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Summary

Currently severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) trans-
mission has been on the rise worldwide. Predicting outcome in COVID-19 remains
challenging, and the search for more robust predictors continues. We made a sys-
tematic meta-analysis on the current literature from 1 January 2020 to 15 August
2020 that independently evaluated 32 circulatory immunological signatures that
were compared between patients with different disease severity was made. Their
roles as predictors of disease severity were determined as well. A total of 149
distinct studies that evaluated ten cytokines, four antibodies, four T cells, B cells, NK
cells, neutrophils, monocytes, eosinophils and basophils were included. Compared
with the non-severe patients of COVID-19, serum levels of Interleukins (IL)-2,
IL-2R, IL-4, IL-6, IL-8, IL-10 and tumor necrosis factor a were significantly up-
regulated in severe patients, with the largest inter-group differences observed for
IL-6 and IL-10. In contrast, IL-5, IL-1B and Interferon (IFN)-y did not show signifi-
cant inter-group difference. Four mediators of T cells count, including CD3" T,
CD4" T,CD8" T, CD4"CD257CD127 Treg, together with CD19™ B cells count and
CD16"CD56" NK cells were all consistently and significantly depressed in severe
group than in non-severe group. SARS-CoV-2 specific IgA and IgG antibodies were
significantly higher in severe group than in non-severe group, while IgM antibody in
the severe patients was slightly lower than those in the non-severe patients, and IgE
antibody showed no significant inter-group differences. The combination of cyto-
kines, especially IL-6 and IL-10, and T cell related immune signatures can be used as

robust biomarkers to predict disease severity following SARS-CoV-2 infection.

Abbreviations: ARDS, acute respiratory distress syndrome; CLIA, chemiluminescence immunoassay; COVID-19, coronavirus disease 2019; CSS, Churg-Strauss syndrome; DCs, dendritic
cells; ELISA, enzyme-linked immunosorbent assay; ICU, intensive care unit; IFN, interferon; Ig, immunoglobulin; IL, interleukins; IQR, interquartile range; MERS, Middle East respiratory
syndrome; MMFI, multiple microsphere flow immunofluorescence; NK cell, natural killer cell; NOQAS, Newcastle-Ottawa Quality Assessment Scale; PD, programmed cell death protein;
PD-L, programmed cell death protein ligand; PRISMA, preferred reporting items for systematic reviews and meta-analyses statement; SARS, severe acute respiratory syndrome; SD,
standard deviation; SMD, standardized mean difference; TNF-a, tumour necrosis factor-a.
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1 | INTRODUCTION

Currently, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) transmission has been on the rise in the worldwide
range, with more than 32,000,000 cases and more than 990,000
deaths documented to 28 September 2020. Intensive efforts have
been put forward to study the clinical process and outcome
of the disease.! Predicting outcome in coronavirus disease 19
(COVID-19) remains challenging, and the search for more robust
methods continues. A broad range of signs and symptoms have
been investigated in COVID-19 to predict the disease outcome,
while showing divergent results.?® Inclusion more specific bio-
markers is urgently needed to develop a robust algorithm. Pre-
vious studies have suggested that lymphocytopenia and
inflammatory cytokine storm are typical abnormalities in infections
caused by highly pathogenic coronavirus, such as SARS and
MERS.”® Similarly, numerous studies on COVID-19 patients have
reported a decrease in peripheral blood lymphocyte count and an

9712 \which is suggested

increase in serum inflammatory cytokines,
that the inflammatory factors may be the main reason for adverse
progression and poor treatment response in COVID-19, but
mostly proposed from small sample studies.’® If these biomarkers
are validated in a large patient cohort, their incorporation into
algorithms might prove sufficiently sensitive and specific to be
clinically useful, particularly when they can be related to the
disease outcome.

In the current study, we attempted to address these issues
by conducting a systematic meta-analysis using the pooled
data for the immune indicators that were evaluated at early
disease and among patients with various disease severity. The
inclusion of various studies allowed more statistical power for a
holistic view of SARS-CoV-2-induced immune mediators among
patients with different disease severity, and across various
geographic locations. This will also help to identify the immune
signatures that better distinguish the development of COVID-19

outcome.

2 | MATERIALS AND METHODS
2.1 | Protocol registration

This systematic review was not registered. The format of the re-

view used the preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (Table S1), and addressed the

following question: ‘Are the immune mediators different in severe
and non-severe groups of COVID-19 patients? according to PICOS
(P—Patient, Problem or Population; |—Intervention; C—Compari-
son, control or comparator; O—Outcome; S—Study design)
(Table S2).

2.2 | Search strategy and study selection

We performed a comprehensive systematic review and meta-
analysis to identify the associations of immune cells, cytokines and
the severity of COVID-19. ldentification of relevant existing liter-
ature was performed by an online search in PubMed, Web of Sci-
ence and EMBASE, for studies published from 1 January 2020 to 15
August 2020. The MESH headings (keywords) searched were ‘nCoV’
or ‘coronavirus’ or ‘SARS-CoV-2' or ‘COVID’ and ‘cytokine’ or
‘immunological or ‘immunity’ or ‘Cellular immunity’ or ‘T cell’ or ‘B
cell’ or ‘NK cell’ or ‘antibody’. In addition, the same search strategy
was applied to the database of bioRxiv and medRxiv for the
unpublished studies (Table S3). Two reviewers (TY and XFP)
independently screened the list of titles and abstracts, and the full
text of chosen manuscripts related the immune mediators. Dis-
agreements on which manuscripts to include during both title and
abstract screen, and the subsequent full-text analysis, were dis-
cussed until a conclusion was reached with two other reviewers
(SML and KL).

2.3 | Inclusion and exclusion criteria

All studies evaluating individual measurement of immunological in-
dicators in predicting severe infection (as measured by disease
severity criteria, or ICU admission or fatal/survived) were included.
All studies of any design, from any time since the outbreak started
were eligible. To avoid selection bias, no subjective quality criteria
were applied to the studies for inclusion. The immunological signa-
tures that were measured at the acute phase of infection were used,
and if there was more than one evaluation for the same patient, only
the first test results were used. Only those immune signatures
investigated in at least three papers were used in the subsequent
analysis. Exclusion criteria included the following: (1) Case reports of
individual patients, literature reviews, nonhuman studies, editorials,
comments, expert opinions or articles with number of patients <10;
(2) Studies of exclusively paediatric or pregnant patients, due to the
varying presentation of the disease in these groups and (3) Studies
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without adequate baseline information, such as age, sex or
geographic region.

2.4 | Data extraction

All the search results were evaluated according to the PRISMA
statement.’* From each study, various details including the baseline
information of study population (age, sex, interval from disease onset
to hospitalization, intervals from disease onset to the sample
collection, study areas), the number of patients in each study group,
the measured immunological indicators and their test methods and
the definitions used to measure outcome, were extracted into
Microsoft Excel. These details are presented in Table 1. The New-
castle-Ottawa Quality Assessment Scale (NOQAS) was used to
assess the quality of the studies included in the meta-analysis and
performed by two reviewers (TY and XFP) with a third reviewer

(SML) consulted in case of discrepancy.

2.5 | Predictors and outcome

The included studies varied in their differentiation of patients'
disease status, with classifications of ‘mild, moderate, severe and
critical’, ‘ordinary and severe/critical’, ‘common and severe’, ‘acute
respiratory distress syndrome (ARDS) and non-ARDS' and ‘non-
severe and severe’. To allow comparability between studies for meta-
analysis, these were grouped into a single disease severity, with the
outcome measure used was severe (including both severe and critical
cases, ICU admission, death, ARDS, etc.) versus non-severe disease
(including non-severe, mild disease, ordinary disease, non-ICU
admission and non-ARDS, etc.).

2.6 | Statistical analysis

Quantitative syntheses and meta-analyses were analysed using the
meta package in the R statistical language (Version 3.6.3). First, we
collected the mean and standard deviation (SD) from each value of
immune mediators in severe and non-severe groups of COVID-19
patients. Where necessary, the mean and SD were converted from
the median and interquartile range (IQR) using a previously stan-
dard approach.’®®> For some articles, data regarding the immuno-
logical signature were extracted from the figures by measuring the
pixel positions of the electronic figures and then computing the
actual values. For box plots, medians and ranges were used to
compute means and SDs, and for scatter plots, the individual values
were used to compute means and SDs. Second, forest plots were
conducted to illustrate the differences in the two groups. For fear
of that the recruited studies used different experiment methods,
for which means and differences cannot be pooled directly to es-
timate the effect, we calculated a dimensionless effect measure

from each study for the pooling use. The standardized mean

difference (SMD) was computed from means and SDs, and used as
the effect size.'>® Finally, we undertook the meta-analyses for each
immune mediator. The heterogeneity of the studies was tested by
the Cochran Chi-square test and I? index, and the pooled SMD
were calculated by using the random-effects model. All results
were pooled and presented in the forest plots. Leave-one-out
sensitivity analysis was applied to detect the robustness of the
results. Funnel plot method and Egger's regression were used to
test the publication bias. If the funnel plot was asymmetric or
p < 0.05, the trim-and-fill method was adopted to further test
publication bias. The statistical testing with p < 0.05 was consid-

ered to be significant (two-sided).

3 | RESULTS

3.1 | Review of the included studies

A detailed flow diagram of study selection and the selected number
are shown in Figure 1. Our literature search identified 19,802 re-
cords through 15 August 2020. After removing duplicates, the title
and abstract of the remaining 19,688 articles were screened, and
16,613 records were excluded. For 3075 potentially relevant studies,
full-text was retrieved and evaluated for eligibility, and then 2861
studies were excluded from the meta-analysis: 1305 studies con-
tained data from only case series, 1,312 studies were literature re-
views, 52 studies provided no comparison data between disease
severity, and 192 studies didn't provide enough data. As five studies
were further excluded because the described immune mediators
were investigated in <3 studies (Table S4), at last 214 studies were
included in the qualitative synthesis. Those remained in the study
were collated for the meta-analysis consisted of 149 distinct studies
that were performed in China (133), the United States (6), South
Korea (2), Singapore (2), the United Kingdom (1), France (1), Germany
(1), Italy (1), Spain (1), and both China and USA (1) (Table 1). All the
included studies had reported patients with severe patients and non-
severe patients. These articles included data from 33,691 patients,
25.96% (n = 8746) with severe COVID-19 disease and 74.04%
(n = 24,945) with non-severe disease. Of these studies, 55 studies
had evaluated the data on 10 cytokines, including interleukins 2
(IL-2), IL-2R, IL-4, IL-5, IL-6, IL-8, IL-10, interferon y (IFN-y), tumour
necrosis factor a (TNF-a) and IL-1B,%%1015-65157 8 studies investi-
gated the antibodies (IgA, 1gG, 1gM and IgE)10:1¢:20:2566-69 and 40
studies assessed the T cells [CD3" T cells count, CD4" T cells count,
CD8" T cells count, CD4"CD25"CD127 Treg cells count, CD3"
T cellsratio,CD4" T cellsratio, CD8™" T cells ratio and CD4*/CD8™" (Th/
Te)],9~11:15-2024,27,33,34,41,45 47,48 51-53,56,57,59.61,63,65-67.69-79157 3
22 studies estimated the B cells and NK cells (CD16TCD56" NK cells
count, CD19" B cells count,CD167CD56" NK cells ratio and
CD19* B cells ratio),1011:15-2024,33,3441,45,47,48,63,67,69.71-73,157 194
studies on the evaluation of neutrophils, eosinophils and basophils
cells (comprised of neutrophils cells counts/cells ratio, monocytes

cells counts/cells ratio, eosinophils cells counts and basophils
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o
_E Records identified through PubMed, Additional records identified through
§ Web of Science, and EMBASE bioRxiv, medRxiv and other sources
Sg database searching (n =11769) (n =8033)
3
2]
v v
e Records after duplicates removed
(n =19628)
()
=
=
o
L
%]
Lo Records screened .| Records excluded by tittle
(n=19628) "] and abstracts (n =16613)
—
v
Full-text articles excluded,
Full-text articles assessed WithiFaasoiis:
E for eligibility > 1305 case series/reports
2 (n =3015) 1312 literature reviews
o 52 only one group, not a
v case-control study
192 insufficient relevant
_ Studies included in data (n = 2861)
qualitative synthesis
(n=154)
B > Articles excluded,
3 because the described
2 mediators only with one or
= Studies included in two articles (n =5)
quantitative synthesis
(meta-analysis)
(n =149)

FIGURE 1 A flow diagram of the inclusion criteria for the study selection process

cells COUntS).2‘3’10'12‘18_22'24_26’28_33'35_37'41’46_48’50’51‘53'55_59'61_69‘72'

73.76-79.15780-154 Eor each study, various details including the
baseline information of study population, study design, the num-
ber of patients in each study group, the measured immunological
indicators and their test methods, and the definitions used to
into Table S5. For these
studies, only the measurements acquired in the acute phase of

measure outcome, were extracted

infection were used for the analysis. Table 1 summarizes the
detailed characteristics of the included studies for each immune
mediator. The quality scores by NOQAS of the included studies
ranged from 5 to 8, and 116 out of 149 was greater than or
equal to six stars, indicating good quality (Table Sé).

3.2 | Cytokines and COVID-19
severity

A total of 55 studies were evaluated 10 mediators of cytokines
between the severe (n = 3038) and non-severe groups of
COVID-19 patients (n = 5895), including IL-2, IL-2R, IL-4, IL-5,
IL-6, IL-8, IL-10, IFN-y, TNF-a and IL-18 with three or more

studies included (Figure $1).1%1015765157 Compared with the
non-severe patients of COVID-19, we found that serum levels of
seven cytokines were significantly up-regulated in severe patients,
including IL-2 (SMD, 0.40; 95% Cl, 0.10-0.71; p < 0.01), IL-2R
(SMD, 1.12; 95% Cl, 0.80-1.44; p < 0.01), IL-4 (SMD, 0.71; 95%
Cl, 0.10-1.33; p = 0.02), IL-6 (SMD, 1.16; 95% Cl, 0.94-1.38;
p < 0.01), IL-8 (SMD, 0.75; 95% Cl, 0.49-1.00; p < 0.01), IL-10
(SMD, 1.26; 95% Cl, 0.92-1.59; p < 0.01) and TNF-a (SMD, 0.55;
95% Cl, 0.32-0.78; p < 0.01), respectively (Figure Sla-g). In
contrast, serum IL-5, IL-1f and IFN-y did not showed significant
inter-group differences with the SMDs of 0 (95% Cl, —0.94 to
0.95, p = 0.99), 0.33 (95% Cl, 0.00-0.67, p = 0.05), and 0.46 (95%
Cl, —0.25 to 1.17, p = 0.20), respectively (Figure S1h-j).

3.3 | SARS-CoV-2-specific antibodies and
COVID-19 severity

Four SARS-CoV-2-specific antibody mediators were included in the
meta-analysis between severe and non-severe COVID-19 patients,
immunoglobulin A (IgA), 1gG, IgM and IgE.1016:202566-69 A total of
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eight studies evaluated the levels of IgA, 1gG and IgM involving 563
severe and 828 non-severe cases, and the levels of IgE involving
131 severe and 257 non-severe cases (Figure S2). Compared with
the non-severe patients, the severe patients had significantly higher
levels of IgA and IgG with SMDs of 0.39 (95% Cl, 0.10-0.68;
p < 0.01; Figure S2a), and 0.22 (95% ClI, 0.01-0.42; p = 0.04; Figure
S2b), respectively. The level of IgM in the severe patients was
slightly lower than those in the non-severe patients of COVID-19
(SMD, —0.18; 95% Cl, —0.32 to —0.03, p = 0.02; Figure S2c). No
significant differences were noted in the serum levels of IgE be-
tween two groups (SMD, 0.16; 95% Cl, —0.16 to 0.43, p = 0.43;
Figure S2d).

3.4 | T cells and COVID-19 severity

A total of 40 studies involving 1623 severe cases and 4342 non-se-
vere cases evaluated the T cells count or percent in relation to the
COVID-19 disease severity,?~11:15-20.2427.333441,4547.48,51-5356,57.59,
61,63,65-67.69-79.157 Fisht measurements of T cells were described in
over three studies, including CD3" T cells count, CD4" T cells count,
CD8" T cells count, CD47CD257CD127~ Treg cells count, CD3*
T cells ratio, CD4" T cells ratio, CD8™ T cells ratio and CD4"/CD8"
(Th/Ts) in Figure S3. Compared with the non-severe group, severe
group had significantly lower CD3" T cells count (SMD, —1.14; 95%
Cl, —1.41 to —0.88; p < 0.01; Figure S3a) as well as CD4" T cells
count (SMD, —116; 95% Cl, —1.44 to —0.89; p < 0.01; Figure S3b),
CD8" T cells count (SMD, —1.03; 95% Cl, —1.27 to —0.79; p < 0.01;
Figure S3c), CD4tCD25"CD127 Treg cells count (SMD, —0.45; 95%
Cl, —0.76 to —0.13; p < 0.01; Figure S3d), CD3" T cells ratio (SMD,
—1.10; 95% Cl, —1.77 to —0.42; p < 0.01; Figure S3e), and CD4"
T cells ratio (SMD, —0.61; 95% Cl, —1.02 to —0.19; p < 0.01; Figure
S3f). In contrast, no significant difference was attained for CD8"
T cells ratio (SMD, —0.61; 95% Cl, —1.35 to 0.12; p = 0.10; Figure
S3g), or CD41/CD8" (Th/Ts) (SMD, 0.16; 95% Cl, —0.10 to 0.42;
p = 0.23; Figure S3h).

3.5 | The B cells, NK cells and COVID-19 severity
A total of 22 studies on the evaluation of B cells and NK cells be-

severe and non-severe COVID-19 patients were
(,10.11,15-20,24,33,34,41.45.47,48.63.67.69.71-73.157  p¢

tween
include shown in
Figure S4, the CD19" B cells count and CD16"CD56" NK cells count
in the severe group were significantly lower than those in the non-
severe group with SMDs of —0.74 (95% ClI, —1.05 to —0.42; p < 0.01;
Figure S4a), and —0.61 (95% Cl, —0.84 to —0.38; p < 0.01; Figure
S4b), respectively. In contrast, the CD19" B cells ratio and
CD161CD56" NK cells ratio were significantly higher in the severe
patients than in the non-severe patients with SMDs of 0.35 (95% Cl,
0.15-0.55; p < 0.01; Figure S4c), and 1.19 (95% Cl, 0.30-2.07;
p < 0.01; Figure S4d), respectively.
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3.6 | The neutrophils, monocytes, eosinophils,
basophils and COVID-19 severity

About 124 studies on the evaluation of neutrophils, monocytes, eo-
sinophils and basophils cells between severe and non-severe COVID-
19 patients were included'2,3,10,12,18722,24726,28733,35737,41,46748,50,51,
53,55-59,61-69,72,73,76-79,157,80-154 As shown in Figure 55, the neutro-
phils cells count and neutrophils cells ratio in the severe group were
significantly higher than those in the non-severe group with SMDs of
0.72 (95% Cl, 0.61-0.82; p < 0.01; Figure S5a), and 0.62 (95% ClI,
0.35-0.88; p < 0.01; Figure S5b), respectively. The monocytes cells
ratio and eosinophils cells count were significantly lower in the se-
vere patients than in the non-severe patients of COVID-19 with
SMDs of —0.36 (95% Cl, —0.51 to —0.21; p < 0.01; Figure S5c), and
—0.45 (95% Cl, —0.59 to —0.31; p < 0.01; Figure S5d), while the
monocytes cells count and basophils cells count were comparable
between the two groups with SMDs of —0.06 (95% Cl, —0.15 to 0.04;
p = 0.24; Figure S5e), and —0.14 (95% Cl, —0.43 to 0.15; p = 0.34;
Figure S5f), respectively.

3.7 | Sub-analysis of only peer reviewed studies
The sub-analysis considering only peer-reviewed studies for each
immune mediator was performed, and the results were presented in
Table 2, but without obvious difference with those of all the included
literatures analysed.

3.8 | Sensitivity analysis

The results showed that none of the exclusions altered the results of
the previous analysis for cytokines (except for IL-4 and IL-10), four
specific antibodies, T cells, B cells, NK cells (except for CD16+CD56+
NK cells ratio), neutrophils, monocytes, eosinophils and basophils,
indicating the good reliability and stability of the results of this meta-
analysis (Figure S6). For IL-4, one study by Hong et al.®> had a strong
influence on the result of the meta-analysis. For IL-10, Wan et al.%”
study had a strong influence on the result of the meta-analysis.
For CD16+CD56+ NK cells ratio, one study by Liu et al.*> had a
strong influence on the result of the meta-analysis. However, the

results of meta-analysis were not badly altered to be the opposite.

3.9 | Publication bias

The p value from Egger's regression and funnel plots suggested that
the publication bias presented in seven mediators including IL-2R,
IL-6, IL-10, CD4+ T cells count, CD3+ T cells ratio, CD8+ T cells
ratio and CD16+CD56+ NK cells ratio (Table S5 and Figure S7).
Therefore, we adopted the trim-and-fill method to further test pub-
lication bias. As shown in Table Sé, the results showed that there was



34 of 40 Wl LEY

LIU et AL

TABLE 2 The results of meta-analyses for each immune indicator in the study

Variables
Cytokines
IL-2
IL-2R
IL-4
IL-6
IL-8
IL-10
TNF-a
IL-5
IL-1B
IFN-y
Specific antibodies
IgA
I1gG
IgM
IgE
T cells
CD3+ T cells count
CD4+ T cells count

CD8+ T cells count

CD4+CD25+CD127— Treg cells count

CD3+ T cells ratio
CD4+ T cells ratio
CD8+ T cells ratio
CD4+/CD8+ (Th/Ts)

B cells, NK cells
CD19"B cells count
CD16"CD56"NK cells count
CD19" B cells ratio

CD16"CD56"NK cells ratio

Number of studies
included

12
11
54
13
27
26

13
12

A~ © 0 ©©

22
32
32

10
10
10
23

17
17
8
9

Neutrophils, monocytes, eosinophils and basophils

Neutrophils cells count
Neutrophils cells ratio
Monocytes cells count
Monocytes cells ratio

Eosinophils cells count

Basophils cells count

Note: p*, p value for the variable in the forest plot analysis; p*: p value for the variable in the publication bias analysis.
Abbreviations: IFN-y, interferon v; IL, interleukin; SMD, standardized mean difference; TNF-a, tumour necrosis factor a.

114
25
36
11
19

7

Heterogeneity I?

77%
89%
95%
94%
80%
95%
88%
92%
79%
96%

79%
59%
22%
26%

88%
92%
89%

0%
92%
85%
95%
87%

86%
74%

0%
95%

91%
96%
70%
79%
62%
62%

SMD (95% Cl)

0.40 (0.10, 0.71)
1.12 (0.80, 1.44)
0.71 (0.10, 1.33)
1.16 (0.94, 1.38)
0.75 (0.49, 1.00)
1.26 (0.92, 1.59)
0.55 (0.32, 0.78)
0.00 (—0.94, 0.95)
0.33 (0.00, 0.67)
0.46 (—0.25, 1.17)

0.39 (0.10, 0.68)

0.22 (0.01, 0.42)
—0.18 (—0.32, —0.03)

0.16 (—0.11, 0.43)

-1.14 (-1.41, —0.88)
—1.16 (—1.44, —0.89)
-1.03 (-1.27, -0.79)
—0.45 (-0.76, —0.13)
—1.10 (-1.77, —0.42)
—0.61 (-1.02, —0.19)
-0.61 (-1.35, 0.12)
0.16 (-0.10, 0.42)

—0.74 (—1.05, —0.42)
—0.61 (—0.84, —0.38)
0.35 (0.15, 0.55)
0.19 (0.30, 2.07)

0.72 (0.61, 0.82)

0.62 (0.35, 0.88)
—0.06 (—0.15, 0.04)
—0.36 (—0.51, —0.21)
—0.45 (-0.59, —0.31)
—0.14 (—0.43, 0.15)

p

<0.01
<0.01
0.02
<0.01
<0.01
<0.01
<0.01
0.99
0.05
0.20

<0.01
0.04
0.02
0.24

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.10

0.23

<0.01
<0.01
<0.01
<0.01

<0.01
<0.01
0.24
<0.01
<0.01
0.34

Publication bias

T

0.721
3.146
1.406
2435
1.301
3.236
0.856
1.052
0.841

1.724

1.902
0.626
0.376
3.307

-0.712
—2.857
—0.938

1.317
—3.268
-1.125
-3.784

0.575

0.798
0.664
0.113
5.821

1.590
0.793
—1.148
—-0.418
0.079
—1.332

o*

0.495
0.011
0.193
0.018
0.220
0.003
0.400
0.484
0.425
0.116

0.106
0.555
0.719
0.081

0.485
0.008
0.356
0.319
0.012
0.293
0.005
0.571

0.437
0.517
0.913
0.001

0.115
0.436
0.259
0.686
0.937
0.254
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no significant change in the pooled value change before (p < 0.05)
and after (p < 0.05) trim-and-fill, indicating that the original pooled
SMD was relatively robust.

4 | DISCUSSION

Inflammation is the body's first coordinated line of defense against
tissue damage caused by either injury or infection, involving both the
innate and adaptive immune responses.>” However, exuberant im-
mune responses following infection have been frequently associated
with excessive levels of pro-inflammatory cytokines and widespread
tissue damage including ARDS.1°8-1¢0

In most previous studies, patients with SARS-CoV-2 infection
are associated with a cytokine storm, which is characterized by
increased production of IL-2, IL-7 and IL-10, granulocyte-colony
stimulating factor, interferon-a-inducible protein 10, monocyte
chemoattractant protein 1, macrophage inflammatory protein 1
alpha and TNF-a.?®*®157 However, there had been conflicting
opinion as to whether the cytokine storm was responsible for the
severe outcome. One argument was that the pathological process of
severe COVID-19 disease was mainly due to the direct lung injury
that induced the subsequent ARDS, and respiratory depression. In
addition to the virus-induced direct lung injury, it is also considered
that COVID-19 invasion triggers the immune responses that lead to
the activation of immune cells to release many pro- and anti-
inflammatory cytokines including TNF-a, IL-1B, IL-6 and so on.
Overwhelming secretion of cytokines causes severe lung damage,
which manifest as extensive damage of pulmonary vascular endo-
thelial and alveolar epithelial cells as well as increased pulmonary
vascular permeability, leading to the pulmonary oedema and hyaline
membrane formation,>2536:66

Multiple studies have been conducted to characterize the pro-
files of immune mediator during different phases of the COVID-19
disease in different geographic locations.*>¢1-1%3 However, results
varied, which might be due to the difference in clinical sample
preparations, assay platforms and recursion criteria of the patients
among studies. Here by performing meta-analysis on studies that
explored the association between cytokine storm and disease
severity, we have determined that several cytokines, including IL-2,
IL-2R, IL-4, IL-6, IL-8, IL-10 and IFN-y, were induced to significantly
higher levels in severe cases than in non-severe cases, but not for
IL-1B or TNF-a.

It is notable that IL-6 and IL-10 were two of the cytokines that
were most consistently enhanced in severe patients, and with large
intergroup differences. The direction of association remained
consistent in 20 of the 22 studies for IL-6, and in all 13 studies for
IL-10. Extensive studies have been conducted to characterize the
profile of IL-6 in patients with SARS-CoV-2 infection, as well as for
their relation with the clinical outcome.?10:15:23-25:36-39.66 pqp
example, IL-6 was reported to be elevated during the acute phase of
SARS-CoV-2 infection,”?>2¢ and also associated with high viremia in

COVID-19 patients. The plasma IL-6 level was increased dramatically

in SARS-CoV-2-infected patients with cardiac injury, which was
associated with fatal outcome induced by fulminant myocarditis.***
Significantly elevated systemic level of IL-6 have been reported in
several COVID-19 patient cohorts and shown to correlate with dis-
ease severity.’®® IL-6 level diverges profoundly between non-
survivors and survivors in the third week after symptom onset and is
a predictor of COVID-19 severity and in-hospital mortality,*>>8
which suggest that IL-6 production might play a more important role
than viral burden in the pathogenesis COVID-19, since high viral
loads were observed at the early clinical process.®> 18 |n 3
consistent manner, a study performed on medical staff with
COVID-19 disease in Wuhan disclosed normal IL-6 levels on admis-
sion were favourable for discharge after infection.'®” Until now,
there had been only two studies that showed a reversed direction for
the IL-6-severe disease association according to our meta-anal-
ysis.1842 All these evidences had supported a critical role of IL-6 in
determining the outcome. Transcriptional profiling found that
SARS-CoV-2 infection in addition to activating type-| interferon and
IL-6-dependent inflammatory responses, also results in robust
engagement of the complement and coagulation pathway activa-
tion.2”° As a simple, fast and readily available screen, we propose it
reasonable to take an immediate evaluation of IL-6 and IL-10 levels
upon hospital admission of COVID-19 patients, due to its potential
benefits to assess worsening clinical features and disease progression
in COVID-19. For example, a notably elevated IL-6 value over a
certain level by using a predetermined detection kit and following a
standard protocol should alert clinicians to adopt aggressive thera-
peutic approaches without delay.

Accompanying the inflammatory process is the lymphopenia
depressed CD4", CD8™" T cells, NK and B cells in COVID-19 patients.
Studies found that acute SARS-CoV-2 infection resulted in broad
immune cell reduction including T, NK, monocyte, and dendritic cells
(DCs).*”* In the meta-analysed studies, lymphopenia was ubiquitous
in severe COVID-19 infection and was associated with adverse
outcome. CD3", CD4" and CD8" T cells counts were always below
normal range, and CD19" B cells and CD16"56" NK cells counts
were consistently depressed in the severe versus non-severe cases.
Recently studies have shown that the extent of lymphopenia seem-
ingly correlates with COVID-19-associated disease severity and
mortality.2424687071172=175 patients with mild symptoms, however,
typically present with normal or slightly higher T cell counts.?”¢177
The presence of lymphopenia and depressed T cell counts seems to
correlate with serum IL-6, IL-10 and TNF-a, which might also act as a
signature of severe COVID-19.347° SARS-CoV-2-specific antibodies
production in COVID-19 patients suggested the mounting of humoral
responses, especially with a higher level of IgA antibody in the severe
patients. However, insignificant difference of IgG, I1gM or IgE anti-
body between severe and non-severe patients was observed. The
role of adaptive immunity in COVID-19 patients cannot be deci-
phered according to the current analysis.

These findings have potential application in the effective therapy
choice. Until recently, anti-viral drugs with proven safety profiles are

lacking, thus targeting the hyper-inflammation might be promising
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and critical for reducing mortality. For example, Tocilizumab, a
monoclonal antibody targeting the IL-6 receptor, is currently being
investigated for the treatment of patients with COVID-19-CSS.15?
The approved randomized controlled trial that evaluates the efficacy
and safety of tocilizumab in the treatment of COVID-19 might bring
about potential benefit soon. The lymphopenia plays an important
role in the pathogenesis of the disease, thus the drugs targeting
lymphocyte proliferation or apoptosis (IL-7 and PD1/PD-L1 in-
hibitors) could help to restore lymphocyte counts in severe patients
suffering COVID-19.

The recruited studies evaluated by NOQAS in the meta-analysis
revealed good quality, which provided the strong evidence for the
association between immune signatures and SARS-CoV-2 infection.
However, our study was subject to limitations that were inherent to
meta-analysis. All types of severe diseases, such as ARDS develop-
ment, ICU entrance, the critical ill patients, were pooled into one for
comparison. This broad range of severe disease, although been
defined according to standard criteria, might cause bias away from
the actual estimation of the association. However, with all association
with these complications undoubtedly toward the same direction, we
would consider these results adaptable for the disease severity
prediction. Age and comorbidities are important risk determinants of
severity and mortality of COVID-19 patients, which effects however
was not measured, as there were only few literatures presenting the
subgrouping data on the immune signatures and disease severity,
based on age or comorbidities. We also failed to consider the effect
of therapy on the disease outcome, because most of the therapy
information was missing from the included studies, for which further
investigation are warranted.

5 | CONCLUSION

Our systematic review and meta-analysis are the first to reveal that
multiple immune mediators were significantly associated with clinical
outcome in COVID-19 patients in a comprehensive way. A dysre-
gulated immunological response with hypercytokinemia and lym-
phopenia assembled among severe COVID-19 disease was disclosed.
The screening for the currently significant biomarkers, especially
cytokine of IL-6, IL-10 and the T cells counts, have important impli-
cation in assisting prompt recognition of severe patients and guiding

early treatment.
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