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Abstract. In our study, we aimed to evaluate the significance of specific cytokines in blood plasma as predictive markers
of COVID-associated mortality. Materials and methods. In plasma samples of 29 patients with PCR-confirmed COVID-19
we measured the concentrations of 47 molecules. These molecules included: interleukins and selected pro-inflammatory cy-
tokines (IL-1at, IL-1B, 1L-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A/CTLAS,
IL-17-E/IL-25, IL-17F, 1L-18, 1L-22, IL-27, IFNo2, IFNy, TNFo, TNFB/Lymphotoxin-o(LTA)); chemokines (CCL2/
MCP-1, CCL3/MIP-1a,, CCL4/MIP-1B, CCL7/MCP-3, CCLI11/Eotaxin, CCL22/MDC, CXCL1/GROa, CXCL8/IL-8,
CXCL9/MIG, CXCL10/1P-10, CX3CL1/Fractalkine); anti-inflammatory cytokines (IL-1Ra, IL-10); growth factors (EGF,
FGE-2/FGF-basic, Flt-3 Ligand, G-CSF, M-CSF, GM-CSF, PDGF-AA, PDGFAB/BB, TGFo, VEGF-A); and sCD40L.
We used multiplex analysis based on XM AP technology (Luminex, USA) using Luminex MagPix. As controls, we used plasma
samples of 20 healthy individuals. Based on the results, we applied Receiver Operating Characteristic (ROC) analysis and Area
Under Curve (AUC) values to compare two different predictive tests and to choose the optimal division point for disease out-
come (survivors/non-survivors). To find optimal biomarker combinations, we as used cytokines concentrations as dependent
variables to grow a regression tree using JMP 16 Software. Results. Out of 47 studied cytokines/chemokines/growth factors, we
picked four pro-inflammatory cytokines as having high significance in evaluation of COVID-19 outcome: IL-6, IL-8, IL-15,
and IL-18. Based on the results received, we assume that the highest significance in terms of predicting the outcome of acute
COVID-19 belongs to 1L-6 and 1L-18. Conclusion. Analyzing concentrations of IL-6 and I1L-18 before administering treat-
ment may prove valuable in terms of outcome prognosis
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mia3mbl 29 manueHtoB ¢ IMIIP-moarBepxkaeHHbiM COVID-19 mpoBoausiock omnpeaeieHue KOHUEHTpauuu 47
MOJIEKYJI: UHTEPIEHKMHOB U psija MPOBOCHanuTeNbHbIX IMTOKMHOB (IL-1o, 1L-1B, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, 1L-9, IL- 12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A/CTLAS, 1L-17-E/IL-25, 1L-17F, 1L-18, 1L-22, IL- 27,
IFNo2, IFNy, TNFo, TNFB/mumdorokcun-o(LTA)); xemokunos (CCL2/MCP-1, CCL3/MIP-1o,, CCL4/MIP-18,
CCL7/MCP-3, CCL11/30takcun, CCL22/MDC, CXCL1/GROa, CXCL8/IL-8, CXCL9/MIG, CXCL10/1P-10, CX-
3CLI1/dbpakTankuH); TpoTUBOBOCTAIUTEAbHBIX IUTOKMHOB (IL-1Ra, I1L-10); daktopsl pocta (EGF, FGF-2/FGF-
basic, Flt-3 Ligand, G-CSF, M-CSF, GM-CSF, PDGF-AA, PDGFAB/BB, TGFo, VEGF-A); u sCD40L. s aToro
HCITOJIB30BAJICSI MYJIBTHILJICKCHBINM aHan3 Ha ocHoBe TexHojorun XMAP (Luminex, CIIIA) ¢ Ha mpubope Luminex
MagPix. B kauecTBe KOHTPOJISI MCTIOIB30BATUCH 00Pa3Ibl TJIa3Mbl 20 3M0POBHIX JTioneil. Pe3yrbraThl HcclieTOBaHUS
OIICHUBAJIMCH B XOII¢ aHAIN3a OllepalliOHHBIX XapaKTepucTuK npueMHnKa (ROC) u 3HaueHMS TUTOIIa a1 IO KPUBOI
(AUC) nnst cpaBHEHUS IBYX Pa3HBIX MPOTHOCTHMYECKHUX TECTOB M BHIOOPA ONTUMAIbHOM TOUKY pa3rpaHUUYCHUS TSI
rcxona 3a001eBaH M (BRIKMBIIIME/HeBBIXKMBIIME). [IJ1sT TOMCKa ONTTHMAaJIEHBIX KOMOMHAIIN 1 OMOMapKepOB, BKaUeCTBE
3aBUCHUMBIX TIEPEMEHHBIX MBI WCITOJNb30BaI KOHIIEHTPAIlMM IIUTOKWHOB [IJIS IOCTPOCHMS JepeBa perpeccuu
C IpMMeHeHHeM ITporpaMMHoro obecrieueHust JMP 16. Pesyasmamor. 3 47 uccnenoBaHHBIX IUTOKMHOB/XeMOKMHOB/
(hakTOpPOB pocTa Mbl BHIOPAJM YeThIPE MPOBOCHATUTEIbHBIX HMTOKMHA, UMEIOLIMX 00JIbIIOe 3HAYCHUE TSI OLIEHKHU
ucxomga COVID-19: 1L-6, IL-8, IL-15 u IL-18. Ha ocHOBaHUM IOJyYeHHBIX PE3YJbTATOB MBI IIPEIIIOJAraeM, 4TO
HauOOJBIIYIO 3HAYMMOCTh ¢ TOUKU 3PEHMSI IIPOrHO3MpPOBaHus ucxoda octporo TedyeHus COVID-19 umeror 1L-6
n IL-18. Buigoodsr. Ananus kKoHueHTpauuii 1L-6 u IL-18 mepen HasHaueHWEM JieYeHUsT MOXKET OBITh BaxKeH C TOYKHU

3peHus olleHKM mporHo3a ucxoma COVID-19.

Karouesoie caosa: yumoxumni, depesws peureruii, myavmuniexciuiii anaius, COVID-19, msaicecmsb, unmepieikunoi.

Introduction

Novel coronavirus infection, later called
COVID-19, started as an outbreak in December,
2019, and by March 2020 it had become a fully-grown
pandemic [3]. The causative agent of COVID-19
is highly contagious; this infection’s estimated mor-
tality rate is 2%. It is caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2),
an enveloped, single-stranded RNA-virus of the ge-
nus Betacoronavirus [8]. Its virions attack target or-
gans and induce local and systemic inflammation [2].

The clinical manifestation of the novel coronavirus
can be described as an acute respiratory tract infec-
tion, although symptoms may vary drastically in pa-
tients: from asymptomatic to critically severe, i.e.,
acute respiratory distress syndrome (ARDS) pneu-
monia. ARDS and respiratory failure are the main
causes of death in patients with COVID-19 [21].

So far, there is no certain explanation for the dif-
ferent clinical presentations of COVID-19. There
are many theories concerning its pathogenesis, but
it is evident that the main reason behind the clinical
course of the disease is actually the host immune sys-
tem [2, 23].

There is a lot of data concerning critically ill pa-
tients developing a so-called “cytokine storm” fea-
turing pathological hyperinflammatory reactions
with heavy cytokine release. Cytokines are regulatory
peptides produced by cells of the body; the cytokine
system consists of nearly 200 polypeptides. Their un-
controlled release in response to infection is damag-
ing for multiple organs and body systems, including
the respiratory tract, which can lead to progression
of ARDS. It would seem there is a connection be-
tween severity of the disease, viral replication, and
“cytokine storm” [28]. Based on that, the goal of our

research was to evaluate the significance of spe-
cific cytokines as predictive markers of COVID-
associated mortality.

Materials and methods

From May to December 2020, we studied 29
COVID-19 patients in the acute stage of the disease.
Based on disease outcome, we divided them into two
separate groups: survivors (n = 13), and non-survivors
of COVID-19 (n = 16). As a control group, we chose
healthy individuals (n = 20). The research was car-
ried out at the Laboratory of Molecular Immunology,
Saint Petersburg Pasteur Institute. The study proto-
col was approved by the Ethics Committee of the
Saint Petersburg Pasteur Institute in accordance with
the Declaration of Helsinki. All participants were
informed of our study and willingly signed consent
forms.

All patients were infected with the original Wuhan
strain for the first time; no vaccines were available at
the time of the study.

Overall, patients represented both sexes
(58% male, 42% female), with ages from 31 to 83
(62.1£12.5). We divided them into: survivors (46%
male, 54% female), aged from 31 to 77 (55.8£13.6);
and non-survivors (69% male, 31% female), aged 45
to 83 years. Non-survivors’ age median was 65%16.0,
whereas for survivors it was 53%14.4. All patients
were treated at the Pavlov First St. Petersburg State
Medical University, a COVID-19 specialized hos-
pital from May to July 2020. They were diagnosed
with COVID-19 (U07.1), and the virus was identi-
fied via qualitative PCR (detection of SARS-CoV-2
RNA). Blood samples were taken in the acute phase
of the disease at the time of admission (5—14 days
from the first symptoms without any signs of recov-
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ery). At hospital admission, 72.4% of individuals
(21 patients) presented with a moderate course of the
disease, while 27.6% (8 patients) presented with se-
vere infection. Course of the disease was evaluated
by administering doctors based on Russian Ministry
of Healthcare guidelines on COVID-19 treatment.

All recovered patients presented moderate disease
severity, while patients who did not survive developed
either moderate or severe disease courses.

All patients developed typical COVID-induced
changes (pneumonia) in lung tissues confirmed by
CT-scan performed at the time of admission. Besides
that, all of them presented fever, cough, joint and
muscle paints, as well as blood oxygen saturation lev-
els below 93 mm Hg and laboratory signs of inflam-
mation such as higher WBC count and higher levels
ESR, CRP compared to reference levels for their age
and sex. They did not receive any treatment before
administration to the hospital besides non-steroid
anti-inflammatory drugs (Ibuprofen, Paracetamol,
etc.) in small doses against fever and antiviral drugs
(Umifenovirum) for 4 days or less. Some of the pa-
tients had underlying conditions, but we excluded pa-
tients with previous history of cancer, HI'V, hepatitis,
tuberculosis and lung pathology from the study, as
well as chronic diseases in the acute stage.

Blood samples were taken at hospital admission,
before initiation of therapy. We chose 20 healthy in-
dividuals living in Saint Petersburg as a control group
(sex ratio: 35% male, 65% female) aged 25 to 65 years
(44.1£10.3). These individuals did not have any in-
flammatory diseases, nor did they have any apparent
chronic illnesses in the acute phase. Their SARS-
CoV-2 PCR detection tests were negative, and they
did not have specific SARS-CoV-2 IgG plasma
antibodies.

Sample prepatation. We used peripheral blood as
our study material. Blood samples were collected
in vacuum tubes with EDTA anticoagulant reagent,
followed by centrifugation (350g for 10 minutes).
Plasma samples were transferred to cryotubes and
frozen at —80°C before multiplex analysis.

Multiplex analysis. We measured the concentra-
tions of 47 molecules in blood plasma: interleukins
and selected pro-inflammatory cytokines (IL-la,
IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9,
IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A/
CTLAS, IL-17-E/IL-25, IL-17F, 1L-18, 1L-22, 1L-27,
IFNa2, IFNy, TNFo, TNFB/Lymphotoxin-o
[LTA]); chemokines (CCL2/MCP-1, CCL3/
MIP-1a, CCL4/MIP-1B, CCL7/MCP-3, CCL11/
Eotaxin, CCL22/MDC, CXCL1/GROa, CXCLS8/
IL-8, CXCL9/MIG, CXCL10/1P-10, CX3CL1/
Fractalkine); anti-inflammatory cytokines (IL-1Ra,
IL-10); growth factors (EGF, FGF-2/FGF-basic,
Flt-3 Ligand, G-CSF, M-CSF, GM-CSF, PDGF-
AA, PDGFAB/BB, TGFo, VEGF-A); and sCD40L.
The study was conducted with multiplex analy-
sis based on xXMAP technology (Luminex, Austin,

USA) with the Milliplex HCYTA-60k-PX48 rea-
gent kit (Billerica, MA, USA) according to manu-
facturer’s instructions. Data analysis was performed
in Luminex MAGPIX (Luminex, Austin, USA).

Data analysis and statistics. Statistical analyses
were conducted with GraphPad Prism 5.0 (GraphPad
Software Inc.) and JMP 16.0 (SAS Institute Inc.).
The data we received did not follow a normal distri-
bution, so we used non-parametric statistical analysis
methods. Between groups, we applied the Kruskal—
Wallis test with Dunn’s Multiple Comparison Test.
We considered differences significant at p < 0.05.
Median (Me) and interquartile range (Q,s—Q;;s) were
used as descriptive measures of metric data. We used
receiver operating characteristic (ROC) analysis and
calculated area under curve (AUC) values to com-
pare two different predictive tests and to choose
the optimal division point. To find optimal combina-
tions of biomarkers, we used the decision tree build-
ing method with JMP 16.0 software.

Method limitations. As biological samples of our
study we used plasma samples of patients with
COVID-19 and without it. It must be noted that
the number of participants in our study is relatively
small (29 patients with COVID-19 and 20 controls).
This may affect statistical analysis performed in this
research. We also used only one detection method
to measure cytokine levels in this study, since mul-
tiplex analysis technology provides a wider spectrum
of possible markers to assess. There is a difference
in sex ratio of healthy donors cohor.

Thus, interpretation of results of this study must
be interpreted with the limitations listed above.

First, we analyzed the concentrations of 47 cy-
tokines in the blood plasma of patients in the acute
phase of COVID-19, relative to disease outcome,
survivors and non-survivors (Table 1). In compari-
son with healthy donor controls, all patients with
COVID-19 had elevated levels of: pro-inflammatory
cytokines (IL-6, IL-7, 1L-15, IL-18, 1L-27, TNFw);
CC-chemokines (CCL-2/MCP-1, CCL-3/MIP-1a,
CCL7/MCP-3, CCL22/MDC); CXC-chemokines
(CXCLS/IL-8, CXCL9/MIG, CXCL10/1P-10); anti-
inflammatory cytokines (IL-1RA, IL-10); growth
factors (FGF-2/FGF-basic, G-CSF); and sCD40L.

Moreover, in those infected who later died due
to COVID-19, we noted elevated levels of IL-1o,
CCL4/MIP-1B, CX3CLI1/Fractalkine, M-CSF, and
TGFoa. Our study shows that IFNo.2 levels are signif-
icantly higher in deceased group patients (p < 0.05),
yet we did not find any differences in IFNy concen-
trations between different groups. Analyzing differ-
ences in cytokine concentration based on disease
outcome, we found 14-fold higher levels of CCL7/
MCP-3 in deceased group patiaents compared
to those who recovered (p < 0.05).

To identify potential markers of unfavorable
COVID-19 outcome amongst 47 studied factors,
we built ROC-curves for acute phase patients; these
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were divided into two groups based on disease out-
come (survivors and non-survivors). We received sta-
tistically significant differences for 12 cytokines, as
shown in Table 2.

The largest AUC values were found for the follow-
ing cytokines: IL-6, IL-15, IL-18, and CXCLS8/IL-8
(Fig. 2)

ROC analysis results showed little significance
when testing separate plasma cytokine levels to pre-
dict disease outcome. Instead, we used a decision
tree building method for that purpose. Based on the
results received, we established that combined de-
tection of IL-18 and IL-6 is more valuable in terms
of COVID-19 outcome prediction. For these two
cytokines, parameters were: AUC 0.97; sensitivity
94%; and specificity 100%. From this analysis, we
received the following threshold values for prediction
of COVID-19 outcome: 1L-18 — 81.6 pg/ml; and
IL-6 — 23.5 pg/ml (Fig. 3).

Discussion

Regulation of the antiviral immune response
is conducted by different factors, mainly cytokines
and chemokines. In our study of COVID-19 patient
plasma, we noticed higher levels of: proinflamma-
tory cytokines (IL-6, IL-7, IL-15, IL-18, IL-27,
TNFo); chemokines (CCL2/MCP-1, CCL3/MIP-
la,, CCL7/MCP-3, CCL22/MDC, CXCLS8/IL-8,
CXCL9/MIG, CXCLI10/IP-10); anti-inflammatory
cytokines (IL-1RA, IL-10); growth factors (FGF-2/
FGF-basic, G-CSF); and sCD40L. Most of these
factors play a role in virus-induced immune respons-
es. Earlier this year, we proved that COVID-19 in the
acute phase is followed by significantly higher lev-
els of cytokines (both pro- and anti-inflammatory)
in blood plasma [1]. This data further adds to pre-
vious findings of other researchers [9, 13, 14]. Age
is a highly important factor for COVID-19 outcome,
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Figure 1. Plasma cytokine levels in patients with acute phase COVID-19 and healthy donors (HD)
Note. COVID-19 patients are divided into two groups, depending on disease outcome: recovery (survivors), or death (non-survivors).
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Table 1. Plasma cytokine concentrations in acute phase COVID-19 patients and healthy donors, Me (Q,s—Q;5)

Studied groups p-value
Cytokine, pg/ml H?:ghx (1028; ® gl?r“l’l'ec-’:g ngg:llj?‘;:"%rs non-l.sl;Br‘\llsivors sulltl'\?i\‘l,:rs sur\:‘is_g;s vs
’ (n =13) (n =16) survivors
Interleukins and selected proinflammatory cytokines
IL-1a (0.284?37.923) (0-14(.37805) 21952577 <005 ns ns
IL-18 05 7%) 0os 675 0.44-5199 ns ns ns
IL-2 00 0-0005 0-03475 ns ns ns
IL-3 (090) (090) (090) ns ns ns
IL-4 (090) (0—09895) (0—0.03625) ns ns ns
IL-5 (0.90155—125.)283) (1.513 5316.31) (1.3732203) ns ns ns
IL-6 (0—8.17) (3.52'—%.21) (11.923411117.3) <000t} <0.001 ns
IL-7 02092 (dan 0.25 5859 <005 ) <0.001 ns
IL-9 (0—332) (0—1?).35) (O—g.OG) ns ns ns
IL-12p40 (4.4{12(3);5262.14) (8.95355.—%25.97) (8.27159-—%%.51) ns ns ns
IL-12p70 0-08775) 0-0185) 00045 ns ns ns
IL-13 (97907) 61251841 41583 ns ns ns
IL-15 (o.5sgé756—53.19) (3.7356—17.88) (6.673—?4.34) < 0.001 <0.01 ns
IL-17A (8—122?) (0—2(.)235) (0.062;'4— 3.55) ns ns ns
IL-17E/1L-25 0-463.4 @rst —653?35.4) (143.227—74?5.5) ns ns ns
IL-17F 020) 020) 0°0) not applicable
IL-18 (4.89%919.7) (20.1?5’3:24.31) (43?270—'?40) < 0.001 <0.01 ns
IL-22 (0(_)0) (0?0) (090) not applicable
IL-27 6802141 | (130.2790) (1363-4463) < 0.001 <0.05 ns
IFNa2 osariss) | 20899 (12563953 <0.05 ns ns
IFNy (090) (0—22 99) (0—%5?75) ns ns ns
TNFa (4.07%:515 0.29) (10.51;1i2211.12) (18.?39.4?54.56) < 0.001 <0.05 ns
TNFB/Lymphotoxin-a| (o 55¢%2 o15) | (112-5.005) (15555.12) ns ns ns
CC-chemokines
CCL2/MCP-1 6ai51833) | (12995763 | (966.5847) < 0.001 <0.05 ns
CCL3/MIP-1o (ggi%) (3.5859'—114.22) (5.8712'-352.47) <0.01 <0.05 n
CCL4/MIP-18 (6.4(3?—%3.04) (8.4132—'11 2.78) (11.159-'%2.4) <005 ns ns
CCL7/MCP-3 (090) (0_13_79) (9_2‘94_'356. 4) <0.001 ns <0.05
CCL11/Eotaxin (24.6?%1—'5?2.75) (28.?—25.13) (23.43{.5(‘()3.22) ns ns ns
CCL22/MDC 3565258 | (sahang | (318461 <0.01 <0.05 ns
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Table 1. Plasma cytokine concentrations in acute phase COVID-19 patients and healthy donors, Me (Q,;—Q;5)

(continued)

Studied groups p-value
Cytokine, pg/ml H?:ghx io;g)r s gl?r‘\llllec-):'g ncﬁ]?:lljll?\;:v%rs non-llll::r‘\ll?vors sul.rl\?i\‘l,:rs sur\?is_cr:;s Vs
’ (n =13) (n =16) survivors
CXC-chemokines
CXCL1/GROo (1.20%?12 1.26) (9.70158—.1410.96) (5.22251'—1244.81) ns <0.05 ns
CXCL8/IL-8 0287e1198) | (175404 0.995-1364) <0001 ] <001 ns
CXCLY/MIG (593.721—01164) (170%1—65572) (195170—661741) <000t} <o.001 ns
CXCL10/IP-10 u55.0857) | @7a5.8508 | (10opa0000) | <0001 | <0001 ns
CX3C-chemokines
CX3CL1/Fractalkine (26.(;15—.75%.62) (26.7547.—%5.45) (57.4?5?.—91114.6) <0.001 ns ns
Anti-inflammatory cytokines
IL-1RA 0otass | @013 (1056661 <000t} <005 ns
IL-10 (090) (0-51'3.223) (5.2730;2;3.36) <0001 ] <005 ns
Growth factors
EGF (5.2372—'56)52.8) (51.9%{'18 52.2) (16.?3';9}.99) ns <005 ns
FGF-2/FGF-basic (11.0118—22.48) (23.21%0.8) (21 .388'—%.04) <005 <001 ns
FLT-3L (0.93—%.06) (0.42257—28.86) (6.4(%9?1.14) ns ns ns
G-CsF (0—?.45) (11.22{?0.94) (4.3?92'—127.35) < 0.001 <00 ns
M-CSF (ozgggz) (5.223922213.8) (113.15?5?5.5) <0.001 ns ns
GM-CSF 020) 020) 020 not applicable
PDGF-AA (87;9;287) (122107—3;501) (6591.9—324488) ns ns ns
PDGF-AB/BB (18 26051 171) | (@1 Jrdin 255) | (15 76059 899) ns ns ns
TGFa 00 05075 (17558778 < 0.001 ns ns
VEGF-A (18.2357;11202.9) (57.8156—6:%724.5) (30.2‘1;?'210.9) ns <005 ns
Other soluble ligands
scD4oL (4231.8Z?871) (128218—853589) (2043;14—755838) <0.01 <0.05 ns

Table 2. Cytokines showing the most statistically significant concentrations within our study

Cytokine AUC p-value Cut off, pg/ml Sensitivity, % Specificity, %
IL-6 0.8389 0.002 12.8 85 75
IL-15 0.8101 0.0047 9.0 92 69
IL-18 0.8606 0.001 51.8 77 75
TNFa 0.8173 0.038 22.3 7 69
CCL2/MCP-1 0.7596 0.018 301.3 69 69
CCL7/MCP-3 0.7452 0.025 5.8 69 87
CXCL8/IL-8 0.8413 0.0018 4.3 85 75
CX3CL1/Fractalkine 0.7525 0.021 73.7 69 69
IL-1Ra 0.7764 0.012 9.1 62 81
IL-10 0.7524 0.021 15.0 92 62
FLT-3L 0.7284 0.037 79 7 75
TGFa 0.7500 0.023 241 69 69
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elderly people are at risk of developing a more severe
course of disease [18]. We have also performed analy-
sis of cytokine levels in different cohorts based on the
age, and found very little statistically significant
difference. We noted elevation of TNFa in all co-
horts — HD, survivors and non-survivors in patients
above 50 (p < 0.05, p < 0.05 and p <0.01, respective-
ly). Due to that, we excluded TNFa out of decision
tree analysis.

However, despite an absence of statistically sig-
nificant differences, median values for concentra-
tions of specific factors (IL-6, IL-15, IL-18, 1L-27,
TNFo, CCL2/MCP-1, CXCLS8/IL-8, CXCLY/
MIG, CXCL10/IP-10, IL-1RA, IL-10, G-CSF,
sCD40L) in non-survivors were higher than those
in survivors. Moreover, deceased patients showed
higher levels of IL-la, IFNa2, CCL4/MIP-1j,
CX3CLI1/Fractalkine, M-CSF and TGFo compared
to controls, as noted in other reports [17].

Our data suggest activation of cytokine and
chemokine systems in response to COVID-19, fol-
lowed by systemic inflammation. On the other hand,
elevation of cytokine concentrations in COVID-19
patient plasma points to development of a ‘cytokine
storm’ causing organ damage; this may explain high-
er cytokine levels in patients who died of COVID. We
noted higher levels of MCP-3, the only cytokine be-
tween cohorts of survivors and non-survivors show-
ing significant differences between two groups. Based
on the data discovered by previous researchers, this
cytokine can, in fact, be a predictor for a cytokine
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100 -
80 -
N
£ 601 AUC =0.8389
= p=0.002
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[
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100
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> 60
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20

0 T T T T T 1
0 20 40 60 80 100
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storm by itself [6]. However, we believe that single
cytokine levels do not have enough prognostic value,
and, therefore, there is a need for multiple factor-
based evaluation. Such evaluation of the prognostic
potential of cytokines based on disease outcome
showed the significance of specific proinflammatory
cytokines: 1L-6, I1L-15, IL-18, and CXCLS8/IL-8.
IL-6. The IL-6 cytokine controls immune re-
sponses, cellular proliferation, and cellular dif-
ferentiation. It is produced by different cell types:
T-lymphocytes, macrophages, endothelial cells,
fibroblasts, and monocytes. 1L-6 targets B- and
T-cells, basophiles, eosinophiles, and neutrophils.
The effects of IL-6 on B-cells are mainly activation
of differentiation and secretion of IgM, IgE, and
IgA. However, it also controls activation, differen-
tiation and survival of T-cells. This means that, after
infection, cytokine storm induces activation and dif-
ferentiation of T- and B-cells. IL-6 secretion causes
antibody production by B-cells and increases auto-
antibody formation. It also causes chronic inflam-
mation and T-helper activation, potentially leading
to autoimmune processes [22]. Diao et al. states that
IL-6 levels correlate with severity of COVID-19.
They also note elevation of this cytokine throughout
the course of the disease with significantly lower lev-
els after disease resolution, potentially marking dep-
letion of I1L-6 production and secretion [10]. In our
study, patients with favorable COVID-19 outcomes
presented moderate disease courses, while non-sur-
vivors, in 50% of cases, had severe infection. There

ROC of IL-15
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80
N
Z 60 AUC = 0.8101
2 p=0.0047
2 404 Cut off=9.0 pg/ml
3 (Sens. - 92%, Sp. - 69%)
20
[
0 T T T T
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100-Specificity%

ROC of CXCL8/IL-8

100
80 -
x
2 60 7 AUC =0.8413
2 p=0.0018
2 404 Cut off = 4.3 pg/ml
3 (Sens. - 85%, Sp. — 75%)
20
L
0 T T T T

1
0 20 40 60 80 100
100-Specificity%

Figure 2. ROCs describing sensitivity and specificity for IL-6, IL-15, IL-18 and CXCL8/IL-8 comparison
of patients with acute COVID-19 followed by different disease outcomes (recovery, death)
Note. AUC — area under curve; Sens. — sensitivity; Sp. — specificity.
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COVID-19 outcomes:

. [ survivors
n=29 [ non-survivors
| |
I1L.-18 > 81.6 IL-18 < 81.6 pg/ml
n=10 n=19
IL-6< 23.5 pg/m| I-6<23.5
N
n=>5 n=14

Figure 3. Decisions tree for division of patients with COVID-19 into two groups: survivors and non-survivors

is another study that shows a correlation between
higher levels of I1L-6 and severity of lung injury [16].
Findings throughout the world have pinpointed high
blood plasma concentrations of IL-6 in patients with
COVID-19 and suggest administration of anti-1L-6
drugs [19].

IL-15. A study conducted by Angioni R et al.
shows the presence of higher IL-15 levels in patients
with severe COVID-19 and longer hospital stays.
IL-15 may stimulate a rise in NK-cell subpopula-
tions in elderly people compared to youth. On the
other hand, long exposure of NK-cells to circulating
IL-15 may reduce their cytolytic activity, potentially
causing their depletion [4]. There is also a correlation
between IL-15 and CXCLS8/IL-8 concentrations.

CXCLS. CXCLS8 (also called IL-8) is involved
in inflammatory responses and attracts immune cells
to the inflammatory site of viral infections. CXCLS8/
IL-8 plays an important role in the initial control
of airway infection due to its activity against neu-
trophils and monocytes [15]. The level of CXCLS8/
IL-8 in nasal secretions correlates with the sever-
ity of symptoms in acute respiratory tract infec-
tions [12]. In addition, CXCLS8/IL-8 is a chemokine
considered to be a potential prognostic biomarker
of acute respiratory distress syndrome (ARDS) [11].
Previously, it was found that CXCLS8/IL-8 levels are
increased in both plasma and bronchoalveolar lavage
fluid of ARDS patients [7].
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