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Abstract

COVID-19 is a viral respiratory infection caused by SARS-CoV-2. The immune system plays a piv-
otal role in disease resolution but can also be detrimental to the clinical outcome in case of unbalanced 
immune activation.  In this study, we have focused on the parallel expression of IL-6, a potent pro-inflam-
matory cytokine, and IL-10, an important regulator of the immune response, in COVID-19 patients. Using 
bead-based multiplex immunoassay technology we compared the serum levels of IL-6 and IL-10 in 47 
COVID-19 patients with mild, moderate, or severe disease. The serum concentrations of both cytokines 
were significantly elevated in patients with severe COVID-19, and there was a significant positive correla-
tion between IL-6 and IL-10 in the moderate and severe groups (R=0.6; p<0.001). Our observations support 
that IL-6 is one of the driving forces for the cytokine release syndrome in COVID-19 while the immuno-
suppressive properties of IL-10 in severe disease act as a hindrance to viral clearance. 
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Резюме

COVID-19 е вирусна респираторна инфекция, която се причинява от SARS-CoV-2. Имунната 
система има ключова роля за овладяване на инфекцията, но би могла да доведе до допълнително 
увреждане на собствения организъм при небалансирана имунна свръхактивация. В това проучване 
сме изследвали паралелната експресия на IL-6, цитокин с мощна инфламаторна активност, и IL-
10 - важен регулатор на имунния отговор, при пациенти с COVID-19. С помощта на мултиплексна 
технология (Luminex) са определени серумните концентрации на IL-6 и IL-10 при 47 пациента с 
COVID-19, разпределени в три групи според клиничната тежест на болестта (лека, умерено тежка 
или тежка). Установихме значително повишени концентрации и на двата цитокина в групата с тежко 
протичане, както и положителна корелация между IL-6 и IL-10 при пациентите с умерено тежка и 
тежка форма Наблюденията ни са в подкрепа на идеята, че IL-6 е сред основните движещи сили 
при синдрома на цитокиново освобождаване по време на COVID-19, докато имуносупресивните 
функции на IL-10 в тежките случаи възпрепятстват елиминирането на вируса. 
Introduction

COVID-19 is a viral infection in humans 
caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). After its first detection at 
the end of 2019, the virus quickly spread globally 
and was officially declared a pandemic by WHO in 
March 2020. As with any other infectious disease 
COVID-19 triggers the activation of host defence 
systems with the induction of complex inflamma-
tory and immune processes. Protective anti-viral  
immunity is a balance between effector mechanisms  
preventing viral entry and destroying infected cells,  

 
generation of immune memory, and downregula-
tion of immune inflammation. An adequate antivi-
ral response results in a swift resolution of infec-
tion with an asymptomatic or mild clinical course. 
However, in some cases, the disease progresses 
with the development of pneumonia, ARDS, sep-
sis, multiorgan failure, and even death. A charac-
teristic finding in patients with severe symptoms 
is an immune profile reflecting a dysregulated im-
mune response. This includes significant systemic 
elevation of pro-inflammatory cytokines (called cy-
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tokine release syndrome [CRS]), a high neutrophil 
to lymphocyte ratio (NLR), and a prevalence of the 
Th2 response of the adaptive immunity (Pasrija and 
Naime, 2020; Luo et al., 2021).

IL-6 plays a central role in the acute inflam-
matory response and the cytokine release syndrome. 
Excessively high levels of Il-6 are also found in 
states of chronic inflammation and autoimmune 
disorders which provides additional evidence for its 
pathologic potential. IL-6 production is promoted 
after recognition of pathogen-associated molecular 
patterns (PAMPs) by a variety of pathogen-recog-
nition receptors (PRRs), as well as after induction 
by damage-associated molecular patterns (DAMPs) 
and other cytokines such as IL-1α and TNF-α. After 
binding to its receptor IL-6R it activates numerous 
inflammatory, immune and hematopoietic process-
es through its action on leukocytes, hepatocytes, fi-
broblasts, bone marrow stromal cells, and epithelial 
and endothelial cells (Tanaka et al., 2014).

IL-10, on the other hand, is an essential im-
mune regulator through its inhibitory effect on the 
activity of macrophages, Th1 lymphocytes, and NK 
cells. During infection, it is a major product of in-
duced Treg and serves to prevent overactivation of 
the cytotoxic processes and unnecessary tissue dam-
age, while promoting the differentiation of memo-
ry T cells (Nikolova et al., 2009). IL-10 also has a 
modulatory effect on Th2 responses by suppressing 
IL-4, IL-5, and IL-13 and their pro-fibrotic func-
tions. However, the overproduction of IL-10 leads 
to excessive inhibition of the immune response and 
impairment of pathogen clearance. Induction of IL-
10 by the pathogen itself to dampen the immune 
process has also been suggested as a possible ex-
planation for increased concentrations of IL-10 in 
persisting infections (Couper et al., 2008).

In the settings of the SARS-CoV-2 pandemic, 
IL-6 became one of the widely used biomarkers for 
monitoring and prognosis of COVID19 patients. At 
the same time, IL-10 has been less studied or em-
ployed. However, the balance between the anti-in-
fective inflammatory processes and their back-reg-
ulation is of crucial importance for the clinical out-
come. Therefore, in this study, we have focused on 
the parallel expression of IL-6 and IL-10 in three 
groups of COVID-19 patients with different sever-
ity of infection.
Materials and Methods
Patients and clinical samples

A cohort group of 47 patients participated in 
this study. The cohort group consisted of 21 males 

and 26 females, mean age of 50 years. COVID-19 
infection in all patients was confirmed by RT-PCR. 
Patients were grouped based on disease severity 
into mild, n=18; moderate, n=19 and severe group, 
n=10. The criteria used for the definition of mild, 
moderate, and severe cases were in accordance 
with the WHO guideline (WHO, 2022). Serum 
samples were taken in the first week after the onset 
of symptoms. 
Cytokines assay

Samples were tested with ProcartaPlex™ 
immunoassay, which is an antibody-based system 
with magnetic bead reagent for multiplex protein 
quantitation using the Luminex instrument plat-
form. For the purposes of the present study, we ex-
amined serum concentrations of the two cytokines 
IL-6 and IL-10.

All samples were processed according to 
the manufacturer’s instructions, measured by Lu-
minexTM 200X detection system, and analysed with 
ProcartaPlexTM Analyst 1.0 Software (Invitrogen). 
Serum concentrations are given as mean in pg/ml 
with a 95% CI (Confidence interval).
Statistical analysis

The statistical analysis of data was performed 
in SPSS software using independent samples 
Kruskal–Wallis test. We evaluate the correlation re-
lations between IL-6 and IL-10 cytokines overall in 
different groups of severity calculating Spearman’s 
correlation coefficient. A p-value of < 0.05 was 
considered statistically significant. Graphs were 
made with GraphPad Prism 9 software.
Results

Our study established that the serum con-
centrations of two important immune response cy-
tokines, IL-10 and IL-6, were elevated in samples 
from COVID-19 patients. The analysed data is pre-
sented in Table 1. 

IL-10 serum levels were increased in all 
groups of patients, with the highest mean serum 
concentration (5.35 pg/ml) in the severe group. We 
found a statistically significant difference between 
the groups (p<0.05), (Fig. 1).

IL-6 showed a trend for higher mean concen-
tration values in the severe group (215.07 pg/ml). 
The difference between groups was found to be sta-
tistically significant (p<0.05), (Fig. 2).

While IL-6 and IL-10 did not correlate in 
the whole cohort, a high correlation was observed 
between them when only moderate and severe pa-
tients were analysed (Fig. 3) (Spearman’s R=0.6; 
p<0.001).
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Fig. 3. A positive correlation between the levels of 
IL-6 and IL-10 in patients with moderate and se-
vere COVID-19 (Spearman R=0.6; p<0.001).
Discussion

We studied 47 patients divided into three 
groups based on disease severity (mild, moderate, 
and severe) and observed significant differences in 
the concentrations of IL-6 and IL-10 between the 
three groups. The serum levels of both cytokines 
were noticeably higher in patients with severe dis-
ease compared to those with mild or moderate 
illness. A high correlation was observed between the 
expression of the two molecules after excluding the 
mild cases which correspond to the fact that patho-
logical inflammation combined with “exaggerated” 
inhibition is associated with aggravated clinics.

IL-6 plays an important part in the early re-
sponse against SARS-CoV-2 infection. It is initially 
elevated together with other molecules of the in-
nate antiviral defence such as type I/III interfer-
ons, IL-1, and TNF-α in an attempt to limit viral 
replication and dissemination (Pasrija and Naime, 
2020). However, IL-6 has also been established as 
a key factor in the induction and maintenance of the 
hyperinflammatory state characteristic of severe 
COVID-19 disease. Observations from previous 
studies have consistently found a positive correla-

Table 1. Mean serum levels of IL-10 and IL-6 in mild, moderate and severe COVID-19 patients

Cytokine Severity Mean SD SE 95%CI 
Lower Bound

95%CI 
Upper Bound

IL-10 (pg/ml) Mild 0.88 1.37 0.26 0.34 1.42
  Moderate 1.66 3.95 0.69 0.24 3.09
  Severe 5.35 7.51 1.77 1.61 9.08
lL-6 (pg/ml) Mild 10.86 3.81 0.73 9.35 12.37
  Moderate 11.15 5.20 0.91 9.27 13.02
  Severe 215.06 606.11 142.86 -86.34 516.48

SD – standard deviation, SE – Standard error, CI – Confidence interval 

Fig. 1. Evaluation of serum levels of IL-10 in the 
group of patients with mild, moderate and severe 
COVID-19. Individual values for patients with mild (group 
1, open circle); with moderate (group 2, grey circle) and with 
severe (group 3, black circle) COVID-19 are shown. Means are 
denoted. Statistical differences were determined by Kruskal–
Wallis test (**p<0.001, *p<0.05, ns - not significant, p>0.05). 

Fig. 2. Evaluation of serum levels of IL-6 in the 
group of patients with mild, moderate and severe 
COVID-19. Individual values for patients with mild (group 
1, open circle); with moderate (group 2, grey circle) and with 
severe (group 3, black circle) COVID-19 are shown. Means 
are denoted. Statistical differences were determined by 
Kruskal–Wallis test (**p<0.001, ns, not significant, p>0.05).
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tion between serum concentrations of this cytokine 
and disease severity (Coomes and Haghbayan, 
2020; Vabret et al., 2020; Darif et al., 2021). Some 
studies have even proposed the role of IL-6 as a bi-
omarker predictive of poorer outcomes (Darif et al., 
2021; Ling et al., 2021; Hsu et al., 2022), though 
its prognostic utility has been questioned by others 
(Yang et al., 2020).

We observed significantly increased produc-
tion of IL-6 in patients with a severe disease which 
suggests a key role for this cytokine in the develop-
ment of pathological inflammation. There are several 
mechanisms through which this could be achieved. 
Its effects on the liver lead to induction of the acute 
phase response with an elevation of the acute phase 
proteins C-reactive protein (CRP), fibrinogen, se-
rum amyloid A (SAA), α1-antichymotrypsin and 
suppression of fibronectin, albumin, etc. IL-6 also 
promotes Th17 and cytotoxic CD8 T cell differen-
tiation, and antibody production while inhibiting 
Treg activation. Th17 cells in turn secrete the potent 
pro-inflammatory cytokine IL-17 which is responsi-
ble for the induction of many inflammatory cytokines 
and chemokines and promotes the recruitment of 
neutrophils (Tanaka et al., 2014; Pasrija and Naime, 
2020; Darif et al., 2021). In severe COVID-19 IL-6 
has been found to correlate with lymphopenia (es-
pecially concerning CD8 and CD4 T cell counts), 
increased NLR, as well as NK cell dysfunction. It 
has been proposed to play a role in lymphocyte ex-
haustion and necrosis and dysregulation of NK cell 
cytolytic properties (Vabret et al., 2020; Hsu et al., 
2022). IL-6 also contributes to the development of 
pathological vascular events by promoting the ex-
pression of tissue factors, production of fibrinogen, 
and stimulation of megakaryocytes. This results in 
thrombotic events in the lungs and other organs and 
further exacerbates the immunopathological state 
(Darif et al., 2021). In addition, IL-6 has pro-fibrotic 
effects on tissues, including the lungs, by acting on 
fibroblasts, which promotes the development of pul-
monary fibrosis (Tanaka et al., 2014). All these ad-
verse effects separately or in combination contribute 
to a more severe disease course and explain the clin-
ical findings of severe pneumonia and systemic in-
flammation that we observed in patients with highly 
elevated IL-6 concentrations.

Considering its significant role in disease 
pathogenesis, it is not surprising that IL-6 has been 
suggested as a promising target of therapeutic efforts 
in the management of COVID-19. The success of 
several clinical trials with siltuximab (monoclonal 
antibody against IL-6), tocilizumab, and sarilumab 

(IL-6R antagonists) is further testament to the detri-
mental role of high IL-6 concentrations on disease 
progression (Coomes and Haghbayan, 2020; Darif 
et al., 2021; Luo et al., 2021; Hsu et al., 2022).

In contrast, IL-10 is an important anti-inflam-
matory cytokine that leads to suppression of proin-
flammatory cytokine expression, antigen presenta-
tion, and activation of CD4+ T cells with overall 
inhibition of the Th1 response (Couper et al., 2008; 
Filippi and von Herrath, 2008; Ouyang et al., 2011). 
Thus, it plays a crucial role in preventing excessive 
tissue damage during infection. 

Despite its protective properties, results from 
numerous studies indicate that significantly higher 
serum concentrations of IL-10 were found in pa-
tients with severe disease in comparison to those 
with milder symptoms (Vabret et al., 2020; Ling et 
al., 2021; Hsu et al., 2022). Increased levels have 
also been found to correlate with the elevation of 
other cytokines characteristic of CRS. There have 
been few reports suggesting that IL-10 might be 
useful as an indicator of poor prognosis (Lu et al., 
2020; Zhao et al., 2020; Ling et al., 2021) though 
this has not been universally accepted (Yang et al., 
2020).

Our results also point to an association be-
tween elevated IL-10 concentrations and a more 
severe disease course. In the setting of a dysregulat-
ed immune response increased production of IL-10 
could be expected as an attempt to ameliorate the hy-
perinflammatory state. However, suppression of the 
Th1 response probably serves to further impede vi-
ral clearance and aggravate the immune imbalance. 
It has been shown that viral persistence could be as-
sociated with higher counts of Treg cells producing 
IL-10 (Neumann et al., 2020). In addition, uncon-
trolled inhibition of the proinflammatory processes 
by IL-10 in other infections (e.g., with Plasmodium 
spp., Leishmania spp., Mycobacterium spp., LCV, 
etc.) results in fulminant disease or chronification. 
Experiments on mice suggest that IL-10 inhibition 
could be beneficial in cases where there is a corre-
lation between increased levels and poor pathogen 
control (Couper et al., 2008).

There have been suggestions that elevated 
concentrations of IL-10 during severe illness are due 
to either an impaired anti-inflammatory function or 
the promotion of its proinflammatory properties. 
The capacity of IL-10 in high concentrations to in-
duce an inflammatory response in certain situations 
has been demonstrated in several studies (Lu et al., 
2020; Islam et al., 2021). Increased levels have also 
been correlated with lymphopenia and IL-10 could 
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also be responsible for the functional exhaustion of 
CD8 T lymphocytes observed in severe COVID-19 
disease (Diao et al., 2020; Vabret et al., 2020). “Re-
sistance” of the immune system to IL-10 suppres-
sion has been reported in hyperglycemic states and 
might be another mechanism of disease aggravation 
that might be worth further investigation (Islam et 
al., 2021). Therefore, it is not surprising that we 
have found higher IL-10 levels in patients present-
ing with more severe symptoms though whether in-
creased production is a cause or a consequence of 
the hyperinflammatory state is yet unclear and more 
research might be necessary for this direction.
Conclusion

The clinical course of COVID-19 is high-
ly dependent on the delicate balance between the 
pro- and anti-inflammatory response to infection. 
We found that severe COVID-19 disease is accom-
panied by significantly higher concentrations of 
IL-6 and IL-10 as compared to cases with milder 
symptoms. This is in accordance with the biolog-
ical functions of these cytokines and suggests that 
the parallel evaluation of IL-6 and IL-10 would be 
more instrumental for monitoring and prognosis of 
COVID-19. 

COVID-19 patients with severe symptoms 
seem to display a distinct pattern of immune dys-
regulation. Further investigations will potentially 
aid in the development and optimization of new 
management strategies.
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