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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-1ß, IL-2, IL-6, IL-8, G-CSF, MIP-1a, 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-g, MCP-1

and IL-1ß on day 0 were predictive of treatment success in a ROC analysis. In

multivariate models, low levels of IL-1ß, IFN-g and MCP-1 on day 0 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-g on 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-1ß 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-1ß, 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-a (IFN-a), interferon-g (IFN-g), tumor

necrosis factor-a (TNF-a), vascular endothelial growth factor

(VEGF), and various chemokines MCP-1 (CCL-2), MIP-1a
(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
02
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
frontiersin.org
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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-1ß, 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-g, IP-1ß, TNF-a, Eotaxin, VEGF,
PDGF-BB, GM-CSF, G-CSF, bFGF, RANTES, MCP-1, MIP-

1a and 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
Frontiers in Immunology 03
(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.
TABLE 1 Baseline demographics and clinical characteristics.

CCP group (n=31) Control Group (n=22) p-value

Demographic and clinical characteristics

Age (years), median (IQR) 58 (52-63) 58.5 (51.3-67.5) 0.82

Gender, no (%) 0.29

Female 4 (12.9) 6 (27.3)

Male 27 (87.1) 16 (72.7)

ABO Blood group, n (%) 0.80

0 12 (38.7) 6 (27.3)

A 14 (45.2) 12 (54.6)

AB 2 (6.5) 1 (4.6)

B 3 (9.7) 3 (13.6)

Inflammation marker* (n,%) 0.48

low 17 (54.8) 11 (50.0)

intermediate 0 (0.0) 1 (4.6)

high 14 (45.2) 10 (45.6)

WHO Point Scale, n (%) 0.89

3 3 (9.7) 2 (9.1)

4 5 (16.1) 5 (22.7)

5 21 (67.7) 14 (63.6)

6 1 (3.2) 0 (0.0)

7 1 (3.2) 1 (4.6)

SARS-CoV-2 antibody status*, n (%) 0.84

Neutralizing antibodies

positive 22 (71.0) 16 (72.7)

negative 6 (19.4) 5 (22.7)

missing 3 (9.6) 1 (4.5)
fronti
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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- invas ive vent i l a t ion or h igh-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

(3.25x105 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 ml OptiPro and mixed 1:1 with 220 ml
virus solution containing 100 plaque forming units. The 440 ml
serum-virus solution was gently vortexed and incubated at 37°C

for 1 hour. Each 24-well was incubated with 200 ml 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
Frontiers in Immunology 04
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-1ß, 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-g, IP-1ß, TNF-a, Eotaxin, VEGF, PDGF-BB, GM-CSF, G-

CSF, bFGF, RANTES, MCP-1, MIP-1a and MIP-1b. The panel

was chosen to include the following: type 1 cytokines (IL-2, IL-12,

IFN-g); 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-1a, MIP-1ß,

RANTES, eotaxin, IP-10), factors indicating inflammosome

activation (IL-1ß) and factors stimulating growth and

development of hematopoietic cells, immune cells, endothelial

cells and mesenchymal cells (G-CSF, GM-CSF, PDGF, IL-7,

VEGF, 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-19marker 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
frontiersin.org
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125 µL 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)
TABLE 2A Cluster report for the absolute values of the correlation matrix o

Cluster* day 0: all patients

1 IL-1ß, IL-2, IL-6, IL-8, G-CSF, MIP-1a

2 PDGF-BB, RANTES

3 IL-4, IL-17, Eotaxin, bFGF, TNF-a

4 IL-5, IFN-g, MCP-1

5 IL-9, MIP-1ß

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
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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 0 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-1ß, IL-2, IL-4, IL-5, IL-10, IL-12 (p70), IL-13, IL-17,

IFN-g, Eotaxin, GM-CSF and MIP-1a significantly increased from

baseline to day 7, whereas IL-1RA, IL-7, IL-15, TNF-a, basic FGF
and G-CSF showed a significant decrease on day 7 compared to

baseline. Other cytokines numerically increased (IL-6, MIP-1ß) 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).
f all patients on day 0 and day 7.

Day 7: all patients

IL-1ß, MIP-1a

IL-1RA, IL-5, IFN-g, IP-10, MCP-1

IL-2, IL-4, IL-17, Eotaxin, bFGF,
MIP-1ß, TNF-a

IL-6, IL-10, G-CSF

IL-15, VEGF

IL-9, RANTES

IL-12, GM-CSF

IL7, 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-1ß, MIP-1a Il-1ß, IL-8 IL-15, VEGF IL-1ß, G-CSF, IFN-g, MCP, MIP-1a

2 IL-1RA, IL-5, IL-6, IFN-g, IP-10,
MCP-1

IL-1RA, IL-5, IL-6, IFN-g, IP-10,
MCP-1

IL-1RA, IL-5, IFN-g, IP-10, MCP-1 IL-12, GM-CSF

3 IL-2, IL-4, IL-17, Eotaxin, bFGF,
MIP-1ß, TNF-a

IL-2, bFGF, TNF-a IL-2, IL-4, IL-17, Eotaxin, bFGF, MIP-1ß,
TNF-a

IL-2, IL-6, IL-15, IL-17, bFGF,
MIP-1ß, TNF-a

4 IL-15, VEGF IL-4, Eotaxin IL-6, MIP-1a IL-4, Eotaxin

5 IL-10, G-CSF G-CSF, MIP-1a 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-1ß

None IL-7, IL-8, IL-9, IL-12, IL-13,
GM-CSF,
PDGF-BB, RANTES

IL-7, IL-10, IL-13, PDGF-BB,
VEGF

IL-1ß, IL-7, IL-8, IL-12, IL-13, GM-CSF,
PDGF-BB.

IL-1RA, IL-7, IL-8, IL-10, IP-10, PDGF-
BB, VEGF.

*Clusters were formed by the unweighted group method using NCSS 2021, version 21.0.3.
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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-1ß, IL-8, IL-

6, IL-2, G-CSF and MIP-1a; (ii) IL-4, IL-17, bFGF, Eotaxin and

TNF-alpha (iii) IL-9 and MIP-1ß, (iv) IL-15 and VEGF, (v) IL-5,

IFN-g 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-1ß

and MIP-1a; (ii) IL-12 and GM-CSF; (iii) IL-1RA, IL-5, IFN-g,
MCP-1 and IP-10; (iv) IL-2, TNF-a, bFGF, IL-17, MIP-1ß, 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 PDGF-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,
Frontiers in Immunology 06
B). IL-1RA, IL-5, IL-6, IFN-g, 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-a
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, bFGF, MIP-1ß and TNF-a 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-1ß, IFN-g, MCP-1, G-CSF, MIP-1a in

patients with treatment success and a prominent cluster of IL-

1RA, IL-5, IFN-g, 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-g, MCP-

1 and IL-1ß 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. Results are presented in pg/ml. Circles
show individual measurements, the horizontal lines represent medians and IQR. Groups were compared by the Kruskal-Wallis-Test with Dunn´s
post hoc test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns, not significant.
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BA

FIGURE 2

Heat map of the absolute values of the correlation matrix at baseline (day 0) (A) and on day 7 (B) of all patients. Clustered cytokines are
indicated by the solid lines in the dendrograms and the clusters are indicated by the colors above and beside the graph. Non-clustered
cytokines are shown by the dashed lines in the dendrogram. Clusters were formed by the unweighted group method. Cluster reports for the
absolute values of the correlation matrix are presented in Table 2A.
BA

FIGURE 3

Heat map of the absolute values of the correlation matrix on day 7 stratified by randomization group: control (A) and CCP (B). Clustered
cytokines are indicated by the solid lines in the dendrograms and the clusters are indicated by the colors above and beside the graph. Non-
clustered cytokines are shown by the dashed lines in the dendrogram. Clusters were formed by the unweighted group method. Cluster reports
for the absolute values of the correlation matrix are presented in Table 2B.
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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 IP-10, IFN-g, MCP-1 and IL-1ß, 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-g
(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
Frontiers in Immunology 09
comparison of day 7 levels of IP-10, IL-1RA, IL-6, MCP-1,

IFN-g, 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-1ß (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-g
(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.
BA

FIGURE 4

Heat map of the absolute values of the correlation matrix on day 7 in an analysis including both control group and CCP group stratified by
reaching the primary endpoint on day 21: failure (A) and success (B). Clustered cytokines are indicated by the solid lines in the dendrograms and
the clusters are indicated by the colors above and beside the graph. Non-clustered cytokines are shown by the dashed lines in the dendrogram.
Clusters were formed by the unweighted group method. Cluster reports for the absolute values of the correlation matrix are presented in
Table 2B.
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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-
Frontiers in Immunology 10
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-1ß, IFN-g 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, F-H). Lower levels of IL-1RA, IFN-g, 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
B

C

A

FIGURE 5

Receiver operating characteristics analysis of day 0 levels of IP-10, IFN-g, IL-1ß and MCP-1 and primary endpoint (failure versus success on day
21). Low levels of these cytokines on day 0 indicate a positive condition, i.e. patients reached the primary endpoint.(A) All patients (irrespective
of allocation to randomization group). Area under the curve (AUC) and p-values for AUC >0.5 were as follows: IP-10: AUC 0.74; p=0.0002; IFN-
g: AUC 0.67, p=0.013; MCP-1: AUC 0.64, p=0.03; IL-1ß: AUC 0.64, p=0.04).(B) Patients in the CCP group Area under the curve (AUC) and p-
values for AUC >0.5 were as follows: IP-10: AUC 0.82; p<0.0001; IFN-g: AUC 0.79, p=0.0002; MCP-1: AUC 0.76, p=0.002; IL-1ß: AUC 0.70,
p=0.04). (C) Comparison of day 0 levels of IP-10, IFN-g, MCP-1 and IL-1ß (from left to right) between patients not reaching the primary
endpoint (brown symbols) or reaching the primary endpoint on day 21 (green symbols). Groups were compared by Mann-Whitney test. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001.
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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-g 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-g: 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-g: 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-
BB: AUC 0.78; p<0.0001; RANTES: AUC 0.68, p=0.0080; IL-9: AUC 0.65, p=0.0260). (D) Patients in the CCP 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-BB: AUC 0.84; p<0.0001;
RANTES: AUC 0.77, p=0.0012; IL-9: AUC 0.69, p=0.0279). (E-L) Bivariate comparison of day 7 levels of IP-10, IL-1RA, IL-6, MCP-1, IFN-g, IL-9,
PDGF-BB and RANTES between the patients not reaching the primary endpoint (brown symbols) or reaching the primary endpoint on day 21
(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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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-g (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
Frontiers in Immunology 12
with severity (IL-6, IL-1RA, IL-10, IL-15, IL-27, G-CSF, M-CSF,

IP-10, TNF-a, MIG, MCP-1) (5–7, 15–19). A clustering of four

immune signatures representing growth factors (e.g. PDGF,

VEGF), 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

TNF, IL-6, IL-18, IL-27, IL-15, IFN-a2, 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
B

C D

A

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 0.
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 0 (≤ median (“low”)
versus > median (“high”)). One cytokine each was included in the models: IL-1ß (A), IFN-g (B), MCP-1 (C) or IP-10 (D).
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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-g (B), MCP-1 (C), IP-10 (D), IL-6 (E), RANTES (F), PDGF-
BB (G) or IL-9 (H).
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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-g (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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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-g, IL-
2, IL-12). IL-1RA, IL-7, IL-15, TNF-a, 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-g,
MCP-1 and IP-10; or IL-2 and TNFa), correlation between

others differed between control and CCP group (e.g. IL-1ß and

MIP-1a, 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
Frontiers in Immunology 15
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-a, IL-10, IL-6, IP-10, M-CSF, G-CSF, GM-

CSF, IFN-a2 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-
B
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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 0.
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 0 (≤ median (“low”) versus >
median (“high”)). One cytokine each was included in the models: IL-1ß (A), IFN-g (B), MCP-1 (C) or IP-10 (D).
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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-1ß 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-1ß, MCP-1, IP-10 and

RANTES on day 0 and 7, resp. and we suggest to include IL-

1ß 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

fur ther va l ida t ion in larger cohort s and var ious

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-1ß 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-1ß

production, gasdermin D cleavage, and enhanced pro-

inflammatory cytokine levels in human primary monocytes

(30). The infection of monocytes in patients with COVID-19
Frontiers in Immunology 16
depends on the uptake of antibody-opsonized virus by Fcg
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-1ß 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 STAT1 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
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
day 21)

Key secondary endpoint:time to clinical improve-
ment

Level Baseline Level day 7 Level Baseline Level d7

Low levels of

IL-1ß ROC MVA ROC MVA

IP-10 ROC ROC MVA ROC ROC MVA

IFN-g ROC MVA ROC MVA ROC

MCP-1 ROC MVA ROC MVA ROC MVA ROC MVA

High levels of

IL-9 ROC MVA

PDGF-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.
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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-1ß 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-1ß

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-1ß 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-a, CCL2 (MCP-1),

CCL5 (RANTES) in non-survivors at 0-72 hours before death (48).

MCP-1 and soluble IL-2Ra 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-1ß, 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-

1ß, IP-10, IFN-g, 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-g, 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-1ß 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.
frontiersin.org

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


Körper et al. 10.3389/fimmu.2022.1008438
Data availability statement

The datasets presented in this article are not readily available

because for research purposes, the original data are available

upon request and after internal review. Requests to access the

datasets should be directed to https://h.schrezenmeier@

blutspende.de.
Ethics statement

The studies involving human participants were reviewed and

approved by Ethical Committee of the University of Ulm. The

patients/participants provided their written informed consent to

participate in this study.
Author contributions

Author Tasks Design of the CAPSID-Trial: HS, SK, ES.

Clinical Trial Coordination: SK. Patient Care: BG, DZ, MW,

TW, KZ, JK, MB, MD, GP, PL, LE, HW, SZ, BJu. Clinical Trial

Management: TA, BJa, MR, RL, HS, SK. Cytokine

Measurements: ES, H-RA, TD. Data Analysis: DF, HS, ES.

Writing the manuscript: HS, DF, ES, SK. All authors

contributed to the article and approved the submitted version.
Funding

Bundesministerium für Gesundheit (German Federal

Ministry of Health): ZMVI1-2520COR802 and ZMI1-
Frontiers in Immunology 18
2521COR802. The entire study was funded by the German

Federal Ministry of Health. The Ministry had no role in

analyzing the data, writing the manuscript or deciding to

submit it for publication. The clinical trial CAPSID is

supported by the Bundesministerium für Gesundheit

(“German Federal Ministry of Health”) (ZMVI1-2520COR802)

and. ZMI1-2521COR802.
Acknowledgments

We thank all patients who participated in this trial. We

thank the clinical research teams, physicians, study nurses and

data managers in all clinical trial centers and the team of the

CRO Alcedis.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Ashrafzadeh-Kian S, Campbell MR, Jara Aguirre JC, Walsh J, Kumanovics A,
Jenkinson G, et al. Role of immune mediators in predicting hospitalization of
SARS-CoV-2 positive patients. Cytokine (2022) 150:155790. doi: 10.1016/
j.cyto.2021.155790

2. Bandopadhyay P, D'Rozario R, Lahiri A, Sarif J, Ray Y, Paul SR, et al. Nature and
dimensions of systemic hyperinflammation and its attenuation by convalescent plasma
in severe COVID-19. J Infect Dis (2021) 224:565–74. doi: 10.1093/infdis/jiab010

3. Guo Y, Li T, Xia X, Su B, Li H, Feng Y, et al. Different profiles of antibodies
and cytokines were found between severe and moderate COVID-19 patients. Front
Immunol (2021) 12:723585. doi: 10.3389/fimmu.2021.723585

4. Hariharan A, Hakeem AR, Radhakrishnan S, Reddy MS, Rela M. The role
and therapeutic potential of NF-kappa-B pathway in severe COVID-19 patients.
Inflammopharmacology (2021) 29:91–100. doi: 10.1007/s10787-020-00773-9

5. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in wuhan, China. Lancet (2020)
395:497–506. doi: 10.1016/S0140-6736(20)30183-5

6. Kleymenov DA, Bykonia EN, Popova LI, Mazunina EP, Gushchin VA,
Kolobukhina LV, et al. A deep look into COVID-19 severity through dynamic
changes in blood cytokine levels. Front Immunol (2021) 12:771609. doi: 10.3389/
fimmu.2021.771609

7. Kwon JS, Kim JY, Kim MC, Park SY, Kim BN, Bae S, et al. Factors of severity in
patients with COVID-19: Cytokine/Chemokine concentrations, viral load, and antibody
responses. Am.J.Trop.Med Hyg (2020) 103:2412–8. doi: 10.4269/ajtmh.20-1110
8. Pons MJ, Ymana B, Mayanga-Herrera A, Saenz Y, Alvarez-Erviti L, Tapia-
Rojas S, et al. Cytokine profiles associated with worse prognosis in a hospitalized
Peruvian COVID-19 cohort. Front Immunol (2021) 12:700921. doi: 10.3389/
fimmu.2021.700921

9. Sunkara H, Dewan SMR. Coronavirus disease-2019: A review on the disease
exacerbation via cytokine storm and concurrent management. Int
Immunopharmacol (2021) 99:108049. doi: 10.1016/j.intimp.2021.108049

10. Körper S, Weiss M, Zickler D, Wiesmann T, Zacharowski K, Corman VM, et al.
Results of the CAPSID randomized trial for high-dose convalescent plasma in patients
with severe COVID-19. J Clin Invest (2021) 131:e152264. doi: 10.1172/JCI152264

11. World Health Organization, WHO. R&D blueprint - novel coronavirus -
COVID-19 therapeutic trial synopsis. (2020). Available at: https://www.who.int/
publications/i/item/covid-19-therapeutic-trial-synopsis

12. Jahrsdorfer B, Kroschel J, Ludwig C, Corman VM, Schwarz T, Korper S,
et al. Independent side-by-Side validation and comparison of 4 serological
platforms for SARS-CoV-2 antibody testing. J Infect.Dis (2021) 223:796–801. doi:
10.1093/infdis/jiaa656

13. Kreye J, Reincke SM, Kornau HC, Sanchez-Sendin E, Corman VM, Liu H, et al.
A therapeutic non-self-reactive SARS-CoV-2 antibody protects from lung pathology in a
COVID-19 hamster model. Cell (2020) 183:1058–69. doi: 10.1016/j.cell.2020.09.049

14. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Müller MA.
Virological assessment of hospitalized cases of coronavirus disease 2019. Nature
(2020) 581:465–9. doi: 10.1038/s41586-020-2196-x
frontiersin.org

https://h.schrezenmeier@blutspende.de
https://h.schrezenmeier@blutspende.de
https://doi.org/10.1016/j.cyto.2021.155790
https://doi.org/10.1016/j.cyto.2021.155790
https://doi.org/10.1093/infdis/jiab010
https://doi.org/10.3389/fimmu.2021.723585
https://doi.org/10.1007/s10787-020-00773-9
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.3389/fimmu.2021.771609
https://doi.org/10.3389/fimmu.2021.771609
https://doi.org/10.4269/ajtmh.20-1110
https://doi.org/10.3389/fimmu.2021.700921
https://doi.org/10.3389/fimmu.2021.700921
https://doi.org/10.1016/j.intimp.2021.108049
https://doi.org/10.1172/JCI152264
https://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
https://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
https://doi.org/10.1093/infdis/jiaa656
https://doi.org/10.1016/j.cell.2020.09.049
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.3389/fimmu.2022.1008438
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Körper et al. 10.3389/fimmu.2022.1008438
15. Angioni R, Sanchez-Rodriguez R, Munari F, Bertoldi N, Arcidiacono D,
Cavinato S, et al. Age-severity matched cytokine profiling reveals specific signatures
in covid-19 patients. Cell Death.Dis (2020) 11:957. doi: 10.1038/s41419-020-03151-z

16. Chen Q, Yu B, Yang Y, Huang J, Liang Y, Zhou J, et al. Immunological and
inflammatory profiles during acute and convalescent phases of severe/ critically ill
COVID-19 patients. Int Immunopharmacol (2021) 97:107685. doi: 10.1016/
j.intimp.2021.107685

17. Valle DMD, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg S, Wang
B, et al. An inflammatory cytokine signature predicts COVID-19 severity and
survival. Nat Med (2020) 26:1636–43. doi: 10.1038/s41591-020-1051-9

18. Qin L, Li X, Shi J, Yu M, Wang K, Tao Y, et al. Gendered effects on
inflammation reaction and outcome of COVID-19 patients in wuhan. J.Med Virol
(2020) 92:2684–92. doi: 10.1002/jmv.26137

19. Varchetta S, Mele D, Oliviero B, Mantovani S, Ludovisi S, Cerino A, et al.
Unique immunological profile in patients with COVID-19. Cell Mol.Immunol
(2021) 18:604–12. doi: 10.1038/s41423-020-00557-9

20. Han H, Ma Q, Li C, Liu R, Zhao L, WangW, et al. Profiling serum cytokines
in COVID-19 patients reveals IL-6 and IL-10 are disease severity predictors. Emerg
Microbes Infect (2020) 9:1123–30. doi: 10.1080/22221751.2020.1770129

21. Lucas C, Wong P, Klein J, Castro TBR, Silva J, Sundaram M, et al.
Longitudinal analyses reveal immunological misfiring in severe COVID-19.
Nature (2020) 584:463–9. doi: 10.1038/s41586-020-2588-y

22. Zhao Y, Qin L, Zhang P, Li K, Liang L, Sun J, et al. Longitudinal COVID-19
profiling associates IL-1RA and IL-10 with disease severity and RANTES with mild
disease. JCI Insight (2020) 5:1-11. doi: 10.1172/jci.insight.139834

23. Chang Y, Bai M, You Q. Associations between serum interleukins (IL-1beta,
IL-2, IL-4, IL-6, IL-8, and IL-10) and disease severity of COVID-19: A systematic
review and meta-analysis. Biomed Res Int (2022) 2022:2755246. doi: 10.1155/2022/
2755246

24. Hsu RJ, Yu WC, Peng GR, Ye CH, Hu S, Chong PCT, et al. The role of
cytokines and chemokines in severe acute respiratory syndrome coronavirus 2
infections. Front Immunol (2022) 13:832394. doi: 10.3389/fimmu.2022.832394

25. Ozger HS, Karakus R, Kuscu EN, Bagriacik UE, Oruklu N, Yaman M, et al.
Serial measurement of cytokines strongly predict COVID-19 outcome. PLoS One
(2021) 16:e0260623. doi: 10.1371/journal.pone.0260623

26. Alshammary AF, Alsughayyir JM, Alharbi KK, Al-Sulaiman AM,
Alshammary HF, Alshammary HF. T-Cell subsets and interleukin-10 levels are
predictors of severity and mortality in COVID-19: A systematic review and meta-
analysis. Front Med (Lausanne) (2022) 9:852749. doi: 10.3389/fmed.2022.852749

27. Zeng Z, Yu H, Chen H, Qi W, Chen L, Chen G, et al. Longitudinal changes
of inflammatory parameters and their correlation with disease severity and
outcomes in patients with COVID-19 from wuhan, China. Crit Care (2020)
24:525. doi: 10.1186/s13054-020-03255-0

28. Herr C, Mang S, Mozafari B, Guenther K, Speer T, Seibert M, et al. Distinct
patterns of blood cytokines beyond a cytokine storm predict mortality in COVID-
19. J Inflamm Res (2021) 14:4651–67. doi: 10.2147/JIR.S320685

29. Chen IY, Moriyama M, Chang MF, Ichinohe T. Severe acute respiratory
syndrome coronavirus viroporin 3a activates the NLRP3 inflammasome. Front
Microbiol (2019) 10:50. doi: 10.3389/fmicb.2019.00050

30. Ferreira AC, Soares VC, de Azevedo-Quintanilha IG, Dias SDSG,
Fintelman-Rodrigues N, Sacramento CQ, et al. SARS-CoV-2 engages
inflammasome and pyroptosis in human primary monocytes. Cell Death.Discov
(2021) 7:43. doi: 10.1038/s41420-021-00428-w

31. Junqueira C, Crespo A, Ranjbar S, de Lacerda LB, Lewandrowski M, Ingber
J, et al. FcgammaR-mediated SARS-CoV-2 infection of monocytes activates
inflammation. Nature (2022) 606:576–84. doi: 10.1038/s41586-022-04702-4

32. Costa LS da, Outlioua A, Anginot A, Akarid K, Arnoult D. RNA Viruses
promote activation of the NLRP3 inflammasome through cytopathogenic effect-
induced potassium efflux. Cell Death.Dis (2019) 10:346. doi: 10.1038/s41419-019-
1579-0

33. Darif D, Hammi I, Kihel A, El IS, Guessous I,F, Akarid K. The pro-
inflammatory cytokines in COVID-19 pathogenesis: What goes wrong? Microb
Pathog (2021) 153:104799. doi: 10.1016/j.micpath.2021.104799

34. Youn JY, Zhang Y, Wu Y, Cannesson M, Cai H. Therapeutic application of
estrogen for COVID-19: Attenuation of SARS-CoV-2 spike protein and IL-6
stimulated, ACE2-dependent NOX2 activation, ROS production and MCP-1
upregulation in endothelial cells. Redox Biol (2021) 46:102099. doi: 10.1016/
j.redox.2021.102099

35. Sugrue JA, Bourke NM, O'Farrelly C. Type I interferon and the
spectrum of susceptibility to viral infection and autoimmune disease: A
shared genomic signature. Front Immunol (2021) 12:757249. doi: 10.3389/
fimmu.2021.757249

36. Prenzler S, Rudrawar S, Waespy M, Kelm S, Anoopkumar-Dukie S,
Haselhorst T. The role of sialic acid-binding immunoglobulin-like-lectin-1
Frontiers in Immunology 19
(siglec-1) in immunology and infectious disease. Int Rev.Immunol (2021), 1–26.
doi: 10.1080/08830185.2021.1931171

37. Rincon-Arevalo H, Aue A, Ritter J, Szelinski F, Khadzhynov D, Zickler D,
et al. Altered increase in STAT1 expression and phosphorylation in severe COVID-
19. Eur J Immunol (2021) 52:138-48. doi: 10.1101/2021.08.13.21262006

38. Zhang Q, Bastard P, Liu Z, Le PJ, Moncada-Velez M, Chen J, et al. Inborn
errors of type I IFN immunity in patients with life-threatening COVID-19. Science
(2020) 370:1-8. doi: 10.1126/science.abd4570

39. Bastard P, Rosen LB, Zhang Q, Michailidis E, Hoffmann HH, Zhang Y, et al.
Autoantibodies against type I IFNs in patients with life-threatening COVID-19.
Science (2020) 370:1-17. doi: 10.1126/science.abd4585

40. Schuhenn J, Meister TL, Todt D, Bracht T, Schork K, Billaud JN, et al.
Differential interferon-alpha subtype induced immune signatures are associated
with suppression of SARS-CoV-2 infection. Proc Natl Acad Sci U S A (2022) 119:1-
12. doi: 10.1073/pnas.2111600119

41. Giannella A, Riccetti S, Sinigaglia A, Piubelli C, Razzaboni E, Di BP, et al.
Circulating microRNA signatures associated with disease severity and outcome in
COVID-19 patients. Front Immunol (2022) 13:968991. doi: 10.3389/fimmu.2022.968991

42. Kulasinghe A, Tan CW, Ribeiro Dos Santos Miggiolaro AF, Monkman J,
SadeghiRad H, Bhuva DD, et al. Profiling of lung SARS-CoV-2 and influenza virus
infection dissects virus-specific host responses and gene signatures. Eur Respir J
(2022) 59:1-19. doi: 10.1183/13993003.01881-2021

43. Liu Y, Wu Y, Liu B, Zhang Y, San D, Chen Y, et al. Biomarkers and immune
repertoire metrics identified by peripheral blood transcriptomic sequencing reveal
the pathogenesis of COVID-19. Front Immunol (2021) 12:677025. doi: 10.3389/
fimmu.2021.677025

44. Persson J, Andersson B, van VS, Haks MC, Obudulu O, Torkzadeh S, et al.
Stratification of COVID-19 patients based on quantitative immune-related gene
expression in whole blood. Mol Immunol (2022) 145:17–26. doi: 10.1016/
j.molimm.2022.03.004

45. Yekelchyk M, Madan E, Wilhelm J, Short KR, Palma AM, Liao L, et al.
Flower lose, a cell fitness marker, predicts COVID-19 prognosis. EMBO Mol.Med
(2021) 13:e13714. doi: 10.15252/emmm.202013714

46. Davidson M, Menon S, Chaimani A, Evrenoglou T, Ghosn L, Grana C, et al.
Interleukin-1 blocking agents for treating COVID-19. Cochrane.Database.Syst.Rev
1 (2022), CD015308. doi: 10.1002/14651858.CD015308

47. Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine storm
in COVID-19: An overview of the involvement of the chemokine/chemokine-
receptor system. Cytokine Growth Factor Rev (2020) 53:25–32. doi: 10.1016/
j.cytogfr.2020.05.003

48. Teixeira PC, Dorneles GP, Santana Filho PC, da Silva IM, Schipper LL,
Postiga IAL, et al. Increased LPS levels coexist with systemic inflammation and
result in monocyte activation in severe COVID-19 patients. Int Immunopharmacol
(2021) 100:108125. doi: 10.1016/j.intimp.2021.108125

49. Avendano-Sola C, Ramos-Martinez A, Munez-Rubio E, Ruiz-Antoran B,
Malo de MR, Torres F, et al. A multicenter randomized open-label clinical trial for
convalescent plasma in patients hospitalized with COVID-19 pneumonia. J Clin
Invest (2021) 131:1-11. doi: 10.1172/JCI152740

50. Devos T, Van TQ, Compernolle V, Najdovski T, Romano M, Dauby N, et al.
Early high antibody titre convalescent plasma for hospitalised COVID-19 patients:
DAWn-plasma. Eur Respir J (2022) 59:1-2. doi: 10.1183/13993003.01724-2021

51. O'Donnell MR, Grinsztejn B, Cummings MJ, Justman JE, Lamb MR,
Eckhardt CM, et al. A randomized double-blind controlled trial of convalescent
plasma in adults with severe COVID-19. J Clin Invest (2021) 131:1-10. doi:
10.1172/JCI150646

52. RECOVERY Collaborative Group. Convalescent plasma in patients admitted to
hospital with COVID-19 (RECOVERY): a randomised controlled, open-label, platform
trial. Lancet (2021) 397:2049–59. doi: 10.1016/S0140-6736(21)00897-7

53. Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone MG,
Vazquez C, et al. A randomized trial of convalescent plasma in covid-19 severe
pneumonia. N.Engl.J Med (2020) 384:619–29. doi: 10.1056/NEJMoa2031304

COPYRIGHT

© 2022 Körper, Schrezenmeier, Rincon-Arevalo, Grüner, Zickler, Weiss,
Wiesmann, Zacharowski, Kalbhenn, Bentz, Dollinger, Paul, Lepper, Ernst,
Wulf, Zinn, Appl, Jahrsdörfer, Rojewski, Lotfi, Dörner, Jungwirth, Seifried,
Fürst and Schrezenmeier. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
frontiersin.org

https://doi.org/10.1038/s41419-020-03151-z
https://doi.org/10.1016/j.intimp.2021.107685
https://doi.org/10.1016/j.intimp.2021.107685
https://doi.org/10.1038/s41591-020-1051-9
https://doi.org/10.1002/jmv.26137
https://doi.org/10.1038/s41423-020-00557-9
https://doi.org/10.1080/22221751.2020.1770129
https://doi.org/10.1038/s41586-020-2588-y
https://doi.org/10.1172/jci.insight.139834
https://doi.org/10.1155/2022/2755246
https://doi.org/10.1155/2022/2755246
https://doi.org/10.3389/fimmu.2022.832394
https://doi.org/10.1371/journal.pone.0260623
https://doi.org/10.3389/fmed.2022.852749
https://doi.org/10.1186/s13054-020-03255-0
https://doi.org/10.2147/JIR.S320685
https://doi.org/10.3389/fmicb.2019.00050
https://doi.org/10.1038/s41420-021-00428-w
https://doi.org/10.1038/s41586-022-04702-4
https://doi.org/10.1038/s41419-019-1579-0
https://doi.org/10.1038/s41419-019-1579-0
https://doi.org/10.1016/j.micpath.2021.104799
https://doi.org/10.1016/j.redox.2021.102099
https://doi.org/10.1016/j.redox.2021.102099
https://doi.org/10.3389/fimmu.2021.757249
https://doi.org/10.3389/fimmu.2021.757249
https://doi.org/10.1080/08830185.2021.1931171
https://doi.org/10.1101/2021.08.13.21262006
https://doi.org/10.1126/science.abd4570
https://doi.org/10.1126/science.abd4585
https://doi.org/10.1073/pnas.2111600119
https://doi.org/10.3389/fimmu.2022.968991
https://doi.org/10.1183/13993003.01881-2021
https://doi.org/10.3389/fimmu.2021.677025
https://doi.org/10.3389/fimmu.2021.677025
https://doi.org/10.1016/j.molimm.2022.03.004
https://doi.org/10.1016/j.molimm.2022.03.004
https://doi.org/10.15252/emmm.202013714
https://doi.org/10.1002/14651858.CD015308
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1016/j.intimp.2021.108125
https://doi.org/10.1172/JCI152740
https://doi.org/10.1183/13993003.01724-2021
https://doi.org/10.1172/JCI150646
https://doi.org/10.1016/S0140-6736(21)00897-7
https://doi.org/10.1056/NEJMoa2031304
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fimmu.2022.1008438
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Cytokine levels associated with favorable clinical outcome in the CAPSID randomized trial of convalescent plasma in patients with severe COVID-19
	Introduction
	Methods
	Outcome measures
	Plaque reduction neutralization test for SARS-CoV-2
	Study approval
	Cytokine measurements
	Statistics

	Results
	Patients characteristics
	Cytokine levels on day 0 and day 7
	Cytokine levels on day 7 and their association with randomization group and outcome
	Cytokine levels and clinical outcome: Receiver operating characteristics analysis
	Cytokine levels and clinical outcome: Multivariate analyses

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


