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Objectives: To determine the profile of cytokines in patients with severe COVID-
19 who were enrolled in a trial of COVID-19 convalescent plasma (CCP).

Methods: Patients were randomized to receive standard treatment and 3 CCP
units or standard treatment alone (CAPSID trial, ClinicalTrials.gov
NCT04433910). The primary outcome was a dichotomous composite
outcome (survival and no longer severe COVID-19 on day 21). Time to
clinical improvement was a key secondary endpoint. The concentrations of
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27 cytokines were measured (baseline, day 7). We analyzed the change and the
correlation between serum cytokine levels over time in different subgroups and
the prediction of outcome in receiver operating characteristics (ROC) analyses
and in multivariate models.

Results: The majority of cytokines showed significant changes from baseline to
day 7. Some were strongly correlated amongst each other (at baseline the
cluster IL-1R, IL-2, IL-6, IL-8, G-CSF, MIP-10, the cluster PDGF-BB, RANTES or
the cluster IL-4, IL-17, Eotaxin, bFGF, TNF-a). The correlation matrix
substantially changed from baseline to day 7. The heatmaps of the absolute
values of the correlation matrix indicated an association of CCP treatment and
clinical outcome with the cytokine pattern. Low levels of IP-10, IFN-y, MCP-1
and IL-1 on day O were predictive of treatment success in a ROC analysis. In
multivariate models, low levels of IL-1}, IFN-y and MCP-1 on day O were
significantly associated with both treatment success and shorter time to clinical
improvement. Low levels of IP-10, IL-1RA, IL-6, MCP-1 and IFN-yon day 7 and
high levels of IL-9, PDGF and RANTES on day 7 were predictive of treatment
success in ROC analyses. Low levels of IP-10, MCP-1 and high levels of
RANTES, on day 7 were associated with both treatment success and shorter
time to clinical improvement in multivariate models.

Conclusion: This analysis demonstrates a considerable dynamic of cytokines
over time, which is influenced by both treatment and clinical course of
COVID-19. Levels of IL-1R8 and MCP-1 at baseline and MCP-1, IP-10 and
RANTES on day 7 were associated with a favorable outcome across several
endpoints. These cytokines should be included in future trials for further
evaluation as predictive factors.

KEYWORDS

COVID-19, randomized trial, convalescent plasma, predictive factors, chemokines, interleukins

Introduction

Clinical course of COVID-19 can vary greatly. It has been
shown that hyperinflammation is a hallmark of progression to
severe COVID-19. Plasma levels of many proinflammatory
cytokines are elevated in COVID-19 patients, e.g. IL-1£3, IL-2,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-13, IL-15, IL-17, colony-
stimulating factors (G-CSF), granulocyte-macrophage
stimulating factor (GM-CSF), interferon-inducible protein 10
(IP-10), interferon-o. (IFN-a), interferon-y (IFN-y), tumor
necrosis factor-o. (TNF-at), vascular endothelial growth factor
(VEGF), and various chemokines MCP-1 (CCL-2), MIP-1o
(CCL3) or RANTES (CCL5) (1-9). While many publications
report on the hyperinflammatory response in real-world patient
series, limited information on cytokine pattern is available from
randomized clinical trials of anti-SARS-CoV-2 drugs (2).

Here we report a comprehensive analysis of the cytokine
pattern which was analyzed in a companion research project in a
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randomized clinical trial of COVID-19 convalescent plasma
(CCP) for severe COVID-19 (CAPSID trial, NCT04433910,
EudraCT 2020-001310-38) (10). In this trial patients were
randomized 1:1 to either receive standard treatment and 3
units of CCP or standard treatment alone. One CCP unit each
was transfused to patients in the CCP group on day +1, +3 and
+5. Primary outcome was a dichotomous composite outcome of
survival and no longer fulfilling criteria for severe COVID-19 on
day 21. The key secondary outcome was the time to clinical
improvement which was defined as improvement by at least two
points on the ordinal severity scale (11). Clinical results of this
trial have been previously published (10). The primary outcome
occurred in 43.4% of patients in the CCP and 32.7% in the
control group (p=0.32). The median time to clinical
improvement was 26 days in the CCP group and 66 days in
the control group (p=0.27). In the subgroup that received a
higher cumulative amount of neutralizing antibodies the
primary outcome occurred in 56.0% (versus 32.1%), with
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significantly shorter interval to clinical improvement (20 versus
66 days)(p<0.05) and better overall survival (day-60 probability
of survival 91.6% versus 68.1%; p=0.02) compared to the control
group (10).

The serum concentrations of a panel of 27 interleukins,
chemokines and growth factors (hereafter referred to as
cytokines) were measured at baseline and on day 7: IL-183, IL-
1RA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70),
IL-13, IL-15, IL-17, IFN-y, IP-183, TNF-0, Eotaxin, VEGF,
PDGF-BB, GM-CSF, G-CSF, bFGF, RANTES, MCP-1, MIP-
1ocand MIP-1B. We analyzed the change of cytokines over time,
the correlation matrix among these 27 cytokines and their
association with the primary endpoint (i.e. survival and no
longer COVID-19 on day +21) and the key secondary
endpoint (time to clinical improvement) of the CAPSID trial.

Methods

Patients: A total of 106 patients were enrolled to the clinical
trial CAPSID and randomized to receive standard treatment
alone (control group) or 3 CCP units and standard treatment

TABLE 1 Baseline demographics and clinical characteristics.

CCP group (n=31)

Demographic and clinical characteristics

Age (years), median (IQR) 58 (52-63)
Gender, no (%)
Female 4 (12.9)
Male 27 (87.1)
ABO Blood group, n (%)
0 12 (38.7)
A 14 (45.2)
AB 2(6.5)
B 3(9.7)
Inflammation marker* (n,%)
low 17 (54.8)
intermediate 0 (0.0)
high 14 (45.2)
WHO Point Scale, n (%)
3 3(9.7)
4 5 (16.1)
5 21 (67.7)
6 1(3.2)
7 1(3.2)
SARS-CoV-2 antibody status*, n (%)
Neutralizing antibodies
positive 22 (71.0)
negative 6 (19.4)
missing 3(9.6)

10.3389/fimmu.2022.1008438

(CCP group) (10). Patients in the CCP group received one CCP
unit each on days +1, +3 and +5 with a median total volume
846 ml (IQR 824-855 ml). 53 patients were included in this study
of cytokine levels as inflammation markers, 22 in the control
group and 31 in the CCP group. Clinical characteristics of the
patients are summarized in Table 1. Those patients were
included in this analysis who had an available serum sample at
both baseline and day 7.

Outcome measures

Outcome measures for the primary and secondary outcome
have been previously reported (10). The primary outcome of the
CAPSID trial (“treatment success”) was assessed on day 21 after
randomization and is a dichotomous composite outcome of
survival and no longer requiring ventilation support or ICU
treatment and no tachypnea (i.e., respiratory rate <30 breaths/
minute) on day 21. The key secondary outcome time to clinical
improvement was defined as an increase by at least two points on
the ordinal WHO severity scale (11). Patients without
documented improvement were censored at last follow up.

Control Group (n=22) p-value

58.5 (51.3-67.5) 0.82
0.29
6 (27.3)

16 (72.7)

6 (27.3)
12 (54.6)
1 (4.6)
3 (13.6)

11 (50.0)
1(4.6)
10 (45.6)
0.89
2(9.1)
5(22.7)
14 (63.6)
0 (0.0)
1 (4.6)
0.84

16 (72.7)
5(22.7)
1(4.5)

*for definition see Material and Methods.
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The scale was defined as follows: 0, no clinical or virological
evidence of infection; 1, ambulatory without limitation of
activities; 2, ambulatory with limitation of activities; 3,
hospitalized without oxygen therapy; 4, hospitalized with
supplemental oxygen by mask or nasal prongs; 5, hospitalized,
non-invasive ventilation or high-flow oxygen; 6,
hospitalized, intubation and mechanical ventilation; 7,
hospitalized, ventilation and additional organ support
(vasopressors, renal replacement therapy or ECMO); 8, death.
Further secondary outcomes were mortality; duration of
ventilation support; time to discharge from ICU; time to
hospital discharge; time until negative SARS-CoV-2 PCR from
a nasopharyngeal swab. Survival time was time from
randomization to death in days. Patients who died during the
observation period without reaching the secondary outcome
were censored as if they had reached the end of observation to
account for the competing risk setting. The primary and
secondary outcomes were also analyzed in a subgroup analysis
by transfused neutralizing units. Since the total amount of
neutralizing antibodies depends on both the volume and the
antibody titer of CCP we used “neutralizing units” to take into
account both variables. One neutralizing unit was arbitrarily
defined as one ml of CCP with a titer of 1:20 which achieves 50%
inhibition in the plaque reduction neutralization test (PRNT50).
The neutralizing units of a CCP transfusion unit were then
calculated by dividing the titer by 20 and multiplying by volume
(ml) (10). CCP group was divided by the cumulative amount of
neutralizing units per patient (all 3 CCP transfusions) in a low
neutralizing unit group (< median) and a high neutralizing unit
group (> median).

One of the trial endpoints was to analyze the predictive value
of inflammation on clinical improvement, mortality, length of
stay in ICU and length of hospital stay which is presented in
this manuscript.

Plaque reduction neutralization test for
SARS-CoV-2

Plaque reduction neutralization tests for SARS-CoV-2 were
performed as previously described (12-14). Briefly, VeroE6 cells
(3.25x10° cell/ml) were seeded in 24-well plates and incubated
overnight. Prior to PRNT, patient sera were heat-inactivated at
56°C for 30 minutes. For each dilution step (duplicate), patient
sera were diluted in 220 ul OptiPro and mixed 1:1 with 220 pl
virus solution containing 100 plaque forming units. The 440 ul
serum-virus solution was gently vortexed and incubated at 37°C
for 1 hour. Each 24-well was incubated with 200 pl serum-virus
solution. After 1 hour at 37°C supernatants were discarded, and
cells were supplemented with 1.2% Avicel solution in DMEM.
After 3 days at 37°C, supernatants were removed and the 24-well
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plates were fixed and inactivated using a 6% formaldehyde/PBS
solution and stained with crystal violet as described (13, 14).
Serum dilutions with a plaque reduction of 50% (PRNT50) and
90% (PRNT90) are referred to as titers. Unless stated otherwise,
cut off titers were set at < 1:20. Positive neutralizing antibody
status means a PRNT50 titer > 1:20, a negative status
means < 1:20.

Study approval

The clinical trial CAPSID was approved by the Federal
Authority Paul-Ehrlich-Institute and by the Ethical Committee
of the University of Ulm and the ethical committees of the
participating hospitals. The CAPSID trial is registered: EudraCT
number 2020-001310-38 and NCT04433910. Written informed
consent was obtained from all study participants or their
legal representatives.

Cytokine measurements

Serum cytokine levels were determined using the human Bio-
Plex Pro Human Cytokine 27-plex Assay (Bio-Rad, Hercules,
USA) containing the following cytokines: IL-18, IL-1RA, IL-2, IL-
4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-13, IL-15, IL-
17, IFN-y, IP-18, TNF-o, Eotaxin, VEGF, PDGF-BB, GM-CSF, G-
CSF, bFGF, RANTES, MCP-1, MIP-10. and MIP-1B. The panel
was chosen to include the following: type 1 cytokines (IL-2, IL-12,
IFN-v); type 2 cytokines (IL-4, IL-5, IL-6, IL-9, IL-10, IL-13); Th17
cytokines (IL-17); chemokines indicating activation of the innate
immune system or endothelial cells (MCP-1, MIP-1c, MIP-113,
RANTES, eotaxin, IP-10), factors indicating inflammosome
activation (IL-18) and factors stimulating growth and
development of hematopoietic cells, immune cells, endothelial
cells and mesenchymal cells (G-CSF, GM-CSF, PDGEF, IL-7,
VEGEF, bFGF). This selection covers a broad range of adaptive
immunity cytokines, pro-inflammatory cytokines, and anti-
inflammatory cytokines and growth stimulating factors to
enable an unbiased, comprehensive analysis of a broad range of
extracellular signaling interactions. This panel partially overlaps
with cytokines chosen in other COVID-19 marker studies to allow
a comparison of this analysis in the setting of a controlled clinical
trial with other published cohort studies (5-7, 15-19).

For the measurement serum samples were processed in
accordance with the protocol provided by the manufacturer.
In short, standards and samples were diluted (1:4) in sample
diluent and transferred to the plate containing magnetic beads.
The plate was washed and the detection antibody was added.
The plate was washed again and streptavidin-PE solution was
added. After washing again, the samples were resuspended in
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125 uL of assay buffer and analyzed within 15 min using a Bio-
Plex 200 system reader system (Bio-Rad, Hercules, USA).

Statistics

Since the data set was complete for the 53 patients with day 0
and day 7 information including all 27 cytokines no imputation
for missing variables was performed.

Groups were compared using either Kruskal-Wallis test with
Dunn’s post hoc test or nonparametric two-tailed Mann-
Whitney test. The horizontal lines in the scatter plots of
cytokine levels indicate the median +* interquartile range
(IQR). Differences were considered significant at p<0.05. The
asterisk in the graphs indicate the following significance levels:
*p<0.05, ** p<0.01, *** p<0.001, *** p<0.0001.

The scatter plots and comparisons between groups were
done with GraphPad Prism 9 for Windows (Version 9.0.3).

The association between levels of different cytokines are
presented as heat maps showing the absolute values of the
correlation matrix. Rows and columns in the heat maps are
sorted in the order suggested by a hierarchical clustering of the
correlation matrix. The list of variables contained in these
clusters is reported in Tables 2A, 2B. Those cytokines that
could not be classified are listed in the “none” clusters.
Cophenetic correlations of all hierarchical cluster analyses
presented were 0.75 or above. The unweighted pair group
method was used for clustering.

The prediction of clinical outcome by cytokine levels was
analyzed by receiver operating characteristics (ROC) analyses
and results are presented as area under the curve (AUC) of the
ROC curve and the p-value for an AUC > 0.5.

Principle component analysis (PCA), the heat maps of the
absolute values of the correlation matrix and ROC analyses were
performed using NCSS 2021, version 21.0.3.

The impact of treatment allocation, demographic factors,
severity of COVID-19 at baseline and cytokine levels on outcome
(primary outcome and key secondary outcome) was done as
multivariate analysis. For primary endpoint (treatment success)

10.3389/fimmu.2022.1008438

logistic regression and for the secondary endpoint (time to clinical
improvement) time-to event analysis using Cox-proportional
hazards modeling have been used. Clinical covariates were
incorporated in a stepwise backward exclusion procedure,
retaining variables with a p-value <0.1 and a p-value <0.05
considered as significant. The statistical software “R” Version
4.1.2 as well as the packages “survival” version 3.2-13 and
“forestmodel” version 0.6.2 have been used for multivariate analysis.

Results
Patients characteristics

The characteristics of the 53 patients with available samples
on both baseline and day 7 are summarized in Table 1. The
minority of patients were female (18.9%) and the majority were
male (81.1%). The median age was 58 years (IQR 52-63.5).
Overall, the CCP group and the control group were similar in
terms of demographic characteristics and disease severity as
assessed by the distribution on the ordinal severity scale, the type
of ventilation support, inflammation markers and SARS-CoV-2
antibody status at baseline (Table 1).

Cytokine levels on day O and day 7

The cytokine levels at baseline and day 7 are shown in Figures 1.
For the majority of cytokines, significant changes in levels occurred
between day 0 and day 7 and the pattern of change was very
consistent among patients. The changes can be grouped as follows:
Levels of IL-18, IL-2, IL-4, IL-5, IL-10, IL-12 (p70), IL-13, IL-17,
IFN-v, Eotaxin, GM-CSF and MIP-1o significantly increased from
baseline to day 7, whereas IL-1RA, IL-7, IL-15, TNF-0, basic FGF
and G-CSF showed a significant decrease on day 7 compared to
baseline. Other cytokines numerically increased (IL-6, MIP-1£3) or
decreased (IL-9, IP-10, VEGF, PDGF, RANTES, MCP-1), however,
their medians on day 0 and 7 did not significantly differ after
correction for multiple comparisons (Figures 1).

TABLE 2A Cluster report for the absolute values of the correlation matrix of all patients on day 0 and day 7.

Cluster* day 0: all patients
Yy
1 IL-18, IL-2, IL-6, IL-8, G-CSF, MIP-10.
2 PDGF-BB, RANTES
3 IL-4, IL-17, Eotaxin, bFGF, TNF-o.
4 IL-5, IFN-y, MCP-1
5 1L-9, MIP-1f3
6 IL-15, VEGF
7
None IL-1RA, IL-7, IL-10, IL-12, IL-13,
GM-CSF, IP-10

*Clusters were formed by the unweighted group method using NCSS 2021, version 21.0.3

Frontiers in Immunology

Day 7: all patients

IL-18, MIP-1a.
IL-1RA, IL-5, IEN-y, IP-10, MCP-1

IL-2, IL-4, IL-17, Eotaxin, bFGF,
MIP-18, TNF-ou

IL-6, IL-10, G-CSF
IL-15, VEGF
IL-9, RANTES
IL-12, GM-CSF
1L7, IL-8, IL-13, PDGF-BB
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TABLE 2B Cluster report for the absolute values of the correlation matrix of all patients on day 7 stratified by randomization group (control
group versus CCP group) or by primary endpoint (failure versus success).

Cluster* Day 7: control group Day 7: CCP group day 7: failure Day 7: success

1 IL-18, MIP-1a. 1I-18, IL-8 IL-15, VEGF IL-18, G-CSF, IFN-y, MCP, MIP-1a
2 IL-1RA, IL-5, IL-6, IEN-y, IP-10, IL-1RA, IL-5, IL-6, IFN-v, IP-10, IL-1RA, IL-5, IEN-y, IP-10, MCP-1 IL-12, GM-CSF
MCP-1 MCP-1
3 IL-2, IL-4, IL-17, Eotaxin, bFGF, IL-2, bFGF, TNF-o IL-2, IL-4, IL-17, Eotaxin, bFGF, MIP-1£, IL-2, IL-6, IL-15, IL-17, bFGF,
MIP-18, TNF-ou TNF-ou MIP-18, TNF-a
4 IL-15, VEGF IL-4, Eotaxin IL-6, MIP-1c IL-4, Eotaxin
5 IL-10, G-CSF G-CSF, MIP-1ov IL-9, RANTES IL-5, IL-13
6 IL-9, RANTES IL-10, G-CSF IL-9, RANTES
7 IL-12, IL-15, GM-CSF
IL-17, MIP-183
None IL-7, IL-8, IL-9, IL-12, IL-13, IL-7, IL-10, IL-13, PDGF-BB, IL-18, IL-7, IL-8, IL-12, IL-13, GM-CSF,  IL-1RA, IL-7, IL-8, IL-10, IP-10, PDGF-
GM-CSF, VEGF PDGF-BB. BB, VEGF.

PDGF-BB, RANTES

*Clusters were formed by the unweighted group method using NCSS 2021, version 21.0.3.

Cytokine changes in the disease course of COVID-19 can be
influenced by many factors, e.g. the natural history of the disease,
risk factors, severity of the disease, and therapeutic interventions.
To analyze the effects of standard of care or CCP, we have
analyzed the cytokine pattern at baseline and day 7 (Figure 2)
and the latter analysis was also stratified by allocation of patients
to the control group or convalescent plasma group (Figure 3) and
by primary endpoint on day 21 (including both convalescent
plasma group and control group, stratified by failure or success)
(Figure 4). Some markers were strongly correlated as shown in the
heat map of the adjusted correlation matrix (Figure 2). Rows and
columns are sorted in the order suggested by a hierarchical
clustering of the correlation matrix (Table 2). At day 0 in
particular the following clusters were noted: (i) IL-18, IL-8, IL-
6, IL-2, G-CSF and MIP-10; (ii) IL-4, IL-17, bFGF, Eotaxin and
TNF-alpha (iii) IL-9 and MIP-18, (iv) IL-15 and VEGEF, (v) IL-5,
IFN-y and MCP-1; (vi) PDGF-BB and RANTES (Figure 2;
Table 2A). Low correlation with all other cytokines was noted
for IL-1RA, IL-7, IL-10, IL-12, IL-13, GM-CSF and IP-10
(Figure 2A; Table 2A). At day 7 the heat map changes
substantially and the following clusters were formed: (i) IL-183
and MIP-10; (i) IL-12 and GM-CSF; (iii) IL-1RA, IL-5, IEN-y,
MCP-1 and IP-10; (iv) IL-2, TNF-0, bFGF, IL-17, MIP-183, IL-4
and Eotaxin; (v) IL-6, IL-10, G-CSF; (vi) IL-9 and RANTES, (vii)
IL-15 and VEGF. Low correlation with all other cytokines were
noted for IL-7, IL-8, IL-13 and PDGEF-BB (Figure 2B; Table 2A).

Cytokine levels on day 7 and their
association with randomization group
and outcome

The pattern in the correlation matrix on day 7 differed
between the control group and the CCP group (Figures 3A,
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B). IL-1RA, IL-5, IL-6, IFN-y, IP-10, MCP-1 were grouped
together in the hierarchical clustering approach both in the
control group and the CCP group on day 7 (Figure 3 and
Table 2B). Also, the correlation between IL-2, bFGF and TNF-o
as well as between IL-4 and Eotaxin was seen in both
randomization groups. However, correlations between other
cytokines changed substantially from baseline to day 7.
Overall, the correlation heat maps indicate an impact of
treatment (with/without CCP) and a correlation with outcome
(treatment success or failure) which is less evident at the level of
individual cytokines.

Also, when comparing patients who did or did not meet the
primary endpoint at day 21, there was a clear difference in the
pattern in the correlation matrix on day 7 (Figure 4; Table 2B).
While IL-9 and RANTES, as well as IL-4, Eotaxin and IL-2, IL-
17, bEGF, MIP-1{3 and TNF-o. were grouped together by the
hierarchical clustering irrespective of primary outcome other
clusters differ. Differences in the correlation matrix exist with a
prominent cluster of IL-1{3, IFN-y, MCP-1, G-CSF, MIP-10a. in
patients with treatment success and a prominent cluster of IL-
IRA, IL-5, IFN-y, IP-10 and MCP-1 in patients with treatment
failure (Figure 4; Table 2B).

Cytokine levels and clinical outcome:
Receiver operating characteristics
analysis

Then we analyzed whether the cytokines on day 0 and day 7
can be used as marker to predict the primary outcome, i.e.
survival on day 21 and no longer fulfilling criteria of severe
COVID-19. ROC analysis for the primary outcome was
performed for all cytokines. Low levels of IP-10, IFN-y, MCP-
1 and IL-18 on day 0 were predictive of reaching the primary
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FIGURE 1

Dynamics of serum cytokine levels in the study cohort at baseline (day 0) and day 7 after randomization
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endpoint on day 21 with an AUC of 0.74, 0.67, 0.64 and 0.64 (Fig
5A). A subgroup analysis by treatment group (control group vs
CCP group) revealed that in the control group day 0 levels of
none of these four cytokines were predictive of reaching the
primary endpoint (not shown), whereas in the CCP group
the levels of all four cytokines were predictive of reaching the
primary endpoint (Fig 5B). The bivariate comparison of day 0
levels of TP-10, IFN-y, MCP-1 and IL-1£3, between patients who
met or did not meet the primary endpoint on day 21 is shown
in Figure 5C.

For none of the measured cytokines increased levels at day 0
were associated with a better primary outcome in the
ROC analyses.

Low levels of IP-10, IL-1RA, IL-6, MCP-1 and IFN-y
(Figure 6A) and high levels of IL-9, PDGF-BB and RANTES
(Figure 6C) on day 7 were predictive of reaching the primary
outcome. A subgroup analysis by randomization group (control
group versus CCP group) again revealed a substantial difference
between these groups. In the control group only, low levels of IP-
10 on day 7 were predictive of reaching the primary outcome
(not shown). In the CCP group low levels of IP-10, IL-1RA, IL-6
and MCP-1 on day 7 (Figure 6B) as well as high levels of IL-9,
PDGF-BB and RANTES on day 7 (Figure 6D) were predictive of
meeting the primary endpoint on day 21. The bivariate
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comparison of day 7 levels of IP-10, IL-1RA, IL-6, MCP-1,
IFN-vy, IL-9, PDGF-BB and RANTES between the patients who
met or did not meet the primary endpoint on day 21 is shown in
Figures 6E-L.

A key secondary endpoint in the clinical trial was the time to
clinical improvement which was defined as an improvement by
at least 2 points on the 8-point WHO ordinary severity scale (10,
11). We analyzed whether the cytokines levels on day 0 and day 7
can be used to predict a rapid clinical improvement (i.e. time to
clinical improvement < median).

ROC analysis demonstrated that low levels of IP-10 (AUC
0.73, p=0.0046), MCP-1 (AUC 0.71, p=0.0088), IL-6 (AUC 0.71,
p=0.0059), IL-10 (AUC 0.67, p=0.0236) and IL-18 (AUC 0.67,
p=0.0308) at baseline were predictive of a shorter time to clinical
improvement. Again, for none of the cytokines were increased
levels on day 0 associated with a shorter time to clinical
improvement in the ROC analysis.

Low levels of IP-10 (AUC 0.76, p=0.0001, IL-1RA (AUC
0.73, p=0.0023), MCP-1 (AUC 0.71, p=0.0021) and IFN-y
(AUC 0.64, p=0.0409) on day 7 and high levels of PDGF-BB
(AUC 0.70; p=0.0066) and RANTES (AUC 0.67, p=0.0229) on
day 7 were predictive of early clinical improvement. In a
subgroup analysis by treatment group, only IP-10 and IL-1RA
were predictive of early clinical improvement in all subgroups.
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**p<0.01, ***p<0.001, ****p<0.0001.

Cytokine levels and clinical outcome:
Multivariate analyses

In this population of patients with severe COVID-19
outcome can be affected by various factors, in particular by the
severity of disease at baseline, the treatment of COVID-19 and
demographic characteristics (age, gender). As shown above, the
cytokine pattern on day 7, i.e. after transfusion of three units of
CCP, differed substantially between control group and CCP
group (Figure 3). Furthermore, the prediction of the primary
endpoint in the ROC analysis differed between control and CCP
group. Both aspects emphasize the impact of the randomization
group on outcome. Therefore, we also examined the association
between cytokine levels at baseline or day 7 and the primary
endpoint in a multivariate analysis, which included the study
treatment, the WHO COVID-19 Severity Score at baseline
(Score 0 to 4 vs. Score 5 to 8), age and gender. A pre-specified
subgroup analysis of the CAPSID Trial has shown a difference
among patients who have received either a low cumulative
amount of neutralizing SARS-CoV-2 antibodies (“low titer
plasma”) or a high cumulative amount of neutralizing SARS-
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CoV-2 antibodies (“high titer plasma”) (10). Therefore,
treatment in this multivariate analysis has been stratified in
control group, high titer and low titer plasma (Figures 7- 10).
The multivariate analyses demonstrated a significant higher
odds ratio for a favorable outcome, i.e. reaching the primary
endpoint, in the CCP treated patients. In contrast, patients with
severe disease as indicated by WHO COVID-19 Severity Score
>4 had poor outcome. In these multivariate models, the level of
IL-183, IFN-y and MCP-1 at baseline (comparing equal to or
below median vs. above median) were significantly associated
with both treatment success (Figures 7A-C) and short time to
clinical improvement (Figures 9A-C). Low IP-10 levels on day 0
which were significant in the ROC analysis, were not significant
in the multivariate model for treatment success (Figure 7D).
Lower levels of MCP-1 and IP-10 on day 7 and higher levels
of PDGF-BB, RANTES and IL-9 on day 7 were associated with a
significant higher odds ratio for treatment success (Figures 8C,
D, E-H). Lower levels of IL-1RA, IFN-y, and IL-6 on day 7 which
were significant in the ROC analysis were not significant in the
multivariate model for treatment success (Figures 8A, B, E). Low
levels of IP-10, MCP-1 and IL-6 on day 7 and high levels of
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FIGURE 6

Receiver operating characteristics analysis of day 7 cytokine levels and primary endpoint (failure vs. success on day 21). (A) All patients
(irrespective of allocation to randomization group). Low levels of IP-10, IL-1RA, MCP-1, IL-6 and IFN-y on day 7 indicate treatment success. Area
under the curve (AUC) and p-values for AUC >0.5 were as follows: IP-10: AUC 0.85; p<0.0001; IL-1RA: AUC 0.78, p<0.0001; IL-6: AUC 0.72,
p=0.0012; MCP-1: AUC 0.71, p=0.0033; IFN-y: AUC 0.70, p=0.0038). (B) Patients in the CCP group. Low levels of IP-10, IL-1RA, MCP-1 and IL-6
on day 7 indicate treatment success. AUC and p-values for AUC >0.5 were as follows: IP-10: AUC 0.82; p<0.0001; IL-1RA: AUC 0.89, p<0.0001;
IL-6: AUC 0.71, p=0.0345; MCP-1: AUC 0.70, p=0.0499; IFN-y: AUC 0.69, p=0.0516). (C) All patients (irrespective of allocation to randomization
group). High levels of PDGF-BB, RANTES and IL-9 on day 7 indicate treatment success. AUC and p-values for AUC >0.5 were as follows: PDGF-
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(green symbols). Groups were compared by Mann-Whitney test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. ns, not significant.
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FIGURE 7

Multivariate analyses of primary endpoint (survival and no longer meeting criteria for severe COVID-19 on day 21) including cytokine levels on day O
The following variable were included in the model: Treatment group (control group, high titer plasma, low titer plasma), age (as continuous variable),
gender (female (f)) and male (m), baseline WHO Severity Score (<4 vs. > 4) (11) and the level of the respective cytokine on day O (< median (‘low")
versus > median ("high”)). One cytokine each was included in the models: IL-18 (A), IFN-y (B), MCP-1 (C) or IP-10 (D).

RANTES on day 7 were also significant in the multivariate
model for short time to clinical improvement (Figures 10C-F).
In contrast, low levels of IL-1RA and IFN-y (Figures 10A, B) or
high levels of PDGF-BB or IL-9 (Figures 10G, H) were not
significantly associated with shorter time to clinical
improvement. Low levels of IP-10 on day 7 and high levels of
PDGF on day 7 were significant in the multivariate model for
overall survival (not shown).

A summary of the results in the various models for the
primary endpoint and the key secondary endpoint is provided
in Table 3.

Discussion

Pathophysiology of COVID-19 has been linked to an
uncontrolled systemic inflammatory response. It has been
demonstrated that levels of many cytokines are increased in
the acute phase of SARS-CoV-2 infection. A correlation of this
hyperinflammation and cytokine release syndrome with the
severity and outcome of COVID-19 has been reported (6, 20-
22). Increased levels of several cytokines have been associated
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with severity (IL-6, IL-1RA, IL-10, IL-15, IL-27, G-CSF, M-CSF,
IP-10, TNF-0, MIG, MCP-1) (5-7, 15-19). A clustering of four
immune signatures representing growth factors (e.g. PDGEF,
VEGE), type 2/3 cytokines, mixed type 1/2/3 cytokines and
chemokines have been reported in conjunction with disease
trajectories (21). Also in our patient cohort from the clinical trial
CAPSID (10) we observed a clustering of cytokines, which was,
however, different from the clustering as proposed by Lucas et al.
(21). The differences are most likely due to different severity and
different treatment of the patient cohorts and differences in the
overall profile of investigated cytokines.

For the majority of cytokines, we observed a pattern of either
clear increase or decrease between day 0 and day 7 in the
majority of patients. Dynamic changes of various cytokines
has been reported by others -interpreted as “early” cytokines
(decrease from baseline) and “late” cytokines (increase) (6).
Kelymenov et al. reported a pattern with initial high levels of
TNEF, IL-6, IL-18, IL-27, IL-15, IFN-02, GM-CSF, G-CSF, M-
CSF, IP-10, MIG, MCP-1, GRO-a:. (interpreted as early cytokines
representing markers of innate immune response and type 1
immunity). In contrast, the “late” cytokines, characteristic of
type 2 immunity (IL-4, IL-5, IL-13), were increased in this study
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FIGURE 8

Multivariate analyses of primary endpoint (survival and no longer meeting criteria for severe COVID-19 on day 21) including cytokine levels on
day 7. The following variable were included in the model: Treatment group (control group, high titer plasma, low titer plasma), age (as
continuous variable), gender, baseline WHO Severity Score (<4 vs. > 4) (11) and the level of the respective cytokine on day 7 (< median ("low")
versus > median ("high")). One cytokine each was included in the models: IL-1RA (A), IFN-y (B), MCP-1 (C), IP-10 (D), IL-6 (E), RANTES (F), PDGF-
BB (G) or IL-9 (H).

Frontiers in Immunology 13 frontiersin.org


https://doi.org/10.3389/fimmu.2022.1008438
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Korper et al. 10.3389/fimmu.2022.1008438

A B
Variable N Hazard ratio P Variable N Hazard ratio ]
TreatmentGroup  Control-Group 22 Reference TreatmentGroup  Control-Group 22 Reference
High titer Plasma 18 — | 127(050.323) 062 High tter Plasma 18 —————— | 157(068,364) 029
Lowtiter Plasma 13 —+—%——— | 161(067,38) 028 Lowtiter Plasma 13 —— | 153(063,375) 035
Patient age 53 [ 097(093,101) 0.4 Patient age 53 [ 096(0.93,100) 007
Patient gender f 1 Reference Patient gender f 1 Reference
m 2 — 114045286 079 m 2 — | 118(046,302 074
WHO score baseline  (0.4] 15 Reference WHO score baseline ~ (0.4] 15 Reference
@8 B [ ——— 048(022,1.06)  0.07 @8 38 [ ———— 044(021,082) 003
IL-1RAday 7 High 27 Reference IFN-gammaday 7 High o7 Reference
Low % — | 164071,381) 025 Low % — | 147069,314) 032
c Z D ‘
Variable N Hazard ratio P Variable N Hazard ratio ]
Treatment Group Control-Group 22 Reference TreatmentGroup  Control-Group 22 Reference
High tter Plasma 18 ——— 165(0.71,380) 024 High titer Plasma 18 — 138(0.59,320) 046
Lowtiter Plasma 13 —_— 127(051,313) 061 Low titer Plasma 13 —— 166(070,392) 025
Patient age 5 [ 096(093.100)  0.07 Patient age 5 [ 098(0.94,102) 029
Patient gender f 1 Reference Patient gender f 11 Reference
m 2 . — 140(055,357) 048 m 2 —_—— 105(042,262) 092
WHO score baseline  (0.4] 15 Reference WHO score baseline  (04] 15 Reference
“8) 3 | —— 049(023.103) 006 “8) 38| ——— 055(026,1.18) 012
MCP-0UMCAF day7  High 27 Reference 1P-10day 7 High 27 Reference
Low % —— 8 | 237(109.5.16) 003 Low % —— 88— | 230(109,527) 003
E F
Variable N Hazard ratio p Variable N Hazard ratio »
TreatmentGroup  Contol-Growp 22 Reference TreatmentGroup  Conrol-Growp 22 Reference
High titer Plasma 18 —_—— 128(055,299) 057 High titer Plasma 18 —————— | 187(080,440) 0.151
Low fter Plasma 13 — 117(047,295) 074 Lowtiter Plasma 13 —— 88— | 183(079,448) 0155
Patient age 5 [ 095(082,089) 002 Patient age 53 [ 097(094,101)  0.166
Patient gender f 1 Reference Patient gender f " Reference
m 2 — 124(050,309) 064 m 2 —— 138(053,357) 0505
WHO score baseline ~ (0.4] 15 Reference WHO score baseline ~ (0.4] 15 Reference
@8l 3 [ ———— 064(029,141) 027 @8 3B | —— 035(0.16,074)  0.006
1L-6 day 7 High 27 Reference RANTES day 7 Low % Reference
Low % —— 88— | 301(128,7.05) 001 High 7 —— | 230(1.08,491) 0031
G H
Variable N Hazard ratio » Variable N Hazard ratio ]
TreatmentGroup  Contol-Growp 22 Reference TreatmentGroup  Control-Group 22 Reference
High tter Plasma 18 —_— 149(064,348) 035 High titer Plasma 18 —— 173(074,407) 0206
Low ter Plasma 13 ——— 8| 188(078,456) 0.16 Lowtiter Plasma 13 H——8——— | 220(090,585) 0084
Patient age 53 L 097(094,101) 016 Patient age 53 [ 0.97(0.94,1.01)  0.109
Patient gender f 1 Reference Patient gender f 11 Reference
m 2 — 080(031,211) 086 m 2 —— 107(043,269) 0878
WHO score baseline ~ (0.4] 15 Reference WHO score baseline ~ (04] 15 Reference
@8 38| ——— 050(0.23,106) 007 “8) 38 | ——— 036(0.47.077) 0009
PDGF-BB day 7 Low % Reference 1L-9 day 7 Low % Reference
High 27 H————— | 157(085,440) 010 High 27 —— 194(091,414) 0088

FIGURE 9

Multivariate analyses of the key secondary endpoint time to clinical improvement (< median vs. > median) including cytokine levels on day 7.
The following variables were included in the model: Treatment group (control group, high titer plasma, low titer plasma), age (as continuous
variable), gender, baseline WHO Severity Score (<4 vs. > 4) (11) and the level of the respective cytokine on day 7 (< median ("low") versus >
median (“high”)). One cytokine each was included in the models: IL-1RA (A), IFN-y (B), MCP-1 (C), IP-10 (D), IL-6 (E), RANTES (F), PDGF-BB
(panel G) or IL-9 (panel H).
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FIGURE 10

Multivariate analyses of the key secondary endpoint time to clinical improvement (< median vs. > median) including cytokine levels on day O.
The following variable were included in the model: Treatment group (control group, high titer plasma, low titer plasma), age (as continuous
variable), gender, baseline WHO Severity Score (<4 vs. > 4) (11) and the level of the respective cytokine on day O (< median ("low") versus >
median (“high”)). One cytokine each was included in the models: IL-18 (A), IFN-v (B), MCP-1 (C) or IP-10 (D)

seven days after onset of symptoms (6). While we observed a
significant change between baseline and day 7 which was
consistent across the study population, we could not confirm a
uniform pattern of early cytokines representing innate and type
1 immunity versus late cytokines representing type 2 immunity.
Some changes suggest a switch towards a type 2 signature on day
7 (increase of IL-4, IL-5, IL-10, IL-13). However, also type 1
cytokines increase from baseline to day 7 (increase of IFN-y, IL-
2, IL-12). IL-1RA, IL-7, IL-15, TNF-o, bFGF and G-CSF
decreased from baseline to day 7. This might be due to the
study population of the CAPSID Trial. Based on the eligibility
criteria of this clinical trial, our study included only patients with
severe COVID-19. Notably, the intervention with CCP in the
experimental group seems to have changed the time course and
pattern of cytokine levels. While some of the cytokines were
grouped together in the hierarchical correlation matrix on day 7
both in the control group and the CCP group (e.g. IL-5, IFN-y,
MCP-1 and IP-10; or IL-2 and TNFa), correlation between
others differed between control and CCP group (e.g. IL-188 and
MIP-10, or IL-1RA and IL-6)(Figure 3; Table 2B).

Due to the strong association of cytokine levels with the
severity of the disease it is reasonable to investigate the
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prognostic significance of the elevated cytokines (23, 24).
Ozger et al. reported that higher levels of IL-6, IL-7, IL-10, IL-
15, IL-27, IP-10, MCP-1 and G-CSF were predictive for
mortality (25), in particular IL-6, IL-10, IL-7 and G-CSF had
higher sensitivity and specificity in predicting mortality and
hospital admission (25). Kelymenov et al. found that the levels of
nine cytokines, TNF-o, IL-10, IL-6, IP-10, M-CSF, G-CSF, GM-
CSF, IFN-02 and MIG (Monokine induced by Gamma-
Interferon; CXCL9) at 4 to 6 days after symptom onset are
good predictors of requirement intensive care treatment (6).
Ashrafzadeh-Kian et al. identified elevated IL-6 as best predictor
of the need for hospitalization and length of hospital stay (1). In
this regard, others have suggested TNF-a, IL-6, IL-10 and IL-
1RA as markers predicting outcome of COVID-19 (20, 22, 26,
27). Herr et al. reported increased IL-1A, IL-8, IL-10, MCP-1
and SCF levels in patients that died (28).

Thus, our analysis in part confirms these findings of other
groups (Table 3). Particular emphasis was placed on cytokines,
which were significant in both the ROC analysis and the
multivariate analysis, as well as across various clinical
endpoints (primary endpoint and key secondary endpoint of
the clinical trial CAPSID)(summary in Table 3): low levels of IP-
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TABLE 3 Summary of cytokines with significant results for cytokine levels at baseline and on day 7 for the primary endpoint or the key secondary
endpoint “time to clinical improvement” in both the ROC analysis and the multivariate models.

Primary Endpoint:(survival and no longer severe COVID-19 on Key secondary endpoint:time to clinical improve-

day 21) ment

Level Baseline Level day 7 Level Baseline Level d7
Low levels of
IL-18 ROC MVA ROC MVA
IP-10 ROC ROC MVA ROC ROC MVA
IFN-y ROC MVA ROC MVA ROC
MCP-1 ROC MVA ROC MVA ROC MVA ROC MVA
High levels of
L9 ROC MVA
PDGEF-BB ROC MVA ROC
RANTES ROC MVA ROC MVA

ROC indicates that the respective parameter is significant in the ROC analysis (see Figure 5, 6 and text)
MVA indicates that the respective parameter is significant in the multivariate analysis (Figures 7, 8 for primary endpoint, Figures 10, 9 for key secondary endpoint).

Primary endpoint: ROC analysis in Figures 5, 6; multivariate analysis Figure 7, 8; key secondary endpoint: multivariate analysis Figures 10, 9.

10 on day 0 and low levels of IP-10, IL-1RA, IL-6 on day 7 were
predictive of treatment success in the ROC analysis success.
However, in contrast to other reports we highlight the predictive
role of MCP-1, IP-10 and RANTES (Table 3). We identified low
levels of IL-1f3 and MCP-1 at baseline as strong predictors of a
favorable outcome. This has been confirmed by ROC analyses
and multivariate models for various endpoints (treatment
success according to the primary outcome definition of the
CAPSID trial, the time to clinical improvement as key
secondary outcome). Here low levels of MCP-1 and IP-10 on
day 7 as well as high levels of RANTES on day 7 were associated
with better outcome as demonstrated by both ROC analyses and
multivariate analyses for treatment success and shorter time to
clinical improvement. Thus, our study provides a strong signal
for the predictive significance of IL-1{3, MCP-1, IP-10 and
RANTES on day 0 and 7, resp. and we suggest to include IL-
188 and MCP-1 on day 0, and MCP-1, IP-10 and RANTES on
day 7, in the evaluation of cytokine profiles in future studies for
further validation in larger cohorts and various
treatment settings.

The source of these cytokines cannot be determined from
our study. The pattern is however consistent with activation of
the inflammasome and monocyte activation which has been
shown by several studies: SARS-CoV-2 Viroporin-3a was
sufficient to induce the NLRP3 inflammasome activation and
IL-18 production in macrophages stimulated by LPS (29). It has
been shown that SARS-CoV-2 engages inflammasome and
triggers pyroptosis in human monocytes, experimentally
infected, and from patients under intensive care (30, 31).
Pyroptosis associated with caspase-1 activation, IL-1f3
production, gasdermin D cleavage, and enhanced pro-
inflammatory cytokine levels in human primary monocytes
(30). The infection of monocytes in patients with COVID-19
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depends on the uptake of antibody-opsonized virus by Fcy
receptors (31). This might -at least in part- explain the
difference cytokine patterns which we observed between
control group and CCP group in our trial. In addition, the
increased IL-18 production might be an indicator of cell death in
the airway epithelium due to viral cytopathic effects (32, 33).
Since SARS-CoV-2 S protein can up-regulate angiotensin
converting enzyme (ACE2) and MCP-1 in endothelial cells
(34) increased levels of MCP-1 might also indicate
endothelial dysfunction.

Type 1 interferons have not been included in our analysis.
Despite its fundamental role in health and disease (e.g. in viral
infections or autoimmunity such as systemic lupus
erythematosus), the direct quantification of type I IFNs is still
challenging. Rather than a direct measurement of type I
interferons its influence on immune cells is accessed by
interferon-induced transcripts (IFITs) in whole blood or
PBMCs (35). Other surrogate parameters of type I interferon
signature such as CD169 or STATI have been used (36, 37).
Others have shown that impaired INF-type I response might
lead to increased virus replication and dysregulated pulmonary
inflammation. In particular, there is evidence that either inborn
errors of type I IFN immunity (38) or autoantibodies against
IFN-type I (39) can account for life-threatening COVID-19 in a
subgroup of patients. Further humans express 12 IFN-alpha
subtypes, which have different properties (40). Analysis of
autoantibodies, IFN-alpha-subtypes and IFITs was not within
the scope of our study.

Many biomarker studies including ours investigated soluble
circulating cytokines, chemokines and growth factors. Other
studies used gene expression profiles in peripheral blood cells or
tissues, e.g. nasopharyngeal samples or lung biopsies, or
circulating microRNA sigantures to predict COVID-19
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prognosis (41-45). Flower-Lose is a unique marker for
suboptimal or unfit status of cells in many tissues or organ
systems. hFwe-Lose can precede the host immune response to
infection and accurately predicts outcomes in COVID-19
patients (45). Another approach used targeted transcriptomics
of lung biopsies to provide a transcriptional landscape of
COVID-19 in the lung (42). A significant upregulation of
genes associated with inflammation, type I interferon
production, coagulation and angiogenesis was observed in the
lungs of COVID-19 patients compared to non-infected controls
(42). Circulating microRNA signatures with high concentration
of miRNA targeting antiviral response and low miRNAs
targeting pro-inflammatory factors discriminated severe from
mild/moderate COVID-19 (41).

The observed combination of predictive factors at baseline is
compatible with the hypothesis that lower levels of
inflammasome activation and monocyte activation and less
endothelial dysfunction are associated with better clinical
outcome. The role of IL-1{3 as predictive markers raises the
question whether its inhibition could be beneficial. Some trials
have suggested clinical improvement in COVID-19 patients
treated with Interleukin-1 blocking agents, however a recent
COCHRANE Review concluded that there is no evidence for an
important beneficial effect of IL-1 blocking agents. The evidence,
however, is uncertain or very uncertain for several outcomes and
there are many registered trials of anakinra and canakinumab
with no results publicly available yet (46).

Previous studies have not yet shown that these factors (IL-13
and MCP-1 on day 0 and MCP-1, IP-10 and RANTES on day 7) in
particular have predictive significance in combination. One study
on longitudinal cytokine profiling concluded that a combination of
CCL5 (RANTES), IL-1RA and IL-10 at week 1 may predict
outcome (22). High levels of IL-13 and IL-18 as indicators of
inflammasome activation have been associated with the risk of
admission to intensive care unit and death (21). A significant
increase of MCP-1 has been noted in severe/critically ill patients
but no predictive significance for outcome was established in this
study (16) while in other studies an association of high MCP-1
levels and admission to intensive care unit was observed (47).
Another study found higher levels of IL-6, TNF-0, CCL2 (MCP-1),
CCL5 (RANTES) in non-survivors at 0-72 hours before death (48).
MCP-1 and soluble IL-2Ro. were moderate predictors of the need
for hospitalization in a cohort of patients with various disease
severities in a study which identified elevated IL-6 as best predictor
of severity of COVID-19 (1).

Thus, the cytokine patterns associated with clinical outcome
in published studies partially overlap, but show also differences to
our findings. This could be explained by several reasons: (i) In
these studies, the severity of COVID-19 and the interval since
infection or onset of symptoms varied greatly. Since there is a
dynamic change of the cytokine profile during the clinical course
of COVID-19, as also shown in our work, the timing of the
cytokine measurements has great impact on results. (ii) It is
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known that gender, age, disease severity, comorbidities, and
therapy are also important for outcome of COVID-19. The
patient cohorts analyzed in prior cytokine studies differed in
these additional prognostic factors, in some cases significantly.
Also, in the previous studies, the endpoints investigated were
different (requirement for intensive care treatment, mortality,
length of hospital stay and others) and the statistical methods
differed, mostly only ROC analyses were used. Our proposal to
consider especially IL-1f3, MCP-1, IP-10, and RANTES as
predictive markers for further studies is based not only on ROC
analyses but also on multivariate models considering other
prognostic factors (treatment, age, gender, clinical severity).
Furthermore, the predictive significance of these factors has
been confirmed across several meaningful clinical endpoints
(treatment success which is a composite endpoint of survival
and no longer fulfilling criteria of severe COVID-19 on day 21;
short time to clinical improvement). (iii) Furthermore, the impact
of treatment needs to be considered. The cytokines can be
grouped into clusters by unsupervised cluster analysis. These
clusters change over time and importantly are also influenced
by the CCP treatment. The impact of CCP treatment is also
evident in the ROC analyses in our study: while low levels of IL-
183, IP-10, IFN-y, and MCP-1 on day 0 are predictive of treatment
success and short time to clinical improvement in the total study
cohort and in the CCP group, this relationship is not significant in
a subgroup analysis of the control group. The same applies to low
levels of IL-6, IFN-y, MCP-1 and IL-1RA on day 7 which were no
longer significant in a subgroup analysis of control group patients.

The investigational drug in the CAPSID trial was CCP.
However, the same impact on cytokine course might apply to
other anti-inflammatory or antiviral interventions. Therefore, all
results on association between cytokine patterns and outcome
need to be interpreted in the specific treatment context and
might not be generalized. The significant impact of CCP on key
regulators of inflammation is an important finding and supports
the effect of CCP in severe COVID-19.

The strength of our study is the controlled setting of a
clinical trial with pre-specified treatment and pre-specified
definitions of outcomes and evaluation time points. This
reduces the noise due to other influencing factors and allows
predictive factors to be more precisely identified. On the other
hand, this is also a limitation of our study, since the observed
associations might only apply to the setting of CCP treatment.
Our study included patients with severe COVID-19 which were
predominantly male (10)- as in other studies (49-53).

Overall, it is important to establish predictive factors.
Therefore, future studies should validate the predictive value
of IL-1# and MCP-1 at baseline and MCP-1, IP-10, and
RANTES on day 7 in addition to other cytokines, in larger
patient cohorts receiving standardized treatment, ideally in the
context of controlled clinical trials. E.g., the ongoing COVIC-19
trial (NCT05271929; EudraCT 2021-006621-22) will further
investigate the use of cytokine profiling as predictive biomarker.
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