Original Research

@ Therapeutic Advances in Respiratory Disease

The predictive role of lymphocyte subsets
and laboratory measurements in COVID-19
disease: a retrospective study

Lin Wang, Jun Chen, Jun Zhao, Feng Li, Shuihua Lu, Ping Liu, Xu-hui Liu, Qin Huang,
He Wang, Qing nian Xu, Xiaomin Liu, Shijun Yu, Li Liu*=" and Hongzhou Lu

Abstract

Aim: The aim of this study was to investigate the predictive role of lymphocyte subsets and
other laboratory measurements in patients with COVID-19.

Methods: Electronic medical records of adult patients with confirmed diagnosis of COVID-19
from the Shanghai Public Health Clinical Center were reviewed retrospectively to obtain
relevant data.

Results: The mean age of patients was 40.98 = 15.95years, with 58% of the patients being
males. The cutoff values at the intensive care unit (ICU) admission, mechanical ventilation,
and mortality were CD4+ cells (267, 198, and 405), CD8+ cells (263, 203, and 182), and CD4+
/CD8+ cells (1.4, 1.8, and 1.4). The cutoffs below these values indicate the higher chances of
disease progression. Higher CD4+ cell count led to lesser chances for ICU admission [odds
ratio (OR] (95% confidence interval (Cl): 0.994 (0.991, 0.997); p=0.0002] and mortality [OR (95%
Cl): 0.988 (0.979, 0.99]); p=0.001], higher CD8+ count was an independent risk factor for ICU
admission. T-cell count positively correlated with total lymphocyte count and platelets, while
negatively correlated with D-dimer and lactate dehydrogenase (LDH]. Among patients with
non-severe COVID-19, median CD8+ T cell, CD4+ T cell, total lymphocyte count, and platelets
were 570, 362, 1.45, and 211, respectively, while median values decreased to 149, 106, 0.64,
and 172, respectively, in patients with severe COVID-19.

Conclusion: Lower T lymphocyte subsets were significantly associated with higher admission
to ICU, mechanical ventilation, and mortality among patients with COVID-19. A cutoff value of
ICU admission, mechanical ventilation, and mortality below CD4+ cells (267, 198, and 405),
CD8+ cells (263, 203, 182, and CD4+/CD8+ cells (1.4, 1.8, 1.4) may help identify patients at
high risk of disease progression. The continuous evaluation of laboratory indices may help
with dismal prognosis and prompt intervention to improve outcomes.
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Introduction infection.? The causative RNA viruses were

An outbreak of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which began as a
cluster of pneumonia cases in Wuhan, China, in
December 2019, was declared a pandemic by the
World Health Organization (WHO) on 11 March
2020.! According to the WHO, as of February
2021, >100million people worldwide are infected,
with 2,381,295 people succumbing to this

grouped into the coronavirus (CoV) family that has
already resulted in three outbreaks of pneumonia in
the last two decades. SARS-CoV was responsible
for the severe acute respiratory syndrome (SARS)
that broke out in 2003, while the Middle East res-
piratory syndrome (MERS) was triggered by the
MERS-CoV? that broke out in 2012. Subsequently,
the international viral classification commission
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named the viral etiological agent as SARS-CoV-2,
and the disease was officially named COVID-19 by
the WHO. The current management strategies
include rapid identification of cases, isolation, con-
tact tracing, and self-quarantine of the exposed
individuals.* Furthermore, there is no effective oral
therapy for the outpatient treatment of COVID-19.
Reducing the symptom severity and decreasing
outpatient hospitalizations are the important public
health prevention strategies for overcoming this
pandemic.*

SARS-CoV-2 mainly affects tissues expressing
elevated angiotensin-converting enzyme 2 (ACE2)
levels, which includes the lungs, heart, and gastro-
intestinal tract, following viremia.> Post onset of
initial symptoms, patients experience “cytokine
storm” characterized by a surge in the clinical
manifestations of the disease and marked systemic
increase in inflammatory mediators and cytokines.°
At this point, significant lymphopenia is also
observed. Furthermore, a cytokine storm results
in elevated levels of interleukins (ILs) (mostly
IL-6, IL-2, IL-7, granulocyte colony-stimulating
factor, interferon-y inducible protein 10, MCP-1,
and MIP1-a) and tumor necrosis factor (TNF)-
alpha, which may promote lymphocyte apopto-
sis.”® Various clinical studies have indicated the
presence of lymphocytes and other laboratory
abnormalities in patients with COVID-19, espe-
cially with severe symptoms compared with those
with non-severe ones.®!12 A recent meta-analysis
reported a consistent decrease in lymphocytes
subsets among >3000 severe/critical COVID-19—
affected patients across 20 studies, of which, mul-
tivariate analyses identified CD4+ and CD8+ T
cells, but not total lymphocytes, as statistically sig-
nificant predictors of intensive care unit (ICU)
admission, mortality, treatment recovery, and
viral clearance.!®> Studies have also shown that
SARS-CoV-2 can impair CD4+ and regulatory
T-cell function and encourage initial hyperactiva-
tion followed by rapid exhaustion of cytotoxic
CD8+ T cells.1415

The seventh edition of the COVID-19 Diagnosis
and Treatment Scheme issued by the National
Health Commission of China specified that the
gradual decline in peripheral blood lymphocyte
count and the persistent decrease in CD4+ T-cells
and CD8+ T-cells were the indicators of a dete-
rioration in the patient’s condition.!® The absolute
count of CD4+ and CD8+ T cells can indepen-
dently predict the prognosis of patients with

COVID-19.17 In addition, laboratory measure-
ments are less expensive, faster and easier to
obtain, and preferred modality to monitor and
predict the outcomes and prognosis of the dis-
ease.18 Therefore, identifying the possible immune
factors and laboratory parameters is a requisite for
the early identification of patients with severe
COVID-19 and timely intervention for control of
the disease. There is an unmet need to establish
robust clinical cutoffs of lymphocyte subsets for
predicting the risk associated with ICU admission,
mechanical ventilation, and mortality in patients
with COVID-19. This retrospective study was
thus carried out to improve the knowledge and
clinical utility of lymphocyte subset measure-
ments, along with other laboratory measurements
and clinical information, for understanding the
prognosis in patients with COVID-19.

Methods

Study design and population

This was a single-center, retrospective, study
wherein clinical data of patients enrolled between
20 January and 28 August 2020 at the Shanghai
Public Health Clinical Center (SPHCC) were
collected. The patients were given standard of
care treatment and followed as per Diagnosis and
Treatment Protocol for Novel Coronavirus
Pneumonia (trial version 7) issued by the National
Health Commission of China.!®

The analysis included hospitalized male or female
subjects aged =18years and diagnosed with
COVID-19. All patients tested positive for SARS-
CoV-2 according to quantitative real-time poly-
merase chain reaction (QRT-PCR) were enrolled.
Patients were divided at admission into mild/
moderate/severe/critical according to the COVID-
19 Guidelines (trial version 7).1¢ In brief, the clin-
ical classification of patients was as follows:
patients with mild disease presented with mild
symptoms and exhibited no signs of pneumonia
on imaging; patients with moderate disease were
presented with fever and respiratory symptoms
with radiological findings of pneumonia; patients
with severe disease presented with any one of the
following: (1) respiratory distress (>30 breaths
per minute), (2) oxygen saturation <93% at rest,
or (3) an oxygenation index (PaO2/FiO2)
<300mmHg; critically ill patients presented with
any one of the following: (1) respiratory failure
and requiring invasive ventilation, (2) signs of
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shock (circulatory failure), or (3) failure of any
other organ that requires ICU care. Patients were
divided into a non-severe cohort and a severe
cohort according to their severity of symptoms.
The non-severe cohort included patients with
mild or moderate disease, and the severe cohort
included patients with severe disease or who were
critically ill.

The study was approved by the Institutional
Ethics Committee of SPHCC (Y]J-2020-S015-01)
and was conducted in accordance to Declaration
of Helsinki. As this study was a retrospective anal-
ysis of electronic data from SPHCC database, no
informed consent was obtained. The trial was reg-
istered at www.clinicaltrials.gov (NCT04779359).

Study outcomes

The study endpoints were to demonstrate whether
CD4+ and CD8+ T cell absolute counts are the
prognostic markers in determining the disease
outcomes (including ICU admission and/or
mechanical ventilation and/or mortality), to
explore whether lymphocyte subset measure-
ments stabilized at hospital discharge or in conva-
lescence and to explore lymphocyte subset
measurements between severe and non-severe
groups, at admission. In addition, the association
between CD4+ and CD8+ T-cell absolute
counts with cytokine levels and other laboratory
parameters (neutrophil counts, total lymphocyte
counts, platelet counts, C-reactive protein levels)
was also assessed.

When respiratory distress and/or hypoxemia of
the patient cannot be alleviated after receiving
standard oxygen therapy, high-flow nasal cannula
oxygen therapy or non-invasive ventilation was
considered. However, when the patients’ condi-
tion did not improve or got worse within a short
time (1-2hours), tracheal intubation and timely
utilization of invasive mechanical ventilation was
considered. In patients, with ventilator-related
lung injury, low tidal volume (6—-8 ml/kg of ideal
body weight) and low level of airway platform
pressure (<30cm H,O) were used to perform
mechanical ventilation. While the airway plat-
form pressure maintained <30cm H,O, high
positive end-expiratory pressure (PEEP) was
used to keep the airway warm and moist; to avoid
long sedation and waking the patient early for
lung rehabilitation. The admission criteria to
ICU included oxygen requirements =6-8 1/min to

reach a peripheral oxygen saturation =90-92%,
respiratory failure, shock, acute organ dysfunc-
tion, and patients at high risk for clinical
deterioration.

Data collection

The demographic and clinical data collected were
age, sex, symptom from onset to hospital admis-
sion (fever, chills, night sweat, dizziness, head-
ache, sore throat, nasal congestion, runny nose,
cough, expectoration, hemoptysis, weakness,
chest pain, chest tightness, and shortness of
breath, hypoesthesia, anosmia, nausea and vomit-
ing, abdominal pain, abdominal distention, and
diarrhea) and laboratory findings at admission
(lymphocyte subset counts, neutrophil counts,
total lymphocyte counts, platelet counts,
C-reactive protein levels, procalcitonin levels, lac-
tate dehydrogenase levels, D-dimer levels, and
ferritin levels). A Sysmex hematology analyzer
was used to analyze neutrophil counts, total lym-
phocyte counts, platelet counts, C-reactive pro-
tein levels; Abbott automated chemiluminescence
immunoassay was used for estimating procalci-
tonin levels, lactate dehydrogenase levels, and fer-
ritin levels; STAGO automated coagulation
analyzer for D-dimer levels, whereas BD
FACSCanto II flow cytometry and BD Multitest
6-Color TBNK with Trucount were used to ana-
lyze the lymphocyte subset counts.

Statistical analysis

Stepwise logistic regression was carried out to
measure the association among CD4+, CD8+,
neutrophil counts, total lymphocyte counts,
platelet counts, C-reactive protein levels affecting
ICU admission, mechanical ventilation, and/or
mortality. The measurement data with normal
distribution were described as mean * standard
deviation, and the skewed data with non-normal
distribution were described as median (Q1-Q3).
The chi-square test and Fisher’s exact test were
applied, wherever applicable. The Spearman rank
test was used to analyze the correlation between
the measurement data. Receiver operating char-
acteristic (ROC) curves were used to calculate
the cutoff points for classifying the CD4+ and
CD8+ T cells as prognostic markers for deter-
mining the disease-related outcomes (including
ICU admission and/or mechanical ventilation
and/or mortality). Wilcoxon signed-rank test was
applied to evaluate whether lymphocyte subsets
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Figure 1. Patient disposition data.

recovered at the time of discharge post treatment.
All analyses were performed using R software
3.6.2 with p values <0.05 were considered
significant.

Results

Baseline demographics

Of 816 patients enrolled, 770 patients were
included in the study after excluding patients aged
<18years and without confirmed diagnosis of the
disease (Figure 1). The mean age of the patient
population was 40.98 + 15.95years with 58% of
the patients being males. At the time of ICU
admission, 14 patients (1.8%) had non-severe
symptoms, whereas 21 patients (84%) had severe
symptoms of the disease. Similarly, five patients
(0.6%) with non-severe symptoms and 10 patients
(40%) with severe symptoms were observed with
mechanical ventilation (Supplementary Table 1).
The median value of CD4+ count, CD8+ count,
IL-6, and IL-8 levels was 558 cells/ul, 362 cells/ul,
0.21 cells/ul, and 1.295 cells/ul, respectively, at the
time of ICU admission. Compared with patients
with the non-severe disease, those with the severe
disease were more likely to have chills, cough,
expectoration, weakness, tightness in chest, and
shortness of breath (Table 1).

Correlation of CD4+ and CD8+ T-cell absolute
counts to disease outcomes

For the evaluation of CD4+, CD8+, cytokine
levels, and other laboratory parameters, data of
741 patients were considered after accounting for

missing values. The area under the ROC curve
(AUC) was used to evaluate the prediction of dis-
ease endpoints such as ICU admission, mechani-
cal ventilation and mortality in patients with
COVID-19. The AUGC, sensitivity, and specificity
were 0.8524, 0.6857, and 0.9226 for CD4+ T
cell counts, 0.825, 0.83, and 0.7 for CD8+ cell
counts, and 0.56, 0.6, and 0.5 for CD4+/CD8+
cell counts, respectively, for predicting the ICU
admission as an endpoint. Similarly, AUC, sensi-
tivity, and specificity of 0.865, 0.67, and 0.96 for
CD4+ T cell counts, 0.826, 0.733, and 0.81 for
CDS8+ cell counts, and 0.59, 0.86, and 0.34 for
CD4+/CD8+ cell counts, respectively, were sig-
nificant predictors of mechanical ventilation,
while CD4+ T cell counts, CD8+ cell counts,
and CD4+ /CD8+ cell counts for predicting
mortality were 0.924, 1, and 0.742; 0.85, 0.857,
and 0.84; and 0.63, 0.71, 0.61, respectively
(Figure 1). The cutoffs for CD4+ cells (267, 198,
and 405), CD8+ cells (263, 203, and 182), and
CD4+/CD8+ cells (1.4, 1.8, and 1.4) at the ICU
admission, mechanical ventilation, and mortality
are presented in Figure 2. A lower value below
these cutoffs indicates the higher chances of dis-
ease progression.

Stepwise logistic regression was carried out to
measure the potential variables affecting disease
outcomes. The results showed that higher CD4+
cell count led to lesser chances for ICU admission
[odds ratio (OR) (95% confidence interval (CI):
0.994 (0.991, 0.997); p=0.0002] and mortality
[OR (95% CI): 0.988 (0.979, 0.99); p=0.001],
while higher CD8+ count was an independent
risk factor for ICU admission in patients with
COVID-19 (Table 2).

Correlation of CD4+ and CD8+ T cell absolute
counts with cytokine levels

A negative correlation was observed among
CD4+ (-0.292 and -0.17), CD8+ cell counts
(-0.33 and -01.8), and CD4+ /CD8+ cell count
groups with IL-6 and IL-8 levels (Table 3).

Assessment of lymphocyte subset

measurements recovery at hospital discharge

or in convalescence

The median cell count values of CD4+ (558
cells/ul vs 828 cells/ul), CD8+ (362 cells/ul vs
514 cells/ul), platelets (208 cells/ul vs 245 cells/
ul) and total lymphocyte (1.4 cells/ul vs 1.94
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Table 1. Baseline clinical features of patients with COVID-19.

Variables Total, N (%) Non-severe, N (%) Severe, N (%)
Age, mean t SD, years 40.98 =15.95

Female 324 (42) 315 (40.9) 9(11.69)
Male 446 (58) 428 (55.58) 18 (23.37)

Signs and symptoms at admission

Fever 402 (52.20) 380 (51.9) 22 (88.0)
Chills 51 (66.23) 49 (6.7) 2(8)
Night sweat 6 (0.78) 6 (0.8) 0 (0)
Dizziness 28 (36.36) 28 (3.8) 0 (0)
Headache 66 (85.71) 64 (8.7) 2 (8)
Sore throat 79 (10.26) 79 (10.8) 0 (0)
Dry and itchy throat 83(10.78) 81(11.1) 2(8)
Nasal congestion 65 (84.41) 65 (8.9) 0
Runny nose 48 (6.23) 48 (6.6) 0
Cough 316 (41.04) 303 (41.4) 13 (52)
Expectoration 153 (19.87) 144 (19.7) 9 (36)
Hemoptysis 757 (98.31) 732 25
Weakness 117 (15.19) 109 (14.9) 8 (32)
Whole body ache 50 (6.5) 50 (6.8) 0
Chest pain 20 (2.6) 17 (2.3) 3(12)
Chest tightness and shortness of breath 72 (9.4) 62 (8.5) 10 (40)
Hypoesthesia 17 (2.21) 17 (2.3) 0 (0)
Anosmia 30 (3.89) 30 (4.1) 0(0)
Nausea, vomiting 26 (3.37) 25 (3.4) 1 (4]
Abdominal pain 4 (0.5) 4 (0.5) 0 (0]
Abdominal distention 8(1.04) 8(1.1) 0(0)
Diarrhea 52 (6.75) 52 (7.1) 0 (0)
Others 729 (94.67) 704 (96.3) 25 (100)

N, number of patients; SD, standard deviation.

cells/ul) significantly increased at the time of cells/ul vs 3.26 cells/ul), D-dimer (0.32 cells/ul
discharge (p <0.001), while there was a statisti- vs 0.27 cells/ul), lactate dehydrogenase (LDH)
cally significant decrease in IL-8 count (1.295 (203 cells/ul vs 187 cells/ul) during discharge
cells/ul vs 0.98 cells/ul), neutrophil count (3.315 (p=0.001) (Table 4).
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Figure 2. ROC curve of (1) CD4+ cell count, (2) CD8+ cell count, (3) CD4+/CD8+ count for ICU, mechanical
ventilation, and mortality.

Table 2. Association of CD4+ and CD8+ cell count with disease outcomes Correlation of CD4+ and CD8+ T-cell absolute

by stepwise logistic regression. counts with other laboratory test results

There was a significant positive correlation

between T-cell count (CD4+, 0.83 and CD8+,

ICU admission CD4+ 0.994(0.991, 0.997)  0.0002 0.8, p<<0.001) with total lymphocyte count.
Similarly, a significant positive correlation was

Outcomes Variables ORICI) p value

CD8+ 0.995 (0.99, 0.998) 0.013 observed between T-cell count and platelets

Mechanical ventilation  CD4+ 0.994 (0.988,1.0)  0.055 (CD4+,0.43 and CD8+, 0.35; p<<0.001). A sig-
nificantly negative correlation was observed

Mortality CD4+ 0.988 (0.979, 0.99) 0.001 between D-dimer (CD4+, -0.316 and CD8+,
20.37; p<0.001), LDH (CD4+, -0.303 and

CD, cluster of differentiation; ICU, intensive care unit; OR, odds ratio. CD8+, -0.33; p»p<<0.001), and T-cell count.
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CD4+ /CD8+ cell count revealed a negative cor-
relation with total lymphocyte count, whereas a
positive correlation was observed with D-dimer
(Table 5).

Association of lymphocyte subsets and

laboratory measurements with disease

outcomes

Compared to non-ICU patients, the patients
admitted to ICU had a significantly lower CD4+
T-cell count [median (Q1, Q3),212 cells/ul
(126.5, 345.5) vs 570 cells/ul (411.75, 762.25)]
and CD8+ T-cell count [139 cells/ul (81.5, 240)
vs 362.5 cells/ul (240.75, 500)]. Similarly,
patients admitted to ICU had a lower lymphocyte
count [0.695 cells/ul (0.5125, 1.045) vs 1.455
cells/ul (1.08, 1.88)]. There was an increase in the
levels of cytokines, LDH, neutrophil count, and
D-dimer in patients admitted to ICU (Table 6).
Looking at the lymphocyte subsets and laboratory
parameters, patients with COVID-19 on mechan-
ical ventilation had a lower CD4+ T count [143
cells/ul (95.5, 325.5) vs 559 cells/ul (403,
752.25)], CD8+ T count [106 cells/ul (51.5,
230.5) vs 357 cells/ul (229, 497)], IL-6 [18.445
cells/ul (7.8075, 110.635) vs 0 cells/ul (0, 0.93)],
and IL-8 [25.64 cells/ul (15.11, 101.04) vs 1.43
cells/ul (0.56, 3.38)]. Furthermore, there was an
increase in LDH, D-dimer, and neutrophil count

Table 3. Correlation of CD4+ and CD8+ cell counts groups with IL-6 and

IL-8 levels.
Variables Rho, p value
CD4+ p value CD8+ p value
IL-6 -0.292 <0.001 -0.33 <0.001
IL-8 -0.17 <0.001 -0.18 <0.001

CD, cluster of differentiation; IL, interleukin.

in mechanically ventilated patients compared
with those not on mechanical ventilation who
confirmed the diagnosis of COVID-19 (Table 6).
The non-survivor cases of COVID-19 had a lower
median CD4+ T cell count [143 cells/ul (106.5,
244.5)], CD8+ T cell count [106 cells/ul (66.5,
162.5)], total lymphocyte count [0.63 cells/ul
(0.52, 0.82)], and platelets count [117 cells/ul
(109, 156)]. Meanwhile, the median count of
cytokines, LDH, neutrophils, and D-dimer was
elevated in these patients (Table 6).

Comparison of lymphocyte subsets between
severe and non-severe groups

Among the patients with non-severe COVID-19,
the median value of CD8+ T cell, CD4+ T cell
counts, total lymphocyte count, and platelets was

Table 4. Association of lymphocyte subsets measurements at discharge.

Variables Median (Q1, Q3) p value
Admission Discharge
CD4+ 558 (403.5, 745) 828 (654, 1039) <0.001
cD8 -+ 362 (229, 500) 514 (372, 670) <0.001
IL-6 0.21 (0, 1.26) 0 (0, 0.755) 0.0012
IL-8 1.295 (0.56, 3.26) 0.98 (0.31, 2.24) <0.001
Total lymphocyte count 1.4 (1.025, 1.835) 1.94 (1.57, 2.405) <0.001
Neutrophil count 3.315(2.52, 4.4575) 3.26 (2.5425, 4.1) <0.001
D-dimer 0.32(0.22, 0.53) 0.27(0.21, 0.45) <0.001
LDH 203 (179, 242) 187 (162, 216.25) <0.001
Platelets 208 (161, 253) 245 (205, 298.5) <0.001

CD, cluster of differentiation; IL, interleukin, LDH, Lactate dehydrogenase; Q1, first quartile; Q3, third quartile.
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Table 5. Correlation of CD4+ and CD8+ T-cell absolute counts with other laboratory test results.

Variables CD4+ p value CD8+ p value
Total lymphocyte count 0.83 <0.001 0.8 <0.001
Neutrophil count 0.135 0.00018 0.097 0.007
D-dimer -0.316 <0.001 -0.37 <0.001
LDH -0.303 <0.001 -0.33 <0.001
Platelets 0.43 <0.001 0.35 <0.001
CD, cluster of differentiation; LDH, Lactate dehydrogenase.
Table 6. Association of lymphocyte subsets and laboratory measurements with ICU admission.
Variables ICU admission Mechanical ventilation Mortality
N Median (Q1, Q3) N Median (@1, Q3) N  Median (Q1, Q3)
Age 35 64 (48.5, 70.5) 15 70(62.5, 79.5) 7 79 (69, 81.5)
CD4+ 35 212 (126.5, 345.5) 15 143(95.5, 325.5) 7 143 (106.5, 244.5)
CD8+ 35 139 (81.5, 240) 15 106 (51.5, 230.5) 7 106 (66.5, 162.5)
IL-6 88 8.94(0.95, 17.6) 14 18.445(7.8075, 110.635) 6 95.825 (24, 178.945)
IL-8 8 7.005 (4.1925, 13.0525) 3 25.64(15.11, 101.04) 1 176.44 (176.44,176.44)
Total lymphocyte 34 0.695 (0.5125, 1.045) 15 0.63 (0.445, 1.055) 7 0.63 (0.52, 0.82)
count
Neutrophil count 35 3.39 (2.465, 4.7) 15 4.06 (3.185, 5.53) 7 4.02 (3.34, 4.305)
D-dimer 85 0.89 (0.45, 1.145) 15 0.74(0.465, 1.195) 7 0.74 (0.565, 1.195)
LDH 35 352 (285, 460) 15 343(293, 460) 7 457 (293, 561.5)
Platelets B 176 (141, 205.5) 15 155(119, 205.5) 7 117 (109, 156)

CD, cluster of differentiation; ICU, intensive care unit; IL, interleukin, LDH, lactate dehydrogenase; N, number of patients; Q1, first quartile; Q3, third

quartile.

570, 362, 1.45, and 211, respectively, while the
median value decreased to 149, 106, 0.64, and
172, respectively, in patients with severe COVID-
19. The CD8+ T cell, CD4+ T cell counts, total
lymphocyte count, and platelets were significantly
lower in patients with the severe disease than in
patients  with  the non-severe disease
(Supplementary Table 2).

Discussion
Acute and chronic viral infections as well as non-
communicable diseases have been found to be

associated with lymphocytosis. However, these
diseases have their own clinical features; hence,
it is easy to differentiate the lymphocytopenia
that exists in the non-communicable diseases
from the lymphocytopenia in COVID-19.1° Our
study assessed the severity and progression of
COVID-19, and the role of the lymphocyte sub-
sets in predicting the disease progression. First,
CD8+ T cell and CD4+ T cell counts could
serve as risk predictors for fatal outcomes in
COVID-19 patients with optimal cutoffs estab-
lished for various disease outcomes. We found
that T-cell counts positively correlated
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with lymphocyte counts and platelets, whereas
negatively correlated with D-dimer and LDH
levels in COVID-19 hospitalized patients.
Furthermore, the lymphocyte subsets and labo-
ratory measurements significantly improved at
the time of discharge post initiation of
treatment.

The lymphocyte count has been a marker of inter-
est since the first observational study in China
concerning COVID-19 infection.® T lympho-
cytes are important for viral clearance in patients
with primary SARS-CoV infection; the virus-spe-
cific T lymphocytes, in particular, play a crucial
role in clearing the virus and providing sympto-
matic relief.15:20 In particular, studies reported
that COVID-19 non-survivors had a significantly
lower lymphocyte count than survivors.2:22 Qur
study reported similar findings and established a
relationship between lymphocytopenia and dis-
ease severity. In addition, we observed that
patients with COVID-19 admitted to the ICU
during hospital admission were more likely to
have decreased lymphocyte subsets count than
those not admitted to the ICU. This finding was
similar to those reported in previous studies where
the number of CD4+ and CD8+ T cells signifi-
cantly reduced in patients with COVID-19, espe-
cially in patients requiring intensive care.23
Although the mechanisms of lymphocytopenia in
COVID-19 remain incompletely understood, we
believe that it might be due to the lymphocyte
sequestration in specific target organs such as
lungs, gastrointestinal tract, and/or lymphoid tis-
sues.?»25 T-cell overactivation and T-cell exhaus-
tion are two mechanisms that can occur
simultaneously in patients with COVID-19.23 The
elevated expression of T-cell immunoglobulins,
mucin-domain containing-3 (Tim-3), and pro-
grammed cell death protein-1 (PD-1) levels indi-
cates severe T-cell exhaustion and is associated
with the disease severity and intensive care require-
ment.2 Another hypothesis underscoring lym-
phocyte reduction is the presence of sepsis. Thus,
lymphocytopenia might result in immune-sup-
pressive environment that might necessitate ICU
admission among patients with COVID-19.27

We observed that increased levels of the cytokine
IL-6 and IL-8 were more prominent in patients
with the severe disease than in those with non-
severe disease (Supplementary Table 2), and were
negatively associated with CD4+ and CD8+
counts. This might be attributed to a systemic

inflammatory response caused by the cytokine
storm, similar to those observed in patients with
SARS. Furthermore, on admission, patients with
the severe disease had a lower level of lympho-
cytes, CD4+ T cells and CD8+ T cells than
patients with the non-severe disease suggesting
the role of lymphocytopenia in COVID-19 sever-
ity as well as in its prognosis.2® Consistent to our
findings, Wan ez al.?° detected elevated IL-6 levels
in 33.33% of patients with mild symptoms and
75% of those with severe symptoms, concluding
that IL-6 might be a prognostic factor in patients
with COVID-19. Another study by Diao er al.?3
observed an inversely proportional association
between elevated IL-6 levels and T-cell counts.

Thus, the study findings can be used to intervene
as early as possible in patients with the severe dis-
ease so as to delay the disease progression and
improve the cure rate in severe or critically ill
patients. Similar to our study, Zhang ez al.30
reported that lower levels of total, CD8+, and
CD4+ T cells at admission were associated with
higher incidents of ICU admission, mechanical
ventilation, or death in patients with COVID-19.
Thus, T-cell counts could act as independent risk
factors for the clinical prognosis of these patients.
Early monitoring of lymphocyte subsets and
cytokines can also provide early warnings of the
severe disease in patients. According to an expert
consensus statement from Shanghai, the early
warning indicators of the severe disease include
CD4+ T lymphocyte numbers <250/ml and sig-
nificantly increased levels of I1.-6 in blood.3° This
can be used as an adjunct in clinical practice to
guide treatment and admission, helpful in improv-
ing the prognosis, and decreasing mortality rates.

Our study has certain limitations that warrant
mention. First, due to the retrospective nature of
the study, there could have been systematic selec-
tion bias. Second, since this study is based on a
single study center in China, the finding from this
study cannot be extrapolated to other geographi-
cal locations. Furthermore, some clinical data in
each time period were lacking. Future studies
examining the association of pro-inflammatory
markers and lymphocytopenia in COVID-19
along with other lymphocyte subsets are needed
to overcome these limitations. In addition, a mul-
ticenter prospective clinical study with a larger
cohort in future is necessary. Nevertheless, the
observation time of this study was sufficiently
long and the sample size at the key time points
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were larger. The assessment of composite out-
comes such as ICU admission, mechanical venti-
lation, and mortality in these patients are the
major strengths of our study. Moreover, during
the treatment of the disease, the pattern in the
variation of cellular immune function is not influ-
enced by the factors mentioned above. These
measurements may help in early triage of high-
risk patients and prevent the complications asso-
ciated with poor outcomes.

Conclusion

In conclusion, this study indicates that the lower
levels of T lymphocyte subsets were significantly
associated with higher incidents of admission to
ICU, mechanical ventilation, and mortality among
patients with COVID-19. A cutoff value below
CD4+ cells (267, 198, and 405), CD8+ cells (263,
203, and 182), and CD4+/CD8+ cells (1.4, 1.8,
and 1.4) may help identify patients at high risk of
the disease progression. Early monitoring of lym-
phocyte subsets and laboratory indices including
LDH, D-dimer, cytokine levels, platelets, and neu-
trophil count in patients with COVID-19 will aid
the broader community to make informed decisions
and formulate appropriate treatment strategies.
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