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Prognostic value of cytokines in COVID-19 associated
pneumonia
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BACKGROUND: Coronavirus disease 2019 (COVID-19) is often complicated by cytokine storm syndrome. Although many
interleukins (IL) have predictive value, the sensitivity and specificity of a single marker is limited.

AIM: The purpose of the study is to develop an objective and informative cytokine storm scale for assessing the risk of
developing a critical course in patients with COVID-19 associated pneumonia.

MATERIALS AND METHODS: A total of 226 cases of COVID-19 were investigated, 36 (16 %) of which were with poor
outcomes. The cytokines IL-1b, IL-2, IL-6, IL-8, IL-10, IL-18, TNF-a., IFNa., IFN-y were studied by enzyme immunoassay,
commercial kits manufactured by Vector-Best, RF.

RESULTS: Since IL-6, IL-10, IL-18, and procalcitonin were associated with disease severity and death, these indicators
were integrated into a 12-point scale called the cytokine storm scale. The patients who scored more than 6 points had
a high risk of a poor outcome of the disease. According to ROC analysis, the area under the curve for the cytokine storm
scale was larger than for each of the four markers separately [AUC 0.90 (95% CI 0.8455-0.9592), p < 0.001].

CONCLUSIONS: Thus, the cytokine storm scale system presents superior performance in determining patients with
favorable and fatal outcomes to each individual cytokine.

Keywords: SARS-CoV-2 coronavirus; cytokine storm; interleukin 6; interleukin 18; interleukin 10; procalcitonin; cytokine
storm scale.
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lMporHocTMyecKasa ponb uccnefoBaHUA LLUTOKMHOB
npu COVID-19-accoummpoBaHHoM NHeBMOHUU
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BasedeHue. KopoHaBupycHoe 3abonesanue 2019 r. (COVID-19) yacto 0CNoHHAETCA CUHAPOMOM LIMTOKMHOBOO LUTOPMA.
XoTA MHOTMe MHTepNeKWHbI 061aAal0T MPOrHOCTUYECKOM LEHHOCTbIO, YYBCTBUTENBHOCTb M CNELUPUYHOCTb OHOTO Map-
Kepa orpaHuyeHa.

Llenvb uccnedosanus — pa3paboTaTb 06BEKTUBHYIO M MHPOPMATUBHYIO LKAy LIMTOKMHOBOMO LUTOpPMA [NIA OLEHKM
pUCKa pasBUTUA KPUTUYECKOrO TeueHnA y naumento ¢ COVID-19-accoumMmnpoBaHHOM MHEBMOHUEMN.

Mamepuanel u Memodel. Beino nsyveno 226 cnyyaes COVID-19, 36 (16 %) u3 KoTopbix C HE6NAroNPUATHBIM MCXO-
AoM. MccnenoBaHbl LMTOKUHBL — UWHTEpRenkuH-1b, -2, -6, -8, -10, -18, ¢aKTop Hekposa onyxonu-a, UHTEPdEPOH-aL,
WHTEppEepoH-y — MEeTOAOM MMMYHOhEpPMEHTHOr0 aHanM3a C NOMOLLbI0 KOMMepYecKux HabopoB npon3BoacTBa Bektop-
Bect (Poccus).

Pesynemamel. ToCKONbKY YPOBHU MHTepNenKknHoB-6, -10, -18 1 NpoKanbUUTOHMHA ObIM CBA3AHbI C TAMKECTbIO 3a-
boneBaHus M neTajbHbIM UCXO[O0M, 3TW MOKa3aTeNu BbiNM MHTErpUpoBaHbl B 12-6annbHyl0 WKy, Ha3BaHHYIO LUKaNoW
LMTOKMHOBOrO LTOpMa. MaumeHTbl, HabpasLme 6onee 6 6annoB, UMEIOT BbICOKWUIM PUCK HeBNAronpuATHOro ucxopa 3a-
bonesanus. CornacHo ROC-aHanm3y nnolwaab nofd KpuBoi anda wkanbl LI okasanack 6onblue, 4eM ans Kawaoro U3 Ye-
Tbipex Mapkepos o otaensHoctv [AUC 0,90 (95 % AW 0,8455-0,9592), p < 0,001].

3axnoyeHue. TakuM 06pasoM, LUKana LWUTOKMHOBOrO LUTOPMa 06/1aaeT [OCTaTO4HO BbICOKOM MH(OPMATMBHOCTbIO
B OTHOLLIEHUM pUCKa HebnaronpuATHOro nporHo3sa TedeHus COVID-19.

KnioueBble cnoBa: KopoHaBupyc SARS-CoV-2; LMTOKMHOBBIN LUTOPM; UHTEPAENKMH-6; UHTEPNENKKH-18; HTepnenkuH-10;
MPOKabLWUTOHMH; LIKaNna LMTOKMHOBOrO LUTOpPMa.
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Table 1. Demographic and clinical characteristics of the patients with COVID-19

RS R BE RE - p
(n = 226) (n=190) (n = 36) (KELvsFET)
A LI4FE
SEWRASZ LT, % (n) 17.8 (41) 18.9 (36) 8.3(3) <0.05
45-65%, % (n) 50.4 (114) 52.6 (100) 305 (11) <0.05
65-85%, % (n) 31.4 (71) 26.8 (51) 58.3 (21) <0.05
B, % (n) 61.0 (138) 60.5 (115) 63.8 (23) Tepld
fREFEE, kg/m? 29.41 (25.9-33.8) 29.7 (26.2-34.2) 27.9 (26.9-31.96) Tepth
IR 22
BEE, °C 38.9 (38.5-39) 39.0 (38.3-39.1) 38.8 (38.5-39.0) JeplE
N ik 69.9 (158) 70.5 (134) 66.6 (24) <0.0001
. it e 137 (31) 13.1 (25) 16.6 (6) <0.05
M5 11 (25) 12.1(23) 5.55 (2) <0.05
W S5l SR 18.58 (42) 21.57 (41) 2.7(1) <0.05
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Fig. 1. Forest graph showing the relationship of various
comorbidities with the risk of death. Groups of comorbidity with
the highest odds ratios are highlighted in red. CKD — chronic
kidney disease; CAD — coronary artery disease; COPD — chronic
obstructive pulmonary disease; AH — arterial hypertension; CHF —
congestive heart failure; T2D — type 2 diabetes; CM — comorbidity
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Table 2. Laboratory indicators of the patients recovered from COVID-19 and of the patients with fatal outcomes

) |

LI R I AR bR

ML/, x10%/L (150-400)

F 20, x10%L (4.00-8.80)
PRI, *x10%/L (2.20-4.80)
WREZHA, x10%/L (1.2-2.5)
S H

% %%, mmol/L (3.90-6.10)
FLER R EBE, U/L (0.0-248.0)

ALETF, pmol/L (53-115)

B /NERIEE 2, ml/min/1.73m? (>90)
HEIl 25

B ER IR TE], s (11.5-14.5)
TEALER S B LR g IS 1A, s (27.0-37.0)
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C/ M EEF, mg/l (0.01-5.00)
BREE, meg/L (23.9-336.0)

[ | Fr- | p
257 (168-347) 215(126.5-287.3) <0.05
7.16 (6.99-10.43) 12.89 (9.76-16.23) <0.0001
5.6 (3.32-8.87) 11.64 (7.45-14.11) <0.0001
1.00 (0.8-1.6) 0.7 (0.42-1.4) <0.05
6.8 (6.05-8.05) 8.5 (6.85-11.85) <0.0001
351 (262-467) 591 (391-891) <0.0001

87 (76-102) 116 (82-226) <0.0001
72 (60-85) 34 (12.45-64.50) <0.0001
11.6 (11-12.65) 13 (12-14) <0.001
32 (28.4-36) 37 (30-53.6) <0.001
812 (473-1451) 3096 (627.3-9422) <0.001
60 (19.67-135.9) 144 (50.20-244) <0.0005
605 (339.5-1074) 1243 (758-2113) <0.0001
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Fig. 2. Concentration of interleukin 6, interleukin 18, interleukin 10, procalcitonin in the healthy individuals, recovered and the deceased

patients with COVID-19-associated pneumonia. IL-6 — interleukin 6, IL-18 — interleukin 18, IL-10 — interleukin 10, PCT — procal-
citonin

R3 MM T RNEERTER

Table 3. Cytokine storm scale

. _ 0% 14} 245 3%
T3 AR YIBR B WK P % e - Wi
IL-6, pg/ml 0-10 10-40 40-100 >100
IL-18, pg/ml 0-300 300-650 650-1000 >1000
IL-10, pg/ml 0-5 5-10 10-30 >30
PCT, ng/ml 0-0.25 0.25-0.99 1.0-2.0 >2.0

i TL-6—HMMAN2%-6; TL-18—HMMAFE-18; 1L-10—H4INK-10; PCT—JRIFE5 .

R4 ROCHIZL S Hr M 45 1

Table 4. Parameters of ROC curve analysis

wEm | M4k T | p | B wosko) | REE % e5%C) BR1E, pa/ml

PCT 0.8156 (0.6870-0.9441)  <0.0001  68.75 (41.34-88.98 %)  89.22 (81.52-94.49 %) 0.3250
IL-6 0.7248 (0.6338-0.8159)  <0.0001  51.35 (34.40-68.08 %)  82.98 (76.83-88.06 %) 71.31
IL-18 0.7806 (0.7016-0.8596)  <0.0001  64.71 (46.49-80.25 %)  78.19 (71.60-83.87 %) 657.9
IL-10 0.8485 (0.7900-0.9070)  <0.0001  86.49 (71.23-95.46 %)  70.2 (163.13-76.65 %) 10.63
CSER 0.9023 (0.8455-0.9592)  <0.0001  83.33 (62.62-95.26 %)  84.82 (76.81-90.90 %) 6

VE: TIL-6—H4IiENE-6; TL-18—EH4IEAE-18; IL-10—EAMANZ-10; PCT—BHE4E 2, CSEE—4IME TR

REE.
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18 & 3B L ROC/HMTHA E 1 o AR/ FI R /K2 TR ) 18]
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(95% CI 0.8455-0.9592), p<0.001] (F4) . ROCHHZL
ST B HAD 45 SAUFETL-6. TL-10. TL-18FN[A45 &5
FRIMZR R, DASARURE R R (84D .
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SIS = AR EWV TG O E, #EE T d IR AR
Wk AN AL CI N R S Bk R RN FLIR it SR /K
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81.43%) , ' 1 ~84.48% (78.23-89.52%) . LW &
HAICOVID-190}, FLER M A28 N I FN0.7712

(0.6618-0.8806) , d ~ZAARHNZE F HIAAM0.7043
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Fig. 3. ROC curves of the cytokine storm scale, C-reactive protein,
lactate hydrogenase, ferritin, D-dimer, neutrophils for predicting
the critical course of COVID-19. CS — cytokine storm; CRP —
C-reactive protein; LDH — lactatdehydrogenase
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VAL BB T T B R B NEWS2 8 36, 28 B 3R 1)
qSOFAJF BHFAti, LAR RS SE IR SR AAIE (SIRS)
FIFRUET] o [RlI, NEWS2 B FAE TMAE Fe He o o
JRAE T A T qSOFASE R 3R [6] . FET A DGt 224L
P PEBE IR AR AE S AR AIE 7T 45 5L VLR35
W= ZH(7], 1T T VEAECOVID-19/™ H A FE 38T
R AEHERT T T XM AN E EER
KINAEAE T o AHIFFTH, I R KBS TR IROCHIZE
FH°40.88 (95%  CI, 0.85-0.91) , B&iFt50.88

(95% CI, 0.84-0.93) . HRHEFERS. M E AN,
I MJRE & & C B A B FRbrfEil L E S
fetbr, SEEPFICOVID-19/ AL B 1043 il o dnit 5
FEABALS] o JRAE 44 i PR ¥~ 1T DR B F AR 40 i R X
IR e, IXLEHARAVERE XS 7 ERE, FNTERZ
UG PRSI % TR AT EAT T o U

Z A FCOVID-1940 it X 7 KB 78 £ WA,
FECOVID-19H i & 3 ML T 31X Mk 4 1) &
FH, TL-1B TL-2 B HmT ¥ 14 52 4 45 4 o XL -+ 1)
K, 1L-6. IL-8. IL-17. IL-18. o/MyE IR BB A 1
BN R -1 (MCP1BRCCL2) « [ M 4 ff 48 i
EH-1a (MIP-1a8%CCL3) AIHT 4 4 i [AF1L-10%)
W T COVID-19% i R B 1, 9] . IR, COVID-19
AP Bl R R E MR IL-2, IL-1b. afify& 2R FE
Rl TL-8/K B TR bk, (HIET S5/
HZ AR 2.

FECOVID-19H, 18 3= 1 Pk 32 18 =% 3|
), BRI 2 SARS-CoV2EE ATE RN T &5
Pl TR R NS U RN ], FEuE
ToPE RGN, NI i — 20 51 S 20 I
TR RN, TR AT, KZ2HEETy-TH
F Mo T RIREEATCIEAT IR, X5 HARF TR
Him—s[21,22].

T2 2 UM R FIL-6 FH TRk E 4T B . ol 2T 4 41 A
DAL B2 200 PR R B A A P 5 i, e P R R JHL At 36 4 1)
S O A EE R A (10] o 1240 A Rl F-LE L E A
B FECOVID-197 45Ty, Stk Eha 25 SAE B
SRtz SUAT HHARSC, E. GiofoniZEA (2020)
WEFLR, MRHPTL-67KFN25 pg/ml ) FlE & &
FEECOVID-193t JE A7 SR R 2R (1] 78 55— Tihf
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