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Abstract

Background: Coronavirus disease 2019 (COVID-19) had become a worldwide health threat. Early prediction of the
severity of COVID-19 patients was important for reducing death rate and controlling this disease.

Methods and materials: A total of 301 patients confirmed with COVID-19 in Wuhan from 8 February to 10 April 2020
were included. Clinical data were collected and analyzed. Diagnostic and prognostic utility of blood cell counts and
lymphocyte subsets in COVID-19 patients were investigated. The receiver operator characteristic curve (ROC) was used
in discriminating the mild and severe/critical cases.

Results: There were difference in blood cell counts and lymphocyte subsets among mild, severe and critical patients, which
were also influenced by comorbidities and duration of disease. The area under the ROC of lymphocyte, CD3" T cells,
CD4" T cells, and CD8" T cells were 0.718, 0.721, 0.718, and 0.670, which were higher than that of other hematological
parameters. The optimal threshold was 1205, 691, 402, and 177 per pl, respectively. Patients with higher counts of
lymphocyte, CD3™ T cells, CD4" T cells, or CD8" T cells were correlated with shorter length of stay in hospital (p < 0.05).
Multivariable Cox regression analysis showed disease severity, CD3" T cells counts and time when the nucleic acid turned
negative were independent risk factors for in-hospital death of COVID-19 patients (p < 0.05).

Conclusion: Blood cell counts and lymphocyte subsets correlated with severity of COVID-I9.
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Introduction

COVID-19, which was caused by the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), became
pandemic throughout the world since March 2020." Pri-
marily manifested as a respiratory tract infection, most
COVID-19 patients exhibit mild to moderate common
symptoms including fever, cough, myalgia, or fatigue.*
Some patients are also accompanied by minor symptoms
such as skin eruption, dysgeusia, headache, and gastro-
intestinal symptoms.*> Moreover, abnormalities could
frequently be observed in blood and biochemistry tests,
which indicate SARS-CoV-2 infection has a broad influ-
ence on multiple systems including cardiovascular, gas-
trointestinal, hematopoietic, and immune system.®” It was
estimated about 15% patients may develop to severe
pneumonia and approximately 5% eventually progress to
acute respiratory distress syndrome, septic shock, and/or
multiple organ failure.®’

Accumulating data show lymphocytopenia and leuko-
penia are common in COVID-19 patients, the elevated
neutrophil-to-lymphocyte ratio (NLR) might be correlated
with severe disease'*'! and a low lymphocyte count might
be associated with an increased risk of death.'? It was
observed CD4" T and CD8" T cells were reduced after
infection, which had greater reductions in the severe pa-
tients than those in the mild patients.'> Moreover, de-
creased lymphocyte subsets improved before patients were
discharged from hospital.'"* The immune response acti-
vated by SARS-CoV-2 infection was crucial for the
clearance of invading pathogens. Uncontrolled inflam-
matory innate immune responses and impaired adaptive
immune responses could cause harmful tissue damage.'” It
was of utmost importance to delineate changes of immune
function in COVID-19 patients and look for useful treat-
ment to rebuild immune balance.

Previous studies indicated the changes of peripheral
lymphocytes in COVID-19 patients; however, the alter-
nation in lymphocyte subsets and its prognostic value
remain unclear. In the present study, we aimed to describe
the characteristic of blood cell counts and lymphocyte
subsets in patients with COVID-19. The diagnostic and
prognostic utility of these parameters were also evaluated,
which might help to elucidate the pathogenesis of COVID-
19 and provide clues for developing novel biomarkers and
therapeutic strategies.

Materials and methods

Patients and data collection

This was a retrospective study among patients recruited
from Huoshenshan Hospital, which was a hospital spe-
cialized for the treatment of COVID-19 patients in Wuhan,
China. The research was approved by Ethnic Committee of

Huoshenshan Hospital and written informed consent was
waived by the Ethnic Committee. Patients were included in
the study when the following criteria were met: (1) over
18 years old; (2) diagnosed with COVID-19 pneumonia
according to the criterion of Chinese Clinical Guidance for
COVID-19 Pneumonia Diagnosis and Treatment (Seventh
Edition, released by the National Health Commission of the
China); (3) with adequate clinical information. Patients
died within 3 days after hospitalization or lack essential
information for analysis were excluded from the study.
From February 8 to 10 April 2020, 301 consecutive pa-
tients with COVID-19 admitted in Huoshenshan Hospital
were enrolled in this study. Patient information including
epidemiological, clinical, laboratory and radiological
characteristics, treatment and outcomes were manually
collected from electronic records. Data reliability was
checked by two researchers independently. Sample size
was calculated and justified as preciously described.'®

Confirmation of SARS-CoV-2 infection

All patients were confirmed with SARS-CoV-2 infection
with a positive result on real-time reversetranscriptase-
polymerase-chain-reaction (RT-PCR) assay of nasal and
pharyngeal swab specimens, according to the criterion of
Chinese Clinical Guidance for COVID-19 Pneumonia
Diagnosis and Treatment (Seventh Edition).

Severity of COVID-19 patients

The degree of severity (mild, severe, and critical cases) was
classified by using the mentioned guidance, based on results
from chest radiography, clinical examination, and symptoms.
Patients with mild symptoms (fever, cough, expectoration,
and other upper respiratory tract symptoms), and without
abnormalities, or with mild changes on chest radiography,
were classified as mild cases. Severe cases were defined as
meeting one of these conditions: (1) respiratory rate
>30 breaths/min; (2) arterial oxygen tension (PaO2) over
inspiratory oxygen fraction (FIO2) of less than 300 mmHg;
(3) Percutaneous oxygen saturation (SpO,) <93% on room
air at rest. Critical cases were defined as on the following
conditions: (1) occurrence of severe respiratory distress; (2)
respiratory failure requiring mechanical ventilation; (3) shock
and organ failure even needs of ICU care.

Lymphocyte subsets detection

Lymphocyte subsets were detected by using flow cy-
tometry. Peripheral blood samples were collected from
COVID-19 patients and analyzed within 6 h after being
obtained. A 100 pL of peripheral whole blood sample was
labeled with antibodies including anti-CD3-fluorescein
isothiocyanate (FITC), anti-CD4-phycoerythrin (PE),
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Table I. Clinical characteristics of patients with COVID-19.

Disease severity

All patients n (%) Mild n (%) Severe n (%) Critical n (%) p value®
Age® 60 (19-100) 58 (19-90) 65 (21-100) 71 (49-89) <0.001
Sex <0.001
Male 159 (52.8) 91 (48.9) 50 (57.5) 18 (64.2)
Female 142 (47.2) 95 (51.1) 37 (42.5) 10 (35.7)
Comorbidities <0.001
Non 153 (50.9) 114 (61.3) 36 (41.4) 3 (10.7)
Chronic obstructive pulmonary disease 72 (23.9) 39 (21.0) 21 (24.1) 12 (42.9)
Cardiovascular disease 31 (10.3) 15 (8.1) 13 (14.9) 3 (10.7)
Chronic liver disease 27 (8.9) 14 (7.5) 9 (10.3) 4 (14.3)
Chronic kidney disease 18 (6.0) 422 8 (9.2) 6 (21.4)
Legth of stay® 15.13£0.63 12.59+0.54 16.93+1.39 26.46+3.02 <0.001
Antiviral treatment <0.001
Yes 189 (62.8) 109 (58.6) 60 (68.9) 20 (71.4)
No 112 (37.2) 77 (41.3) 27 (31.0) 8 (28.5)
Use of glucocorticoid <0.001
Yes 97 (32.2) 34 (18.3) 40 (46.0) 23 (82.1)
No 204 (67.7) 152 (81.7) 47 (54.0) 5(17.9)
Use of thymosin <0.001
Yes 83 (27.6) 30 (16.2) 35 (40.2) 18 (64.2)
No 218 (72.3) 156 (83.8) 52 (59.7) 10 (35.7)

*Comparison among mild, severe, and critical groups.
®Data were presented as median (range), years.
“Data were presented as mean+SD, days.

anti-CD45-peridin chlorophyll alpha protein (PerCP), and
anti-CD8-allophycocyanin (APC). Another 100 pL of pe-
ripheral whole blood sample was labeled with antibodies
including anti-CD3-FITC, anti-CD16 +56-PE, anti-CD45-
PerCP, and anti-CD19-APC (BD Multitest). The samples
were vortexed and kept at room temperature for 15 min in
darkness. Then, each sample was analyzed using multiple-
color flow cytometry (BD FACSCanto) according to the
manufacturer’s instructions.

Statistical analysis

Categorical variables were described as frequency and
percentages, and continuous variables as median and
interquartile range (IQR). Differences in the levels of these
parameters between the mild, severe, and critical patients of
the disease were determined with the Mann—Whitney test.
The area under the curve (AUC) and the 95% confidence
interval (CI) of the ROC curve was computed using the
predicted probability of severe COVID-19 pneumonia. The
optimal cut-off points to predict the severity of COVID-19
were determined by Youden’s index. Kaplan—-Meier analysis
was used to investigate relationship between lymphocyte
subsets and the length of stay. Multivariable Cox regression
was used to explore the association between clinical features

and the severity of disease. A two-sided p value less than
0.05 was considered significant. The results of the analysis
were obtained using SPSS 18.0 software.

Results

Demographics and baseline clinical characteristics

A total of 301 patients were included (median age,
60 years; range, 19-100 years; 47.2% female) (Table 1). At
triage, 148 (49.1%) patients had pre-existing comorbid-
ities, such as chronic obstructive pulmonary disease, car-
diovascular disease, chronic liver disease or chronic kidney
disease; 144 (47.8%) patients were admitted in hospital
within 30 days after they had symptoms of infection. The
mean length of stay was (15 + 0.63) days. According to the
categorical criteria, 186 (61.8%) were mild cases, 87
(28.9%) were severe ill, and 28 (9.3%) were critical ill.
There were significant difference in age, sex, comorbid-
ities, and length of stay among the mild, severe and critical
ill group (p < 0.001). Compared to the mild cases, the
severe or critical cases were older and lived longer in the
hospital. (Table 1). All patients were treated according to
national guidelines, 189 (62.8%) received antiviral treat-
ment, 97 (32.2%) had been treated with glucocorticoids,
and 83 (27.6%) had been treated with thymosin.
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Table 2. Blood tests of patients with COVID-19.

Disease severity

All patients (n = 301) Mild (n = 186) Severe (n = 87) Critical (n = 28) p value®
Leucocytes, per ul 5480 (4400-7490) 5300 (4450-7020) 5620 (4280-8360) 7280 (47,80-103,30) 0.065
Neutrophils, per pl 3550 (2760-5000) 3370 (2680—4450) 3720 (2730-5330) 6280 (4070-8120) 0.001
Neutrophil percentage, %  64.1 (57.35-71.91) 62.4 (57.25-67.50) 63.6 (56.6-72.2) 89.95 (83.85-94.15)  0.001
Lymphocytes, per pl 1440 (1020-1820) 1580 (1230-1890) 1190 (890-1690) 785 (530-900) 0.001
Lymphocyte percentage, %  26.2 (19.35-33.30) 27.8 (23.9-34.01) 26.11 (16.45-33.82) 4.65 (3.17-14.3) 0.001
Monocyte, per pl 460 (330-650) 470 (330-620) 500 (390-780) 240 (140-520) 0.001
Monocyte percentage, % 7.9 (6.5-10.15) 7.8 (6.5-10.0) 9.1 (7.52-10.97) 4.25 (2.02-5.51) 0.001
NLR 2.46 (1.77-4.09) 2.1 (1.66-3.04) 2.95 (1.804.63) 8.78 (4.63-17.61) 0.001
Data were presented as median (IQR).
*Comparison among mild, severe, and critical groups.
Table 3. Lymphocyte subsets of patients with COVID-19.
Disease severity
All patients (n = 301)  Mild (n = 186) Severe (n = 87) Critical (n = 28) p value*
CD3" T cells, per Wl 991.3 (689.1-1234.2) 1108.1 (813.2-1307.0)  875.6 (630.0—-1146) 389.7 (280.1-610.0)  0.001
CD3" T cells, % 70.2 (62.65-75.80) 70.7 (63.8-75.9) 71.3 (63.5-76.7) 61.2 (52.6-70.2) 0.001
CD4" T cells, per ul  543.8 (371.7-727.3) 624.1 (453.1-802.0) 449.0 (282.2-686.9) 250 (206.0-379.0) 0.001
CD4" T cells, % 39.7 (33.1-46.65) 40.6 (34.5-46.5) 37.8 (29.7-46.4) 41.1 (33.7-49.6) 0.118
CD8" T cells, per ul  323.2 (205.3-449.9) 341.6 (251.5462.1) 313.0 (216.0459.1)  99.1 (66.1-167.1) 0.001
CD8" T cells, % 23.3 (18.15-29.1) 22.8 (17.7-28.8) 259 (21.6-31.3) 17.2 (12.4-21.3) 0.001
CD4+/CD8+ 1.7 (1.3-2.5) 1.8 (1.3-2.5) 1.6 (1.0-2.1) 2.7 (22-3.1) 0.001
B cells, per pl 156.5 (90.3-224.9) 167.8 (113.9-233.1) 132.2 (56.7-213.8) 856.6 (53.2-190.8) 0.001
B cells, % 10.7 (7.3-13.7) 10.8 (7.6—13.5) 10.3 (5.57-14.2) 12.35 (7.3-26.5) 0.185
NK cells, per pl 212.4 (127.4-309.8) 237.0 (156.4-329.8) 180.2 (109.1-290.6)  655.1 (26.7-213.4) 0.001
NK cells, % 16.0 (10.9-21.7) 16.1 (11.45-21.6) 16.3 (11.9-21.5) 10.8 (5.4-24.3) 0.279

Data were presented as median (IQR).
?Comparison among mild, severe, and critical groups.

Full blood cell counts and lymphocyte subsets in
COVID-19 patients

The median counts of white blood cells, neutrophils,
lymphocytes and monocytes were 5480 (IQR, 4400-7490),
3550 (IQR, 27,060-5000), 1440 (IQR, 1020-1820), and 460
(IQR, 330-650) per ul (Table 2). Among the mild, severe,
and critical groups, there was no significant difference in
white blood cell counts (p = 0.065). However, there was
significant difference in counts and percentages of neutro-
phils, lymphocytes, or monocytes (p = 0.001). There was a
tendency that neutrophils increased and lymphocytes de-
creased with the aggravation of the disease. The median
NLR in COVID-19 patients was 2.46 (IQR, 1.77-4.09).
Neutrophil-to-lymphocyte ratio in the critical ill group
increased to 8.78 (IQR, 4.63—17.61), which was significant
higher than that in mild or severe group (p = 0.001) (Table 2).

The median counts of CD3" T cells, CD3"CD4" T cells,
CD3'CDS8" T cells, B cells (CD3-CD19%), and NK cells
(CD37CD16'CD56") were 991.30 (IQR, 689.1-1234.2),
543.8 (IQR, 371.7-727.3), 323.2 (IQR, 205.3-449.9), 156.5
(IQR, 90.3-224.9), and 212.4 (IQR, 127.4-309.8) per pl,
respectively. Moreover, statistical difference was found
among groups of different disease severity. CD4"/CD8"
ratio was 1.7 (IQR, 1.3-2.5) in all COVID-19 patients.
CD4"/CDS8" ratio increased to 2.7 (IQR, 2.2-3.1) in critical
ill group, which was higher than that in mild or severe group
(p = 0.001). Although the frequencies of B cells and NK
cells showed no difference, the absolute counts of B cells
and NK cells were statistically different among different
groups of patients (p = 0.001) (Table 3). The lymphocyte
subsets were analyzed every week in several patients during
hospitalization, including 10 mild ill patients and 10 critical
ill patients (Figure 1). For most of the patients, CD3" T cells
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Figure I. Dynamic analysis of T cell counts in patients with COVID-19. (a) CD3" T cell counts were monitored every week in 10 mild ill

patients. (b) CD3" T cell counts were monitored every week in 10

critical ill patients. Each line represents a patient.

Table 4. Blood tests and lymphocyte subsets of COVID-19 patients with or without comorbidities.

Mild patients

Severe/Critical patients

With comorbidities  Without comorbidities
(n=72) (n=114)

p With comorbidities ~ Without comorbidities p
Value (n =76) (n =93) Value

Leucocytes, per pl 5250 (4370-7040) 5330 (4570-7010)

Neutrophils, per ul 3370 (2750-4430) 3310 (2610-4460)

Neutrophil 64.2 (5870-6970) 61.4 (55.7-66.5)
percentage, %

Lymphocytes, per pl 1440 (1120-1780) 1640 (1260-1910)

Lymphocyte 22.6 (22.4-33.2) 29.3 (24.5-35.7)
percentage, %

Monocyte, per pl 460 (310-600) 470 (330-640)

Monocyte 7.90 (6.5-10.0) 7.750 (6.5-9.9)
percentage, %

NLR 2.28 (1.74-3.15) 2.07 (1.57-3.03)

CD3" T cells, per pl  1000.4 1130.2 (922.4-1335)

(716.2-1228.7)

CD3* Tecells, % 69.7 (59.7-75.0) 71.4 (64.0-76.6)
CD4* T cells, per pl 563.2 (414.1-702.4)  650.7 (486.0-844.3)
CD4* Tcells, % 39.8 (32.2-44.2) 41.3 (35.5-472)
CD8" T cells, per pl 317.6 (215.0-427.7)  387.5 (277.1-508.9)
CD8* Tcells, % 21.5 (16.9=28.7) 23.3 (18.2-29.6)

CD4+/CD8+ 1.9 (1.3-2.5) 1.7 (1.3-2.5)
B cells, per pl 146.6 (98.9-230.0)  172.5 (122.1-234.4)
B cells, % 9.4 (7.22-13.55) 11.4 (8.0-13.5)

NK cells, per yl 2588 (165.8-356.7) 231.1 (152.3-310.2)
NK cells, % 16.95 (12.57-23.70)  15.5 (11.0-20.1)

0.648 6260 (4580-9510) 5550 (4160-7410) 0.121
0.815 4520 (3200-7490) 3580 (2770-4840) 0.001

0.180 74.6 (60.3-85.1) 63.3 (56.3-70.9) 0.001
0.041 960 (650-1220) 1420 (960—1800) 0.001
0.032 16.3 (7.95-29.0) 26.6 (20.0-33.7) 0.001
0.595 450 (310-760) 460 (360-670) 0.001
0.733 7.9 (5.35-10.52) 8.7 (7.4-109) 0.001
0210 445 (2-10.8) 3.58 (2.77-4.84) 0.001
0.06 6702 (360.2-921.9) 983.6 (662.5-1215.9) 0.00I
0.072 65.6 (58.4-75.9) 70.7 (65.2-75.9) 0.001
0.09 3268 (223.3-4947) 5355 (387.5-771.6)  0.00I
0.193 37.5 (29.0-44.7) 40.8 (35.2-49.0) 0.186
007  213.5 (112.9-442.1) 291.0 (218.4-442.4)  0.00|
0221 24.4 (17.3-30.6) 24.3 (19.2-28.5) 0.001
0699 1.6 (1.07-2.60) 1.85 (1.37-2.7) 0.001
0.063 93.2 (44.0-188.8) 1763 (94.7-2442) 0448
0.285 9.75 (5.27-13.9) 12.2 (9.0-15.6) 0.072
0375 1802 (77.7-285.6)  140.3 (97.7-230.6)  0.00|
0.053 17.9 (11.9-22.8) 12.9 (8.0-16.7) 0.195

Data were presented as median(IQR).

increased after treatment. However, CD3" T cells did not
change or even decreased in some critical cases.

Table 4 shows the influence of comorbidities on blood
tests and lymphocyte subsets in COVID-19 patients. As

shown in Table 4, lymphocyte counts were significant
lower in patients with comorbidities. Neutrophil-to-
lymphocyte ratio was similar among mild patients with
or without comorbidities; however, NLR was significantly
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Table 5. Lymphocyte subsets of COVID-19 patients with different course of the disease.

Mild patients

Severe/Critical patients

Course of the disease Course of the disease

Course of the disease Course of the disease

<30 days (n = 76) >30 days (n = 110) p Value <30 days (n = 66) >30 days (n = 49) p Value
Leucocytes, per pl 5660 (4390-7550) 5220 (4480-6890) 0.163 6760 (4830-9740) 5430 (4010-7480) 0.029
Neutrophils, per pul 3550 (2750-4860) 3230 (2610-4350) 0.120 4750 (3300-7290) 3430 (2380-5040) 0.001
Neutrophil 62.5 (57.3-69) 62.4 (57-67.2) 0714 76.9 (62.6-87.5) 60.8 (55.7-70.9) 0.001
percentage, %
Lymphocytes, per pl 1450 (1090-1890) 1640 (1350-1900) 0.20 920 (580-1170) 1420 (980-1810) 0.001
Lymphocyte 28.0 (22.4-33.3) 27.5 (24.4-34.2) 0.548  15.0 (4.7-26.5) 27.8 (20.2-34.2) 0.001
percentage, %
Monocyte, per ul 500 (340-680) 430 (320-580) 0.140 450 (300-750) 450 (360-740) 0.761
Monocyte 8.4 (6.7-10) 7.6 (6.475-10) 0470 7.6 (5.15-10.4) 9.0 (7.3-10.9) 0.025
percentage, %
NLR 2.45 (1.81-3.41) 2.06 (1.51-2.86) 0.08  4.88 (2.54-11.15) 2.13 (1.63—4.09) 0.001
CD3+ T cells, per ul 1011.3 (718-1273.5) 1131 (860.1-1340.1) 0.062 629.2 (355.4-815.2) 957.6 (709.3—-114.9) 0.001
CD3+ T cells 71.4 (64.0-76.7) 69.6 (63.7-75.6) 0399 67.8 (60.8-76.1) 70.5 (62.6-75.8) 0.684
percentage %
CD4" T cells, per pl 617.4 (443.4-795.8)  637.5 (469.0-8176.2) 0.419 332.1 (220.5-480.0)  529.1 (291.1-688.2)  0.005
CD4" T cells, % 42.8 (37.9-48.5) 39.15 (32.76-43.6) 0.002 40.2 (33-48.9) 37.1 (29-45.3) 0.106
CD8" T cells, per ul 294.1 (215.2-432.3)  388.3 (283.5-5115.7) 0.001  192.5 (109.4-364.6)  335.8 (247.1-450) 0.001
CD8" T cells, % 21.5 (17-27.7) 24.3 (18.9-30.8) 0.029 223 (17.9-26.9) 26.4 (19.4-31.5) 0.076
CD4+/CD8+ 2.0 (1.4-2.8) 1.6 (1.2-2.3) 0.004 1.9 (1.35-2.7) 1.6 (0.9-2.3) 0.064
B cells, per ul 158.5 (91.8-234.4) 171.9 (123.5-2282) 027 957 (43.5-190.8) 153.5 (86.7-219.2) 0.055
B cells, % 10.8 (8.1-13.5) 10.7 (7.4-13.62) 0.459  10.7 (5.65-14.0) Il (6.5-15.5) 0.737
NK cells, per ul 194.1 (118.2-328.9) 2588 (182.0-339.8) 0.007 134.6 (55.5-219.5) 222 (119-327) 0.002
NK cells, % 15.4 (10.5-21.8) 10.7 (7.4-13.62) 0.165 14.7 (6.2-22.3) 16.6 (11.1-21.7) 0.378

Data were presented as median (IQR).

Table 6. ROC curves to evaluate blood tests and lymphocytes subsets in the prediction of severity of patients with COVID-19.

Variables AUC 95% Cl p Value Cut-off (per pl)
Lymphocyte counts 0.718 0.656-0.780 <0.001 1205

CD3" T cell 0.721 0.659-0.783 <0.001 691

CD4" T cell 0.718 0.655-0.780 <0.001 402

CD8" T cell 0.670 0.573-0.707 <0.001 177

AUC: area under the curve; ROC: receiver operator characteristic.

higher in severe/critical patients with comorbidities com-
pared to patients without comorbidities (p = 0.001). CD3"
T cells, CD4" T cells, CD8" T cells, and CD4"/CD8" ratio
were higher in severe/critical patients without comorbid-
ities compared to patients with comorbidities (p = 0.001). It
was also found NK cell counts was increased in severe/
critical patients with comorbidities (p = 0.001).

Table 5 shows the influence of disease duration on blood
tests and lymphocyte subsets in COVID-19 patients. In
mild patients, disease duration had little impact on blood
tests. However, in severe/critical patients, neutrophils and
NLR decreased, lymphocytes increased as the course of
disease prolonged. Moreover, CD8" T cell and NK cell

counts were higher in patients with course of the disease
longer than 30 days.

Diagnostic and prognostic utility of lymphocyte
subsets in COVID-19 patients

To investigate the values of lymphocyte subsets in the
prediction of disease severity in COVID-19 patients, the
ROC cure was used to analyze the early warning efficiency
and the optimal prediction threshold. Mild cases were
classified as non-severe pneumonia, severe or critical cases
were classified as severe pneumonia. As shown in Table 6,
the AUC of lymphocyte, CD3" T cells, CD4" T cells, and
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Figure 2. Lymphocyte subsets as a predictor of in hospital length of stay.

CD8" T cells were 0.718, 0.721, 0.718, and 0.670, which
were higher than AUC of other parameters and indicated they
could better predict whether the COVID-19 patients were
complicated with severe pneumonia. The optimal threshold
was 1205, 691, 402, and 177 per pl, respectively (Table 6).

The relationship between lymphocyte subsets and the
length of stay were also analyzed. Patients were divided into
high and low groups based on optimal cut-off counts of
lymphocyte, CD3", CD4", or CD8" T cells mentioned above.
It was found that patients with higher counts of lymphocyte,
CD3", CD4", or CD8" T cells were correlated with shorter
length of stay in hospital (p < 0.001) (Figure 2).

A Cox regression model was established to explore risk
factors for in-hospital death of COVID-19 patients Table 7.
It was found that disease severity, CD3" T cells counts and
time when the nucleic acid turned negative were indepen-
dent risk factors that contributed to outcome of COVID-19
patients (p < 0.05). However, antiviral treatment and the use
of glucocorticoids or thymosin had no significant impact on
death of COVID-19 patients (p > 0.05).

Discussion

The COVID-19 pandemic is worsening in severity glob-
ally. To further help our fight against COVID-19, it is of
utmost importance to better clarify the clinical character-
istics and identify prognostic biomarkers for patients at
high risk of developing severe pneumonia.

SARS-CoV-2 infection could activate innate and adap-
tive immune responses. The immune response was essential
to control and eliminate infections; however, maladjusted
immune responses might result in immunopathology and
impaired pulmonary gas exchange.'” Lymphopenia was
reported as a common feature in patients with COVID-19,
indicating abnormal immune function during SARS-CoV-2
infection.'®'” Lymphocyte subsets played an important role
in cellular immune regulation with each cell restricting and
regulating each other. A number of studies had focused on
characteristic of lymphocyte subsets in COVID-19 patients.
Wan et al.'* found there were significant differences in CD4"
T, CD8" T, IL-6, IL-10, and PII between mild and severe
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Table 7. Risk factors of in hospital death of patients with
COVID-19.

Variables B SE Wald Sig

Age —0.010 0.005 3.631 0.057
Sex —0.012 0.126  0.009 0.924
Severity —0413 0.154 7.202 0.007
Comorbidities 0.030 0.139 0.048 0.826
Time when the nucleic ~ —0.530 0.147 12,997  0.000

acid turned negative

CD3" T cell —0.574 0247 5373 0.020
CD4" T cell 0.194 0206 0.893 0.345
CD8" T cell —0414 0235 3.112 0.078
Lymphocyte counts —-0.212 0.187 1.284 0.257
Antiviral treatment —0.147 0282 0.27] 0.602
Glucocorticoid treatment —0.221  0.284  0.608 0.436
Thymosin treatment —0.140 0283 0.246 0.620

COVID-19 patients. CD4" Tand CD8" T in the severe group
had greater reductions than those in the mild group. Xu
et al.%” also demonstrated increased inflammatory cytokines
and suppressed T cell-mediated immunity in COVID-19.
Moreover, they found lower counts of T lymphocyte subsets
lymphocyte, CD3" T cell, CD4" T cell, CD8" T cell, and B
cell were associated with higher risks of in-hospital death of
COVID-19.

In the present study, we described features of blood cell
counts and lymphocyte subsets in COVID-19 patients. It
was found that these blood parameters were different
among mild, severe, and critical patients, which might also
be influenced by comorbidities and duration of disease. To
evaluate the diagnostic utility of lymphocyte subsets in
predicting disease severity of COVID-19 patients, we used
the ROC cure to analyze the early warning efficiency and
the optimal prediction threshold. It was found that lym-
phocyte, CD3", CD4", and CD8" T cells could better
predict whether the COVID-19 patients were complicated
with severe pneumonia. Based on optimal cut-off counts of
lymphocyte subsets, we found that patients with higher
counts of lymphocyte, CD3", CD4", or CD8" T cells were
correlated with shorter length of stay in hospital. Moreover,
we demonstrated disease severity, CD3" T cells counts, and
time when the nucleic acid turned negative were inde-
pendent risk factors that contributed to outcome of
COVID-19 patients.

Since lymphocytopenia and T cell exhaustion was an
important feature in COVID-19 patients, clinicians had
tried many ways to reverse this imbalance. Thymosin
Alpha 1 (Tal) was a useful drug for the treatment of sepsis
as an immune response modifier.”’ A recent study showed
Tal treatment significantly reduces mortality of severe
COVID-19 patients compared with untreated group
(11.11% vs 30.00%, p = 0.044).>> Tal could timely enhance

blood T cell numbers in COVID-19 patients with severe
lymphocytopenia. COVID-19 patients with lower counts of
CD8" T cells or CD4" T cells in circulation gain more
benefits from Tal. Moreover, Tal reduced PD-1 and Tim-3
expression on CD8" T cells and increased T cell receptor
excision circles, indicating it could reverse T cell exhaustion
and recovers immune reconstitution through promoting
thymus output during COVID-19 infection. However, in the
present study we found the use of glucocorticoids or thy-
mosin had no significant impact on outcome of COVID-19
patients. More studies are needed to further evaluate the
application of Tal and other immunomodulatory drugs in
the treatment of COVID-19 patients.

B cells and NK cells were also innate effector lymphocytes
that responded to acute viral infections but might also
contribute to immunopathology. In the present study, we
found the absolute counts of B cells and NK cells were
higher in the critical patients compared to other patients.
A recent study analyzed circulating B cell subsets and
their possible relationship with COVID-19 features and
severity. It was found the severity of COVID-19 was
accompanied by changes in the B cell sub-populations,
either immature or terminally differentiated.”> Another
study had revealed strong NK cell activation across
distinct subsets in peripheral blood of COVID-19 patients
by using 28-color flow cytometry. Through unsupervised
high-dimensional analysis of peripheral blood NK cells,
they furthermore identified distinct NK cell immunotypes
that were linked to disease severity.”* Indepth investi-
gation on these cells could help us better understand their
roles during COVID-19.

There were also some limitations in our research. First,
this was a single-center retrospective study, which needs to
be verified by multi-center prospective studies. Second,
some patients were admitted in hospital after a relatively
long time from the onset of the disease, which could not
accurately reflect the state of the initial infection. Third, this
study lacked dynamic monitoring of lymphocyte subsets
before and after treatment, especially lymphocyte subsets
changes during the use of glucocorticoids or thymosin.

Conclusion

We analyzed blood cell counts and lymphocyte subsets in
COVID-19 patients, and found their correlation with dis-
ease severity and outcome. Dynamic monitoring blood cell
counts and lymphocyte subsets might be helpful to evaluate
severity and guide treatment of the patients.
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