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Abstract

Objectives: The induction of an intense immune response and cytokine storm is proposed to be central in the path-
ogenesis of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The study evaluated serum cytokine/
chemokine profiles, and clinical and paraclinical data of COVID-19 deceased and recovered patients in Iran. Methods: The
severity of disease, clinical data, and routine laboratory and inflammatory cytokine/chemokine responses were retro-
spectively explored in 60 in-hospital patients in northern Iran. Characteristics of those who deceased (n = 30) were
compared to recovered (n = 30), and associations with serum levels of potential disease regulating pro- and anti-
inflammatory mediators were studied. Results: The serum levels of IFN-y, IL- 1, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-
17,IP-10, MIPI-a, MCPI, RANTES, and TNF-a were upregulated in all COVID-19 patients when compared to healthy and
gender-matched individuals (n = 30). Although with no significant difference between deceased and recovered cases, the
serum levels of all cytokines/chemokines tended to be higher in the severely diseased non-surviving patients. Association
analyses revealed that all cytokine/chemokine levels (except IL-10) significantly affect the disease outcome. Conclusion:
This study provides more evidence for the association of cytokine/chemokine levels with the clinical course and outcome of
COVID-19. More studies are needed to consider this measurement as an indicator of disease stage and strategy for
treatment.
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Introduction

The coronavirus disease 2019 (COVID-19), caused by the
novel coronavirus, severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2), has swept across the globe,
infected more than 535 million people, and killed over 6.31
million.! While most develop a mild to moderate disease, the
infection appears lethal in a significant proportion of patients
(with the range of 3.3-8.8%)."* Growing evidence on the
pathogenesis of SARS-CoV-2 indicates a dysregulated and
intense immune response as the leading contributor to
disease development.** Although lessons from the previous
coronaviruses can be drawn, there is still much to explore on
whether SARS-CoV-2 behaves similarly to its predecessors
or is characterized by peculiar specificities.’

The immune response triggered by SARS-CoV-2 in-
fection acts as a “double-edged sword”. A strong response is
essential to eliminate viral pathogens, whereas a dysregu-
lated and intense inflammatory response can damage the
respiratory tract.®” Studies show that underlying disease, old
age, high viral titer, and sustained inflammation (known as
cytokine storm) correlate with adverse outcomes of the virus
infection.® An increased number of innate immune cells such
as macrophages/monocytes and neutrophils, and high
concentrations of different cytokines and chemokines, were
found in critically ill COVID-19 patients.” ' It is well
hypothesized that the intensity of the cytokine storm in these
patients is associated with disease severity and outcomes.

So far, no effective treatment for COVID-19 has been
successfully developed.'” As declared, the intense and
uncontrolled inflammation induced by SARS-CoV-2 leads
to severe disease, increased morbidity, and mortality, so
dampening and downregulating the inflammatory response
and reducing its intensity could be a promising therapy.'®'?
Exploring broad with patients in different geographical
areas and ethnical groups might pave the way toward
controlling SARS-CoV-2 immunopathogenesis.”’ The
challenges would be to increase knowledge and understand
the physiopathology of COVID-19 and emerging mutants.

The hide-and-seek challenge of immune responses
between the host and virus, understanding the viral-
induced mechanisms that increase viral infectivity and
lead to severe and fatal disease, and the associated intensity
and character of the immune response need to be explored
and understood. While many studies approved the asso-
ciation between serum cytokine profile and COVID-19
severity and outcome, there are no comprehensive studies
from Iran. We aimed to find if any measure could reveal
COVID-19 patients are at higher risk of dying.

Materials & Methods

This case-control study was performed on samples and data
collected from patients hospitalized between February and

December 2020 in the Golestan Province, north of Iran. Sixty
confirmed COVID-19 cases, and 30 healthy subjects were
enrolled in this study. The mean age for healthy, recovered,
and deceased subjects were 40.00 £ 7.22, 56.97 £ 15.75, and
63.30 + 13.71 years, respectively. The COVID-19 patients
were confirmed positive by real-time RT-PCR assay targeting
the SARS-CoV-2 nucleoprotein (N) and ORFlab genes
(Pishtazteb, Iran). Blood samples of patients were collected
immediately after hospitalization. All COVID-19 patients
were included in the severe group, with oxygen saturations
<93% and arterial blood oxygen partial pressure (PaO2)/
oxygen concentration (FiO2) < 300 mm Hg and needed
intubation and admission to the intensive care unit (ICU).
Patients were followed and divided into recovered (» = 30)
and deceased (n = 30) groups. Serum samples from 30 healthy
individuals collected before the pandemic (during 2018) were
used as a control group. Data of age, gender, clinical
symptoms and signs, and routine laboratory tests were col-
lected from patient records at admission. The study was
approved by the Ethics Committee of Golestan University of
Medical Sciences (IR.GOUMS.REC.1399.007) and per-
formed under the declaration of Helsinki for medical research
involving human subjects.”'

Serum samples were stored at —80°C until cytokine and
chemokine analysis. The cytokines (IFN-y, IL-1p, IL-2, IL-4,
IL-5, IL-6, IL-10, IL-12, IL-17, and TNF-a)) and chemokines
(IL-8, 1P-10, MIP1-a, MCPI1, and RANTES) levels were
measured with commercial ELISA kits according to the
manufacturer’s instruction (Invitrogen, USA). The sensitivity
of detection for IFN-y, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-
10, IL-12, IL-17, IP-10, MIP1-a, MCP1, RANTES and TNF-
awere4,0.3,9.1,1.3,1.5,0.92,5,1,2.1,04,2,2,2.3,2,and
2.3 pg/mL, respectively. Demographic, clinical, and labora-
tory data and cytokine/chemokine levels were compared
between groups and associations between groups done.

Statistical Analysis

Data were analyzed using SPSS22 software (SPSS Inc,
Chicago, Illinois, USA). The normality status of the data was
assessed with the Kolmogorov-Smirnov test. The Fisher
exact test was used to distribute binary variables in the study
groups. Comparing of the mean of continuous variables in
the study groups was done using the Mann-Whitney U or
Kruskal-Wallis tests, followed by paired comparison using
the Tukey post-hoc test. Correlations were assessed by
Spearman’s rank correlation coefficient. Graphs were pro-
duced using SPSS22 software. The results were considered
statistically significant if the p-values were <0.05.

Results

Of all cases, 41 (45.6%) and 49 (54.4%) were males and
females, respectively. The mean age for healthy, recovered,
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and deceased subjects were 40.00 + 7.22, 56.97 + 15.75,
and 63.30 £ 13.71 years, respectively, with significant
differences in mean age between healthy, recovered, and
deceased subjects (p < .001). Clinical data such as fever
(61.7%), cough (41.7%), dyspnea (41.7%), headache
(38.4%), myalgia (36.7%), sputum (18.3%), diarrhea
(16.7%), sore throat (15%), and vomiting (8.3%) were
obtained among COVID-19 patients (recovered and de-
ceased). There were differences in symptoms such as
dyspnea (p = .001), myalgia (p < .001), and sputum (p =
.02) between deceased and recovered COVID-19 cases.
Demographic and clinical data are shown in Table 1.

Laboratory data of WBC (White Blood Cells), RBC
(Red Blood Cells), Hb (Hemoglobin), HCT (Hematocrit),
MCV (Mean Corpuscular Volume), MCH (Mean Cor-
puscular Hemoglobin), MCHC (Mean Corpuscular He-
moglobin Concentration), PLT (Platelet Cells), RDW (Red
Cell Distribution Width), MPV (Mean Platelet Volume),
PDW (Platelet Distribution Width), P-LCR (Platelet-large
cell ratio), ALT (Alanine Aminotransferase), AST (As-
partate Aminotransferase), ALP (Alkaline Phosphatase),
CPK (Creatinine Phosphokinase), LDH (Lactate Dehy-
drogenase), Mg (Magnesium), PMN (Polymorph Nuclear
Leukocytes), Lymph (Lymphocyte), and electrolytes were
statistically analyzed in all groups. The results revealed that
ALP (p < .001), Calcium (p < .001), Phosphorus, (p =
.002), PMN (p = .003), and monocyte counts (p < .001)
were significantly higher, and PLT (p = .036) was sig-
nificantly lower in deceased versus recovered. Moreover,
significant differences were observed between COVID-19
patients and healthy subjects. Details of laboratory data are
shown in Table 2.

ELISA analyses showed levels of IFN-y, IL-1, IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-17, IP-10, MIP1-0,

MCP1, RANTES, and TNF-o significantly higher in
COVID-19 patients compared to healthy individuals
(Figure 1 and Figure 2). Although with no significant
difference between recovered and deceased cases, the se-
rum levels of all cytokines/chemokines tended to be higher
in the severely diseased non-surviving patients
(supplementary File 1). Association analyses between
cytokine/chemokine levels and clinical data revealed that
all cytokine/chemokine levels (except IL-10) significantly
affected the clinical course and outcome of COVID-19.
Moreover, we found significant associations between
MIP1-0 with cough in the recovered group, IL-12 with
dyspnea in the deceased group, MCP-1 with myalgia in
recovered groups, IL-1 with dyspnea in the deceased and
recovered groups, MIP1-a with headache in the deceased
group, IL-6 and MIP1-a with diarrhea in the recovered
group, and IP-10 with vomiting in deceased and recovered
groups. Associations between cytokine/chemokine levels
and clinical data are shown in Table 3.

Significant correlations between cytokine/chemokine
levels and laboratory data were identified. In the deceased
group, there were several correlations; IFN-y with PDW,
urea and ALP; IL-1p with LDH; IL-2 with Mg and eo-
sinophils; IL-4 with MCHC, urea and Potassium; IL-5 with
urea, creatinine, and Mg, IL-6 with Sodium; IL-8 with
RDW, MPV, and LDH; IL-12 with MPV, PDW, P-LCR,
and Calcium; IL-17 with PLT and Potassium; IP-10 with
ALP; MCP-1 with Potassium; MIP1-o. with PLT, MPV,
PDW, P-LCR and Potassium; RANTES with MCHC and
RDW, and TNF-o with RDW. In the recovered group, there
was a significant correlation between levels of IFN-y with
PMN and eosinophils; IL-1B with PLT; IL-2 with Potas-
sium and ALP; IL-4 with PLT; IL-5 with PLT and Lymph,;
IL-6 with RDW, AST, ALP, and LDH; IL-8 with PLT and

Table 1. Demographic and clinical data in healthy, recovered, and deceased cases.
Variables Healthy, N (%) Recovered, N (%) Deceased, N (%) p-value
Gender
Female 16 (53.3) 18 (60) 15 (50) 0.73*
Male 14 (46.7) 12 (40) 15 (50)
Age (MeanSD) 40 £ 7.22 56.97 + 15.75 63.30 + 13.71 <0.001
Symptoms
Fever — 17 (56.7) 20 (66.7) 0.63**
Cough — 13 (43.3) 2 (40) 0.50%*
Dyspnea — 8 (26.7) 7 (56.7) 0.001**
Headache — Il (36.7) 2 (40) 0.82%*
Myalgia — 19 (63.3) 3 (10) <0.001**
Sputum — 2 (6.7) 9 (30) 0.02%*
Diarrhea — 3 (10) 7 (23.3) 0.16%*
Sore throat — 5(16.7) 4 (13.3) 0.500%*
Vomiting — 2 (6.7) 3 (10) 0.641%*

*Chi square test, **Fisher exact test.
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Table 2. Laboratory data in healthy, recovered, and deceased cases.

Variables Group Mean + SD p-value  Group p-value  Group p-value  Group p-value

WBC (u.l) Deceased 10.11 +4.93 .003 Deceased .004 Deceased 998  Healthy .005
Healthy 6.72 £ 1.93 Healthy Recovered Recovered
Recovered 10.31 = 5.46

RBC (p.l) Deceased 4.13 £ 0.35 <.001 Deceased .00l Deceased .95 Healthy <.001
Healthy 4.67 £ 0.59 Healthy Recovered Recovered
Recovered 4.10 £ 0.63

Hb (mg.dl) Deceased 1149 + 1.78 493  Deceased — Deceased — Healthy —
Healthy 12.06 + 1.72 Healthy Recovered Recovered
Recovered 11.85 2.7

HCT (%) Deceased  34.80 + 4.95 .148  Deceased — Deceased — Healthy —
Healthy 3727 £ 4.18 Healthy Recovered Recovered
Recovered 35.57 + 5.64

MCYV (FL) Deceased  86.22 + 5.43 <.001 Deceased .002  Deceased .803 Healthy <.001
Healthy 80.48 + 7.43 Healthy Recovered Recovered
Recovered 87.25 + 5.87

MCH (pg) Deceased  27.96 + 2.22 <.001 Deceased .020  Deceased 207  Healthy <.001
Healthy 26.18 = 3.12 Healthy Recovered Recovered
Recovered 29.06 + 2.03

MCHC (%) Deceased 34.45 + 1.89 <.001 Deceased <.001 Deceased .170  Healthy 014
Healthy 32.19 + 1.40 Healthy Recovered Recovered
Recovered 33.33 + 1.27

PLT (mm3.pl) Deceased  155.57 + 79.64 .001 Deceased .00l Deceased .036  Healthy 44
Healthy 239.57 £ 57.11 Healthy Recovered Recovered
Recovered 212 + |14.21

RDW (um) Deceased 47.36 + 4.18 <.001 Deceased <.001 Deceased 978  Healthy <.001
Healthy 12.88 £ 0.43 Healthy Recovered Recovered
Recovered 47.15 * 4.30

MPV(fl) Deceased  10.25 + 1.08 257  Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 9.94 = 1.06

PDW (%) Deceased  13.64 + 3.28 612 Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 13.23 + 2.88

P-LCR (ng.ml) Deceased 2731 = 7.79 .60 Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 26.30 + 7.74

Urea (mg.dl) Deceased  59.37 + 56.55 .008 Deceased .035 Deceased 909  Healthy 011
Healthy 30.77 + 4.55 Healthy Recovered Recovered
Recovered 64.07 + 50.26

Creatinine (mg.dl) Deceased 2.0l £ 1.73 .012  Deceased .009  Deceased 153 Healthy 478
Healthy 1.07 + 0.89 Healthy Recovered Recovered
Recovered 143 £ 1.16

AST (lU.L) Deceased  60.43 * 65.69 119  Deceased .248  Deceased 931 Healthy 127
Healthy 22.66 £ 6.73 Healthy Recovered Recovered
Recovered 68.83 + 140.60

ALT (lU.L) Deceased 5747 * 39.59 <.001 Deceased <.001 Deceased 129 Healthy .033
Healthy 23 £ 8.04 Healthy Recovered Recovered
Recovered 42.50 * 31.66

ALP (lU.L) Deceased 26497 + 87.89  <.001 Deceased <.001 Deceased  <.001 Healthy .986
Healthy 173.48 + 40.25 Healthy Recovered Recovered
Recovered 170.13 + 77.89

LDH (U.L) Deceased  856.13 £ 73536  .152  Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 645.80 + 299.10

(continued)
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Table 2. (continued)

Variables Group Mean £ SD p-value  Group p-value  Group p-value  Group p-value

CPK (U.L) Deceased 413.97 £ 560.63  .013  Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 147.73 + 82.80

Mg (mEq.L) Deceased  2.05 + 0.55 .009  Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 1.74 + 0.26

Ca (mg.dl) Deceased 8.05 £ 0.36 <.001 Deceased <.001 Deceased  <.001 Healthy 271
Healthy 9.17 £ 0.36 Healthy Recovered Recovered
Recovered 8.88 + 0.72

P (mg.dl) Deceased 4.30 £ 0.60 .002  Deceased <.00Il Deceased .002  Healthy .889
Healthy 3.87 £ 0.58 Healthy Recovered Recovered
Recovered 3.78 + 0.49

Na (mEq.L) Deceased  135.46 + 23.12 530  Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 138.16 + 3.97

K (mEq.L) Deceased  3.96 * 0.35 418  Deceased — Deceased — Healthy —
Healthy NA Healthy Recovered Recovered
Recovered 4.08 + 0.72

PMN (%) Deceased 86.97 + 5.98 <.001 Deceased <.001 Deceased .003  Healthy <.001
Healthy 56.97 + 5.49 Healthy Recovered Recovered
Recovered 81.07 + 8.21

Lymph (%) Deceased  9.80 * 6.08 <.001 Deceased <.001 Deceased 127 Healthy <.001
Healthy 38.63 + 5.46 Healthy Recovered Recovered
Recovered 13.17 + 8.08

Monocyte (%) Deceased  1.60 * 0.67 <.001 Deceased <.001 Deceased  <.001 Healthy 991
Healthy 293 = 1.0l Healthy Recovered Recovered
Recovered 2.90 % 1.26

Eosinophil (%) Deceased  1.53 + 0.62 135  Deceased 947 Deceased 262 Healthy 147
Healthy 1.47 £ 0.83 Healthy Recovered Recovered
Recovered 1.87 + 0.97

WABC: White Blood Cells, RBC: Red Blood Cell, Hb: Hemoglobin, HCT: Hematocrit, MCV: Mean Corpuscular Volume, MCH: Mean Corpuscular
Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration, PLT: Platelet Cells, RDW: Red Cell Distribution Width, MPV: Mean Platelet Volume,
PDW: Platelet Distribution Width, P-LCR: Platelet-large cell ratio, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, ALP: Alkaline
Phosphatase, CPK: Creatinine Phosphokinase, LDH: Lactate Dehydrogenase, Mg: Magnesium, Ca: Calcium, P: Phosphorus, Na: Sodium, K: Potassium,
PMN: Polymorph nuclear leukocytes, Lymph: Lymphocyte, NA: Not Available.

CPK; IL-10 with age and Sodium; IL-12 with MCV and
MCH; IL-17 with HCT, PLT, and Sodium; IP-10 with ALT;
MCP-1 with Phosphorus; MIP1-a with Sodium; RANTES
with MCHC; TNF-a with WBC and Mg. The correlation
between cytokine/chemokine levels and laboratory data is
shown in Table 4.

Discussion

The present study confirms previous studies where fever,
cough and dyspnea are the most common clinical symp-
toms in COVID-19 disease.'”° We found that some
laboratory findings (ALP, Calcium, Phosphorus, PMN,
monocyte counts, and PLT) are associated with an in-
creased risk of death and may be considered predictors of
disease severity. Also, significant differences were found
between COVID-19 patients and healthy. Association

analyses between cytokine/chemokine levels and clinical
data revealed that cytokine/chemokine levels (except IL-
10) were significantly associated with symptoms in
COVID-19 patients. Previous studies have demonstrated
that fever, cough, and sputum are the most common clinical
symptoms and findings, whereas myalgia, diarrhea, and
vomiting have been reported less common,**?* similar to
reports on infections like seasonal influenza, SARS and
MERS.?** Reports on epidemiological characteristics of
COVID-19 revealed that nearly 80% of patients are
asymptomatic or have a mild disease.”®*’ In contrast, all
individuals in this study had severe disease, and fever,
cough, and dyspnea are the most frequently reported
clinical findings in COVID-19 patients.*®

Our data revealed early elevated LDH and PMN in
COVID-19 patients compared to healthy, as well as low
platelet counts. This implies that assessing inflammation
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Figure I. The levels of cytokines in healthy, recovered and deceased case. The serum concentration of IFN-y, IL- 13, IL-2, IL-4, IL-5, IL-6,
IL-10, IL-12, IL-17, and TNF-a from 60 COVID-19 patients and 30 controls were analyzed immediately after hospital admission.

Median with range was presented.

markers may be critical for early detection of suspected
cases and may help in identifying patients at risk of de-
veloping severe disease.”’ Previous studies revealed that
lymphopenia and albuminuria are other common
findings,”**" in accordance with this study that found
lymphopenia and/or an elevation in WBC as prognostic
factors in COVID-19 patients. The marked lymphopenia
may indicate that the virus directly or indirectly affect
lymphocytes.”® SARS-CoV-2 epidemiological studies
showed lymphopenia, thrombocytopenia and leukocytosis,
and increased levels of LDH, AST, ALT and creatinine, to
be the frequently reported laboratory abnormalities.>' This
indicates that COVID-19 infection indirectly affects the
liver and other organs.*” This seems important as abnormal
liver function and kidney tests are associated with in-

creased mortality rates and poor prognosis®~* in line with

our findings. Also, coagulation measures like PT and PTT
seem to be important when evaluating prognosis in a
COVID-19 patient, as well as decreased platelet counts.”
Moreover, acute phase factors including CRP, LDH and
ferritin are all associated with disease severity in COVID-
19.% these elements could be considered to evaluate the
patient’s disease condition and prognosis.

SARS-CoV-2, crossing the respiratory barriers and in-
vading host cells, lead to elevation of proinflammatory
cytokine/chemokine and stimulation of the cytokine storm.
Some of the biomarkers analyzed here, are potent anti-
inflammatory cytokines that inhibits production of proin-
flammatory cytokines, supposed to result in a diminution of
pathological inflammation, and these are activated in
parallel with proinflammatory cytokines.” The complex
network of cytokine/chemokine interactions in COVID-19
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Figure 2. The levels of chemokines in healthy, recovered and deceased case. The serum concentration of IL-8, IP-10, MIP -0, MCPI, and
RANTES from 60 COVID-19 patients and 30 controls were analyzed immediately after hospital admission. Median with range was

presented.

disease is therefore challenging to explore and understand
and modulation of immune cell activation, recruitment and
involvement in the inflammatory response. We examined
expression levels of 15 cytokines/chemokines in deceased
and recovered COVID-19 patients and healthy subjects.
We detected over-expression of IFN-y, IL-1f, IL-2, IL-4,
IL-5, IL-6, IL-8, IL-10, IL-12, IL-17, IP-10, MIP-1, MCP1,
RANTES, and TNF-a in COVID-19 patients compared to
healthy subjects of both genders. However, none of these
cytokines/chemokines were significantly different between
recovered and deceased patients, although they tended to
be higher in the deceased group (1.15-1.86-fold). These
mediators have also been studied by Chen et al. who
observed increased expression of IL-2R and IL-6, proposed
to predict the severity of COVID-19 pneumonia and the
prognosis of their patients.*® While many studies approved
the association between cytokine/chemokine profiles and
COVID-19 clinical course and outcomes, there are no
comprehensive studies in this area.

The elevation in IL-5 was correlated with lymphopenia
and elevated IFN-y level, one of the main acute phase
cytokines, but with no difference between deceased and
recovered patients. We found no difference in cytokine/
chemokine patterns between deceased and recovered
COVID-19 patients, in contrast to previously reported
higher levels of IL-6 in ICU-admitted patients, compared to
milder cases.?” Chen et al. studied critical, severe and mild
COVID-19 patients,*® and in accordance with us found no
differences in IL-1, IL-8 and TNF-a. In a study from China,
the chemokine RANTES was significantly elevated in
patients with mild but not severe disease, even in an early

stage of infection.?” In contrast, we found similar levels of
RANTES in deceased and recovered patients, above levels
in healthy individuals. We proved elevated IFN-y levels
compared to healthy, in accordance with a recent report on
nucleoprotein-related IFN-y secretion in COVID-19 pa-
tients.>® Hu et al. studied recovered COVID-19 patients
and found elevated levels of IFN-y to protect against de-
velopment of lung fibroses.”> While the study did not
evaluated outcomes such as lung fibrosis in this study, we
noticed similar levels of IFN-y in recovered and deceased
patients. Previous studies have suggested that IL-13 and
IL-6 are key pro-inflammatory biomarkers in initiation of
the acute phase response, resulting in a broad range of local
and systemic events such as fever and recruitment of
leukocytes.'®!? Increased IL-17 in patients with COVID-
19 pneumonia has been observed in other studies,** and
Th-17 cells contribute in the cytokine storm triggered by
SARS-CoV-2.*! Further, elevations of IL-2, IL-4 and IL-17
levels are observed in COVID-19 patients’ serums with
prominent lung damage.*® Studies on TNF-o highlight
differences in immunological responses during COVID-19
infection, dependent on disease severity.” Due to several
studies reporting an increase in TNF-a, it has been pro-
posed that TNF-a should be the target for immunoregu-
latory therapies in COVID-19 disease.'**°

SARS-CoV-2 has been reported to stimulate IL-1 in-
crease that sequentially triggers elevation of other pro-
inflammatory cytokines, including IL-6 and TNF-q.'®
Although, we detected elevation of such cytokines in
COVID-19 patients, we could not show different levels in
deceased compared to recovered patients. We assessed



European Journal of Inflammation

(panunuoo)
8TL F 0€€l 66V FY6l 8EVTFI8L LY F6¥8  1€GFSGTL TTTFTLET SLYFEOL 61TF9T  0L9FSI0I 9N FEET P FIIL 91V F08L LVTI F1061 L8] F8ET  +8¥I F £50€ ON
61'E F0b'0l €88l FSL6E S60FTSE 65V FULL EOSFUWP SLIFT6I YEI FLLE 00€ FTI'E €SS F 9 TN F LT IL9FTWL $EIFLLE 1€91 F L8V ¥L1 FS0E 9781 FTISIE S9A  pase’drng
je04Yy) 40§
S8 143 18 1$S 9ev’ ¥ [AXH 8T w L6€ ¥ 1€ vy 050 8Sp anpea-d
€1'F 886 TSSI F609T 9L€FHT9 I8y F6CL 9I'SFS8S 161 FLI'T LLEFTOS S F961 1€F F L9508 1T1 #9271 88'E F609 0CEF86S 6911 F¥6¥l SI'I F 1071 08'€l ¥ 61'9C ON
IS ¥ S€01 1P 1 FS8/LT O0CTEFS69 F$9E€F89 STHFITS TWOFEYI ITEF989 01ITFE9T 86'€ 518  0€1 F90C SEF 1S9 9ETF99Y €TO0I F99L1 TOI ¥86C ov'€l ¥ 8C SOA P343A039Yy
(43 69L 9T ST 9T x4 l6g ag S6° S8T (43 SL 681" 0 4N anjea-d
W8LF 09Tl 8I'LI F166T EF¥ FI1€9 ILy FELL 659 F €99 68'1F11°E 19% ¥ L6 6STF E¥'E 0¥'S ¥ 5T6 ¥ 88T I'SFHHP'8 19V F99L 9I'El F950T 101 991 €671 F 9T9C ON
6L'S FECEl 8LVl FLIYIE STYF¥6L PIrF168 ITSFISL 6ETFVST VIV FLOL L6 F99T €L F 966 F 681 BLEFII'9 ¥BEF 969 99T F¥89I F80€ 95FI F €0HE S9A  pase’drng
eaudsig
€9 068 wL 920’ £90° 98 Sve’ o 15 9l wu €9 89 9 9SL’ anfea-d
9Ly ¥T001 8TSI ¥86'ST €8EFO0E9 8V FT99 TISFE9 TWTIFITT 06€EFO0I'S EI'TFO8C YIYF08L 9TI F9L1 LEEF LT PUEFSGI9 8LO0I FSI'SI LEIFLLI €'yl F1T9¢ ON
SY8F 9TEl TTITFIILT TLEFELS LSO FELEl SSOF IS1 L8O F 08I IBCTF IEY 01 FEl'l 19 ¥ 0€°01 1¥0 ¥ 18°1 16CF Y 68TFePY 6SITFI'El VBT FE0E  8LTI F19°GT SOA Pa43A033Yy
€L 159 e 6TL 81§ 48 020 ol €9 I s 9 S€9° 86’ [4x4 anjea-d
S09 F 11T LTUBIFLY'EE 96'€EF 1T9 100G F 176  9T9FHE9 SOTFSIT  €8TFIY 6LTTFE6E 067 F07U8 85I F¥HT 68% FES9 98V FTL69 8YEI FIL9l T8I F6¥rT 68T FILGT ON
ISLF¥8EEl  TIvI F €67 €SV FT8L PFTLEL BLYF6SL OTTFSI'E 98YF108 E€L1FPT  6ELF6¥0I 8V | FSTT 09V FLVL BLEFIL ¥9TU Feb6l 061 FSHT  L9G] FHSEE S9N  pase’drsg
e18jeAy
€L SE8" Vi 919 19T €8 1414 LE LT 6€L° 98’ 9€" Vi €L 8l1€ anjea-d
LTS F EVOl 96| F€9ST  LL'EF8L9 ESYFIL 9%V F 199 91'T  6LEFEEY 8L FSET €€V F0€8 1 F69°1 1€ FS09 9I'EFEI9 G811 FEESI 651 F 161 S6'El F 66'9C ON
89T F0I'6 668LFSLE V6V F 19°G 686 F01 6VLFIT6 STT 99V F1€9 96T F099 OVTF09% LVTFSLT 908F099 ¥TUHF06€ €501 F556 0TI F 5L 100 # Sl S9N Pa43A033Yy
143 oge’ 1474 08 998 LT L8T 8" [y ¥960 ol 14 143 19° SSh anfea-d
LYLF86TI ITSIFILTLE WP FTUOL LTV FLV8  IPSFLEL I1TTFIST  6bP FI1'9 L6 F1ST WIF096 TSI F6UT L9V FB6L EBEFLBL IE€TI FE661 €61 F 19T 6kl FELIE ON
1I'S F9LT 0991 F0S9T OVP F0LL 66F F0U8 EE€GF699 60CFIEE €8V FSLL 8STF IV 6TLFLL6 IS1 #¥8ET  SIVFU'S 69V F989 S6El FSI 991 FEIT 1291 ¥ 91'8C S9A  pase’drng
wmndg
8" L16 910° 108’ SEE 86’ 9Ly 96 S6’ 1447 113 98 £81° 6¢ SIE anfea-d
99T F 188 TE9I FTULIT WeEFS SOSFLWL S99F069 10TF8UT OI'EFH0S €CLTF89T €Y F€8L €1 FS0T ITH €89 S8TFE€6'S ETTI FLELI 6¥1 F0OIT ¥l F €L8C ON
989 F SETl  86FI FIUST 06€F98L SS9V FLEL 86EFLbY S81FTT HIPF 109 10T F95C WY FUU8  €L90 F 6€°1 OEEFII'S ELEFH09 8501 FLLII #90Fv91 €EEl F£8TC SOA  P343A033Yy
ST 668" 150 S8 SLIY w5 916 144 89" 999 60’ 9L ¥S0° 9T 66T anjea-d
OI'9 F 911  SLSIFOUIE 1TV F91'9 W9V FLP8 TTSFUW8 LOTFLY9T SLYFO0S9 BETFHEE  61'LF 9901 69l FYST 96V FEP8 06€FETL LETI FLVIT 991 F49T 1€91 F Tr'ee ON
88'LF6LYl €091 FLEOE 8IVYFE88 8LV FITU8 0USTFOSS 6E£TF96T ISP F¥L'9 €0TFSHT €59 F G188  EI'l F661 SYEF OIS POVFIEL $STU FTOEl TITFOUT  €LTI FE€99C S9A  pase’drng
ysnop
l4d 178 69 996’ 156" ¥’ 969 g6 L9 98 99" 19° 861" & 129° anfea-d
96V 986 0L FSHST 88EFSCUI9 86EFOLS 6LV FIVS SLI F86I SLEFVIY IITFSHT 1€F ¥508 791 F9¢°1 88'€ ¥ 609 0CUE F86S 1IT6 F €IVl SS'1 F06'1 88Tl ¥ 8'9¢C ON
CI'SFSEOl ¥6'I1 FS09T SOV FTULY ETYFOV9  61'SF66'S 161 FLIT E€6TFEI'S OI'TFENT S5 ¥968  OF'| F SET IE€EFSE9 1I'EF8I'S 0811 FTSI €1 F 961 €9°€l ¥ 0€'8C SOA P343A039Yy
1L 996 60T (X7 596 8T £19¢ 9 68’ 06’ €6 (4% (x4 y6l 8¢S anjea-d
10£ F SET 0L'SI FSHOE 8LEFSTI  86F FOLB 6LSFIVL 9TI FSOT LLEFTISS LSTFILT 0TLF IO I F9€T  8SYFOI'L ¥+ FHES ELFEIIT »91 F881 8801 ¥ TLT ON
€0LFOLEl ¥6'SI FSOIE 09V FTUL €LY Fvl8 61'SF669 SHTIFSIE €6V FEIL EITFEIE SYOF I¥e LVIFOET 08V FHI'L TOEEFELY 08T FTLILI ¥6'1 F9LT S99 F8ETE S9N  pase’drng
J49A94
89" €86 189 1£9° (413 €L 06T St 1 SE€L 18" €8 wuy | [£1% anjea-d
617 866 6SVI FYI'ST €0V FLS9 6LYFUL 80SFHYS 89l FG6I WEFVEY L8] F9ET 18y ¥ 106  TEI F8L1 SSEFI6S TTEF 96T LVTUI FE€6'SI LS| F961 Lyy| F 8067 dewdqg
SY'9 F 0601  SELI FISLT IVEFHLS 10SFI'L  STSFSI9 LETF6VT 8IPFS09 EVTFS0¢E 90€EF 99 €0l FELI 8y ¥ G€9 TEEF 109 8L0I FSbEl 891 F 181 10C1 ¥ 98°1¢ e PpaJanoday
1 314 SbS 68¢° 1LL 1T L16 08’ €9 Ll6 1T 69’ €86 08’ (414 anjea-d
69TF 119 PESF9 961 FI8E €8T F 96V 091 FIHT 880F 960 HLTFECT €Tl FESI 8EI F 6% 9E0OF VPO TULOFHHI 9ITF6SI 1£'S¥198 LS F0S0 SYTF 0b'y  drewsy
WTFLL9 €E9F 698 SETFUWVY HUIFSLE 0TI F00CT T60F0CI HTFWT €L1 7961 SOTF S LKOFOSO TOIFTEI ¥I'I F91 0£9 F9L6 611 F6L0 681 FIS€E JreW Aypresq
950 685" SLS 8IT 68T €8 66T 16’ 9 LyS 6T 6T y6e 88’ €69 anjea-d
ISLF II'SI VLI FHETE 1€V FOSL O0SYF9¥6 VLSFT6L TITFET 9I'SFBYL 8YTF90¢€ 69SF056 O FLET SLYPFTIT9 S6EF8YS HOTI FOESI SLIFUWT  6ULI F06'1€ Sewsy
199 FTL0I  89€l FSE6T 6VP F969 OTY FTLEL 68V FSE9 6TUTFHLT EBEFI9S 60T FTU6T 65°L ¥ 086 ILTFLTT 9V FELL 08EFH88 VIEI FI91T 861 F 15T 9LT F €¥'6T SreW paseadsqg
100> 100> $00 100> 100 100° 100> 850 ¥00° 100> 100> 100> ¥00° 100> 100> anjea-d
CI'S FGE01 0SSl F609T 9L°€ F 19 08y F6TL 90SFS8S 161 FLI'T LLEFTIOS OITFEIT 1€% 508 0TI 971 88'€ F609 0CEF86S 6911 F¥6¥l S5 F06I 8'€l F619C PaJaAr0d9y
SSTF W9 88SFSTL VITFOI'Y SBUTF6EY I FILLT 680 F LO'] SITFLET LV FELI SOTF LIS I¥0F LV0 680 F L9'] E€L7] F€9'I 165 ¥ 516 060 F ¥9°0 WL Fe6€ Aysreaq
169 F 26Tl  65SI FS80€ €€% F€CL 1Py F6£8 0SS FEIL LITFBLT 8SFF659 STTF66T 659 F 996 6V FTECL S99V FTUL EIVFIUL 6LT FS¥8l ¥81 FLFT  86FI F990€ pasearsq
awomnnQ
0-4NL SIINVY 01-dIW 1-dOW 0l-dl L1 < ol ll 91 ! jall faall di-1 A-NdI S9|qelIRA

"EJEP [EDIUI]D PUE S|9AS| SUDJOWSYD/BUD0IAD USIMISG UONEIDOSSY °§ d|qe L



Aghcheli et al.

Ly vee 8 01T £30° 9T 19T St LT oLl 08’ (1 08T ol 86T anjea-d
0TS F901 €091 F9€9T LLEFE0D9 6L¥YFG69 SOV FELS G611 FIUT IBEF98Y ¥vITF 69T 1Yy ¥88L TTI F181 Y6'EF 09 LTEFTUI9 80l F80%I 991 F 66| y6'€l ¥ T6'9T ON
WEFSHL SEOFSUL 19TFSI6 00F Tl 0L0F 9%l LOO ¥ 580 IEFEL IV F081 86'0 ¥ 05701 CI'0¥860 €0F F969 LOOF SOV 8€'8I ¥ LT 1T0F950 LOLF9I SOA Pa43A033Yy
44 we 01§ 09 610 1€ ¥80° 6T 8T CiqN 15 SS9 8.9 44 681" IN[eA-
9CL FS6'TI  08SI F#L0E ISP FLI'L 0SSP FST8 LOSF IV 10TF65T T6EFLES 0€TFS8C L99F8E6 ESIFEVT LYV FBUL TEEFLEL 9UTI FeI8l 181 F8ET 1S%1 F 100€ ON
9STF €Tl 0991 FE81E TOEFILL HOV F996 TSI F99€l O0LEFISY OULFIITL LS F0T¥y ¥59F 90T €90 F 6C SYSFILS 6L9FVE9 LOOTFIEIT 0€TFOCE o¥' 1T ¥ 99¢ S9N  pase’dng
Buniwop
oy 681" 110° 1€€° 0S¢ L9y 8.9 4 SS9 6¥0° ST $09° e 6TL SN[eA-
PE'S 8501 80SI FHSST SLEFPI9 TV FLSL SOSFLES 961 FTITLT 08EFII'S E€1TFT8T €0% ¥708 €60 F 951 ITEFE9S LOEFBSS ¥8II F0S¥I SSIF961 SIOVI F+8ST ON
6v'| ¥ €18 I'TCF 1€ 8I0F 99T 86TFI8Y STIFBLY 691 FELI Iy F1TY 110 F960 SSLFEE8 961 F19°E TSLFII0I SITTFI9S6 ¥SIIF1681 991 F0€'| 98°€l F €€6T S9N Pa43A033Yy
98 yel €98 88¢’ wr [4:3 sol’ 44 e SL w9 ¥98° SL 414 IN[eA-
LE9 F LVT SIFI1L8C 1Y +¢0L 19 F€£8 99SFST9 BITFET 8IVFI09 OFTF6IE 6T9 F €66 671 6Yy ¥ 069 O0EV F¥I'L +6TI FSE8I T8I F VT €9G1 F166T ON
688 F LEVI T99| FS8LE EESFGBL E8EFBUL OCUEF 1001 BTTFTIYT H6EFO0S8 L9 FTLET 66'LF¥L8 6L PSS FL8L I8EFL9L 8TElI ¥088l CWTIFVIT OVEl FTUEE S9A  pase’drng
eayaieliq
€9 196 655" 8t 144 190° 106’ 19° 08’ g 05’ 13 80L 45 905" anjea-d
9TS FTS0l1 €091 ¥8E9T +IEF809 €9V FII'L 106 89S €61 F8TT 98EFOI'S LITFI19C 9€EVY ¥708 T F 181 0¥ FT09 ETEF¥8S 6811 F1€G1 O F L1 80%I ¥ T9'ST ON
¥1'0F06L W1 FTC €9 F9b'8 8¥'8 ¥ 01 609 ¥ 996 170 F S50 WBTF6¢E 100 F 6T L8% ¥ 958 8Vl ¥ 969 TBTF06L 686 F01 89T F 00 1€°G F STYE SOA P343A039Yy
£y ySl £00 89L SLY 96’ L9T 05’ LI’ 058 8" w SEE’ €L 169° ON[eA-
SY'SFS0TI  TILI F98vE 6V EF LSS LEVF LV 99SFVTUL 061 F¥9T ILY F$09 6VTF8LT 10 FL6L TYIFET BUSFIU8 LIV FTUL ILTNFSHOT LEIF9TT  €9SI F 6¥'6T ON
LS8 F SOVl  ETTI F199T €Y F 96 vI¥ F 608 109 F669 SSTF LT LYPFTIEL 961 FSTE 68LF 98I 9EI FLIT  6TEF VIS YFVPL 16T F €8Sl SETFELT 1LYl F1TTE S9A  pase’drng
ayoepesp
w 655" £ST 1N 08 0§ 9¢€9° 16’ 08’ 4N 8/6 L6 (73} anfea-d
6V'S F €T01 €SSl FSUST €6EFILY  S6vFI8L HUSFII'9 881 FL0T 16€ 961V EITFE9T W0 F£08 PEEF 99 TLII FLOSI 651 FvLI 9LTI F 1S¥T ON
T00°€ ¥ T6'01  €V91 F 1€0E +TI F¥6'E II'E 89y LEVY F8SY E€TTF99T BEEFIES 8ITFI9T €19 918 LELFOI'Y 68T FOEVI ¥I'Il FOLT  LTLI F 19%¢€ SOA P343A039Yy
99" 98T 9L0° 6€5° 143 44 681" S8 o $s 699 6¢ 9L6 SN[eA-
0-4NL SIINVY 01-dIW 1-dOW L1771 4 ll 91 Eall jall [l di A-Ndl sa|qeliep

(penunuod) - ajqe L



European Journal of Inflammation

10

(panunuo>)

9260 6950 L120 ¥290 8980 €€€0 6020 EPE0 vIv0 8r6°0 6L50 €660 96L0 10000> = ¢
8100 LE1'0~ 6900~ €600~ €00 €810 9€T0— 610~ SS10 T100 9010 6400~ 00001 =4 (%) so3
60€°0 8610 8150 €480 £050 1820 €080 1660 8Lb0 880 8/80 = d
610 wTo- ¥620~ €210~ 8600~ 9210~ €070 L¥00 1000 SEI'0- 8200~ 6200~ =4 (%) @3420u0}y
L5T0 0060 8260 1550 1200 82€°0 8920 9860 6610 ¥Sh0 wo=4d
€170 ¥20'0— s8I0 €710 SEE0— S81°0— 9500 €00°0— 6400~ wlo 50— =4 (%) ydwiq
wEo 1020 5080 Y050 $900 1650 0260 06£°0 0920 0r0 2080 = d

0810~ €200 L¥00~ 2210 17€°0 1€10 6100 1500~ 8500 6510~ 800 = 4 (%) NWd
7900 6160 0200 8rE0 500 L€9°0 SI1T0 €660 vrL0 €250 siso=4d

SPE0— 5000 L0 8L1'0 #69€°0 0600 €€T0 2000 7900 1210 ACES] (b3w) »
510 1S€°0 TELO TUED 8970 8680 ¥20'0 660 Tzo=4d

S9T0— LL10 5900 6910 ST00— #0170~ 2000~ PELO— =4 (baw) eN
LEEO ErE0 L1650 L¥L0 8L0 0690 0000 15€0=4d
810 6L10— 1010 7900 €500~ 9L0°0— €190~ YLIO— =4 (baw) 8
2910 9.8°0 0£0'0 6€1°0 9680 Lo SLLO 9L10=4d

6570~ 0€0°0— 9EE0— #HLE0— LLT0— ST00— §500— 5500 ¥STO— =4 (Ip3w) 4
6950 ¥€9'0 059'0 €650 6970 ¥99'0 6970 S61°0 0s£0=4d

or1'0— 2600 8800~ 1210 or1'0 ¥80'0 TITo- 870 7900 =4 (p/Bw) &3
LETO 1€€0 90L0 6610 8190 w80 1€20 8900 oizo=4d

weo- ¥81°0 700 6¥0'0 §600— €500 STT0- 8€€0 9670~ =+ (Un) 3dd
¥r60 5050 9610 1180 PO 9100 €450 SPS0 vr60 =d

€100~ 2210~ €470 9500 P10 WEPO— 9110 Sio— €100~ =4 (Un) Ha1
11€0 4140] €0€°0 6220 (] o 1590 0960 vE80 0v00 = d
1610 €r1°0 5610~ 100 S50~ - 1870~ 980°0— 0100~ 0¥0'0— SILEO— =4 unn dv
800 6950 L0 S9¥°0 9120 0800 €450 950 560 sizo 6820 =4
0Z€0 8010~ 7900 6€10 6900 STE0— 9110 Sio— T100— 0£0°0— oo 1500 = 4 unn 1V
9680 070 180°0 86L°0 6880 850 0980 1290 0570 0090 SST0 vrro=d

S20'0— 0¥T0— vTE0— 6400~ £200 o ¥E00— 2600~ LITO— 0010~ sizo 9070~ = unLsv
vEIo 9180 6660 S0L0 ¥r90 6¥L0 6500 8LL0 9200 0SE0 €510=4

0870~ ¥0'0 880'0— 190'0— 8rE0 ¥50'0— #50K'0 LL10 190 =4 (p/3w) 1>
(4] 96€°0 8v8°0 TEL0 LLEO ¥290 ¥€00 6100 w0 =49

9€1°0— 1910~ L€00 $90°0— 910 080°0— +68E0 «STHO 91p0 =4 (p/3w) ®aan
9110 vLLO Yoro 0zz0 £000 0800 vIv0 SEP0 6040 ¥500 =4
€670 $50°0— 8510 0€T0 5hBY0 STE0 SS10— 8¥10— 1200~ S01'0— SSE0 = (w/3u) ¥31-d
o SL60 STE0 6670 0100 ss1o 06£0 0640 9200 = d
9670 9000 9810 9610 #1970 9970 1500~ 1€10— #LOP0 =4 (%) mad
¥60'0 €650 86€°0 6010 200 8500 SE9°0 1210 200 =4
Teo 2010~ 0910 8670 170 HIE0 060°0— 6870~ 82€0 = 1) AdW
w00 6200 8Ly0 €490 L8E0 0800 8610 1660 1920=4d

<ELED +86€°0— SEI'0— 8800 ¥91°0 ¥ZE0 wTo- 1000 8500~ =4 (wi) may
Y010 YEED 2080 1€0'0 9800 1€6'0 0£9'0 9E€0 9L10=4d
060 €810~ 8500 H6E0 61€0 9100~ 2600 810~ ¥STO = (mjgww) 114
6880 ¥r00 1050 €6€°0 1€7°0 8660 0¥50 €180 €660 = d

£200~ #ILEO 8210 910 6v1°0 0000 9110 SH0'0 7000 = 4 (%) DHOW
15270 ¥1T0 1€€°0 LL10 6v9°0 6500 1980 1590 wio=4d
0900 YET0— ¥81°0— €570 £80°0 8rE0 €600~ 800 SLTO =4 (3d) HOW
LTE0 1880 9L0'0 SL60 16270 1800 1260 990 sero=d
s8I0 8200 6260 9000 1500~ ¥ZE0 £000 1800~ 0€1°0 =4 ) ADW
SKT0 6120 ¥rS0 1520 8240 8850 2080 06£°0 sro=d

6170~ 1€20 S0 6500~ 9900 €010 800~ 1500~ 8970 =4 (%) 1oH
600 0rE0 9880 6140 ¥59'0 S60 00£°0 0£6'0 velo=d

6610~ 0810 1200 6900 800 €100 €£0°0— £100 0820 =4 (Ip3w) qH
S¥1'0 L¥T0 0£50 vL50 L¥ED €LL0 6810 7190 yLpo=d
uTo 8170~ 8010 £01°0~ 8L1'0 $500 9T 0~ 9600~ 9€1'0 =4 () oay
LELO 8180 €580 S550 LOE0 6980 9120 S06°0 shro=4d
¥90'0 P00~ SE00— T €610 1€0'0 6900~ €200 6170 =4 () oam paseadaq

DINL SILNVY D1-dIW 1-dOW 011l 81l 91l [l [l [l ANl So|qeLIEA awoanQ

“2JEp AJIOIBJIOQE| PUE S|9AS| SUDOWSYD/AUD|0IAD USSMISG UONER.I0D) *p d|qel



Aghcheli et al.

(panunuod)

9040 8850 ¥r60 6720 510 €850 8680 SLT0 9100 920 8150 100°00>
510 €10 €100 9120 010 6£0'0— 9070 #SEF0 820 €210— 620 00001 =4 (%) so3
8560 §59'0 850 1020 W60 810 92€0 8210 €170 9280 vr1'0 1ge0=4d
0100 $80°0— 5010 0¥T0— ¥100 6¥70— 9810 $870— YET0— 00— €L70 ¥8I'0— =4 (%) @3420u0}y
£90'0 €250 €L70 8800 06€°0 T 5690 0220 €500 5690 £60°0 sgy0=d
8€€0— 1210 L0T0 LIEO €910~ 9670~ SL0'0— 1€20 <TLED SL0'0— 80€°0— €10 =4 (%) ydwiq
1750 §520 5600 ¥o9p0 €500 880 1610 0500 0990 7800 6870 =49
910 vITO— 01€0— 6€10 LSE0 8200 SKYTO— #19€°0— ¥80'0 €260 0070~ =4 (%) NWd
VN VN VN VN VN VN VN VN VN VN
VN VN VN VN VN VN VN VN VN VN (ubaw) »
N N N N N VN VN VN VN VN
VN VN VN VN VN VN VN VN VN VN (baw) eN
VN VN VN VN VN VN VN VN VN VN
VN VN VN VN VN VN VN VN VN VN (baw) 3
W90 L2€0 90€°0 L1¥0 6170 1€6°0 9€T0 8€L10 SSE0 1600 = d
0510~ 01€0~ €260~ 8520 €8€°0 8200~ 0LE0 8010 €670 6050 =4 (p/3w) 4
0L1'0 YOb0 ¥80°0 9170 £100 0£8°0 7160 6980 8680 €90=4d
[ 9970 6150 #1590~ S8E0 +0L90— €500 9€0'0— ¥50'0— w00 8600 = 4 (p/3w) e3>
VN VN VN VN VN VN VN VN VN VN VN
VN VN VN VN VN VN VN VN VN VN VN (uNn) 3dd>
VN VN VN N N VN VN VN VN WN VN
VN VN VN VN VN N N VN N VN VN (un) Ha
16€°0 0L1'0 0Z€0 06€°0 0500 ¥69°0 6850 8140 TELO L150 $990=4d
1610~ 11€0 8720 8610~ TEp0 1600~ 0910~ ¥80°0— 6L00~ 0510~ 0010 =4 un) av
880 SLLO 10 wLo ¥26°0 €LT0 LSV0 uTo 6810 150 sz10=4d
8200 ¥50'0 8970 €900 8100 2070~ %10 L0T0 9T 0~ 9110 ¥ST0 =4 unn 1v
6€€°0 0vE0 ¥99'0 L6€0 LT€0 SELO 8210 95L°0 8210 9200 1sro=4d
¥81°0 ¥81°0 ¥80'0 ¥91'0— 681°0— 9900 0620~ 0900~ 0620 H1b0- pLTo— =4 (uny) Lsv
0£50 8680 0v8°0 9v8°0 €260 0860 9980 vLT0 8010 9020 18£0=d
6110 6£00— 600~ L£00— 810~ S00'0 €00~ 9020~ 6620~ LET0— €500 =4 (p/3w) 4>
1690 1€90 €050 0£80 0£0'0 8690 9960 9150 0600 S0 €500 =4
¥L0'0~ 1600~ 1210~ 1€00— #L6€0— ¥L0'0~ 8000 €210 SIE0— 1900 STLED = 4 (p/3w) eaan
VN VN VN VN VN VN VN VN WN VN VN
VN VN VN VN VN YN YN YN VN VN VN (lw/3u) ¥371-d
VN VN VN VN VN VN VN VN VN VN VN
VN VN VN VN VN N VN VN VN VN VN (%) mad
VN VN VN VN VN N VN VN VN VN VN
VN VN VN VN VN VN VN VN VN VN VN (1) AdW
4340 92L0 00001 7500 €670 Y050 S9¥0 €200 010 6£6'0 1L00=4d
LSE0 ¥910 0000 0SL°0~ 90€°0 #1780 £990 9€0'0 YOL0— =4 (wr) may
6050 5180 6180 0620 1050 0610 ¥BE0 ¥620 660 =4
szIo SH00— 00 0020~ 8710 9T §91°0— 8610 5000 =4 (rjgww) 174
6/80 £950 ¥¥80 8680 L0 €L70 £990 1950 1990=4d
6070 6200~ 6010~ L£0'0 ¥20'0- 1510 L0T0 7800 o11'0- ¥800— =4 (%) DHOW
0£0'0 9990 $96°0 1€6'0 1890 ¥8L0 1000 SEE0 0150 6610=4
9EE0 7800~ 8000 £100— £L00— 7500 850 810— STI0— 1$T0 =4 (8d) HOW
L1620 6090 €570 ¥8L°0 9bL0 0z1'0 0590 8000 690 £80'0 veeo=d
£61°0 1600 w0 7500 7900 0620 9800 #SLY0 9L0'0 LIEO +OLED— €810 =4 (1) ADW
1500 959'0 S0L°0 7980 0Z€0 960 €650 0560 6050 2210 £180 8660 =9
65€°0— $80°0 00 €600 8810 €100~ 010 T100- STI0- S8T0— ¥0'0 0000 = 4 (%) LOH
w00 1$9'0 6LE0 €6L0 ¥85°0 7880 TIE0 6890 890 €610 0080 8780 = d
#ELEO— 6800 2910 0500~ €10 8200 1610 9L0'0 £80°0— SKT0— 800 1500 = 4 (IpBw) qH
8010 W60 ¥Ob0 1690 L0 1150 6890 800 6¥L°0 1610 €970 uro=4d
6670 ¥100- 8510 ¥L0'0 1510 STI'0- 9L0'0 $90'0 HIE0— 1900~ 9T 0~ 1170 L0T0— =+ () oay
£01°0 90€°0 $920 12L°0 1650 1€0'0 L150 0920 91€0 6€70 0£L70 4340 £990=4d
00€°0— €610 0170 §500 0010 6E0— €210 8500~ 0610 o 9500 6¥1°0 7800 =4 () >am AyaresH
D3INL SILNVY D1-dIW 1-dOW 0l-dl 11 oIl 81l 9l [l [l 4l 411 ANl sa|qeieA awonno

(penunuod) °p ajqe L



European Journal of Inflammation

12

(panunuo>)
0vL0 9600 7960 €860 €480 9050 €270 1690 0€1°0 9170 8950 €5€0 10000> = ¢
€900 01€0~ 6000~ ¥00'0 8600~ 9210 6720~ ¥L0'0~ €870 €670 8€1°0 9L10 00001 =4 (%) so3
6860 6810 €960 5080 8540 S€60 80L°0 90 7990 §56°0 wTo 9900 = d
€000~ 9T0 6000 L¥00~ 1¥1°0- 9100~ 8800 €800 1100~ 1720 0vE0 =4 (%) @3420u0}y
8980 w90 Yo 6€€°0 w90 6160 VEED 9200 6€1°0 §780 voro=4d
€00~ 6800~ 151'0— 1810~ 6800 000 7200~ €810 «L0¥0 9LT0 w00 1920 =4 (%) ydwiq
L6V0 €950 1490 SEE0 0860 8€8°0 0150 6600 0850 0980 9000 = 4
6210 0110 600 810~ 000 6€00— STI'0- L0E0~ S01'0- ¥E0'0— sl 650~ = 4 (%) NWd
6190 810 6.80 (6141 8560 80 8800 9L6°0 o €100 0050 =9
S600- 6¥T0~ 6200 w0 0100 €500 L1€0— 9000 8870 Ly 0~ 8210 =4 (ubaw) y
10 7600 8010 L£0'0 88€°0 ¥86°0 TELO €6v'0 0800 = ¢
YLTO— €1€0— 6670 +8E0— ¥910— #0000 5900 0€10— STE0— =4 (baw) eN
6200 €680 0L1'0 SEI0 5180 SST0 920 9520 =9
#0010~ 9200 LST0 0820~ 0£0°0— y170— 8500 yITO =4 (Ubaw) 3
¥250 1¥0'0 ¥SL0 $9T0 65L°0 vEI'o SL60 0020=4d
1210 #SLEO 0900~ 0170~ 6500 0820 9000 €£00— = (pAw) 4
uTo 0£6'0 950 1170 6870 989'0 6510 960 =d
L0T0— £100- or1'0 SET0— 0070 L£L0'0— ¥970 6710 =4 (p/Bw) e3>
65L°0 €580 910 1970 6000 1280 90¥°0 lozo=d
8500 S€0'0— 6520 6020~ #L9¥0 1€00— 8510 070 =4 (UNn) 3dd
6970 €160 ¥150 L160 1€0 €650 S0 1870=4d
6070~ 1200 ¥210 0200 1610 #1570~ 2010 9870 €070— = (un) Ha
L5T0 1150 $950 2660 €560 w00 810 850=4d
vIT0- sz1o 6010 2000— 9L1'0 LEO— 6¥70 S010 =4 unp av
9L50 L£0'0 1040 1860 LEVO 10€°0 9960 w0 =4
901°0— #E8E°0— 6510 €000 L¥10 S61°0 8000 6100 =4 unLv
1520 8680 6150 €L70 €650 6£0'0 €180 0900 = d
1020 €900~ ¥20'0— €510 L0T0 2010- +08€°0— SH0'0— LE0— =4 unn Lsv
6210 6vL°0 9840 ¥260 €280 2070 €680 0980 = d
¥870 190'0— 7500— 8100 €500~ 070 920'0— €500 ¥E00— =4 (p/3w) 4>
6140 8960 610 S9v'0 €€€0 1260 L110 SIS0 €5€0=4
8900 8000 S¥T0 6£1°0 €810 £100 6T0— ¥T10— 4 (Ip/Bw) eaun
1500 [£34Y €990 610 £56'0 SET0 d
65€°0 8r1'0— €80°0— 3240] 0100~ ¥Izo l (w/Bu) ¥31-d
1120 Evr0 ¥250 £0€°0 L£060 1650 d
SETO0 910~ 1210~ s610 7200 6¥1°0 4 (%) mad
€010 620 6580 6900 €660 1170 d
£0€°0 661°0— ¥E0'0— LEEO 800 9100 LEI0 4 (5) AdW
1250 1850 ¥Iz0 9280 d
o YEI'0 6220 w00 #19€°0— 4 (wi) may
1590 8160 ¥0'0 £00'0 S95°0 d
800 0200 #1LE0— 580~ 6€10 4 (mjgww) 114
19€°0 8690 €660 €€€0 [4340) d
€L10 ¥L0'0 9100 €810~ 6¥1°0 4 (%) OHOW
TSE0 SETO s90 820 010 d
9L10— €200~ €600 €070~ Y0E0 4 (3d) HOW
1910 800 19€°0 6E€0 620 d
970~ TLE0- €L10 1810~ ¥0T0 4 ) ADW
1980 590 €00 vE60 €L€0 d
€00~ 8800~ +88€°0 9100 8910 4 (%) LoH
00001 6690 €010 8660 850 d
0000 ¥L00— €0€°0 S100 velo 4 (IpBw) qH
990 LEL0 6900 02L0 6120 d
£80°0 #900— 9€€°0 8900 6900 4 (m) oay
6010 8050 1o w90 6560 d
#7850 6620 9210 L1620~ 1800~ 0100 4 () oam paiaA0d3y
DdNL SILNVY D1-dIW 1-dOW o1l 81l Eall [l [l [l ANl ELEEN awonno

(penunuod) * ajqe L



13

onjea-d = d

“JUSIDLYS0D UONE[RIIOD) = J

“(Palre3-7) [9AS] 070 BY3 3B JUBDLIUBIS SI UORB[RIIOD),

*(Pa|Iea-7) [9A9] GO0 dY2 & JUEBDLIUSIS S| UONIBJDIIOD),,

'9]qe|ieAy J0N| YN ‘@3400ydwiA :ydwA ‘s214503n9| Jesppnu ydaowk|od :NWd ‘wnisseioy

] ‘wnipog BN ‘sndoydsoyd :d ‘wnidjed) ) ‘wnisaudely 8| ‘9seusdolpAysq a1e1de :H ‘@seunjoydsoyy auiuneatd) HdoD ‘@sereydsoyd auljed|y dV ‘©Selajsueiouiy duluely 1] TV ‘Oselajsuenouiuy
areedsy (| SV ‘duluneasd ) ‘onel |92 38.e[19)93eld *YDT-d ‘UIPIAA UoBNqLIsI 39|33eld SAAC DWINJOA 39|338ld UBBN ‘AdIN ‘YIPIAA UOBNGLISI [[2D PRY ‘AAQY ‘SIIPD 39JR3Eld 1 1d ‘UORE.IUBIUCD
uiqojowsH Jenasndiod) uesly :DHDIW ‘UlqojdowsH Jenasndio)) ues|y :HDW ‘OWN|OA Jenasnduon) uesly (ADW UI20IBWSH (] DH ‘UiqojSowsH :qH ‘(9D Poolg PaYy :DdY ‘SI[®D Poolg SMUAA :DIM

Aghcheli et al.

8850 1290 8680 180 01€0 9L¥0 S8€°0 0£L0 8500 1€0'0 §90'0 £80°0 8v8'0 SSE0 1000> = d
¥L0'0 7500 ¥100— £100 8010 9L0'0 €600~ 1€00— 1020 #LTT0 9610 810 0200 6600 000'] =4 (%) so3
8900 9670 £00'0 9800 2100 ¥L0'0 16270 7900 2000 5100 L£100 vr10 8000 80v'0 = d
€610~ 51870~ 81°0- H9T0— 681°0— 8200 861°0— ETE0— #§ST0— #1§T0— §51°0— 6LT0— 8800 = 4 (%) @3420u0}y
100'0> 1000 100'0> €000 100'0> 2000 6000 100'0> 100'0> 100'0> 100'0> 100'0> 8950 =9
b950— EPE0— o TLEO— #S0€0— 85F0— 5l TE0— #+TLT0— b09°0— 6950~ 0EF0— 8L 0~ 46,90~ 1900— =4 (%) ydwiq
100'0> 1000> 1000 ¥00'0 0000 9000 1000 100'0> 100'0> 100'0> 1000> 1000> €lgo=4d
#7650 #96€°0 #SSE0 #6670 541850 #9870 =9EE0 #5090 5L 6¥'0 #6550 #1850 €120 §200— =4 (%) NWd
€910 1500 €150 €10 €670 0950 0£L70 9860 §920 L6£°0 2000 8rE0 sizo=4d
€810~ €570~ 9800 £61°0 8€1'0 1600 8€0'0 2000 9 10— ¥€0'0 b6€0— €210 €10 =1 (ybaw) y
€800 £910 9550 0200 6850 L5€0 0100 Y0L'0 1200 1960 8880 6900 €00=4d
9220 181'0— 8600~ +00€°0 1200 1210 +OEE0 0500— #8670~ 9000 6100 LETO #€670— =4 (/baw) eN
1€8°0 6850 6820 6100 S6L0 6£9'0 ¥09'0 L0L0 €650 1000 €000 8720 0990 = d
8200 1200 6€10 +E0E°0 ¥€0'0— 7900 8900 0500 7800 5L 00— #SLED 8510 8500~ =4 (baw) 8
8990 §96°0 900 80 0£6'0 ¥86°0 £900 0570 €610 1500 S0T0 1¥9°0 ¥970 €8z0=4d
1500 S00'0— #9€T0~ £200 1100~ 2000 £170 LE10 SS1°0 1€20 9500 €610 8710~ =4 (p3w) 4
1000 1000 €110 €9L0 1000 8520 9510 8900 1000 ¥€0'0 9500 9000 81z0=4d
5L 6€0— 061°0— 9€0'0— 8LE0— 9€10 0L1'0— 8170 SLEO— #TST0— LTT0- 5l TE0— 810 =4 (p/3w) e3>
0£70 9520 6850 5660 1T0 5860 6€10 €670 0£10 8560 8lg0=d
6¥10 1000 €000 8€1°0 8610 1€1°0 =4 (un) 3dd
¥89'0 1260 6880 1860 9€b0 9t50=4
¥S0'0— 0€1°0 8100~ 2000 010 €80°0— =4 (un) Ha
£01°0 0S€E'0 80L°0 0500 1100 €500 =d
0810 so1o w00 #6170 +£87°0 9170 =4 un) av
8000 6100 ovE0 1000 $100 1000> = d
0870 “9PT0 w010 #LSE0 £95T0 s€b§0 = 4 unn) 1v
8000 €000 €600 100'0> w0 1000> = d
6170 sl €0 X9TT0 €€V 0 L8510 9170 =4 (v 1sv
€800 LT€0 SESO €000 6000 €000 = ¢
¥81°0 #0100 9900 sl 1€0 #TLTO b 1€0 =4 (p/3w) 4>
S6L°0 L5T0 €LL0 S00'0 8500 10000> = d
8200~ 1210 1€00 k670 1020 SLED =4 (Ip/Bw) e2an
S280 9900 S260 %10 8240 €900 =d
6200 6€70 7100~ 610~ 900~ wro =4 (lw/3u) ¥o1-d
100 6610 €100~ L300~ 800~ £067°0 = d
100 6610 €100~ LTT0— 800~ 0670 = 4 (%) mad
8680 1100 8260 SH0'0 who 800 =9
£100 £9TE0 2100 #0920~ 1010~ 6720 =4 (1) AdW
990 0110 1810 8L1'0 Tz 861'0=d
€210 ¥100 8900 SETO 670 €200 =4 (wi) may
€210 ¥100 8900 SETO 620 €200=4d
¥910— #STO~ €610~ 9710~ - #0bT0— = (rjgww) 174
5000 1100 6170 €000 1920 10000> = ¢
€670 #9970 1€10 sl 1€0 0z1'0 b8E0 = (%) DHOW
9840 0£0'0 vIL0 $100 820 10000> = ¢
#5500 6200 #6L00 6€00— #5500 €210 el THO = 4 (8d) HOW
5000 1200 2000 9650 €000 6£0'0 0000 = ¢
€670 1€10 8810 I TE0 9900~ TS0 #EI€0 8170 wTLp0 =4 (1) ADW
L120 0920 144 £080 0£9'0 92€0 7800 1260 v90=4d
6€00— €600~ 9800~ 9200 1500 S01'0- $81°0— 9010~ 6400~ =+ (%) LOH
6L50 0160 S0v'0 1750 6h0 8940 wo 66€°0 91£0=4
6500 2100 6800~ 9800 €200 1€00— 980°0— 060'0— 0£0'0 = 4 (IpBw) qH
5000 6040 wEo £01°0 870 £61°0 TIE0 0000 2000 €670 ¥01'0 2000 =9
51670~ 0¥0'0— 101'0— 1210 pIo- LE1°0— 8010 #9860~ #TTE0— L2100~ o sl 1€0— =4 () oay
£00'0 1000 9100 SE00 1280 ¥100 2600 (144 8000 €110 959'0 1000 1000 = d
L SE0 #F8T0 #PSE0 #€ST0 <TTT0 ¥20'0— #LSTO 6L10 9800 L LTO 8910 800~ b SE0 SPE0 = () oam e3oL
D3INL SILNVY D1-dIW 1-dOW 0l-dl 11 oIl 81l 9l [l [l 4l 411 ANl sa|qeieA awonno

(penunuod) °p ajqe L



14

European Journal of Inflammation

correlations and associations between different cytokines,
between cytokines and outcomes (healthy, recovered, de-
ceased), and routine laboratory tests. In contrast to previous
studies,'**° we did not find IL-6 to be correlated to WBC
counts, PMN percentage or fever. However, IFN-y was
correlated to increased numbers of PMN, and suggested to
be the major trigger of early inflammatory response in
COVID-19 disease. IL-1p, IL-4, IL-5, IL-17, and MIP-1a
were all correlated with decreased PLT counts. Levels of
IL-4 and IL-5 were correlated with increased urea and
creatinine, indicative of kidney organ failure. Liver failure
is suspected with raised liver enzymes and these were
correlated to levels of IFN-y, IL-2, IL-6 and IP-10.
Pro-inflammatory cytokine/chemokine have a key role
in viral infections through activating the adaptive immune
cells; whereas an unbalanced pro- versus anti-inflammatory
response can result in damage of lung tissue in the course of
the infection.*? Recent studies showed that key pro-
inflammatory cytokines and chemokines, including IFN-
v, IL-2, CCL2, and CCL3, can be anti-inflammatory
mediators.*>**  Similarly, anti-inflammatory effectors
such as IL-10, under certain conditions and in combination
with other cytokines, may induce a pro-inflammatory re-
sponse.*” We found similar cytokine patterns in recovered
and deceased COVID-19 patients, possibly suggesting a
regulatory mechanism of cytokine secretion in severe
COVID-19 disease. A limitation in this study was the lower
age in COVID-19 patients compared to controls. However,
differences between patients with COVID-19 disease and
healthy were substantial and highly significant for all
measures. Therefore, the age differences should be ac-
ceptable for conclusions. There are discrepancies between
our and other studies as discussed above, maybe because of
differences in sample size, ethnicity, age, comorbidities,
time of sampling, as well as season and climate differences.
The limited number of cases when performing the study
may be led to a reduced study’s power in showing sta-
tistically significant differences in different parameters.

Conclusion

This study provides more evidence for the association of
cytokine/chemokine levels with the clinical course and out-
come of COVID-19 disease. More studies are needed to
explore if this measures could be an indicator of disease stage,
help in strategy for treatment and/or prognosis for outcome.
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