertension, history of chronic liver disease, history of HIV infection, history of chronic obstructive 

pulmonary disease, smoking status. 
b Model 2 was adjusted for age, sex, body mass index, history of Hypertension, history of chronic liver disease, history of HIV infection, history of chronic obstructive 

pulmonary disease, smoking status, respiratory rate, alanine transaminase, creatinine, prothrombin time, D-dimer. 

Fig. 2. Risk associations between NLR as a continuous variable and in-hospital death in subgroups of gender, age, body mass index and history of hypertension. 

Data were adjusted for age, sex, body mass index, history of Hypertension, history of chronic liver disease, history of HIV infection, history of chronic obstructive pulmonary 

disease, smoking status, respiratory rate, alanine transaminase, creatinine, prothrombin time, D-dimer. 
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everity. 6 , 20 These findings are consistent with our results. Fur-

hermore, patients with severe virus infection are more likely to

o-infected with bacteria due to low immune functions, which

ould be another possible reason to explain the increased level

f neutrophils, C-reactive protein and procalcitonin shown in our

tudy. 

The results of this study have several clinical implications and

trengths. Since NLR could be quickly calculated based on a blood

outine test on admission, clinicians may identify high risk COVID-

9 patients at an early stage. Thus, treatments can be modified ac-

ordingly to reduce the in-hospital death. As this is an observa-

ional study and susceptible to various confounders. We adopted

trict methods of statistical adjustment to minimize potential con-

ounding. In addition, we tested the robustness of the results by

epeating the analyses with tertiles of the NLR and in different

ubgroups of gender, age, body mass index and history of hyper-

ension. 

There are some limitations that should be noted meanwhile.

irst, the number of observed events is to some extent small which

imits the statistical power of this explorative study. However, the

ample size of this research is sufficient to draw a conclusion.

tatistical analyses with tertiles of the NLR and in subgroups have

nsured the reliability of the results. Second, since all subjects

n our study were hospitalized Chinese patients diagnosed with
OVID-19, results of this study might not directly be applied to

ther ethnicities. Third, although we have adjusted for multiple

otential confounders, residual and unmeasured confounding

ight not be fully considered. 

In conclusion, this retrospective cohort study performed in the

hinese population revealed that the NLR is an independent risk

actor for the in-hospital mortality. Further researches are needed

o confirm our findings in other cohorts and to compare the

redictive ability of baseline NLR and the change in NLR under

reatments. 
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