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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-γ, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-
17, IP-10, MIP1-α, MCP1, RANTES, and TNF-α 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.1While most develop a mild tomoderate disease, the
infection appears lethal in a significant proportion of patients
(with the range of 3.3–8.8%).1,2 Growing evidence on the
pathogenesis of SARS-CoV-2 indicates a dysregulated and
intense immune response as the leading contributor to
disease development.3,4 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.5

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.6,7 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.8 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.9–16 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.17 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.18,19

Exploring broad with patients in different geographical
areas and ethnical groups might pave the way toward
controlling SARS-CoV-2 immunopathogenesis.20 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 ORF1ab 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 (n = 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.21

Serum samples were stored at �80°C until cytokine and
chemokine analysis. The cytokines (IFN-γ, IL-1β, IL-2, IL-4,
IL-5, IL-6, IL-10, IL-12, IL-17, and TNF-α) and chemokines
(IL-8, IP-10, MIP1-α, MCP1, and RANTES) levels were
measured with commercial ELISA kits according to the
manufacturer’s instruction (Invitrogen, USA). The sensitivity
of detection for IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-
10, IL-12, IL-17, IP-10, MIP1-α, MCP1, RANTES and TNF-
αwere 4, 0.3, 9.1, 1.3, 1.5, 0.92, 5, 1, 2.1, 0.4, 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-γ, IL-1β, IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-17, IP-10, MIP1-α,

MCP1, RANTES, and TNF-α 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-α with cough in the recovered group, IL-12 with
dyspnea in the deceased group, MCP-1 with myalgia in
recovered groups, IL-1β with dyspnea in the deceased and
recovered groups, MIP1-α with headache in the deceased
group, IL-6 and MIP1-α 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-γ with PDW,
urea and ALP; IL-1β 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-α with PLT, MPV,
PDW, P-LCR and Potassium; RANTES with MCHC and
RDW, and TNF-αwith RDW. In the recovered group, there
was a significant correlation between levels of IFN-γ with
PMN and eosinophils; IL-1β 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 (Mean±SD) 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) 12 (40) 0.50**
Dyspnea — 8 (26.7) 17 (56.7) 0.001**
Headache — 11 (36.7) 12 (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 (μ.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 (μ.l) Deceased 4.13 ± 0.35 <.001 Deceased .001 Deceased .95 Healthy <.001
Healthy 4.67 ± 0.59 Healthy Recovered Recovered
Recovered 4.10 ± 0.63

Hb (mg.dl) Deceased 11.49 ± 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 37.27 ± 4.18 Healthy Recovered Recovered
Recovered 35.57 ± 5.64

MCV (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.μl) Deceased 155.57 ± 79.64 .001 Deceased .001 Deceased .036 Healthy .44
Healthy 239.57 ± 57.11 Healthy Recovered Recovered
Recovered 212 ± 114.21

RDW (μm) 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 27.31 ± 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 2.01 ± 1.73 .012 Deceased .009 Deceased .153 Healthy .478
Healthy 1.07 ± 0.89 Healthy Recovered Recovered
Recovered 1.43 ± 1.16

AST (IU.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 (IU.L) Deceased 57.47 ± 39.59 <.001 Deceased <.001 Deceased .129 Healthy .033
Healthy 23 ± 8.04 Healthy Recovered Recovered
Recovered 42.50 ± 31.66

ALP (IU.L) Deceased 264.97 ± 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 ± 735.36 .152 Deceased — Deceased — Healthy —

Healthy NA Healthy Recovered Recovered
Recovered 645.80 ± 299.10

(continued)
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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-α with Sodium; RANTES
with MCHC; TNF-α 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.19,20 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,22,23 similar to
reports on infections like seasonal influenza, SARS and
MERS.24,25 Reports on epidemiological characteristics of
COVID-19 revealed that nearly 80% of patients are
asymptomatic or have a mild disease.26,27 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.28

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

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 <.001 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 2.93 ± 1.01 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

WBC: 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 DistributionWidth, 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.
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markers may be critical for early detection of suspected
cases and may help in identifying patients at risk of de-
veloping severe disease.29 Previous studies revealed that
lymphopenia and albuminuria are other common
findings,28,30 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.28 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.31 This
indicates that COVID-19 infection indirectly affects the
liver and other organs.32 This seems important as abnormal
liver function and kidney tests are associated with in-
creased mortality rates and poor prognosis33,34 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.35

Moreover, acute phase factors including CRP, LDH and
ferritin are all associated with disease severity in COVID-
19.33 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.5 The complex
network of cytokine/chemokine interactions in COVID-19

Figure 1. The levels of cytokines in healthy, recovered and deceased case. The serum concentration of IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-6,
IL-10, IL-12, IL-17, and TNF-α from 60 COVID-19 patients and 30 controls were analyzed immediately after hospital admission.
Median with range was presented.
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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-γ, IL-1β, IL-2, IL-4,
IL-5, IL-6, IL-8, IL-10, IL-12, IL-17, IP-10, MIP-1, MCP1,
RANTES, and TNF-α 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.36 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-γ 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.37 Chen et al. studied critical, severe and mild
COVID-19 patients,36 and in accordance with us found no
differences in IL-1, IL-8 and TNF-α. 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.29 In contrast, we found similar levels of
RANTES in deceased and recovered patients, above levels
in healthy individuals. We proved elevated IFN-γ levels
compared to healthy, in accordance with a recent report on
nucleoprotein-related IFN-γ secretion in COVID-19 pa-
tients.38 Hu et al. studied recovered COVID-19 patients
and found elevated levels of IFN-γ to protect against de-
velopment of lung fibroses.39 While the study did not
evaluated outcomes such as lung fibrosis in this study, we
noticed similar levels of IFN-γ in recovered and deceased
patients. Previous studies have suggested that IL-1β 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.18,19 Increased IL-17 in patients with COVID-
19 pneumonia has been observed in other studies,40 and
Th-17 cells contribute in the cytokine storm triggered by
SARS-CoV-2.41 Further, elevations of IL-2, IL-4 and IL-17
levels are observed in COVID-19 patients’ serums with
prominent lung damage.40 Studies on TNF-α highlight
differences in immunological responses during COVID-19
infection, dependent on disease severity.5 Due to several
studies reporting an increase in TNF-α, it has been pro-
posed that TNF-α should be the target for immunoregu-
latory therapies in COVID-19 disease.19,20

SARS-CoV-2 has been reported to stimulate IL-1β in-
crease that sequentially triggers elevation of other pro-
inflammatory cytokines, including IL-6 and TNF-α.16

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

Figure 2. The levels of chemokines in healthy, recovered and deceased case. The serum concentration of IL-8, IP-10, MIP1-α, MCP1, and
RANTES from 60 COVID-19 patients and 30 controls were analyzed immediately after hospital admission. Median with range was
presented.
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correlations and associations between different cytokines,
between cytokines and outcomes (healthy, recovered, de-
ceased), and routine laboratory tests. In contrast to previous
studies,16,40 we did not find IL-6 to be correlated to WBC
counts, PMN percentage or fever. However, IFN-γ was
correlated to increased numbers of PMN, and suggested to
be the major trigger of early inflammatory response in
COVID-19 disease. IL-1β, IL-4, IL-5, IL-17, and MIP-1α
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-γ, 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.42 Recent studies showed that key pro-
inflammatory cytokines and chemokines, including IFN-
γ, IL-2, CCL2, and CCL3, can be anti-inflammatory
mediators.43,44 Similarly, anti-inflammatory effectors
such as IL-10, under certain conditions and in combination
with other cytokines, may induce a pro-inflammatory re-
sponse.45 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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Appendix

Abbreviations

COVID-19 Coronavirus disease 2019
SARS-CoV-2 Severe acute respiratory syndrome

coronavirus 2
PCR Polymerase chain reaction

ELISA Enzyme-linked immunosorbent assay
IFN Interferon
IL Interleukin

IP-10 Interferon gamma-induced protein 10
MIP1-α Macrophage Inflammatory Proteins 1-

alpha
MCP-1 Monocyte chemoattractant protein-1

TNF Tumor necrosis factor
WBC 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
ALT Alanine Aminotransferase
AST Aspartate Aminotransferase
ALP Alkaline Phosphatase
CPK Creatinine Phosphokinase
LDH Lactate Dehydrogenase
Mg Magnesium

PMN Polymorph nuclear leukocytes
Lymph Lymphocyte

PT Prothrombin time.
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