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Abstract
Background The systemic inflammatory syndrome called “cytokine storm” has been described in COVID-19 
pathogenesis, contributing to disease severity. The analysis of cytokine and chemokine levels in the blood of 21 SARS-
CoV-2 positive patients throughout the phases of the pandemic has been studied to understand immune response 
dysregulation and identify potential disease biomarkers for new treatments. The present work reports the cytokine 
and chemokine levels in sera from a small cohort of individuals primarily infected with SARS-CoV-2 during the first 
wave of the COVID-19 pandemic in Milan (Italy).

Results Among the 27 cytokines and chemokines investigated, a significant higher expression of Interleukin-9 
(IL-9), IP-10 (CXCL10), MCP-1 (CCL2) and RANTES (CCL-5) in infected patients compared to uninfected subjects was 
observed. When the change in cytokine/chemokine levels was monitored over time, from the hospitalization day to 
discharge, only IL-6 and IP-10 showed a significant decrease. Consistent with these findings, a significant negative 
correlation was observed between IP-10 and anti-Spike IgG antibodies in infected individuals. In contrast, IL-17 was 
positively correlated with the production of IgG against SARS-CoV-2.

Conclusions The cytokine storm and the modulation of cytokine levels by SARS-CoV-2 infection are hallmarks of 
COVID-19. The current global immunity profile largely stems from widespread vaccination campaigns and previous 
infection exposures. Consequently, the immunological features and dynamic cytokine profiles of non-vaccinated 
and primarily-infected subjects reported here provide novel insights into the inflammatory immune landscape in 
the context of SARS-CoV-2 infection, and offer valuable knowledge for addressing future viral infections and the 
development of novel treatments.
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Background
Coronavirus disease 2019 (COVID-19), the disease asso-
ciated with the infection with SARS-CoV-2, an enveloped, 
positive-sense, single-stranded RNA virus, emerged in 
China in 2019 and rapidly evolved into a global pandemic 
[1]. In Italy, the first positive case appeared on 31st Janu-
ary 2020. Subsequently, clusters of new cases emerged 
in many cities of Lombardy and Veneto (two regions in 
the north of Italy), and then disseminated over the whole 
country [2], culminating with the first national lockdown 
between March and April 2020. Since then, more than 
26.9  million cases have been reported in Italy, with a 
cumulative case fatality rate (CFR) of 0,7% (https://www.
epicentro.iss.it/coronavirus/sars-cov-2-dashboard).

The clinical presentation of SARS-CoV-2 infection is 
widely variable, ranging from asymptomatic and mild 
cases to severe pneumonia and death [3]. The virus pri-
marily targets human cells through the angiotensin-
converting enzyme-related carboxypeptidase 2 (ACE-2) 
receptor, abundantly expressed in cardiopulmonary tis-
sues, endothelial cells and in some hematopoietic cells 
including immune cells [4, 5]. The virus then spreads 
through the respiratory tract, causing viral pneumonia 
and a systemic inflammatory response. The exagger-
ated inflammatory response and the weakened adaptive 
immunity are responsible for the immunopathologi-
cal complications of severe COVID-19 [6]. In fact, the 
hyperproduction of pro-inflammatory cytokines and 
chemokines called the “cytokine storm” (also known as 
“cytokine release syndrome”), is central to the pathogene-
sis, poor prognosis and fatal outcomes of COVID-19 [7].

The aberrant pro-inflammatory environment that 
accompanies the cytokine storm mainly originates from 
the crosstalk between epithelial and immune cells in 
COVID-19. Interestingly, recent findings have indicated 
that although abortive, SARS-CoV-2 infection of mac-
rophages and dendritic cells cause cell activation and 
the subsequent release of multiple antiviral and pro-
inflammatory cytokines and chemokines, aggravating the 
immunopathological picture and the cytokine storm [8].

While many studies have explored the clinical implica-
tions of the cytokine storm in COVID-19, the massive 
global vaccination campaigns have limited our under-
standing of the hypercytokinemia induced by SARS-
CoV-2 infection. Therefore, as emphasized by recent 
papers, investigating the inflammatory microenviron-
ment in non-vaccinated subjects remains crucial to better 
comprehend overlooked aspects of COVID-19 immuno-
pathology [9], identify novel biomarkers of disease onset 
and progression, and develop more effective treatment 
strategies which could also be relevant for future viral 
pandemics.

Here, we present a detailed study of the levels and 
kinetics of 27 cytokines and chemokines in the sera of 21 
SARS-CoV-2 positive patients during the first wave of the 
COVID-19 pandemic in Northern Italy.

Methods
Patient and sample collection
In this study, thirty patients admitted to the Istituto Clin-
ico Città Studi (Milan, Italy) between March and April 
2020 were included and divided into case (SARS-CoV-2 
positive) and control (SARS-CoV-2 negative) groups, 
based on SARS-CoV-2 nasopharyngeal swab results. Spe-
cifically, the control group consisted of 9 patients, while 
the case group included 21 patients. The demographic 
and clinical characteristics of both groups are summa-
rized in Table 1.

Clinical specimens were collected upon approval from 
the Local Ethical Committee and following the acquisi-
tion of signed informed consents (protocol 456_2020, 
approved in May 2020 by Fondazione Ca’ Granda, 
Ospedale Maggiore, Milan, Italy).

Blood samples were collected in tubes containing a clot 
activator and a gel to separate the serum from circulating 
cells. Samples were taken on the day of hospital admis-
sion (T0), on an intermediate day (T1, 18.4 ± 6.5 days), 
and on the last day of hospitalization (T2, 23.3 ± 16.0 
days). T1 samples were available for 18 of the 21 patients 
in the case group.

SARS-CoV-2 diagnosis
Positivity for SARS-CoV-2 infection was determined by 
nasopharyngeal swabs followed by molecular analysis of 
viral RNA. RNA was extracted from these samples using 

Table 1 Demographic and clinical characteristics of control 
subjects and COVID-19 patients (n.a., not applicable)

Control subjects
(negative SARS-
CoV-2 swab)

COVID-19 
patients (posi-
tive SARS-
CoV-2 swab)

n 9 21
Sex assigned at birth (Female/
Male)

5/4 10/11

Age at recruitment (mean ± SD) 70.7 ± 20.7 67.3 ± 17.1
Symptoms
n (%)

Pneumonia 0 (0) 12 (57.1)
Respiratory failure 1 (11.1) 9 (42.9)
Gastrointestinal 0 (0) 7 (33.3)
Others 8 (88.9) 0 (0)

Discharge type
n (%)

Transferred n.a. 13 (61.9)
Ordinary n.a. 5 (23.8)
Deceased n.a. 3 (14.3)

Early treat-
ment (first 
2–3 days post 
admission)
n (%)

Azithromycin 
(AZ)

n.a. 3 (14.3)

Hydroxychloro-
quine (HCQ)

n.a. 5 (23.8)

AZ + HCQ n.a. 5 (23.8)
Other n.a. 8 (38.1)

https://www.epicentro.iss.it/coronavirus/sars-cov-2-dashboard
https://www.epicentro.iss.it/coronavirus/sars-cov-2-dashboard
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the Nucleospin RNA Virus Kit (Macherey-Nagel, Ger-
many), following the manufacturer’s protocol. Quantifi-
cation of viral RNA copy numbers in the cell supernatant 
were evaluated via specific qRT-PCR, targeting the N1 
gene, as previously described [10], using the 7500 Gene 
Systems (Applied Biosystems, USA). A standard curve 
for quantification was generated using a plasmid con-
taining the complete SARS-CoV-2 genome, using 10-fold 
serial dilutions ranging from 108 to 100.

Cytokine/chemokine measurements and analysis
Serum samples were analyzed for the presence of 27 
cytokines/chemokines (see Table S1 for the complete 
list) at T0, T1 and T2 using magnetic bead-based multi-
plex immunoassays (Bio-Plex®) (BIO-RAD Laboratories, 
Milano, Italy), following the manufacturer’s instructions. 
The selected multiplex panel was designed to include 
cytokines/chemokines relevant to both non-communi-
cable and infectious diseases. This procedure employs 
Luminex Xmap technology using magnetic beads for 
multi-analyte profiling, as described previously [11].

The Th2/Th1 ratio was calculated by comparing the 
levels of Th2-related cytokines (IL-4, IL-6 or IL-10) with 
those of Th1-related pro-inflammatory cytokines (IFN-ɣ, 
TNF-α), as already reported [12].

Detection of specific SARS-CoV-2 IgG antibodies in serum 
samples by ELISA
Semi-quantitative measurements of anti-SARS-CoV-2 
IgG antibodies in sera were conducted using a commer-
cial indirect ELISA colorimetric kit (ab275300, Abcam), 
according to the manufacturer’s instructions. The kit 
measures the presence of IgG recognising the S1-RBD 
domain of the Spike viral protein. After determining the 
validity of the Positive and Negative Controls relative to 
the Calibrator value, the values of the samples were com-
pared to the Calibrator to generate a ratio. Ratios above 
or below the predefined cutoff indicated positive and 
negative samples, respectively.

Statistical analysis
Statistics were determined using GraphPad Prism (ver-
sion 9.0). The patients’ data were tested using a Shapiro–
Wilk normality test, which determined the non-normal 
distribution of the data. Cytokine/chemokine values were 
analyzed under log10 (Log) transformation and com-
pared between SARS-CoV-2-positive and SARS-CoV-
2-negative patients by unpaired t test with or without the 
Welch’s correction. In addition, the effect of the phar-
macological treatment on cytokine levels was analysed 
by paired t-test. One-way ANOVA and Tukey’s multiple 
comparison test were used to assess the kinetics of IL-6 
and IP-10 in SARS-CoV-2 positive patients, as well as the 
changes in IgG titers throughout the study period. Cor-
relations between IgG titers vs. viral load and cytokine/
chemokine levels were assessed by Spearman’s test. Heat 
map analyses of the correlation coefficients between IgG 
and cytokine/chemokine levels were also conducted. 
Two-sided values of p less than 0.05 were considered sta-
tistically significant.

Results
Modulation of cytokine/chemokine levels in infected 
versus uninfected SARS-CoV-2 subjects
The demographic and clinical characteristics of the 
patients are summarized in Table 1. Regarding the sever-
ity of respiratory symptomatology, two patients were 
admitted to intensive care unit, three received non-inva-
sive ventilation (NIV), fourteen received conventional 
oxygen therapy, and two did not receive any respiratory 
support. A comparative analysis of the cytokine/che-
mokine serum profiles between SARS-CoV-2-positive 
and SARS-CoV-2-negative patients is detailed in Table 
S1. Figure  1 reports the levels of cytokines/chemokines 
which were significantly different in the two groups 
at T0. Notably, increased levels of IL-9 (p = 0.0305), 
IP-10 (p = 0.0069), MCP-1 (p = 0.0275) and RANTES 
(p = 0.0370) were observed in COVID-19 patients com-
pared to SARS-CoV-2 negative subjects (Fig.  1A, B, C 
and D, respectively).

Fig. 1 Cytokine and chemokine levels of SARS-CoV-2-positive and SARS-
CoV-2-negative patients. Cytokines/chemokines (A: IL-9; B: IP-10; C: MCP-1; 
D: RANTES) were measured in serum samples by multiplex immunoassays 
and analyzed related to SARS-CoV-2 infection status. Data are presented as 
log10 (Log) of concentrations (picograms per milliliter, pg/ml) and shown 
as median with interquartile ranges. Statistical analyses were performed 
using an unpaired t test. *p < 0.05; **p < 0.01
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As reported in Table  1, there were 3 fatalities in the 
SARS-CoV-2 positive group. While this small number 
precluded formal statistical analyses, we observed that 
at T0 the levels of both IP-10 and MCP-1 in deceased 
patients were the highest recorded within the SARS-
CoV-2-positive group (Fig. S1).

Kinetics of cytokines/chemokines over time
To obtain longitudinal changes of cytokines/chemokines 
in the two groups, serum concentrations were quantified 
at three time points: upon hospital admission (T0), at an 
intermediate time (T1), and on the last day of hospital-
ization (T2). While most cytokines/chemokines did not 
show significant differences over time (Table S2), both 
IL-6 and IP-10 exhibited a significant decrease through-
out the infection period (p = 0.0421 and p < 0.0001, 
respectively) (Fig. 2). It indicates a time-dependent mod-
ulation of IL-6 and IP-10 levels correlating with disease 
progression. The levels of cytokines/chemokines which 
were significantly different in SARS-CoV-2 positive and 
negative patients (IL-9, IP-10, MCP-1, RANTES) as well 
as those that decreased over time (IL-6, IP-10) were ana-
lyzed for correlation with the viral load in nasal swabs. 
However, no significant correlation was observed (Fig. 
S2).

Effect of early pharmacological treatment on IP-10 and IL-6 
plasma levels
We next reasoned that the administered pharmacological 
treatments (Table  1) may have influenced the observed 
decreasing trends in IL-6 and IP-10 levels over time. 
To investigate this, we analyzed IL-6 and IP-10 levels in 
SARS-CoV-2 positive individuals treated with azithromy-
cin (AZ), hydroxychloroquine (HCQ), the combination of 
both drugs, or other therapeutic regimens (acetylsalicylic 
acid alone or in combination with lopinavir/ritonavir, 
ketorolac) (Fig. 3). As a standard of care, paracetamol was 
administered to most of the patients at different stages 
of their hospitalization period. Considering the lack of 
approved pharmacological therapies at the time, only 
early time points (2–3 days post-hospitalization), when 

patients received single therapeutic treatments, were 
further analyzed. These analyses revealed that HCQ and 
other treatments distinct from HCQ, AZ, or their combi-
nation (labelled as “Other” in Fig. 3) were associated with 
a significant decrease in IP-10 levels between T0 and T1 
(Fig.  3B and D). Specifically, treatment with HCQ was 
correlated with a reduction in IL-6 levels (Fig. 3F).

Correlation analysis of serum cytokine/chemokine levels 
and IgG titers in SARS-CoV-2 infected patients
We then asked whether the cytokine/chemokine lev-
els found in the serum of SARS-CoV-2 infected patients 
might be correlated with the presence of specific antivi-
ral IgG antibodies. Initially, we studied the trend of the 
IgG titers throughout T0, T1 and T2 and found a statisti-
cally significant increase from T0 to T1, while antibody 
levels remained unchanged from T1 until the last day of 
hospitalization (Fig. 4A). Next, we performed Spearman’s 
correlation analyses displayed as a heat map to study the 
associations between specific cytokines/chemokines and 
IgG levels in all samples, regardless of the collection time 
(Fig. 4B). We observed that PDGF-bb, MIP-1β, RANTES, 
TNF-α and VEGF formed a cluster of highly correlated 
cytokines (Fig. 4B, dotted red line). Interestingly, a nega-
tive and statistically significant correlation was found 
between IgG levels and IP-10 (Fig.  4C), whereas IL-17 
showed a positive and significant association (Fig. 4D).

Assessment of Th2/Th1 cytokine dynamics in COVID-19 
patients
T-helper cells (Th) within the adaptive immune system 
play a crucial role against viral infections [13]. In COVID-
19, disease severity and mortality have been linked to 
an imbalance in Th2/Th1 cytokine levels [12]. Thus, we 
aimed to further assess the Th2/Th1 cytokine levels in the 
sera of our cohort of COVID-19 patients over the course 
of their infection (Fig. 5). We observed that the ratios of 
Th2 cytokines (IL-4, IL-6, and IL-10) to IFN-γ remained 
constant over time (Fig. 5A, C, E). There was an increase 
in the IL-4/TNF-α ratio from the initial to the final time 
point (Fig. 4B), whereas both the IL-6/TNF-α and IL-10/
TNF-α ratios exhibited a decrease (Fig. 5D and F). How-
ever, these changes did not reach statistical significance.

Discussion
Several studies have reported elevated cytokine/chemo-
kine levels and other circulating inflammatory mediators 
in the serum of COVID-19 patients, thereby intensifying 
the disease’s complexity [14]. This hyper-inflammatory 
response or “cytokine storm” can lead to widespread 
tissue damage, systemic inflammation, and potentially 
fatal organ dysfunction, significantly contributing to 
the severity and mortality of COVID-19 [15]. However, 
there is a high variability across studies in the specific 

Fig. 2 Kinetics of IL-6 (A) and IP-10 (B) in SARS-CoV-2 positive patients 
during hospitalization. The concentrations of cytokines/chemokines are 
represented as log10 (Log) of concentrations (picograms per milliliter, 
pg/ml). Statistical analyses were performed using one-way ANOVA and 
Tukey’s multiple comparison test. *p < 0.05; ****p < 0.001
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cytokines/chemokines involved, often reflecting differ-
ences in disease characteristics, demographic factors, 
and clinical settings. In this study, we analyzed the levels 
and the kinetics of 27 cytokines/chemokines in patients 
primarily infected during the pandemic’s first wave, who 
were unexposed to vaccines or established treatments, 
and compared these to uninfected individuals. The aim 
was to uncover novel insights into the initial immune 
response against SARS-CoV-2 infection. This selected 
panel of cytokines and chemokines is a reliable collection 
of markers involved in different diseases including infec-
tious diseases.

We show that the serum of SARS-CoV-2-positive 
patients presented higher levels of IL-9, RANTES, 
MCP-1 and IP-10 compared to negative individuals. 
MCP-1/CCL2 and RANTES/CCL5 belong to the CC 
family of chemokines, which regulate the migration of 
monocytes and T lymphocytes. Here, the elevated serum 
levels of both chemokines are in agreement with pub-
lished reports [16, 17]. The expression of CC chemo-
kines, rather than CXC chemokines, is often associated 
with viral infections. In particular, RANTES/CCL5 seems 
to be almost invariably enhanced during viral infections 

[18]. Despite their role in antiviral activity, whether these 
chemokines also contribute to the pathogenesis of the 
disease is still unclear. Consistent with previous studies, 
IP-10/CXCL10 was elevated in the serum of individuals 
suffering from COVID-19 disease [19], which aligns with 
its known association with acute respiratory infections 
[20] and disease severity [19, 21, 22]. Interestingly, a posi-
tive correlation between IP-10 levels and mortality was 
also observed in our cohort [23], with deceased patients 
also showing increased levels. Our findings also indicated 
higher IL-9 levels in COVID-19 patients. This is differ-
ent from other studies where the levels of this cytokine 
were not different from that of controls [24, 25]. This 
discrepancy highlights the cytokine complex role. IL-9 is 
produced by CD4 + T cells, in particular Th2 cells, and is 
associated with allergic asthma. In addition, high levels of 
IL-9 are also present in bronchial secretions from infants 
with respiratory syncytial viral bronchiolitis [26].

By performing longitudinal analyses, a time-depen-
dent reduction of IL-6 and IP-10 levels was observed. 
Since most of the patients recovered, these results are in 
line with previous studies demonstrating an association 
between IL-6 and IP-10 with disease progression [16, 

Fig. 3 Effect of early treatment on IP-10 and IL-6 plasma levels between T0 and T1. A-D) IP-10 levels following treatment with azithromycin (AZ), hydroxy-
chloroquine (HCQ), their combination (AZ + HCQ) and other treatments (Other), respectively. E-H) Variations in IL-6 serum levels post-treatment with AZ, 
HCQ, their combination and other therapeutic regimens, respectively. Concentrations of IL-6 and IP-10 are provided as log10 (Log) of concentrations 
(picograms per milliliter, pg/ml). Statistical analyses were performed using paired t test. Statistical significance is indicated above the graphs
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27]. Indeed, IL-6 is recognized as a crucial mediator in 
the cytokine response to COVID-19 infection. Elevated 
levels of IL-6 are a significant indicator of the severity of 
COVID-19 and are closely associated with the increased 
mortality rate observed in patients [27]. Furthermore, 
plasma levels of IL-6 have been also associated with mor-
bidity and mortality in patients with acute lung injury 
[28]. Despite the lack of differences observed regarding 
IL-6 as a biomarker for COVID-19 severity, our data are 
in agreement with the key role of both inflammatory fac-
tors in mediating the acute immune response.

Current evidence indicates that increased clinical 
severity in COVID-19 is often accompanied by elevated 
antibody levels [29]. However, the relationship between 
plasma IgG antibody titers and specific cytokine/chemo-
kine levels is not completely understood. Our analysis 
revealed significant correlations between IgG levels and 

specific cytokines/chemokines. Specifically, IgG levels 
negatively correlated with IP-10, while a positive associa-
tion was observed with IL-17. These findings are partially 
in line with previous studies, where negative associations 
with both IP-10 and G-CSF were reported [30]. Regarding 
IL-17, it has been suggested that the severity of COVID-
19 is closely associated with IL-17-driven inflammation. 
Patients with COVID-19 who required intensive care 
unit (ICU) treatment exhibited higher levels of Th17 cells 
and more severe clinical symptoms compared to those 
not in the ICU, likely due to the overproduction of IL-17 
and related cytokines [31]. Indeed, IL-17 blockade has 
been proposed as a viable therapeutic option to alleviate 
COVID-19 severity and reduce mortality related to acute 
respiratory distress syndrome (ARDS) [32]. Additionally, 
production of anti-Spike antibodies has been associated 
with virus neutralization [33, 34]. Thus, it is plausible 

Fig. 4 Correlations between serum cytokine/chemokine levels and anti-SARS-CoV-2 IgG antibodies. (A) IgG titers in SARS-CoV-2 infected patients at T0, 
T1 and T2. One-way ANOVA and Tukey’s multiple comparison test (****p < 0.001; ns, not significant). (B) Heat map representing Spearman’s correlation 
coefficients for cytokines/chemokines and IgG antibody titers. C-D) Scatter plots showing the correlations between IgG and IP-10 (C), and IL-17 (D). Each 
plot includes individual data points and a fitted line to indicate the correlation trend. R: correlation coefficient
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that the detected IgG antibodies in our cohort of patients 
possess high neutralizing activities, too. This hypothesis, 
however, remains to be investigated, especially because 
the humoral response alone may not be sufficient to clear 
the infection.

Considering the effect of drug treatment, hydroxy-
chloroquine (HCQ), known for its anti-inflammatory 
properties, significantly reduced IL-6 levels, an effect 
already observed in patients affected by systemic lupus 
erythematosus (SLE), a chronic autoimmune disease 
[35, 36]. Analogously, IP-10 was found to be reduced in 
SLE patients after HCQ treatment [37]. However, in the 
absence of an untreated group for comparison and due 
to the small sample size, a normal decrease of IL-6 and 
IP-10 levels cannot be completely ruled out. Regarding 
published reports, the WHO Solidarity Trial Consor-
tium found that HCQ regimen had little or no effect on 
hospitalized COVID-19 patients, as indicated by overall 
mortality, initiation of ventilation, and duration of hospi-
tal stay [38]. In addition, Willis and colleagues described 
unaltered IL-6 and IP-10 levels upon HCQ treatment 
[39]. In the light of these findings and despite the small 
sample size our cohort, our results might indicate vari-
ability in HCQ’s immunomodulatory effects, further 
emphasizing the need for additional investigations on the 

relationship between cytokines/chemokines and COVID-
19 immunomodulating pharmacological treatments.

The type of T helper (Th)  cell response is critical in 
influencing the progression and outcome of COVID-19 
[40]. In particular, the two major subtypes of Th cells, Th1 
and Th2, coordinate distinct immune responses to infec-
tions. Th1 cells produce cytokines such as IL-2 and IFN-γ 
that coordinate the cell-mediated immune response, 
while Th2 cells secrete cytokines like IL-4 and IL-6, which 
support the humoral response [41]. Notably, IL-6, often 
produced by Th2 cells, has complex roles and can also be 
involved in pro-inflammatory processes [42]. An imbal-
ance in the Th2/Th1 immune response has been impli-
cated in the immunopathology of COVID-19, though 
this concept is still controversial [43]. In fact, the prog-
nosis tends to worsen and the risk of mortality increases 
when the Th2 response predominates over the Th1 
response [42]. Here, we observed that the ratios of Th2 
to Th1 cytokines, specifically anti-inflammatory cyto-
kines (IL-4, IL-6, and IL-10) relative to IFN-γ, remained 
stable throughout the infection. Notably, we observed an 
increase in the IL-4/TNF-α ratio and a decrease in both 
IL-6/TNF-α and IL-10/TNF-α ratios. This contrasts with 
findings from other studies, where severe COVID-19 
cases showed a higher IL-6/IFN-γ ratio than milder cases, 

Fig. 5 Dynamic Th2/Th1 ratios during infection period. Comparative Th2/Th1 ratios based on anti-inflammatory cytokines IL-4 (A, B), IL-6 (C, D) and IL-10 
(E, F) vs. pro-inflammatory cytokines IFN-γ (A, C, E) and TNF-α (B, D, F). Box-and-whisker plots display the median and interquartile ranges
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suggesting a stronger cytokine storm leading to lung 
damage [44]. Moreover, a positive correlation between 
the TNF-α/IL-10 ratio and both respiratory failure 
and disease severity has been documented [14]. These 
results highlight the intricate dynamics between Th cell 
responses, cytokines and the cytokine storm in the pro-
gression and immunopathology of COVID-19 [45].

Conclusions
In conclusion, despite the small cohort size, our research 
contributes to the growing body of knowledge on the pri-
mary immune response to SARS-CoV-2, particularly in 
the context of the early pandemic phase, when neither 
approved vaccines nor specific antiviral treatments were 
available. It further highlights the necessity for additional 
research to investigate the complex interplay between 
cytokines/chemokines, antibody responses, and clinical 
outcomes in COVID-19. The insights gained from this 
study not only enhance our understanding of the disease 
immunopathology but also might pave the way for future 
research in developing targeted therapeutic strategies.

Abbreviations
COVID-19  Coronavirus disease 2019
IL-9  Interleukin-9
IL-6  Interleukin-6
IL-17  Interleukin-17
IL-4  Interleukin-4
IL-10  Interleukin-10
IL-6  Interleukin-6
CFR  Cumulative case fatality rate
ACE-2  Angiotensin-converting enzyme-related carboxypeptidase 2
AZ  Azithromycin
HCQ  Hydroxychloroquine
Th1  T-helper cells type 1
Th2  T-helper cells type 2
ICU  Intensive care unit
ARDS  Acute respiratory distress syndrome
SLE  Systemic lupus erythematosus

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12865-024-00641-z.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
SD, NB and SDA conceived the study. SD, NB, MC and PF acquired the funding. 
NZ, FP, LS, AM, AR, PP, SP, KKM, and ECA performed the experiments. SDA 
and ECA curated and analysed the data. NB, SDA and ECA wrote the original 
draft of the manuscript. MC, PF, SD, SP and ECA reviewed and edited the final 
manuscript draft.

Funding
Kevin Kamau Maina was supported by a Young Scientist Fellowship from the 
UNIMI GSA-IDEA project. This research was partially supported by EU funding 
within the NextGeneration EU-MUR PNRR Extended Partnership initiative on 
Emerging Infectious Diseases (Project no. PE00000007, INF-ACT), and by MIUR 
funding, PRIN prot. 2022Y8FZCP.

Data availability
The datasets supporting the conclusions of this article are included within the 
article and its additional file. Study protocols, including laboratory protocols, 
will be available upon request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki 
and approved by the Institutional Review Board of Fondazione Ca’ Granda, 
Ospedale Maggiore (Milan, Italy). Clinical specimens were collected upon 
approval from the Local Ethical Committee and following the acquisition 
of signed informed consents (protocol 456_2020, approved in May 2020 by 
Fondazione Ca’ Granda, Ospedale Maggiore, Milan, Italy).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Pharmacological and Biomedical Sciences, Università 
degli Studi di Milano, Via Carlo Pascal, 36, Milano 20133, Italy
2Department of Advanced Translational Microbiology, Institute for 
Maternal and Child Health—IRCCS Burlo Garofolo, Via dell’Istria, 65,  
Trieste 34137, Italy
3Department of Biomedical, Surgical and Dental Sciences, Università degli 
Studi di Milano, Via Carlo Pascal, 36, Milano 20133, Italy
4Department of Biomedical Sciences for Health, Università degli Studi di 
Milano, Via Carlo Pascal, 36, Milano 20133, Italy
5Istituto Clinico Città Studi, Via Ampere, 47, Milano 20133, Italy

Received: 15 April 2024 / Accepted: 11 July 2024

References
1. Song C, Li Z, Li C, Huang M, Liu J, Fang Q, Cao Z, Zhang L, Gao P, Nie W, et 

al. SARS-CoV-2: the monster causes COVID-19. Front Cell Infect Microbiol. 
2022;12:835750. https://doi.org/10.3389/fcimb.2022.835750.

2. Indolfi C, Spaccarotella C. The outbreak of COVID-19 in Italy: fighting 
the pandemic. JACC Case Rep. 2020;2:1414–8. https://doi.org/10.1016/j.
jaccas.2020.03.012.

3. Zawilska JB, Lagodzinski A, Berezinska M. COVID-19: from the structure and 
replication cycle of SARS-CoV-2 to its disease symptoms and treatment. J 
Physiol Pharmacol. 2021;72. https://doi.org/10.26402/jpp.2021.4.01.

4. Medina-Enríquez MM, Lopez-León S, Carlos-Escalante JA, Aponte-Torres Z, 
Cuapio A, Wegman-Ostrosky T. ACE2: the molecular doorway to SARS-CoV-2. 
Cell Biosci. 2020;10:148. https://doi.org/10.1186/s13578-020-00519-8.

5. Dolci M, Signorini L, D’Alessandro S, Perego F, Parapini S, Sommariva M, 
Taramelli D, Ferrante P, Basilico N, Delbue S. In Vitro SARS-CoV-2 infection 
of microvascular endothelial cells: Effect on Pro-inflammatory Cytokine 
and Chemokine Release. Int J Mol Sci. 2022;23. https://doi.org/10.3390/
ijms23074063.

6. Yang L, Xie X, Tu Z, Fu J, Xu D, Zhou Y. The signal pathways and treatment of 
cytokine storm in COVID-19. Signal Transduct Target Ther. 2021;6:255. https://
doi.org/10.1038/s41392-021-00679-0.

7. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. HLH 
across Speciality Collaboration, U.K. COVID-19: consider cytokine storm 
syndromes and immunosuppression. Lancet. 2020;395:1033–4. https://doi.
org/10.1016/S0140-6736(20)30628-0.

8. Zheng J, Wang Y, Li K, Meyerholz DK, Allamargot C, Perlman S. Severe Acute 
Respiratory Syndrome Coronavirus 2-Induced Immune activation and death 
of Monocyte-Derived Human macrophages and dendritic cells. J Infect Dis. 
2021;223:785–95. https://doi.org/10.1093/infdis/jiaa753.

9. Sánchez-de Prada L, Gorgojo-Galindo Ó, Fierro I, Martínez-García AM, de 
Quintana GS, Gutiérrez-Bustillo R, Pelaez-Jareño MT, Álvarez-Fuente E, Gómez-
Sánchez E, Tamayo E, et al. Time evolution of cytokine profiles associated with 

https://doi.org/10.1186/s12865-024-00641-z
https://doi.org/10.1186/s12865-024-00641-z
https://doi.org/10.3389/fcimb.2022.835750
https://doi.org/10.1016/j.jaccas.2020.03.012
https://doi.org/10.1016/j.jaccas.2020.03.012
https://doi.org/10.26402/jpp.2021.4.01
https://doi.org/10.1186/s13578-020-00519-8
https://doi.org/10.3390/ijms23074063
https://doi.org/10.3390/ijms23074063
https://doi.org/10.1038/s41392-021-00679-0
https://doi.org/10.1038/s41392-021-00679-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1093/infdis/jiaa753


Page 9 of 9Calvo-Alvarez et al. BMC Immunology           (2024) 25:49 

mortality in COVID-19 hospitalized patients. Front Immunol. 2022;13:946730. 
https://doi.org/10.3389/fimmu.2022.946730.

10. WHO, Organization W. H. Coronavirus disease (COVID-19) technical guidance: 
Laboratory testing for 2019-nCoV in humans. US CDC Real-time RT-PCR Panel 
for Detection 2019-Novel Coronavirus28 January (2020).

11. Villani S, Zanotta N, Ambrogi F, Comar M, Franciotta D, Dolci M, Cason 
C, Ticozzi R, Ferrante P, Delbue S. Multiplex array analysis of circulating 
cytokines and chemokines in natalizumab-treated patients with mul-
tiple sclerosis. J Neuroimmunol. 2017;310:91–6. https://doi.org/10.1016/j.
jneuroim.2017.06.012.

12. Pavel AB, Glickman JW, Michels JR, Kim-Schulze S, Miller RL, Guttman-Yassky E. 
Th2/Th1 Cytokine Imbalance is Associated with higher COVID-19 risk mortal-
ity. Front Genet. 2021;12:706902. https://doi.org/10.3389/fgene.2021.706902.

13. Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, Chen L, Li M, Wang G, Yuan Z, 
et al. Reduction and functional exhaustion of T cells in patients with Coro-
navirus Disease 2019 (COVID-19). Front Immunol. 2020;11:827. https://doi.
org/10.3389/fimmu.2020.00827.

14. Bülow Anderberg S, Luther T, Berglund M, Larsson R, Rubertsson S, Lipcsey 
M, Larsson A, Frithiof R, Hultström M. Increased levels of plasma cyto-
kines and correlations to organ failure and 30-day mortality in critically ill 
Covid-19 patients. Cytokine. 2020;138:155389. https://doi.org/10.1016/j.
cyto.2020.155389.

15. Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg S, Wang 
B, Lavin Y, Swartz TH, Madduri D, Stock A, et al. An inflammatory cytokine 
signature predicts COVID-19 severity and survival. Nat Med. 2020;26:1636–43. 
https://doi.org/10.1038/s41591-020-1051-9.

16. Jøntvedt Jørgensen M, Holter JC, Christensen EE, Schjalm C, Tonby K, Pischke 
SE, Jenum S, Skeie LG, Nur S, Lind A, et al. Increased interleukin-6 and mac-
rophage chemoattractant protein-1 are associated with respiratory failure in 
COVID-19. Sci Rep. 2020;10. https://doi.org/10.1038/s41598-020-78710-7.

17. Chen Y, Wang J, Liu C, Su L, Zhang D, Fan J, Yang Y, Xiao M, Xie J, Xu Y, et al. 
IP-10 and MCP-1 as biomarkers associated with disease severity of COVID-19. 
Mol Med. 2020;26:97. https://doi.org/10.1186/s10020-020-00230-x.

18. Melchjorsen J, Sørensen LN, Paludan SR. Expression and function of chemo-
kines during viral infections: from molecular mechanisms to in vivo function. 
J Leukoc Biol. 2003;74:331–43. https://doi.org/10.1189/jlb.1102577.

19. Yang Y, Shen C, Li J, Yuan J, Wei J, Huang F, Wang F, Li G, Li Y, Xing L, et al. 
Plasma IP-10 and MCP-3 levels are highly associated with disease severity and 
predict the progression of COVID-19. J Allergy Clin Immunol. 2020;146:119–
e127114. https://doi.org/10.1016/j.jaci.2020.04.027.

20. Wood LG, Powell H, Grissell TV, Davies B, Shafren DR, Whitehead BF, 
Hensley MJ, Gibson PG. Persistence of rhinovirus RNA and IP-10 gene 
expression after acute asthma. Respirology. 2011;16:291–9. https://doi.
org/10.1111/j.1440-1843.2010.01897.x.

21. Hayney MS, Henriquez KM, Barnet JH, Ewers T, Champion HM, Flannery S, Bar-
rett B. Serum IFN-γ-induced protein 10 (IP-10) as a biomarker for severity of 
acute respiratory infection in healthy adults. J Clin Virol. 2017;90:32–7. https://
doi.org/10.1016/j.jcv.2017.03.003.

22. Sumino KC, Walter MJ, Mikols CL, Thompson SA, Gaudreault-Keener M, 
Arens MQ, Agapov E, Hormozdi D, Gaynor AM, Holtzman MJ, et al. Detection 
of respiratory viruses and the associated chemokine responses in serious 
acute respiratory illness. Thorax. 2010;65:639–44. https://doi.org/10.1136/
thx.2009.132480.

23. Tegethoff SA, Danziger G, Kühn D, Kimmer C, Adams T, Heintz L, Metz C, Rei-
fenrath K, Angresius R, Mang S, et al. TNF-related apoptosis-inducing ligand, 
interferon gamma-induced protein 10, and C-reactive protein in predicting 
the progression of SARS-CoV-2 infection: a prospective cohort study. Int J 
Infect Dis. 2022;122:178–87. https://doi.org/10.1016/j.ijid.2022.05.051.

24. Korobova ZR, Arsentieva NA, Liubimova NE, Batsunov OK, Dedkov VG, 
Gladkikh AS, Sharova AA, Adish Z, Chernykh EI, Kaschenko VA, et al. Cytokine 
profiling in different SARS-CoV-2 Genetic variants. Int J Mol Sci. 2022;23. 
https://doi.org/10.3390/ijms232214146.

25. Ghazavi A, Ganji A, Keshavarzian N, Rabiemajd S, Mosayebi G. Cytokine profile 
and disease severity in patients with COVID-19. Cytokine. 2021;137:155323. 
https://doi.org/10.1016/j.cyto.2020.155323.

26. Dodd JS, Lum E, Goulding J, Muir R, Van Snick J, Openshaw PJ. IL-9 regulates 
pathology during primary and memory responses to respiratory syncytial 
virus infection. J Immunol. 2009;183:7006–13. https://doi.org/10.4049/
jimmunol.0900085.

27. Santa Cruz A, Mendes-Frias A, Oliveira AI, Dias L, Matos AR, Carvalho A, 
Capela C, Pedrosa J, Castro AG, Silvestre R. Interleukin-6 is a biomarker for 
the development of fatal severe Acute Respiratory Syndrome Coronavirus 

2 Pneumonia. Front Immunol. 2021;12:613422. https://doi.org/10.3389/
fimmu.2021.613422.

28. Parsons PE, Eisner MD, Thompson BT, Matthay MA, Ancukiewicz M, Bernard 
GR, Wheeler AP. Lower tidal volume ventilation and plasma cytokine markers 
of inflammation in patients with acute lung injury. Crit Care Med. 2005;33:1–
6; discussion 230–232, https://doi.org/10.1097/01.ccm.0000149854.61192.dc.

29. Röltgen K, Powell AE, Wirz OF, Stevens BA, Hogan CA, Najeeb J, Hunter M, 
Wang H, Sahoo MK, Huang C, et al. Defining the features and duration of anti-
body responses to SARS-CoV-2 infection associated with disease severity and 
outcome. Sci Immunol. 2020;5. https://doi.org/10.1126/sciimmunol.abe0240.

30. Pons MJ, Ymaña B, Mayanga-Herrera A, Sáenz Y, Alvarez-Erviti L, Tapia-Rojas S, 
Gamarra R, Blanco AB, Moncunill G, Ugarte-Gil MF. Cytokine profiles Associ-
ated with worse prognosis in a hospitalized Peruvian COVID-19 cohort. Front 
Immunol. 2021;12:700921. https://doi.org/10.3389/fimmu.2021.700921.

31. Megna M, Napolitano M, Fabbrocini G, May. IL-17 have a role in COVID-19 
infection? Med Hypotheses. 2020;140:109749. https://doi.org/10.1016/j.
mehy.2020.109749.

32. Bulat V, Situm M, Azdajic MD, Likic R. Potential role of IL-17 blocking agents 
in the treatment of severe COVID-19? Br J Clin Pharmacol. 2021;87:1578–81. 
https://doi.org/10.1111/bcp.14437.

33. Robbiani DF, Gaebler C, Muecksch F, Lorenzi JCC, Wang Z, Cho A, Agudelo M, 
Barnes CO, Gazumyan A, Finkin S, et al. Convergent antibody responses to 
SARS-CoV-2 in convalescent individuals. Nature. 2020;584:437–42. https://doi.
org/10.1038/s41586-020-2456-9.

34. Dolscheid-Pommerich R, Bartok E, Renn M, Kümmerer BM, Schulte B, 
Schmithausen RM, Stoffel-Wagner B, Streeck H, Saschenbrecker S, Steinhagen 
K, et al. Correlation between a quantitative anti-SARS-CoV-2 IgG ELISA and 
neutralization activity. J Med Virol. 2022;94:388–92. https://doi.org/10.1002/
jmv.27287.

35. Wakiya R, Ueeda K, Nakashima S, Shimada H, Kameda T, Mansour MMF, Kato 
M, Miyagi T, Sugihara K, Mizusaki M, et al. Effect of add-on hydroxychloro-
quine therapy on serum proinflammatory cytokine levels in patients with sys-
temic lupus erythematosus. Sci Rep. 2022;12:10175. https://doi.org/10.1038/
s41598-022-14571-6.

36. Silva JC, Mariz HA, Rocha LF, Oliveira PS, Dantas AT, Duarte AL, Pitta IaR, 
Galdino SL, Pitta MG. Hydroxychloroquine decreases Th17-related cytokines 
in systemic lupus erythematosus and rheumatoid arthritis patients. Clin (Sao 
Paulo). 2013;68:766–71. https://doi.org/10.6061/clinics/2013(06)07.

37. Lambers WM, Westra J, Bootsma H, de Leeuw K. Hydroxychloroquine sup-
presses Interferon-inducible genes and B cell activating factor in patients 
with incomplete and new-onset systemic lupus erythematosus. J Rheumatol. 
2021;48:847–51. https://doi.org/10.3899/jrheum.200726.

38. Pan H, Peto R, Henao-Restrepo AM, Preziosi MP, Sathiyamoorthy V, Abdool 
Karim Q, Alejandria MM, Hernández García C, Kieny MP, Malekzadeh R, et al. 
Repurposed antiviral drugs for Covid-19 - interim WHO Solidarity Trial results. 
N Engl J Med. 2021;384:497–511. https://doi.org/10.1056/NEJMoa2023184.

39. Willis R, Seif AM, McGwin G, Martinez-Martinez LA, González EB, Dang N, 
Papalardo E, Liu J, Vilá LM, Reveille JD, et al. Effect of hydroxychloroquine 
treatment on pro-inflammatory cytokines and disease activity in SLE patients: 
data from LUMINA (LXXV), a multiethnic US cohort. Lupus. 2012;21:830–5. 
https://doi.org/10.1177/0961203312437270.

40. Moss P. The T cell immune response against SARS-CoV-2. Nat Immunol. 
2022;23:186–93. https://doi.org/10.1038/s41590-021-01122-w.

41. Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns of lympho-
kine secretion lead to different functional properties. Annu Rev Immunol. 
1989;7:145–73. https://doi.org/10.1146/annurev.iy.07.040189.001045.

42. Diehl S, Rincón M. The two faces of IL-6 on Th1/Th2 differentiation. Mol 
Immunol. 2002;39:531–6. https://doi.org/10.1016/s0161-5890(02)00210-9.

43. Kidd P. Th1/Th2 balance: the hypothesis, its limitations, and implications for 
health and disease. Altern Med Rev. 2003;8:223–46.

44. Lagunas-Rangel FA, Chávez-Valencia V, High. IL-6/IFN-γ ratio could be associ-
ated with severe disease in COVID-19 patients. J Med Virol. 2020;92:1789–90. 
https://doi.org/10.1002/jmv.25900.

45. Luo XH, Zhu Y, Mao J, Du RC. T cell immunobiology and cytokine storm 
of COVID-19. Scand J Immunol. 2021;93:e12989. https://doi.org/10.1111/
sji.12989.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3389/fimmu.2022.946730
https://doi.org/10.1016/j.jneuroim.2017.06.012
https://doi.org/10.1016/j.jneuroim.2017.06.012
https://doi.org/10.3389/fgene.2021.706902
https://doi.org/10.3389/fimmu.2020.00827
https://doi.org/10.3389/fimmu.2020.00827
https://doi.org/10.1016/j.cyto.2020.155389
https://doi.org/10.1016/j.cyto.2020.155389
https://doi.org/10.1038/s41591-020-1051-9
https://doi.org/10.1038/s41598-020-78710-7
https://doi.org/10.1186/s10020-020-00230-x
https://doi.org/10.1189/jlb.1102577
https://doi.org/10.1016/j.jaci.2020.04.027
https://doi.org/10.1111/j.1440-1843.2010.01897.x
https://doi.org/10.1111/j.1440-1843.2010.01897.x
https://doi.org/10.1016/j.jcv.2017.03.003
https://doi.org/10.1016/j.jcv.2017.03.003
https://doi.org/10.1136/thx.2009.132480
https://doi.org/10.1136/thx.2009.132480
https://doi.org/10.1016/j.ijid.2022.05.051
https://doi.org/10.3390/ijms232214146
https://doi.org/10.1016/j.cyto.2020.155323
https://doi.org/10.4049/jimmunol.0900085
https://doi.org/10.4049/jimmunol.0900085
https://doi.org/10.3389/fimmu.2021.613422
https://doi.org/10.3389/fimmu.2021.613422
https://doi.org/10.1097/01.ccm.0000149854.61192.dc
https://doi.org/10.1126/sciimmunol.abe0240
https://doi.org/10.3389/fimmu.2021.700921
https://doi.org/10.1016/j.mehy.2020.109749
https://doi.org/10.1016/j.mehy.2020.109749
https://doi.org/10.1111/bcp.14437
https://doi.org/10.1038/s41586-020-2456-9
https://doi.org/10.1038/s41586-020-2456-9
https://doi.org/10.1002/jmv.27287
https://doi.org/10.1002/jmv.27287
https://doi.org/10.1038/s41598-022-14571-6
https://doi.org/10.1038/s41598-022-14571-6
https://doi.org/10.6061/clinics/2013(06)07
https://doi.org/10.3899/jrheum.200726
https://doi.org/10.1056/NEJMoa2023184
https://doi.org/10.1177/0961203312437270
https://doi.org/10.1038/s41590-021-01122-w
https://doi.org/10.1146/annurev.iy.07.040189.001045
https://doi.org/10.1016/s0161-5890(02)00210-9
https://doi.org/10.1002/jmv.25900
https://doi.org/10.1111/sji.12989
https://doi.org/10.1111/sji.12989

	Multiplex array analysis of circulating cytokines and chemokines in COVID-19 patients during the first wave of the SARS-CoV-2 pandemic in Milan, Italy
	Abstract
	Background
	Methods
	Patient and sample collection
	SARS-CoV-2 diagnosis
	Cytokine/chemokine measurements and analysis
	Detection of specific SARS-CoV-2 IgG antibodies in serum samples by ELISA
	Statistical analysis

	Results
	Modulation of cytokine/chemokine levels in infected versus uninfected SARS-CoV-2 subjects
	Kinetics of cytokines/chemokines over time
	Effect of early pharmacological treatment on IP-10 and IL-6 plasma levels
	Correlation analysis of serum cytokine/chemokine levels and IgG titers in SARS-CoV-2 infected patients
	Assessment of Th2/Th1 cytokine dynamics in COVID-19 patients

	Discussion
	Conclusions
	References


