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1  | INTRODUC TION

As of February 3, 2021, Coronavirus disease 2019 (COVID-19) 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has led to more than 100 000 000 confirmed in-
fections and 2 200 000 deaths all over the world. On the basis of 

the clinical symptoms severity, COVID-19 patients are usually clas-
sified as mild, severe, and critical types. The total mortality rate of 
COVID-19 patients is about 4% according to the statistical infor-
mation from World Health Organization (WHO). However, the risk 
of adverse clinical outcomes appears a dramatic rise in COVID-19 
patients with severe/critical illness. Therefore, it is quite important 

 

Received: 27 February 2021  |  Revised: 1 June 2021  |  Accepted: 9 June 2021

DOI: 10.1111/ijlh.13640  

O R I G I N A L  A R T I C L E

Lymphocytes screening on admission is essential for 
predicting in-hospital clinical outcome in COVID-19 patients: 
A retrospective cohort study

Lirong Nie1 |   Yan Liu2,3 |   Yijie Weng4 |   Yaqiong Zheng2 |   Liping Cai2 |   Guomei Kou2 |   
Zhou Xiong2 |   Lei Liu2,3

1Department of Hematology, Affiliated 
Hospital of Guangdong Medical University, 
Zhanjiang, China
2Department of Transfusion Medicine, 
General Hospital of Central Theater 
Command of the PLA, Wuhan, China
3Wuhan School of Clinical Medicine, 
Southern Medical University, Wuhan, China
4Department of Gastroenterology, Affiliated 
Hospital of Guangdong Medical University, 
Zhanjiang, China

Correspondence
Lei Liu, Department of Transfusion 
Medicine, General Hospital of Central 
Theater Command of the PLA, Wuhan, 
Hubei 430070, China.
Email: liulei890207@163.com

Funding information
This work was supported by the Wuhan 
Young and Middle-aged Medical Backbone 
Talents Training Project (Wuweitong [2019] 
87th), and the Military Medical Science 
and Technology Youth Cultivation Project 
(20QNPY092).

Abstract
Introduction: We aimed to identify the associations between the lymphocytes (LYM) 
absolute count on admission and clinical outcomes in COVID-19 patients.
Methods: In this retrospective study, 224 COVID-19 patients who were admitted to 
General Hospital of Central Theater Command of the PLA from January 22 to April 
4, 2020, were consecutively included. These patients were divided into the lympho-
penia group and the nonlymphopenia group according to whether the LYM count on 
admission was below the normal range.
Results: During hospitalization, patients in the lymphopenia group have a much 
higher all-cause mortality (14.5% vs 0.0%; P < .001) and an evidently longer length 
of hospital stay (24.0 vs 17.5 days; P <  .001) than patients in the nonlymphopenia 
group. The correlation analysis results indicated that the LYM count was negatively 
correlated with the values of NEU (R = −.2886, P < .001), PT (R = −.2312, P < .001), 
FIB (R = −.2954, P < .001), D-D (R = −.3554, P < .001), CRP (R = −.4899, P < .001), 
IL-6 (R = −.5459, P < .001), AST (R = −.2044, P < .01), Cr (R = −.1350, P < .05), CPK 
(R = −.2119, P < .01), CK-Mb (R = −.1760, P < .01), and LDH (R = −.4330, P < .001), 
and was positively correlated with the count of PLT (R = .2679, P < .001). In addition, 
LYM as a continuous variable was associated with 97% decreased risk of in-hospital 
mortality in the fully adjusted models (OR = 0.03, 95%CI, 0.00-0.37, P < .001).
Discussion: LYM screening on admission is a critical predictor for assessment of dis-
ease severity and clinical outcomes in patients with COVID-19, and lymphopenia sub-
stantially correlates with poor clinical outcomes.
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to find the clinical indicators that can reasonably evaluate disease 
progression and effectively predict clinical outcomes in COVID-19 
patients.

Many previous studies1-6 have showed that lymphopenia often 
appears in COVID-19 patients especially in severe/critical types and 
that a potential correlation exists between lymphocytes (LYM) count 
and disease progression in SARS-CoV-2 infections. Nevertheless, 
whether LYM screening could be an independent predictor for clini-
cal outcomes (including mortality and length of hospital stay) in hos-
pitalized COVID-19 patients needs to be further elucidated. In the 
present study, we aimed to clarify the clinical significance of LYM 
screening and its association with clinical outcomes in COVID-19 
patients, which might be helpful for determining the important bio-
markers for COVID-19.

2  | METHODS

2.1 | Study design and participants

For this retrospective cohort study, COVID-19 patients who were 
admitted to General Hospital of Central Theater Command of the 
PLA from January 22 to April 4, 2020, were consecutively included. 
The clinical outcomes (discharge from hospital or death) were re-
corded up to April 4, 2020. All the patients were diagnosed accord-
ing to WHO interim guidance. As the flow chart (Figure 1) shown, 
the general information and laboratory data of 356 patients were 
obtained. Patients who were tested negative for SARS-CoV-2 nu-
cleic acid on admission, being transferred from/to other hospi-
tals during hospitalization, having missing baseline data, or under 

18 years old were excluded, and 224 patients were finally included 
in this research. A patient was categorized as severe case if any of 
the below clinical scenes additionally appeared: (1) respiratory rate 
≥30/min; (2) oxygen saturation ≤93%; and (3) arterial partial pressure 
of oxygen (PaO2) / fraction of inspired oxygen (FiO2) ≤ 300 mm Hg 
(1 mm Hg = 0.133 kPa). The enrolled patients were divided into two 
groups (the lymphopenia group and the nonlymphopenia group) ac-
cording to whether the LYM absolute count on admission was below 
the normal range. This study was approved by the Hospital Ethics 
Committee of General Hospital of Central Theater Command of the 
PLA (No. [2020]003-1), and oral informed consent was obtained 
from each patient.

2.2 | Data collection

The general information (age, gender, clinical types, signs and symp-
toms, coexisting disorders, and clinical outcomes) and laboratory find-
ings (lymphocytes [LYM, normal range 1.1-3.2  ×  109/L], neutrophils 
[NEU, normal range 1.8-6.3 × 109/L], hemoglobin [Hb, normal range 
115-160 g/L], platelet [PLT, normal range 125-350 × 109/L], prothrom-
bin time [PT, normal range 10-14 s], activated partial thromboplastin 
time [APTT, normal range 23.5-39.1 s], fibrinogen [FIB, normal range 2-
4.98 g/L], D-dimers [D-D, normal range 0-243 ng/mL], C-reactive pro-
tein [CRP, normal range 0-10 mg/L], interleukin-6 [IL-6, normal range 
0-7  pg/mL], alanine aminotransferase [ALT, normal range 7-40 U/L], 
aspartate aminotransferase [AST, normal range 13-35 U/L], creatinine 
[Cr, normal range 45-110 μmol/L], creatine phosphokinase [CPK, nor-
mal range 0-195 U/L], creatine kinase-MB [CK-Mb, normal range 0-24 
U/L], and lactate dehydrogenase [LDH, normal range 109-225 U/L]) of 

F I G U R E  1   Study population
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TA B L E  1   Clinical characteristics and laboratory findings of 224 COVID-19 patients

Characteristics All patients (N = 224) Lymphopenia (N = 110) Nonlymphopenia (N = 114)
P 
value

Age, years 56.0 (40.8-67.2) 60.0 (49.0-71.0) 54.0 (37.2-66.0) .005

Age groups

0-59 y 126 (56.2) 54 (49.1) 72 (63.2) .047

≥60 y 98 (43.8) 56 (50.9) 42 (36.8)

Gender

Male 134 (59.8) 75 (68.2) 59 (51.8) .018

Female 90 (40.2) 35 (31.8) 55 (48.2)

Clinical types

Severe 61 (27.2) 51 (46.4) 10 (8.8) <.001

Nonsevere 163 (72.8) 59 (53.6) 104 (91.2)

Signs and symptoms

Fever 187 (83.5) 98 (89.1) 89 (78.1) .026

Cough 141 (62.9) 70 (63.6) 71 (62.3) .834

Fatigue 84 (37.5) 47 (42.7) 37 (32.5) .112

Coexisting disorders

Hypertension 63 (28.1) 35 (31.8) 28 (24.6) .290

CCD 37 (16.5) 22 (20.0) 15 (13.2) .231

Diabetes 28 (12.5) 13 (11.8) 15 (13.2) .920

Respiratory disease 19 (8.5) 11 (10.0) 8 (7.0) .575

Malignancy 16 (7.1) 11 (10.0) 5 (4.4) .170

Laboratory findings

LYM (×109/L; 1.1-3.2) 1.1 (0.8-1.5) 0.8 (0.5-1.0) 1.5 (1.3-2.0) <.001

NEU (×109/L; 1.8-6.3) 3.0 (2.2-4.6) 3.4 (2.4-5.7) 2.7 (2.2-3.6) <.001

Hb (g/L; 115-160) 127.0 (118.0-140.0) 129.0 (117.0-139.0) 127.0 (118.0-141.0) .707

PLT (×109/L; 125-350) 188.5 (149.8-236.2) 164.5 (138.0-224.2) 203.5 (173.2-246.2) <.001

PT (s; 10-14) 12.0 (11.4-12.8) 12.3 (11.7-13.0) 11.8 (11.2-12.4) <.001

APTT (s; 23.5-39.1) 32.3 (30.2-34.7) 32.5 (30.1-34.7) 32.2 (30.3-34.6) .703

FIB (g/L; 2-4.98) 4.1 (3.6-4.7) 4.3 (3.8-4.8) 4.0 (3.5-4.5) .002

D-D (ng/mL; 0-243) 154.5 (86.0-336.2) 215.0 (114.0-524.5) 116.0 (67.0-227.5) <.001

CRP (mg/L; 0-10) 11.0 (4.6-44.1) 29.2 (8.8-69.4) 9.5 (3.0-15.2) <.001

IL-6 (pg/mL; 0-7) 13.1 (4.4-32.6) 27.1 (9.9-49.0) 5.8 (2.6-18.1) <.001

ALT (U/L; 7-40) 23.0 (16.0-34.0) 25.0 (18.0-35.0) 21.0 (14.0-29.2) .010

AST (U/L; 13-35) 29.0 (23.0-41.0) 31.0 (25.0-46.8) 26.0 (21.0-35.0) <.001

Cr (μmol/L; 45-110) 65.0 (54.2-79.0) 67.5 (55.2-80.0) 63.0 (53.0-77.0) .067

CPK (U/L; 0-195) 113.0 (79.5-177.0) 122.5 (84.5-236.8) 105.0 (72.0-147.0) .006

CK-Mb (U/L; 0-24) 17.0 (15.0-20.0) 18.0 (15.0-21.0) 16.0 (14.0-19.0) .014

LDH (U/L; 109-225) 220.0 (179.8-276.0) 249.5 (196.8-351.8) 197.0 (162.5-231.8) <.001

Clinical outcome

Length of stay, days 21.0 (14.8-29.0) 24.0 (18.2-32.8) 17.5 (13.0-23.0) <.001

All-cause death 16 ( 7.1) 16 (14.5) 0 (0.0) <.001

Note: Data are median (IQR), n (%), where N is the total number of patients with available data. P values comparing the two groups’ patients are 
from χ² test, Fisher's exact test, or Mann-Whitney U test. Lymphopenia, Patients with lymphopenia on admission. Nonlymphopenia, Patients with 
nonlymphopenia on admission.
ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; CCD, cardiovascular and/or disease; 
CK-Mb, creatine kinase-MB; CPK, creatine phosphokinase; Cr, creatinine; CRP, C-reactive protein; D-D, D-dimers; FIB, fibrinogen; Hb, hemoglobin; 
IL-6, interleukin-6; LDH, lactate dehydrogenase; LYM, lymphocytes; NEU, neutrophils; PLT, platelet; PT, prothrombin time.
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the patients on admission were extracted from electronic medical re-
cords as of April 4, 2020. For LYM classification, the relevant results 
(absolute count of total T cells [normal range 955-2860 /μL], CD8+ T 
cells [normal range 320-1250 /μL], CD4+ T cells [normal range 550-
1440 /μL], natural killer [NK] cells [normal range 150-1100 /μL], total B 
cells [normal range 90-560 /μL], and ratio of CD4+/CD8+ [normal range 
0.71-2.78]) of patients on admission were recorded and analyzed.

Pharyngeal swab specimens were collected from patients for 
SARS-CoV-2 RNA test, and real-time RT-PCR was performed using 
the nucleic acid testing kit (Daan, Guangzhou, China) as previously 
described.7

2.3 | Statistical analysis

Continuous variables were described as the means and stand-
ard deviations or medians and interquartile ranges (IQR) values. 
Categorical variables were expressed as the counts and percentages. 
Independent group t tests were applied to continuous variables that 
were normally distributed; otherwise, the Mann-Whitney test was 
used. Categorical variables were compared using the chi-square 
tests, while the Fisher exact test was used when the data were lim-
ited. Linear fitting curve was drawn for analyzing the association 
between the LYM count and length of hospital stay, while logistic 
fitting curve was drawn for analyzing the association between the 
LYM count and all-cause death. Univariate and multivariate logistic 
regression models were used to evaluate the relationships between 
baseline variables and all-cause death of patients during hospitaliza-
tion, then unadjusted and adjusted odds ratio (ORs) and 95% con-
fidence intervals (CIs) were calculated. In the multivariate adjusted 
models, age, gender, hypertension, cardiovascular and/or cerebro-
vascular disease (CCD), NEU, D-D, CRP, Cr, and LDH were included. 

Statistical analyses were performed using Statistical Package for the 
Social Sciences (SPSS) version 22.0 software. A two-sided α of less 
than 0.05 was considered statistically significant.

3  | RESULTS

3.1 | Clinical characteristics and laboratory findings

The clinical characteristics and laboratory data of 224 patients were 
shown in Table 1. Of these cases, the median age was 56.0 years 
(IQR, 40.8-67.2), and 134 (59.8%) patients were men. Nearly 30% 
of the patients were severe cases on admission. The most common 
symptoms at illness onset were fever (187 [83.5%]), cough (141 
[62.9%]), and fatigue (84 [37.5%]) among these patients. Of these 
patients, hypertension (63 [28.1%]), CCD (37 [16.5%]), and diabetes 
(28 [12.5%]) were the most common coexisting disorders. The me-
dian length of hospital stay of these patients was 21.0 days (IQR, 
14.8-29.0), and the all-cause mortality in hospital was 7.1% (16/224).

The median age of patients in the lymphopenia group was much 
older than that of patients in the nonlymphopenia group (60.0 vs 
54.0 years; P < .01), and the proportion of patients aged over 60 in the 
lymphopenia group were significantly higher than that of patients in 
the nonlymphopenia group (50.9% vs 36.8%; P < .05). In addition, the 
male cases possessed a higher proportion in the lymphopenia group 
than that in the nonlymphopenia group (68.2% vs 51.8%; P  <  .05). 
The severe cases owned a markedly higher proportion in the lymph-
openia group than that in the nonlymphopenia group (46.4% vs 8.8%; 
P < .001). The proportion of patients with fever at illness onset in the 
lymphopenia group was slightly higher than that of patients with fever 
in the nonlymphopenia group (89.1% vs 78.1%; P < .05). During hos-
pitalization, patients in the lymphopenia group have a much higher 

TA B L E  2   Lymphocyte classification results of 224 COVID-19 patients on admission

All patients (N = 224) Lymphopenia (N = 110)
Nonlymphopenia 
(N = 114) P value

Total T cells (/μL; 955-2860) 746.5 (481.0-1148.0) 505.0 (319.3-684.3) 1140.0 (895.5-1481.3) <.001

Decreased 140 (62.5) 99 (90.0) 41 (36.0) <.001

CD8+ T cells (/μL; 320-1250) 247.0 (152.5-367.0) 162.0 (85.0-244.0) 335.5 (247.0-458.0) <.001

Decreased 147 (65.6) 96 (87.3) 51 (44.7) <.001

CD4+ T cells (/μL; 550-1440) 420.5 (270.0-711.0) 291.0 (165.8-385.8) 680.0 (451.3-930.5) <.001

Decreased 136 (60.7) 98 (89.1) 38 (33.3) <.001

Natural killer [NK] cells (/μL; 150-1100) 155.0 (94.0-244.0) 106.0 (65.0-199.3) 199.0 (129.0-277.5) <0.001

Decreased 108 (48.2) 70 (63.6) 38 (33.3) <0.001

Total B cells (/μL; 90-560) 150.5 (97.8-264.0) 113.0 (75.0-152.3) 228.0 (148.3-341.0) <.001

Decreased 46 (20.5) 37 (33.6) 9 (7.9) <.001

CD4+/CD8+ (0.71-2.78) 1.7 (1.2-2.4) 1.5 (1.1-2.3) 1.9 (1.3-2.6) .044

Decreased 9 (4.0) 8 (7.3) 1 (0.9) .036

Increased 39 (17.4) 16 (14.5) 23 (20.2) .267

Note: Data are median (IQR), n (%), where N is the total number of patients with available data. P values comparing the confirmed patients and 
the suspected patients are from χ² test, Fisher's exact test, or Mann-Whitney U test. Lymphopenia, Patients with lymphopenia on admission. 
Nonlymphopenia, Patients with nonlymphopenia on admission.
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all-cause mortality (14.5% vs 0.0%; P < .001) and an evidently longer 
length of hospital stay (24.0 vs 17.5 days; P <  .001) than patients in 
the nonlymphopenia group. Moreover, most of the laboratory in-
dicators shown in Table  1 were significantly different between the 
two groups’ patients. The correlation analysis results indicated that 
the LYM count was negatively correlated with the values of NEU 
(R=−0.2886, P < .001), PT (R = −0.2312, P < .001), FIB (R = −0.2954, 
P < .001), D-D (R = −0.3554, P < .001), CRP (R = −0.4899, P < .001), IL-6 
(R = −0.5459, P < .001), AST (R = −0.2044, P < .01), Cr (R = −0.1350, 
P < .05), CPK (R = −0.2119, P < .01), CK-Mb (R = −0.1760, P < .01), and 
LDH (R = −0.4330, P <  .001), and was positively correlated with the 
count of PLT (R = 0.2679, P <  .001). These results demonstrate that 
LYM has close associations with various clinical indicators related to 
coagulation, inflammatory reaction, and important organ (heart, liver, 
and kidney) function.

3.2 | Lymphocyte classification

The LYM classification results of 224 patients on admission were 
shown in Table 2. Compared with patients in the nonlymphopenia 
group, patients in the lymphopenia group possessed much lower 
median values of total T cells (505.0 vs 1140.0; P  <  .001), CD8+ 
T cells (162.0 vs 335.5; P  <  .001), CD4+ T cells (291.0 vs 680.0; 
P  <  .001), natural killer [NK] cells (106.0 vs 199.0; P  <  .001), and 
total B cells (113.0 vs 228.0; P  <  .001). Furthermore, patients in 
the lymphopenia group have a higher percentage value of each of 
these indicators below the normal range compared with patients in 
the nonlymphopenia group (P <  .001). These results point out that 
COVID-19 patients with lymphopenia usually show a decrease in 
all types of LYM and that COVID-19 patients with normal LYM also 
show a decrease in one or more types of LYM. Simultaneously, the 
median ratio of CD4+/CD8+ of patients in the lymphopenia group 
was also lower than that of patients in the nonlymphopenia group 
(1.5 vs 1.9; P < .05).

3.3 | Associations of baseline variables with 
clinical outcomes

The results of univariate logistic regression models (Table  3) mani-
fested that age (OR = 1.10, 95%CI, 1.05-1.15, P <  .001), hyperten-
sion (OR = 3.67, 95%CI, 1.30-10.32, P < .05), CCD (OR = 3.43, 95%CI, 
1.16-10.10, P <  .05), NEU (OR = 1.34, 95%CI, 1.17-1.54, P <  .001), 
D-D (OR = 1.00 95%CI, 1.00-1.00, P < .05), CRP (OR = 1.01, 95%CI, 
1.01-1.02, P < .001), Cr (OR = 1.04, 95%CI, 1.02-1.06, P < .001), and 
LDH (OR = 1.01, 95%CI, 1.00-1.01, P < .001) were positively corre-
lated with the risk of in-hospital death. However, LYM (OR = 0.02, 
95%CI, 0.00-0.11, P < .001) was negatively correlated with the risk of 
in-hospital death. The logistic fitting curve (Figure 2A) also indicated 
that the death risk in hospital of COVID-19 patients was significantly 
reduced with the increase in LYM count on admission. The linear fit-
ting curve (Figure  2B) also showed that the length of hospital stay 

of surviving COVID-19 patients was gradually decreased with the in-
crease in LYM count on admission. Therefore, these results give an 
idea that lymphopenia on admission is closely related to adverse clini-
cal outcomes.

TA B L E  3   The unadjusted association between baseline 
variables and all-cause death of 224 COVID-19 patients during 
hospitalization

Variable OR (95% CIs) P value

Age, years 1.10 (1.05, 1.15) <.001

Gender

Female 1.0 .452

Male 1.52 (0.51, 4.53)

Hypertension

No 1.0 .014

Yes 3.67 (1.30, 10.32)

CCD

No 1.0 .026

Yes 3.43 (1.16, 10.10)

Diabetes

No 1.0 >.99

Yes 1.0 (0.21, 4.65)

Malignancy

No 1.0 .886

Yes 0.86 (0.11, 6.94)

Respiratory disease

No 1.0

Yes 2.77 (0.71, 10.74) .141

LYM, 109/L 0.02 (0.00, 0.11) <.001

NEU, 109/L 1.34 (1.17, 1.54) <.001

Hb, g/L 1.01 (0.98, 1.04) .67

PLT, 109/L 1.00 (0.99, 1.00) .305

PT, s 1.24 (0.91, 1.69) .174

APTT, s 1.04 (0.95, 1.14) .426

FIB, g/L 1.47 (0.83, 2.61) .184

D-D, ng/mL 1.00 (1.00, 1.00) .027

CRP, mg/L 1.01 (1.01, 1.02) <.001

IL-6, pg/mL 1.01 (1.00, 1.02) .265

ALT, U/L 0.98 (0.94, 1.02) .274

AST, U/L 1.01 (0.98, 1.03) .656

Cr, μmol/L 1.04 (1.02, 1.06) <.001

CPK, U/L 1.00 (1.00, 1.00) .465

CK-Mb, U/L 1.02 (0.98, 1.06) .307

LDH (U/L; 109-225) 1.01 (1.00, 1.01) <.001

Abbreviations: ALT, alanine aminotransferase; APTT, activated 
partial thromboplastin time; AST, aspartate aminotransferase; CCD, 
cardiovascular and/or cerebrovascular disease; CK-Mb, creatine 
kinase-Mb; CPK, creatine phosphokinase; Cr, creatinine; CRP, C-
reactive protein; D-D, D-dimers; FIB, fibrinogen; Hb, hemoglobin; IL-6, 
interleukin-6; LDH, lactate dehydrogenase; LYM, lymphocytes; NEU, 
neutrophils; OR, odds ratio; PLT, platelet; PT, prothrombin time.
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The results of multivariate logistic regression models assessing 
the relations of LYM on admission and in-hospital death were shown 
in Table S1. In the unadjusted model, LYM was significantly and neg-
atively correlated with the risk of in-hospital death. Adjustment for 
demographic variables and coexisting disorders (history of hyperten-
sion and history of CCD) did not weaken the associations between 
LYM and in-hospital death (OR = 0.01, 95%CI, 0.00-0.14, P < .001). 
Further adjusting for the baseline levels of NEU, D-D, CRP, Cr, and 
LDH also did not affect the relationships in the fully adjusted mod-
els. LYM as a continuous variable was associated with 97% decreased 
risk of in-hospital mortality in the fully adjusted models (OR = 0.03, 
95%CI, 0.00-0.37, P < .001). Taken above all, the normal LYM count of 
COVID-19 patients on admission seems to be a protective factor that 
can effectively reduce in-hospital mortality.

4  | DISCUSSION

This retrospective cohort study included 224 COVID-19 patients, 
and the associations between the LYM count on admission and 
clinical outcomes were displayed. The clinical characteristics, 
laboratory data, and clinical outcomes of these patients were 
shown according to whether the LYM count on admission was 
below the normal range. The results indicated that the patients 
with lymphopenia possessed much higher proportions of older, 
male, and severe cases than the patients without lymphopenia, 
which implies that the older and male COVID-19 patients are 
more likely to have lymphopenia and that LYM may be a relia-
ble baseline variable assessing COVID-19 disease condition and 
progression. The LYM count was closely correlated with various 

laboratory indicators related to important physiological func-
tions such as coagulation, inflammatory response, and functions 
of vital organs, which prompts that LYM may play a major role in 
multiple pathophysiological development pathways of COVID-19. 
In addition, the COVID-19 patients with lymphopenia were al-
ways associated with a higher death risk or a longer hospital 
stay. The results of univariate and multivariate logistic regression 
models further demonstrated that LYM was associated with 97% 
decreased risk of in-hospital mortality. A meta-analysis reported 
by Huang et al also indicates that lymphopenia correlates with 
several poor clinical outcomes including death, acute respiratory 
distress syndrome (ARDS), ICU care, and severe illness.8 Thus, 
LYM seems to be an independent predictor for illness severity, 
treatment efficacy, and clinical outcomes in COVID-19 patients.

LYM and their subsets act as a critical role in the maintenance 
of immune system function. In this study, lymphopenia occurred in 
nearly 50% (110/224) of the COVID-19 patients, suggesting an im-
pairment of the immune system during the course of SARS-CoV-2 in-
fection. Moreover, decreases in CD8+ T cells, CD4+ T cells, NK cells, 
and B cells were also observed in these patients, indicating SARS-
CoV-2 infection can also lead to dysregulation in the levels of all LYM 
subsets.9-11 These similar alterations were also found in patients in-
fected by MERS-CoV and SARS-CoV.12-14 It has been suggested that 
lymphopenia might be caused by the exudation of circulating LYM 
into inflammatory lung tissues, and directly by virus attachment or 
indirectly by immune injuries from inflammatory mediators.15 This 
study illustrates that the LYM count on admission has close asso-
ciations with disease severity and clinical outcomes in COVID-19 
patients and may be a critical biomarker for COVID-19 surveillance. 
However, multicenter and larger sample size studies are needed to 

F I G U R E  2   Fitting curve between the LYM count and clinical outcomes in COVID-19 patients. A, The logistic fitting curve was drawn to 
assess the relation between the LYM count and in-hospital death risk. B, The linear fitting curve was drawn to assess the relation between 
the LYM count and length of hospital stay. LYM, lymphocytes
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further explore the relationships between the LYM count and clinical 
outcomes in COVID-19 patients.
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