LETTER TO THE EDITOR

Cytokines as predictors of COVID-19 severity:

evidence from a meta-analysis

To the editor With great interest, we read the ar-
ticles by Kosmaczewska et al' and Marcinkiewicz
et al,? showing the potential role of cytokines, in-
cluding interleukin (IL) 6, as predictors of corona-
virus disease 2019 (COVID-19) severity. In most
cases of COVID-19, the course of the disease is
asymptomatic, or the symptoms are so mild that
the patient does not require hospitalization. How-
ever, some patients experience a sudden deterio-
ration in health. This phenomenon is called a cy-
tokine storm and is caused by an abnormal over-
response of the immune system. Cytokine storms
are common complications of COVID-19, influ-
enza, and other coronavirus-induced respirato-
ry diseases such as severe acute respiratory syn-
drome and Middle East respiratory syndrome.
During the course of the disease there is a rap-
id release of cytokines, that is, proteins which
stimulate other immune system cells to specific
reactions. Cytokines, including ILs, coordinate
the body’s response to infection and cause in-
flammation. Interleukin 6 exerts a multidirec-
tional effect on the cells of the innate and gained
immune systems. It plays a key role in initiat-
ing and developing an acute inflammatory re-
sponse by activating cells via the classical route.

It also facilitates the development of gained re-
sponse and directs its course. As shown by Mus-
selman et al,® an increase in the concentration of
IL-6 and other proinflammatory cytokines also
affects the central nervous system, contributing
to the occurrence or intensification of symptoms
characteristic of both neuropsychological and so-
matic depression.

To confirm the effect of cytokines as predic-
tors of COVID-19 severity, we performed a meta-
-analysis following the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) guide-
lines for reporting systematic reviews and meta-
-analyses of observational studies.’ The detailed
methodology of the study is described in Supple-
mentary material.

Twenty-four studies reported IL-6 levels in
the severe and nonsevere COVID-19. Pooled anal-
ysis showed significantly higher IL-6 concentra-
tions in patients with severe disease compared
with the nonsevere group (mean difference, 21.9;
95% CI,17.64-26.16; P <0.001; FicurE 1). The anal-
ysis also showed that higher levels of tumor ne-
crosis factor, IL-2R, IL-4, IL-8, and IL-10 were as-
sociated with a more severe course of COVID-19
(Supplementary material). Moreover, the pooled
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a References to all studies are provided in Supplementary material.
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analysis revealed that IL-6 and IL-10 concentra-
tions were higher in patients admitted to inten-
sive care units than in patients hospitalized in
other units. Additional analysis showed that sig-
nificantly higher levels of tumor necrosis factor,
IL-2R, IL-6, IL-8, and IL-10 were observed among
those who died from COVID-19 than among those
who survived.

In summary, this meta-analysis is the most
up-to-date presentation of the use of ILs as pre-
dictors of COVID-19 severity. Simultaneously,
the obtained results show that cytokines (includ-
ing ILs) can be used as independent predictors of
the severity of a patient’s condition.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.

ARTICLE INFORMATION

AUTHOR NAMES AND AFFILIATIONS tukasz Szarpak, Bfazej Nowak,
Dariusz Kosior, Artur Zaczynski, Krzysztof J. Filipiak, Mitosz J. Jaguszews-
ki (£S: Maria Skiodowska-Curie Biatystok Oncology Center, Biatystok, Po-
land; Maria Skiodowska-Curie Medical Academy in Warsaw, Warsaw, Po-
land; Polish Society of Disaster Medicine, Warsaw, Poland; BN: Clinical
Department of Neurosurgery, Central Clinical Hospital of the Ministry of
the Interior and Administration in Warsaw, Warsaw, Poland; DK: Depart-
ment of Cardiology and Hypertension with Electrophysiological Lab, Central
Clinical Hospital of the Ministry of the Interior and Administration in War-
saw, Warsaw, Poland; Faculty of Medicine, Collegium Medicum, Cardinal
Stefan Wyszynski University, Warsaw, Poland; AZ: Central Clinical Hospi-
tal of the Ministry of the Interior and Administration in Warsaw, Warsaw,
Poland; KJF: 1st Chair and Department of Cardiology, Medical University of
Warsaw, Poland; MJJ: 1st Department of Cardiology, Medical University of
Gdansk, Gdansk, Poland).

CORRESPONDENCE TO tukasz Szarpak, MD, PhD, MBA, Maria Sktodo
wska-Curie Medical Academy in Warsaw, al. Solidarnosci 12, 03-411 Warsza-
wa, Poland, phone: 448500186 225, email: lukasz.szarpak@gmail.com

ACKNOWLEDGMENTS The study was supported by the Polish Society
of Disaster Medicine.

CONFLICT OF INTEREST None declared

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Inter-
national License (CC BY-NC-SA 4.0), allowing third parties to copy and re-
distribute the material in any medium or format and to remix, transform, and
build upon the material, provided the original work is properly cited, distrib-
uted under the same license, and used for noncommercial purposes only. For
commercial use, please contact the journal office at pamw@mp.pl.

HOW TO CITE Szarpak t, Nowak B, Kosior D, et al. Cytokines as predictors
of COVID-19 severity: evidence from a meta-analysis. Pol Arch Intern Med.
2021; 131: 98-99. doi:10.20452/pamw. 15685

REFERENCES

1 Kosmaczewska A, Frydecka |. Dysregulation of the immune system as
a driver of the critical course of the novel coronavirus disease 2019. Pol Arch
Intern Med. 2020; 130: 779-788. (£

2 Marcinkiewicz J, Mazurek H, Majka G, et al. Are patients with
lung cystic fibrosis at increased risk of severe and fatal COVID-19?
Interleukin 6 as a predictor of COVID-19 outcomes. Pol Arch Intern Med.
2020; 130: 919-920. (7'

3 Musselman DL, Miller AH, Porter MR, et al. Higher than normal plasma
interleukin-6 concentrations in cancer patients with depression: preliminary
findings. Am J Psychiatry 2001; 158: 1252-1257. (7

4 Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) group. JAMA. 2000; 283:
2008-2012. (£

Authors’ reply  We are grateful to Szarpak et al'
for their interest in our review article describing
the role of immune deregulation in the adverse
clinical course of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection,
especially since the results of their meta-analysis
confirm the essential role of immune alterations

for the development of critical coronavirus dis-
ease 2019 (COVID-19). They report significantly
higher serum levels of tumor necrosis factor al-
pha (TNFa), interleukin (IL) 6, IL-2R, IL-4, IL-8,
and IL-10 in patients with a more severe clinical
course of COVID-19, and emphasize a predictive
role of IL-6 and IL-10 cytokines for development
of critical disease requiring intensive care sup-
port. Their results are also consistent with a re-
cent meta-analysis from 24 clinical studies iden-
tifying dramatically elevated levels of IL-6 and
IL-10 as the most important clinical predictors
of an unfavorable COVID-19 outcome.?

Among proinflammatory cytokines and che-
mokines whose level is elevated in patients with
COVID-19, one of the most important is IL-6.
It plays a key role in mortality in cytokine re-
lease syndrome which may lead to acute respira-
tory distress syndrome, multiorgan failure, and
death, and is also observed in other coronavirus
infections, such as severe acute respiratory syn-
drome (SARS) or Middle East respiratory syn-
drome (MERS). However, it should be noted that
a unique cytokine signature of COVID-19 clinical
course is systemic elevation of IL-10.> Remark-
ably, elevation of serum IL-10, similarly to IL-6,
was found to be mostly significant in patients
with COVID-19 admitted to an intensive care unit
(ICU). Furthermore, highly upregulated IL-10 and
IL-6 were strongly correlated with each other and
with biomarkers of inflammation, such as C-re-
active protein. Of note, it has also been reported
that IL-10 is substantially elevated earlier than
IL-6 during COVID-19 development.®

The mechanism of this unique SARS-CoV-2
ability to stimulate IL-10 is still unknown. Ini-
tially, it was believed that upregulation of IL-10,
a cytokine with immunoregulatory properties, is
a part of a negative feedback loop induced in re-
sponse to the rapid accumulation of several proin-
flammatory cytokines. However, there is a grow-
ing body of evidence that the dramatic systemic
increase of IL-10 in COVID-19 might instead be
involved in pathogenesis of the severity of SARS-
-CoV-2 infection rather than immunoregulation
and inhibition of the immune system. The above
suggestion is consistent with the observation that
IL-10 strongly correlates with disease severity and
poor clinical outcomes,® which points to the pos-
sibility that IL-10 might play a role in immune ac-
tivation in COVID-19 patients. Furthermore, se-
rum IL-10 level is associated with levels of other
proinflammatory cytokines such as TNF-o, IL-
-2R, IL-8, IL-18, interferon y, and granulocyte-
-macrophage colony-stimulating factor in patients
with critical COVID-19."? The finding of a corre-
lation between elevated levels of IL-10 and an in-
creased population of exhausted CD8*TIM3+PD1*
lymphocytes in peripheral blood may indicate
a role of IL-10 in overactivation of T cells dur-
ing COVID-19 progression.” A role of IL-10 in
aggravated inflammation and organ destruction
related to COVID-19 might be strengthened by
the direct impact of IL-10 on relative expansion of
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the pathogenic cytotoxic CD8* T cells despite a re-
duction in the total number of lymphocytes in pe-
ripheral blood in critically ill COVID-19 patients.”®

A meta-analysis performed by Szarpak et al'
demonstrating significantly higher levels of both
pathogenic IL-6 and IL-10 cytokines in patients
admitted to the ICU compared with non-ICU pa-
tients, together with elevated levels of other pro-
inflammatory cytokines such as TNF-a, IL-2R,
and IL-8 in patients who died from COVID-19
complications, seems to support the suggestion
of a predictive role of serum cytokine levels for
the critical outcome of COVID-19.
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Authors’ reply  We read with great interest the ar-
ticle by Szarpak et al' showing the association be-
tween high blood levels of cytokines and the se-
verity of coronavirus disease 2019 (COVID-19). In
order to confirm the effect of cytokines, including
interleukin 6 (IL-6), as predictors of COVID-19
severity, they performed a meta-analysis. Pooled
analysis showed significantly higher IL-6 levels
for patients with severe conditions compared
with the nonsevere group, and also for patients
who died from COVID-19 compared with those
who survived. These results are in agreement with
our hypothesis and with other studies suggest-
ing the major role of IL-6 in the pathogenesis
of COVID-19-induced cytokine storm.?* More-
over, the significantly increased levels of IL-6 in
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patients with COVID-19 have been considered
an independent biomarker for predicting a poor
prognosis.’ However, the levels of inflammato-
ry cytokines in patients with a severe course of
COVID-19 are significantly less elevated than in
patients with acute respiratory distress syndrome
unrelated to COVID-19 or sepsis.”

On the other hand, other studies revealed
a positive correlation of coagulopathy with cy-
tokine storm in patients with COVID-19. Name-
ly, D-dimer concentration rises early, which in-
dicates that coagulopathy acts as a prodrome of
the cytokine storm.’

In conclusion, current data suggest that el-
evated blood levels of IL-6, C-reactive protein,
and D-dimer, as well as lymphopenia are the best
predictors of the fatal outcome of COVID-19.%%
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