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Abstract: We provide preliminary evidence that, also in children, Long 
coronavirus disease (COVID) may be characterized by a proinflammatory 
signature. Ten Long COVID patients, 7 convalescent subjects after COVID 
infection and 4 healthy controls were enrolled. When adjusted for sex, chil-
dren with long COVID had statistically significant differences in the lev-
els of Flt3L, CD5, uPA, CCL23, CD40 and TGFα. When adjusted for age, 
CCL23 levels remained statistically significant.
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It is widely accepted, and demonstrated, that severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection can cause 

a long-lasting pattern of debilitating symptoms that are currently 
affecting millions of people worldwide.1 This condition, known 
as Long COVID, post-COVID condition or post-acute sequelae 
of SARS-CoV-2, is characterized by the persistence of signs and 
symptoms that were not present before SARS-CoV-2 infection and 
endure for at least 12 weeks, negatively impacting daily life.2

Long COVID has been extensively reported both in adults 
and children, particularly adolescents, and can follow even mild 
to asymptomatic infections or reinfections.3 Although the causes 
leading some patients to develop Long COVID are still unknown, a 
growing body of literature has documented that several biological 
abnormalities are evident in patients with Long COVID compared 
with healthy controls, including events associated with thromboin-
flammation, persistent immune activation and imbalance.4–6 How-
ever, these studies have been limited to adults only, and so far, no 
studies have attempted to provide a deep cytokine profile of chil-
dren with a previous SARS-CoV-2 infection.

Therefore, in this study, we attempted to provide a prelim-
inary assessment of cytokine profile in a cohort of children with  
previous SARS-CoV-2 infection, either fully recovered or expe-
riencing Long COVID, with the aim of guiding future, larger 
research studies.

METHODS
The study methodology is detailed in Supplemental Digital 

Content 1, http://links.lww.com/INF/F741.7

RESULTS
Twenty-one patients were enrolled in the study: 10 for the 

Long COVID group, 7 convalescent subjects after COVID infec-
tion and 4 healthy controls. Supplemental Digital Content 2, http://
links.lww.com/INF/F741, shows their baseline demographic char-
acteristics, symptoms and antibody levels.

Cytokine levels among the different groups are shown in 
Supplemental Digital Content 2, http://links.lww.com/INF/F741. 
Interleukin (IL)2, IL22-RA1, IL20, IL33 had all results under limit 
of detection. IL 20RA, IL2-RB, IL1α, βNGF, IL24, IL13, IL4, LIF 
and NRTN had more than 80% of values under the limit of detec-
tion.

The univariate analysis of a group of cytokines, chemok-
ines and receptors had a significant relationship with Long COVID 
status (see Supplemental Digital Content 3, http://links.lww.com/
INF/F741 and Fig. 1A). Patients affected by Long COVID status 
show higher levels of Chemokine (C-C motif) ligand 23 (CCL23), 
transforming growth factor-alpha, IL 18 receptor 1 (IL18-R1) when 
compared with the other groups, while FMS‐like tyrosine kinase 3 
ligand (FLT3L) correlated with the recovery from the symptoms. 
When adjusted for sex, Flt3L, CD5, uPA, CCL23, CD40 remained 
significant. Transforming growth factor-alpha, IL18R1 were close 
to significance, possibly due to the small sample size (Fig. 1B). 
When adjusted for age, CCL23 remained significant. Levels of the 
abovementioned cytokines differed also between sexes, mostly in 
the healthy patients but not in Long COVID (Supplemental Digital 
Content 4, http://links.lww.com/INF/F741).

None of them had correlation with temporal distance from 
and severity of primary infection (Supplemental Digital Content 5, 
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http://links.lww.com/INF/F741). Among the subgroup of patients 
with Long COVID, we found that CD40 correlates with neurologi-
cal symptoms, migraine, muscular symptoms, and CD5 correlates 
with post-exertional malaise (Supplemental Digital Content 6, 
http://links.lww.com/INF/F741).

DISCUSSION
In this preliminary study, we attempted to perform a cytokine 

profiling of children after SARS-CoV-2 infection, including both 
patients with a clinical diagnosis of Long COVID and those fully 
recovered from the initial infection.

We discovered that CC chemokine ligand 23 [CCL23; also 
known as chemokine β8-1 (Ckβ8-1), myeloid progenitor inhibitory 
factor 1 and macrophage inflammatory protein 3 (MIP-3)] was sig-
nificantly associated with Long COVID, even after adjusting for 
age and sex. CCL23 is a new member of the small CC chemokine 
family that has recently been associated with the pathophysiol-
ogy of various inflammatory conditions.8,9 Interestingly, secreted 
CCL23 also functionally contributes to modulation of the immune 
response via promoting leucocyte trafficking as well as directing 
the migration of monocytes, macrophages and activated T lym-
phocytes to local sites of injury.10 Circulating CCL23 interacts 
with CC chemokine receptor 1 (CCR1), subsequent upregulating 

FIGURE 1. Cytokine expression by COVID‐19 status. A–G: Levels of different proteins in the 3 groups. A: Cytokine expression 
by COVID-19 status. B: Cytokine expression corrected by sex.

D
ow

nloaded from
 http://journals.lw

w
.com

/pidj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/24/2024



The Pediatric Infectious Disease Journal • Volume XX, Number XX, XXX 2024 

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc. www.pidj.com | 3

Cytokine Profile After COVID-19

several adhesion molecules that promote the migration of circu-
lating immune cells to the inflamed microenvironment.11 These 
findings suggest that, in line with adult Long COVID, there might 
be inflammatory microenvironments in pediatric Long COVID as 
well. In fact, CCL23 plays a pathological role in the development 
or progression of several inflammatory diseases, such as rheuma-
toid arthritis, chronic rhinosinusitis, chronic kidney dysfunction 
and systemic sclerosis.12–16 In this context, SARS-CoV-2 viral per-
sistence is currently a leading hypothesis behind Long COVID. 
Considering that viral persistence has also been documented in 
children,17 the association of CCL23 with pediatric Long COVID 
suggests that similar events can happen also in children. Notably, 
CCL23 also boosts angiogenesis via promotion of endothelial cell 
migration through upregulation of several matrix metalloprotein-
ases in the endothelium.18,19 Endotheliopathy and thromboinflam-
mation have been strongly associated with adult Long COVID by 
several independent cohorts.4 More recently, circulating CCL23 
levels have also been found to be possible biomarker to diagnose 
acute inflammatory reactions in the brain after cerebral damage,20 
an interesting data considering that patients with Long COVID 
also develop neurocognitive symptoms and brain involvement has 
been demonstrated in adults and children following SARS-CoV-2 
infection. To further reinforce our hypothesis that CCL23 may 
be a marker of pediatric Long COVID, CCL23 is less expressed 
with age,21 while in our series, it is higher in patients than con-
trols, despite being older, suggesting therefore a true and strong 
correlation of this marker with Long COVID and, in general, 
SARS-CoV-2 infection. In addition, the same findings have been 
found in adults with post-traumatic stress disorder, a condition 
that shares several clinical similarities with Long COVID.22 In 
Supplemental Digital Content 7, http://links.lww.com/INF/F741, 
we have provided further discussion about the other cytokines that 
were differently expressed by the cohorts, but not after adjustment 
of sex and age.

These findings may also be interpreted considering the 
observed outbreaks of severe infections after the pandemic, includ-
ing invasive group A Streptococcus infection, brain abscesses and 
acute hepatitis.23 So far, most of these events have been linked with 
a so-called immunity debt, meaning a decline of immunity to cer-
tain pathogens due to lack of exposure to them during the periods 
of social restrictions. However, there is evidence of reduced anti-
RSV IgG antibodies only in pregnant women and their newborns, 
but no other evidence has been documented so far in support of 
the immunity debt.24 On the other hand, adult studies have clearly 
documented post-COVID immune activation, which apparently 
resolves within 2 years.25 In this regard, our data, along with a pre-
vious publication26 suggest that immune phenomena may also hap-
pen in children and adolescents following SARS-CoV-2 infection, 
and so far, it remains unknown how this possibly transient immune 
activation can be associated with more severe outcomes when a 
new infection is encountered in this specific “immunological win-
dow.” Although this is only a hypothesis, we do believe that these 
phenomena are worth further investigations.

The main limitation of this study is represented by the low 
number of patients included, particularly among the healthy control 
group, which moreover was significantly younger compared with 
the others. This was due to the difficulty in accessing healthcare 
settings during the early periods of the pandemic, the only rea-
sonable period where children may have been realistically naive 
from SARS-CoV-2 infection. Nevertheless, we have compensated 
the different age group of healthy controls by correcting for age in 
the multivariate analyses. In addition, for some of the cytokines 
showing statistically significant differences in Long COVID versus 
controls, there is no expected age-dependent expression.

In conclusion, our preliminary findings suggest that children 
with previous SARS-CoV-2 infection, and particularly those with 
Long COVID, exhibit altered cytokine expression patterns involved 
in T cell homeostasis and coagulation, in line with adult studies. 
These results underscore the importance of immunologic inves-
tigations in pediatric cohorts and support for larger-scale studies 
employing comprehensive immunological approaches, including 
proteomic and epigenetic approaches.

REFERENCES
 1. Davis HE, McCorkell L, Vogel JM, et al. Long COVID: major findings, 

mechanisms and recommendations. Nat Rev Microbiol. 2023;21:133–
146.

 2. https://www.who.int/publications/i/item/WHO-2019-nCoV-Post-COVID-
19-condition-CA-Clinical-case-definition-2023-1; Accessed May 1, 
2024.

 3. Morello R, Mariani F, Mastrantoni L, et al. Risk factors for post-
COVID-19 condition (Long Covid) in children: a prospective cohort study. 
EClinicalMedicine. 2023;59:101961.

 4. Cervia-Hasler C, Brüningk SC, Hoch T, et al. Persistent complement dys-
regulation with signs of thromboinflammation in active Long COVID. 
Science. 2024;383:eadg7942.

 5. Yin K, Peluso MJ, Luo X, et al. Long COVID manifests with T cell dysreg-
ulation, inflammation and an uncoordinated adaptive immune response to 
SARS-CoV-2. Nat Immunol. 2024;25:218–225.

 6. Khalil BA, Elemam NM, Maghazachi AA. Chemokines and chemok-
ine receptors during COVID-19 infection. Comput Struct Biotechnol J. 
2021;19:976–988.

 7. https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-vari-
anti-rapporti-periodici-27-maggio-2022.pdf. Accessed May 1, 2024.

 8. Youn BS, Zhang SM, Broxmeyer HE, et al. Characterization of CKbeta8 
and CKbeta8-1: two alternatively spliced forms of human beta-chemokine, 
chemoattractants for neutrophils, monocytes, and lymphocytes, and potent 
agonists at CC chemokine receptor 1. Blood. 1998;91:3118–3126.

 9. Patel VP, Kreider BL, Li Y, et al. Molecular and functional characterization 
of two novel human C-C chemokines as inhibitors of two distinct classes of 
myeloid progenitors. J Exp Med. 1997;185:1163–1172.

 10. Kim J, Kim YS, Ko J. CK beta 8/CCL23 induces cell migration via the Gi/
Go protein/PLC/PKC delta/NF-kappa B and is involved in inflammatory 
responses. Life Sci. 2010;86:300–308.

 11. Kim CS, Kang JH, Cho HR, et al. Potential involvement of CCL23 in ath-
erosclerotic lesion formation/progression by the enhancement of chemot-
axis, adhesion molecule expression, and MMP-2 release from monocytes. 
Inflamm Res. 2011;60:889–895.

 12. Rioja I, Hughes FJ, Sharp CH, et al. Potential novel biomarkers of disease 
activity in rheumatoid arthritis patients: CXCL13, CCL23, transforming 
growth factor alpha, tumor necrosis factor receptor superfamily member 9, 
and macrophage colony-stimulating factor. Arthritis Rheum. 2008;58:2257–
2267.

 13. Sung JH, Kim MO, Koh PO. Proteomic identification of proteins dif-
ferentially expressed by nicotinamide in focal cerebral ischemic injury. 
Neuroscience. 2011;174:171–177.

 14. Yanaba K, Yoshizaki A, Muroi E, et al. Serum CCL23 levels are increased in 
patients with systemic sclerosis. Arch Dermatol Res. 2011;303:29–34.

 15. Poposki JA, Keswani A, Kim JK, et al. Tissue proteases convert CCL23 into 
potent monocyte chemoattractants in patients with chronic rhinosinusitis. J 
Allergy Clin Immunol. 2016;137:1274–1277.e9.

 16. Pawlak K, Myśliwiec M, Pawlak D. Effect of diabetes and oxidative stress 
on plasma CCL23 levels in patients with severe chronic kidney disease. Pol 
Arch Med Wewn. 2014;124:459–466.

 17. Buonsenso D, Martino L, Morello R, et al. Viral persistence in children 
infected with SARS-CoV-2: current evidence and future research strategies. 
Lancet Microbe. 2023;4:e745–e756.

 18. Son K-N, Hwang J, Kwon BS, et al. Human CC chemokine CCL23 enhances 
expression of matrix metalloproteinase-2 and invasion of vascular endothe-
lial cells. Biochem Biophys Res Commun. 2006;340:498–504.

 19. Han KY, Kim CW, Lee TH, et al. CCL23 up-regulates expression of KDR/
Flk-1 and potentiates VEGF-induced proliferation and migration of human 
endothelial cells. Biochem Biophys Res Commun. 2009;382:124–128.

D
ow

nloaded from
 http://journals.lw

w
.com

/pidj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/24/2024



 The Pediatric Infectious Disease Journal • Volume XX, Number XX, XXX 2024

4 | www.pidj.com © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

Buonsenso et al

 20. Simats A, García-Berrocoso T, Penalba A, et al. CCL23: a new CC chemok-
ine involved in human brain damage. J Intern Med. 2018;283:461–475.

 21. Whiting CC, Siebert J, Newman AM, et al. Large-scale and comprehensive 
immune profiling and functional analysis of normal human aging. PLoS 
One. 2015;10:e0133627.

 22. Zhang L, Hu XZ, Li X, et al; Biomarker team. Potential chemokine bio-
markers associated with PTSD onset, risk and resilience as well as stress 
responses in US military service members. Transl Psychiatry. 2020;10:31.

 23. Nijman RG. Along came COVID-19: The changing landscape of serious 
childhood infections. Glob Pediatr. 42024;7:100120.

 24. den Hartog G, van Kasteren PB, Schepp RM, et al. Decline of RSV-specific 
antibodies during the COVID-19 pandemic. Lancet Infect Dis. 2023;23:23–25.

 25. Phetsouphanh C, Jacka B, Ballouz S, et al. Improvement of immune dys-
regulation in individuals with long COVID at 24-months following SARS-
CoV-2 infection. Nat Commun. 2024;15:3315.

 26. Buonsenso D, Valentini P, De Rose C, Tredicine M, Pereyra Boza MDC, 
Camponeschi C, Morello R, Zampino G, Brooks AES, Rende M, Ria F, 
Sanguinetti M, Delogu G, Sali M, Di Sante G; On Behalf Of The Gemelli-
Pediatric Covid-Team. Recovering or persisting: the immunopathological 
features of SARS-CoV-2 infection in children. J Clin Med. 2022;11:4363.

D
ow

nloaded from
 http://journals.lw

w
.com

/pidj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/24/2024


	Cytokine Profile in Children Following SARS-CoV-2 Infection
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES


