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Abstract. - OBJECTIVE: We aimed to study
the dynamics of cytokines and lymphocyte sub-
sets and their correlation with the prognosis of
patients with severe COVID-19.

PATIENTS AND METHODS: The lymphocyte
subsets and cytokines of 31 patients with severe
COVID-19 (7 deaths and 24 survivals) were lon-
gitudinally analyzed.

RESULTS: The mean age of enrolled patients
was 64 years, 24 (77.4%) patients were men, and 23
(74.2%) patients had comorbidities. Compared with
survival group, the death group showed significant
and sustained increases in the levels of IL-6, IL-8,
and IL-10 from baseline to 28 days after admission
(all p<0.05). No significant differences were ob-
served in the levels of TNF-q, IL-1p, IL-2, IL-4, IL-5,
IL-12P70, IL-17, IFN-0, and IFN-y between the death
group and survival group during the follow-up (all
p>0.05). The absolute counts of CD3+ T cells, CD4+
T cells, CD8+ T cells, and CD45+ T cells were lower
in both survival group and death group patients
from hospital admission to 3 days after admission,
and gradually recovered in 4 to 35 days in the sur-
vival group, but continually stayed at low levels in
the death group during the follow-up.

CONCLUSIONS: The kinetic changes of cyto-
kines and lymphocyte subsets are related with
the prognosis of patients with severe COVID-19.
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Introduction
The severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) is an RNA virus
which can cause 2019 novel coronavirus disease
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(COVID-19).. The outbreak of COVID-19 has
caused a global pandemic. As of July 28™, 2020,
there have been 16341,920 confirmed cases and
650,805 deaths globally?. The disease spectrum
of COVID-19 ranges from mild self-limiting dis-
ease to severe pneumonia, which might cause
acute respiratory distress syndrome (ARDS), and
death’. The severity of COVID-19 depends on
the efficiency of the immune system which, if it
1s weak, cannot stem the SARS-CoV-2 infection
and its symptoms.

Previous studies*> have showed that lympho-
penia and inflammatory cytokine storm are typi-
cal laboratory abnormalities observed in patients
with COVID-19, and are associated with the dis-
ease severity. Chen et al* enrolled 21 patients with
COVID-19 and found that compared with moder-
ate cases, severe cases had markedly higher lev-
els of IL-2R, IL-6, IL-10, and TNF-a. Absolute
numbers of T lymphocytes, CD4+ T cells, and
CD&+ T cells decreased in nearly all patients with
COVID-19, and were markedly lower in severe
cases than moderate cases®. Liu et al® found sig-
nificant decreases in the counts of T cells, espe-
cially CD&+ T cells, as well as increases in 1L-6,
IL-10, IL-2 and IFN-y levels in the severe cases
compared to those in the mild cases. The authors
concluded that the degree of lymphopenia and
cytokine storm is higher in severe patients than
in mild cases and is associated with the disease
severity of COVID-19.

With the publication of more and more clinical
data, a large number of data suggest that there are
mild or severe cytokine storms and lymphopenia
in patients with severe COVID-19. However, it has
remained largely unclear in the dynamic changes
of cytokines and lymphocyte subsets, and their
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correlation with the prognosis of patients with
severe COVID-19. In this study, we longitudinal-
ly studied the dynamics of cytokine profiles and
lymphocyte subsets and explored whether the dy-
namic changes is an important cause of death in
patients with severe COVID-19.

Patients and Methods

Patients

A total of 31 patients with severe COVID-19
admitted to Shanghai Public Health Clinical Cen-
ter, Shanghai, China, from January 20%, 2020
to June 23", 2020, were enrolled into this study.
Shanghai Public Health Clinical Center is a tertia-
ry teaching hospital in China and is designated by
the Chinese government for the treatment of pa-
tients with COVID-19. Patients with COVID-19
were diagnosed according to the positive results of
SARS-COV-2 nucleotides tests in the nasopharyn-
geal or throat swab specimens®. Severe cases were
defined as at least one of the followings”: (1) Re-
spiratory distress, respiratory rates > 30/min; (2)
Pulse oxygen saturation < 93% in a resting state;
(3) Oxygenation index (PaO,/FiO,) < 300 mmHg;
(4) Require mechanical ventilation; (5) shock; (6)
Combined with other organ failures and needed
treatment in the intensive care unit (ICU).

Laboratory Examination

The SARS-CoV-2 nucleic acids were detected
using automatic magnetic extraction device and
accompanying kit (Bio-Germ Medical Technolo-
gy Co., Ltd, Shanghai, China) and screened with a
semi-quantitative real-time polymerase-chain-re-
action (RT-PCR) kits (Bio-Germ Medical Tech-
nology Co., Ltd, Shanghai, China) with ampli-
fication targeting the ORFla/b and N gene. The
lymphocyte test kits (Becton Dickinson and
Company, San Diego, CA, USA) were used for
lymphocyte subset analysis. Twelve plasma cyto-
kines were detected using the human cytokine kit
II (Raisecare Ltd, Qingdao, China). All tests were
performed according to the product manual.

Data Collection

The demographic characteristics, epidemio-
logical characteristics, clinical manifestations,
laboratory tests, and clinical outcomes were ex-
tracted from the electronic medical records. The
data of cytokines and lymphocyte subsets were
obtained from hospital admission to 35 days after
admission.

Statistical Analysis

The normality test was performed for continu-
ous variables using the Kolmogorov-Smirnov test.
Normal distribution variables were expressed as
mean + standard deviation and compared using the
t-test. Non-normal distribution continuous variables
were presented as medians [interquartile ranges
(IQR)] and compared with the Mann-Whitney test.
Categorical variables were showed as numbers (per-
centage) and compared by the chi-square test. All
significance tests were two-tailed, and p < 0.05 was
considered statistically significant. All statistical
analyses were done using the SPSS software version
15.0 (SPSS Inc., Chicago, IL, USA).

Results

Demographics and Clinical
Characteristics of Patients
with Severe COVID-19

Demographics and clinical characteristics
of patients with severe COVID-19 are shown in
Table 1. The age of patients was 64+14 years, 24
(77.4%) were men, and 23 (74.2%) had comor-
bidities. The common comorbidities included
hypertension (16 [51.6%]), diabetes (8 [25.8%)]),
chronic pulmonary disease (3 [9.7%)]), cardiovas-
cular disease (7 [22.6%)]), cerebrovascular disease
(2 [6.5%)]), chronic kidney disease (2 [6.5%]), and
malignancy (1 [3.2%]). The common symptoms
were fever (26 [83.9%)]), cough (15 [48.4%)]), dys-
pnea (9 [29.0%)]), and fatigue (6 [19.4%)).

All patients received antiviral agents including
Lopinavir/Ritonavir, Oseltamivir, Emtricitabine/
Tenofovir, Interferon-alpha, Hydroxychloroquine,
Arbidol, and Chinese medicine. 26 patients (83.9%)
received corticosteroids therapy, 27 patients (87.1%)
received intravenous immunoglobulin therapy, and
26 patients (83.9%) received thymosin-al therapy.
There was no statistic difference in the demograph-
ics and clinical characteristics between the surviv-
al group and death group, besides cerebrovascular
disease (28.6% vs. 0, p=0.007) and chronic kidney
disease (28.6% vs. 0, p=0.007) (Table I).

Laboratory findings of Patients
with Severe COVID-19

Laboratory findings of patients with severe
COVID-19 are shown in Table II. The median
levels of white blood count (WBC), lymphocyte
count, aspartate aminotransferase, total biliru-
bin, blood urea nitrogen, creatinine, creatine ki-
nase, D-dimer, and procalcitonin were 4.9 (3.5-
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Table I. Demographics and clinical characteristics of patients with severe COVID-19.

All (n=31) Survival (n=24) Death (n=7) p-value
Characteristics
Age (years) 64+14 62+£12 70+21 0.178
Male, n (%) 24 (77.4%) 19 (79.2%) 5 (71.4%) 0.667
Any comorbidity, n (%) 23 (74.2%) 18 (75%) 5 (71.4%) 0.849
Hypertension 16 (51.6%) 13 (54.2%) 3 (42.9%) 0.598
Diabetes mellitus 8 (25.8%) 8 (33.3%) 0 0.076
Chronic pulmonary disease 3 (9.7%) 2 (8.3%) 1 (14.3%) 0.639
Cardiovascular disease 7 (22.6%) 4 (16.7%) 3 (42.9%) 0.145
Cerebrovascular disease 2 (6.5%) 0 2 (28.6%) 0.007
Chronic kidney disease 2 (6.5%) 0 2 (28.6%) 0.007
Malignancy 1(3.2%) 0 1 (14.3%) 0.060
Signs and symptoms, n (%)
Fever 26 (83.9%) 19 (79.2%) 7 (100%) 0.187
Cough 15 (48.4%) 13 (54.2%) 2 (28.6%) 0.233
Dyspnea 9 (29.0%) 7(29.2) 2 (28.6%) 0.976
Fatigue 6 (19.4%) 4 (16.7%) 2 (28.6%) 0.483
Treatments, n (%)
Antiviral therapy 31 (100%) 24 (100%) 7 (100%)
Corticosteroids 26 (83.9%) 20 (83.3%) 6 (86.7%) 0.880
IVIG 27 (87.1%) 20 (83.3%) 7 (100%) 0.247
Thymosin-al 26 (83.9%) 21 (87.5%) 5 (71.4%) 0.309

IVIG, intravenous immunoglobulin; The p-values indicate differences between survival group and death group. p<0.05 was
considered statistically significant.

7.9)x10°/L, 0.7 (0.5-0.9)x10°/L, 44 (24-52) U/L, tate dehydrogenase, and C-reactive protein were
10.3 (8.6-14.2) umol/L, 5.2 (4.1-9.3) mmol/L, 80 32+18 U/L, 405+138 U/L, and 55+45 mg/L, re-
(56-98) umol/L, 209 (113-365) U/L, 1.2 (0.6-1.9) spectively. There was no statistic difference in the
ng/mL, and 0.12 (0.05-0.53) ng/mL, respectively. laboratory findings between the survival group
The mean levels of alanine aminotransferase, lac- and death group (all p > 0.05).

Table II. Laboratory findings of patients with severe COVID-19.

All patients Survival group Death group p-value
(n=31) (n=24) (n=7)
WBC (10°/L) 4.9 (3.5-7.9) 5.9 (3.6-9.6) 4.2 (3.2-6.1) 0.375
Lymphocyte (10%/L) 0.7 (0.5-0.9) 0.8 (0.4-1.0) 0.6 (0.5-0.7) 0.229
ALT (U/L) 32+18 33420 30+14 0.713
AST (U/L) 44 (24-52) 33 (24-52) 48 (28-59) 0.163
TBIL (Wmol/L) 10.3 (8.6-14.2) 10.0 (8.2-13.6) 13.8 (10.3-22.1) 0.082
BUN (wmol/L) 5.2 (4.1-9.3) 5.2(3.6-8.5) 5.2 (4.2-11.8) 0.317
Creatinine (Wmol/L) 80 (56-98) 77 (54-89) 118 (57-176) 0.194
CK (U/L) 209 (113-365) 165 (111-276) 350 (225-436) 0.126
LDH (U/L) 405+138 382+129 484+150 0.086
D-dimer (ng/mL) 1.2 (0.6-1.9) 1.0 (0.5-1.8) 1.5 (0.7-2.0) 0.346
PCT (ng/mL) 0.12 (0.05-0.53) 0.10 (0.04-0.41) 0.24 (0.06-1.21) 0.078
CRP (mg/L) 55+45 35 (14-77) 51+47 0.445

WBC, white blood count; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; BUN, blood
urea nitrogen; CK, creatine kinase; LDH, lactate dehydrogenase; PCT, procalcitonin; CRP, C-reactive protein; the p-values
indicate differences between survival group and death group. p < 0.05 was considered statistically significant.
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Dynamic Changes of Cytokines
in Patients with Severe COVID-19

In this study, we combined the longitudinal
cytokines data of the death group and surviv-

hospital admission to 28 days after admission (all
p < 0.05) (Figure 1 and Table III) and recovered
to levels that were comparable to those of the sur-
vival group at 29 to 35 days after admission (all p

al group and plotted their fluctuation patterns
against the time point after admission (Figure
1). Compared with the survival group, the death
group showed significant and sustained increases
in the serum levels of IL-6, IL-8, and I1L-10 from

> 0.05) (Figure 1). No significant differences were
observed in the levels of TNF-a, IL-1p, IL-2, IL-
4, IL-5, IL-12P70, IL-17, IFN-a, and IFN-y be-
tween the death group and survival group during
the follow-up (all p > 0.05) (Figure 1).
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Figure 1. Kinetic analysis of cytokines levels in patients with severe COVID-19. The cytokines levels in the survival group (blue
line) and death group (red line) patients were analyzed at different time points after hospital admission. The levels of cytokines
are shown using median and interquartile range.
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Table Ill. Comparison in the levels of cytokines between death group and survival group.

Death group Survival group p-value
(n=7) (n=24)

IL-6 (pg/ml) day 1-3 64.98 (22.27-104.71) 5.61 (0-12.31) <0.001
day 4-7 124.37 (95.61-443.95) 17.45 (0.37-84.28) <0.001

day 8-14 115.53 (42.85-401.54) 6.52 (0-16.18) 0.002

day 15-21 135.76 (29.01-230.55) 0 (0-5.66) <0.001

day 22-28 19.57 (0.50-153.70) 0 (0-3.86) 0.040

day 29-35 35.34 (0-127.66) 0 (0-33.81) 0.258

IL-8 (pg/ml) day 1-3 8.66 (7.54-34.93) 3.70 (1.39-8.9) 0.015
day 4-7 19.93 (14.50-48.29) 8.28 (2.80-12.82) <0.001

day 8-14 48.49 (9.25-66.81) 6.59 (1.75-13.07) 0.004

day 15-21 58.24 (24.18-67.01) 4.21 (1.92-13.27) <0.001

day 22-28 30.15 (13.03-81.37) 4.09 (2.37-11.86) 0.010

day 29-35 18.35 (8.68-48.49) 4.85(2.26-15.94) 0.073

IL-10 (pg/ml) day 1-3 3.00 (0.32-4.84) 0.78 (0.59-2.43) 0.013
day 4-7 3.89 (1.13-11.94) 0.95 (0.51-2.44) 0.024

day 8-14 3.82(1.35-8.94) 0.86 (0.54-1.51) 0.001

day 15-21 2.44 (1.26-3.66) 1.00 (0.52-1.44) 0.009

day 22-28 2.16 (1.04-4.67) 1.17 (0.63-1.60) 0.009

day 29-35 1.49 (0.88-8.11) 0.76 (0.60-1.04) 0.073

The p-values indicate differences between death group and survival group. p<0.05 was considered statistically significant.

Dynamic Changes of Lymphocyte
Subsets in Patients with Severe COVID-19
In this study, we analyzed the dynamic chang-
es of WBC, lymphocyte counts, as well as dif-
ferent lymphocyte subsets in patients with severe

COVID-19 (Figure 2). The decrease of CD3+ T
cells, CD4+ T cells, CD8+ T cells, and CD45+
T cells counts in the survival group reached its
peak from hospital admission to 3 days after ad-
mission, and then gradually increased during the

= -= Death group - Death group o -=- Death group
%, 20{ -e Survival group = -s- Survival group S 15004 - Survival group
= S 21 2 SR
< ns = ns ns 3
S Q ek
3 15 ns S 8 ns = 1000+ ns o
8 ns Z | ns ns 3 ns
= ns o ns et
@ 104 £ 14 —-
o ns =% + 5004
@ £ &
£ 5 ) 8
=
T T T T 0 (1} T T T T
> A > N Y » = : Y : : > A x N 'Y >
N ~ N M v S > A > N 5 o) N » N A o oF
& P o N ™ P \‘),'lo ‘}"? q??-’ Q' R g >
Days Days Days
-=- Death grou
-= Death group soa{ = Death group = Survi gl :
= . : = ** e - urvival grou
3 9001 —»- Survival group - = -e- Survival group 3 2000 group i
= 2 2 i -
E ek ek * E 3 1500-
< 600 ns & 4001 3 SN
© 3 o
3 s 8 +— 1000
= s .
+ 3001 + 2004 g
3 8 o 5001
o o o
01— T T T 0 ) A > N 2 o
i A > nd » Al N » N a@ Ly "]
N » q’.’\ \%,'b q'}? "?15 L & oV &
Days Days Days

Figure 2. Kinetic analysis of T lymphocyte subsets in patients with severe COVID-19. The absolute numbers of CD3+ T cells,
CD4+ T cells, CD8+ T cells, and CD45+ T cells in the survival group (blue line) and death group (red line) patients were analyzed

at different time points after hospital admission. The levels of T cells are shown using median and interquartile range.
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4 to 28 days after admission. In contrast, a sus-
tained decrease in the counts of CD3+ T cells,
CD4+ T cells, CD&+ T cells, and CD45+ T cells
was observed in the death group during the follow
up. The absolute numbers of CD3+ T cells, CD4+
T cells, CD8+ T cells, and CD45+ T cells were
markedly lower in the death group compared with
that in the survival group from 8 to 35 days after
admission (all p < 0.05) (Table I'V). No significant
differences were observed in WBC and lympho-
cyte counts between the survival group and death
group during the follow up (Figure 2).

Discussion

SARS-CoV-2 infection can cause acute respira-
tory syndrome with consequent release of pro-in-
flammatory cytokines. In severe COVID-19, acute
respiratory distress is often accompanied by cyto-
kine storm, which is characterized by an enormous
secretion of pro-inflammatory cytokines®. SARS-

CoV-2 infection with cytokine storm generally oc-
curs in subjects with ARDS, and non-survival in
ARDS was linked to sustained pro-inflammatory
cytokines elevation. Additionally, T cells are im-
portant for dampening overactive innate immune
responses during viral infection. A loss of T cells
may result in aggravated inflammatory responses’.
Therefore, it is necessary to study the dynamics
of cytokines and T lymphocyte subsets of patients
with severe COVID-19 and their correlation with
the prognosis.

Chen et al* characterized the kinetic changes
of inflammatory cytokine levels, including IL-2,
IL-4, IL-6, IL-10, IFN-y, and TNF-a, at 16 days
after disease onset, in 13 patients with severe
COVID-19°. Another study demonstrated chang-
es in inflammatory cytokine levels, such as [L-2,
IL-6,1L-10, and TNF-a, in 11 patients with severe
COVID-19. However, these studies have a small
number of patients, short-term following up, and
limited number of cytokines. In this study, we
showed the dynamics of twelve cytokines from

Table IV. Comparison in the levels of lymphocyte subsets between death group and survival group.

Death group Survival group p-value
(n=7) (n=24)

CD3+ T cells (cells/ul) day 1-3 300 (181-737) 411 (128-592) 0.910
day 4-7 262 (100-466) 577 (200-845) 0.093
day 8-14 239 (198-291) 679 (421-1018) <0.001
day 15-21 333 (189-472) 744 (531-992) <0.001
day 22-28 328 (240-480) 889 (602-1234) <0.001
day 29-35 412 (269-653) 773 (612-1252) 0.014

CD4+ T cells (cells/ul) day 1-3 141 (109-413) 212 (82-394) 0.717
day 4-7 148 (67-265) 374 (118-536) 0.077
day 8-14 153 (132-210) 428 (334-660) <0.001
day 15-21 222 (136-297) 470 (343-648) <0.001
day 2228 132 (112-287) 545 (327-767) 0.003
day 29-35 117 (98-342) 423 (300-658) 0.035

CD8+ T cells (cells/ul) day 1-3 143 (61-227) 108 (51-204) 0.540
day 4-7 102 (33-189) 135 (61-244) 0.155
day 8-14 81 (39-136) 202 (128-311) 0.001
day 15-21 86 (49-170) 254 (164-350) 0.005
day 22-28 88 (70-125) 279 (226-447) <0.001
day 29-35 89 (83-200) 387 (273-536) 0.005

CD45+ T cells (cells/ul) day 1-3 618 (457-1010) 590 (347-980) 0.686
day 4-7 488 (373-714) 847 (375-1190) 0.182
day 8-14 488 (388-687) 1045 (777-1581) 0.001
day 15-21 403 (203-601) 1201 (840-1530) 0.001
day 22-28 431 (371-916) 1248 (861-1647) 0.003
day 29-35 480 (345-906) 1049 (798-1554) 0.014

The p-values indicate differences between death group and survival group. p<0.05 was considered statistically significant.
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hospital admission to 35 days after admission in
31 patients with severe COVID-19. Compared
with previous studies, this study enrolled more
patients, tested more cytokines, and showed lon-
ger follow-up period.

Previous studies'®!' have shown that elevated
levels of cytokines and decreased levels of lym-
phocyte subsets are associated with severe lung
injury of patients with COVID-19. Hou et al'
found that lymphopenia and increased levels of
cytokines were closely associated with the disease
severity of COVID-19. Zhang et al'' reported that
lymphocytopenia, especially the reduced CD4+ T
cell and CD&+ T cell counts upon admission, were
predictive of disease progression, and high levels
of IL-6 and IL-8 during treatment were observed
in patients with severe disease. However, these re-
searches only reported that the inflammatory cy-
tokines were related with the disease progression.
The data about the dynamics of cytokines and
lymphocyte subsets and their correlation with the
clinical prognosis of severe COVID-19 are lacking.
In this study, compared with the survival group,
the death group had higher concentrations of IL-
6, IL-8, and IL-10, and lower concentrations of T
lymphocyte subsets, suggesting that the magnitude
of cytokine storm and lymphopenia is associated
with the clinical prognosis of severe COVID-19.

Conti et al'? showed that the significant and sus-
tained increases in the serum levels of 1L-6, IL-8,
and IL-10 were associated with the prognosis of
severe COVID-19. IL-6 plays an important role in
the pathology of COVID-19. Magro et al®® reported
that IL-6 has both pro and anti-inflammatory prop-
erties, depending on the pathway of transduction.
The IL-6 inhibitor (tocilizumab) has been suggested
for the treatment of severe COVID-19". Our results
showed that IL-6 is associated with the prognosis of
severe COVID-19, which is consistent with previ-
ous reports'>'®. Liu et al'® reported that IL-6 could
be used as independent factors to predict the sever-
ity of COVID-19, and patients with IL-6 > 32.1 pg/
mL were more likely to have severe complications.
Wan et al'® found that higher survival rates occurred
in patients with IL-6 within normal values. Aziz
et al'” performed a meta-analysis of 9 studies, and
found that severe COVID-19 had significantly high-
er serum IL-6 compared to non-severe cases, and
increasing mean IL-6 levels were associated with
increased mortality in patients.

Chen et al* reported that SARS-CoV-2 infec-
tion primarily affected T lymphocytes particular-
ly CD4+ T cells and CD8+ T cells. Grifoni et al'®
reported that CD4+ T cell responses to spike, the

12542

main target of most vaccine efforts, were robust and
correlated with the magnitude of anti-SARS-CoV-2
IgG and IgA titers. Wang et al" reported that total
lymphocytes, CD4+ T cells, and CD8+ T cells de-
creased in patients with COVID-19, and severe cas-
es had a lower levels than mild cases. This study also
found that the lymphopenia in severe COVID-19
was mainly related to the significantly decreased
counts of T cells, especially CD4+ T cells and CD8+
T cells. The decrease of CD3+ T cells, CD4+ T cells,
CD&+ T cells, and CD45+ T cells in the survival
group reached its peak from hospital admission to 3
days after admission, and then gradually increased
during the 4 to 28 days after admission.

Our study has some limitations. First, this
study is a single-center, retrospective study.
Second, the data regarding the viral load of
SARS-CoV-2 are not available for patients with
COVID-19 in this study. Further studies are need-
ed to investigate the correlation between the viral
load kinetics and the dynamics of cytokines and
lymphocyte subsets.

Conclusions

In summary, we showed the dynamic chang-
es of cytokines and lymphocyte subsets of severe
COVID-19 and their correlation with the disease
prognosis. Compared with the survival group, the
death group showed significant and sustained in-
creases in IL-6, IL-8, and IL-10, but decreases in
CD3+ T cells, CD4+ T cells, CD&+ T cells, and
CD45+ T cells counts. This study may help to
achieve a better understanding of immune func-
tion disorder following SARS-CoV-2 infection
and help physicians to provide timely intervention
for severe COVID-19.

Declaration

All patients in this study have been included in a previous
report named “A simple algorithm helps early identification
of SARS-CoV-2 infection patients with severe progression
tendency” (Li Q, Zhang J, Ling Y, Li W, Zhang X, Lu H,
Chen L. A simple algorithm helps early identification of
SARS-CoV-2 infection patients with severe progression
tendency. Infection 2020; 48: 577-584).

Acknowledgments

We thank the doctors (Shui-Bao Xu, Yi-Xiao Lin, Feng Li,
Tao Li, Zhiping Qian, Jun Chen, Bi-Jie Hu, Sheng Wang,
En-Qiang Mao, Lei Zhu, Wen-Hong Zhang, Yinzhong Shen)
for their efforts in the diagnosis and treatment of patients.



Dynamics of cytokines and lymphocyte subsets associated with the poor prognosis of severe COVID-19

Authorship contributions

Study concept and design: Liang Chen. Data collection:
Qiang Li, Wei Xu, Weixia Li, and Chenlu Huang. Analysis
and interpretation of data: Qiang Li, Wei Xu, and Weixia Li.
Drafting of the manuscript: Qiang Li, Wei Xu, and Weixia
Li. Critical revision of the manuscript: Liang Chen.

Consent for publication
All authors read and approved the manuscript.

Financial support

This study was supported by Grant No. 17411969700 from
Shanghai Association for Science and Technology and Grant
No. 19YF1441200 from Shanghai Sailing Plan Program.

Role of the sponsor

The funding organizations are public institutions and had
no role in the design and conduct of the study; collection,
management, and analysis of the data; or preparation, re-
view, and approval of the manuscript.

Availability of data and materials

We declared that materials described in the manuscript, in-
cluding all relevant raw data, will be freely available to any
scientist wishing to use them for non-commercial purposes,
without breaching participant confidentiality. The support-
ing data can be accessed from Liang Chen (corresponding
author), e-mail: chenliang@shphc.org.cn

Ethics approval and consent to participate

The verbal informed consents were obtained from all
participants. The Ethics Committee of Shanghai Public
Health Clinical Center approved the study protocol, and
experiments, including any relevant details. This study was
performed in accordance with the Declaration of Helsinki.
All experiments were performed in accordance with rele-
vant guidelines and regulations.

Conflict of Interests
The authors declare that they have no conflict of interest.

References

1) WU F, Znao S, Yu B, CHen YM, WanG W, SonG ZG, Hu
Y, Tao ZW, Tian JH, Pe YY, Yuan ML, ZHANG YL, Dal FH,
Liu'Y, WanGg QM, ZHenG JJ, Xu L, Howves EC, ZHANG YZ.
A new coronavirus associated with human respiratory
disease in China. Nature 2020; 579: 265-269.

2) Worwb HeaTH Oraanization. Coronavirus disease situation
reports-123.  https:/www.who.int/docs/default-source/
coronaviruse/situation-reports/20200522-covid-19-si-
trep-123. Accessed 23 May 2020.

3) Liang WH, Guan WJ, LI CC, LI YM, Liang HR, ZHAo
Y, Liu XQ, SANG L, CHEN RC, TanGg CL, WaNG T, WANG
W, He QH, CHen ZS, WoNG SS, ZaniN M, Liu J, Xu X,
Huang J, Li JF, Ou LM, CHenG B, Xiong S, Xie ZH, Ni
ZY, HuY, Liu L, SHAaN H, Ler CL, Peng YX, WE L, Liu Y,
Hu YH, PenG P, WanG JM, Liu JY, CHEN Z, LI G, ZHENG
ZJ, Qu SQ, Luo J, YE CJ, ZHu SY, CHenG LL, YE F, L
SY, ZHeng JP, Znang NF, Zrong NS, He JX. Clinical
characteristics and outcomes of hospitalised patients
with COVID-19 treated in Hubei (epicentre) and out-
side Hubei (non-epicentre): a nationwide analysis of
China. Eur Respir J 2020; 55: 2000562.

4) CHeN G, Wu D, Guo W, Cao Y, HuanG D, WanG H,
WANG T, ZHANG X, CHEN H, Yu H, ZHANG X, ZHANG
M, Wu S, SonG J, CHEN T, HAN M, Li S, Luo X, ZHAo
J, NinGg Q. Clinical and immunological features of
severe and moderate coronavirus disease 2019.
J Clin Invest 2020; 130: 2620-2629.

5) Lu J, Li'S, Liu J, Liang B, WanG X, WanG H, Li W,
TonG Q, Y1 J, ZHAo L, XionG L, Guo C, Tian J, Luo
J, Yao J, PANG R, SHEN H, Pencg C, Liu T, ZHANG Q,
Wu J, Xu L, Lu S, WaNG B, WeNG Z, HAN C, ZHu H,
ZHoU R, ZHou H, CHEN X, YE P, ZHU B, WANG L, ZHou
W, HE S, HE Y, JE S, WEI P, ZHANG J, LU Y, WANG W/,
ZHANG L, Li L, ZHou F, WANG J, Dirtmer U, Lu M, Hu
Y, Yang D, Zueng X. Longitudinal characteristics
of lymphocyte responses and cytokine profiles
in the peripheral blood of SARS-CoV-2 infected
patients. EBioMedicine 2020; 55: 102763.

6) WorLD HeaLTH OrGaNization. Laboratory diagnos-
tics for novel coronavirus. https://www.who.int/
health-topics/coronavirus/laboratory-diagnos-
tics-for-novel-coronavirus. Accessed 6 Feb 2020.

7) NamoNnAL HeattH Commision oF CHINA. New  coro-
navirus pneumonia revention and control
program (the fifth edition). http://www.nhc.
gov.cn/yzygj/s7653p/202002/3b09b894ac-
9b4204a79db5b8912d4440. Accessed 4 Feb 2020.

8) MEeHTA P, McAuLey DF, BRowN M, SANCHEZ E, TATTER-
saLL RS, Manson JJ. COVID-19: consider cytokine
storm syndromes and immunosuppression. Lan-
cet 2020; 395: 1033-1034.

9) Kim KD, ZHao J, AuH S, YanG X, Du P, TanG H, Fu
YX. Adaptive immune cells temper initial innate
responses. Nat Med 2007; 13: 1248-1252.

10) Hou H, ZnanG B, HuanG H, Luo Y, Wu S, Tang G, Liu
W, Mao L, Mao L, WanG F, Sun Z. Using IL-2R/lympho-
cytes for predicting the clinical progression of patients
with COVID-19. Clin Exp Immunol 2020; 201: 76-84.

11) Znang X, TAN Y, Ling Y, Lu G, Liu F, Yi Z, Jia X, Wu
M, SHi B, Xu S, CHEN J, WANG W, CHEN B, JianG L, Yu
S, Lu J, WANG J, Xu M, YUAN Z, ZHANG Q, ZHANG X,
ZHAO G, WANG S, CHEN S, Lu H. Viral and host fac-
tors related to the clinical outcome of COVID-19.
Nature 2020; 583: 437-440.

12) Conti P, Ronconi G, CARAFFA A, GALLENGA CE, Ross R,
Frypas I, Kritas SK. Induction of pro-inflammatory
cytokines (IL-1 and IL-6) and lung inflammation
by Coronavirus-19 (COVI-19 or SARS-CoV-2): an-
ti-inflammatory strategies. J Biol Regul Homeost
Agents 2020; 34: 327-331.

13) MaGgro G. SARS-CoV-2 and COVID-19: is inter-
leukin-6 (IL-6) the 'culprit lesion' of ARDS onset?
What is there besides Tocilizumab? SGP130Fc.
Cytokine X 2020; 2: 100029.

12543



Q. Li, W. Xu, W.-X. Li, C.-L. Huang, L. Chen

14) Mazzitertl M, ARrriGHI E, SERAPIDE F, PeLLe MC, TASSONE
B, LioNELLO R, MARRAzZZO G, LAGANA D, COsSTANZO
FS, Matera G, TrecaricHl EM, Torm C. J Med Virol
2020 May 15:10.1002/jmv.26016. doi: 10.1002/
jmv.26016. Epub ahead of print.

15)Liu F, Li L, Xu M, Wu J, Luo D, Znu Y, LI B,
SonG X, Zrnou X. Prognostic value of interleu-
kin-6, C-reactive protein, and procalcitonin in
patients with COVID-19. J Clin Virol 2020; 127:
104370.

16) WAN S, Y1 Q, Fan S, Lv J, ZHanG X, Guo L, Lang C,
Xiao Q, Xiao K, Yi Z, QianG M, XIANG J, ZHANG B,
CHEN Y, Gao C. Relationships among lymphocyte
subsets, cytokines, and the pulmonary inflam-
mation index in coronavirus (COVID-19) infected
patients. Br J Haematol 2020; 189: 428-437.

12544

17) Azz M, Fatma R, Assaly R. Elevated interleu-
kin-6 and severe COVID-19: A meta-analysis. J
Med Virol. 2020 Apr 28:10.1002/jmv.25948. doi:
10.1002/jmv.25948. Epub ahead of print.

18) GriFoni, A, WEeiskopr, D,RamIREZ, S I, MATEUS, J, DAN,
J M, MoDerBACHER, C R, RAWLINGS, S A, SUTHERLAND,
A, PREMKUMAR, L, JADI, R S, MARRAMA, D, DE Siva, A
M, FrAzIER, A, CARLIN, A F, GREENBAUM, J A, PETERS, B,
KrRAMMER, F, SmiTH, D M, Crotty, S, SETTE, A. Targets
of T cell responses to SARS-CoV-2 coronavirus in
humans with COVID-19 disease and unexposed
individuals. Cell 2020; 181: 1489-1501.

19) WanG F, Nie J, WanG H, Zrao Q, XionG Y, DenG L, SonG
S, Ma Z, Mo P, Znang Y. Characteristics of Peripheral
lymphocyte subset alteration in COVID-19 pneumo-
nia. J Infect Dis 2020; 221: 1762-1769.



