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Abstract
Background: While	children	usually	experience	a	mild	course	of	COVID-	19,	and	a	se-
vere disease is more common in adults, the features, specificities, and functionality of 
the	SARS-	CoV-	2-	specific	antibody	response	in	the	pediatric	population	are	of	interest.
Methods: We	performed	a	detailed	analysis	of	IgG	antibodies	specific	for	SARS-	CoV-	
2-	derived	antigens	S	and	RBD	by	ELISA	in	26	SARS-	CoV-	2	seropositive	schoolchildren	
with	mild	or	asymptomatic	disease	course,	and	in	an	equally	sized,	age-		and	gender-	
matched	control	group.	Furthermore,	a	detailed	mapping	of	IgG	reactivity	to	a	panel	
of	 microarrayed	 SARS-	CoV-	2	 proteins	 and	 S-	derived	 peptides	 was	 performed	 by	
microarray	 technology.	The	capacity	of	 the	antibody	 response	 to	block	RBD-	ACE2	
binding	and	virus	neutralization	were	assessed.	Results	were	compared	with	 those	
obtained	in	an	adult	COVID-	19	convalescent	population.
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1  |  INTRODUC TION

Rapid spreading and high mortality rates made coronavirus disease 
2019	 (COVID-	19)	 the	most	 severe	 respiratory	 pandemic	 since	 the	
Spanish	flu.	Although	need	for	the	development	of	therapeutic	strat-
egies	urged	rapid	growth	of	knowledge	about	the	severe	acute	res-
piratory	 syndrome	 coronavirus	 2	 (SARS-	CoV-	2)	 immune	 response,	
data for the pediatric population remained scarce.

The	clinical	manifestation	of	COVID-	19	ranges	from	asymptom-
atic and mild course to severe respiratory impairments that may 
lead	 to	 death.	 Interestingly,	 an	 age-	related	 difference	 in	 disease	
presentation was observed.1-	3 The older population was more prone 
to develop severe outcomes such as an acute respiratory distress 
syndrome	(ARDS),4-	6 while the majority of children and young adults 
had mild to moderate clinical manifestations and rarely developed a 
severe course of disease in a form of the multisystem inflammatory 
syndrome	(MIS-	C)	or	thrombotic	complications.1,7-	9	This	age-	related	
discordance	in	the	disease	course	is	one	of	the	most	striking	findings	
and may have important implications for the development of pre-
ventive	and	 therapeutic	 strategies	 against	SARS-	CoV-	2	 infections.	
Several	 hypotheses	 explaining	 this	 phenomenon	 were	 suggested.	
One	possibility	may	be	different	immune	responses	to	SARS-	CoV-	2	
in children and adults. It has been described that children had a 
reduced	 breadth	 of	 anti-	SARS-	CoV-	2	 antibodies,	 predominantly	
mounting	 anti-	S	 but	 not	 anti-	NCP	 specific	 IgG,	 and	 had	 reduced	
virus-	neutralizing	activity.2	Furthermore,	predominant	activation	of	
innate immune response represented in a pediatric population was 
associated	with	a	diminished	release	of	proinflammatory	cytokines	
and a more favorable clinical course of the disease.10,11	Another	mu-
tually	nonexclusive	possibility	 for	 the	mild	 course	of	COVID-	19	 in	
children	could	be	a	lower	expression	of	the	angiotensin-	converting	
enzyme	 2	 (ACE2)	 receptor,	 which	 is	 recognized	 by	 the	 receptor-	
binding	domain	(RBD)	of	SARS-	CoV-	2.12-	15	Furthermore,	it	has	been	
suggested	that	ACE2	expression	could	be	affected	by	co-	morbidities,	
which	may	be	associated	with	severe	courses	of	COVID-	19.16

In	majority	of	the	SARS-	CoV-	2	convalescent	adult	patients,	an-
tibodies	to	S,	RBD,	and	NCP	were	detected.2,17-	20	Further	investiga-
tion	revealed	that	neutralizing	antibodies	recognize	conformational,	
but	neither	 linear	epitopes	nor	S-	derived	peptides.20 Interestingly, 
several	 groups	 reported	 additional	 non-	RBD	 epitopes	 on	 the	 S1	
that	could	be	involved	in	virus	neutralization.21-	23 It is still debated 
whether	children	develop	antibodies	to	the	same	extent	and	recog-
nizing	the	same	epitopes	as	adults.

Here,	 we	 performed	 an	 in-	depth	 analysis	 of	 the	 IgG	 antibody	
responses	 to	 S	 and	 RBD	 SARS-	CoV-	2-	specific	 antigens	 and	 S-	
derived	peptides	by	ELISA	and	microarray	technology	in	represen-
tative	 samples	 from	 a	 previously	 undertaken	 study	 in	 a	 cohort	 of	
more than 2000 schoolchildren.19	Additionally,	we	investigated	the	
virus-	neutralizing	 activity	 of	 antibodies	 and	 their	 ability	 to	 inhibit	
the	interaction	of	RBD	and	ACE2	in	a	recently	developed	molecular	

Results: After	mild	COVID-	19,	anti-	S	and	RBD-	specific	IgG	antibodies	were	developed	
by	100%	and	84.6%	of	pediatric	subjects,	respectively.	No	difference	was	observed	
in	regards	to	symptoms	and	gender.	Mounted	antibodies	recognized	conformational	
epitopes	of	the	spike	protein	and	were	capable	to	neutralize	the	virus	up	to	a	titer	of	
≥80	and	to	inhibit	the	ACE2-	RBD	interaction	by	up	to	65%.	SARS-	CoV-	2-	specific	IgG	
responses in children were comparable to mildly affected adult patients.
Conclusion: SARS-	CoV-	2	 asymptomatic	 and	 mildly	 affected	 pediatric	 patients	 de-
velop	a	SARS-	CoV-	2-	specific	antibody	response,	which	is	comparable	regarding	anti-
gen,	epitope	recognition,	and	the	ability	to	inhibit	the	RBD-	ACE2	interaction	to	that	
observed	in	adult	patients	after	mild	COVID-	19.

K E Y W O R D S
antibodies,	children,	COVID-	19,	humoral	immunity,	pediatric	population,	SARS-	CoV-	2,	virus	
neutralization

Key Message

Age-	dependent	 diversity	 in	 course	of	COVID-	19	was	 re-
peatedly observed, with children presenting rather mild or 
no symptoms and adults having more severe manifesta-
tions.	Here,	we	performed	an	in-	depth	analysis	of	antibody	
responses in 26 previously reported seropositive children 
and	 an	 age-		 and	 gender-	matched	 control	 group.	 After	 a	
mild	 course	 of	 COVID-	19,	 children	 developed	 anti-	S	 and	
anti-	RBD-	specific	IgG	antibodies	directed	towards	confor-
mational	epitopes	on	spike	protein	that	were	neutralizing	
the	virus	and	inhibiting	ACE2-	RBD	interaction.	The	speci-
ficity and magnitude of the antibody response were com-
parable	between	children	and	adults	after	mild	COVID-	19,	
implying	 that	 the	age-	related	clinical	discrepancies	might	
not be related to divergent properties of antibody re-
sponse, as previously thought.
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interaction assay.24	Moreover,	we	compared	results	obtained	in	chil-
dren	with	 data	 from	 a	 SARS-	CoV-	2-	affected	 adult	 population	 col-
lected at the same time period.20,25

2  |  METHODS

2.1  |  Study population

In	a	recent	cross-	sectional	study,	we	performed	a	comprehensive	sero-
prevalence	analysis	in	a	population	of	2069	schoolchildren	in	Vienna,	
Austria.19	 The	 study	 was	 conducted	 from	May	 to	 July	 2020,	 while	
the	wild-	type	variant	of	SARS-	CoV-	2	was	the	most	dominant.	In	this	
study,	children	were	classified	as	SARS-	CoV-	2	seropositive	when	they	
first	tested	positive	in	the	Wantai	SARS-	CoV-	2	total	Ab	ELISA	(Beijing	
Wantai	Biological	Pharmacy	Enterprise,	China),	and	an	in-	house	neu-
tralization	assay	or	the	combination	of	the	SARS-	CoV-	2-	NCP-	IgG	ELISA	
and	the	Anti-	SARS-	CoV-	2	ELISA	(both	Euroimmun,	Lübeck,	Germany)	
concordantly	 confirmed	 the	 presence	 of	 SARS-	CoV-	2-	specific	 anti-
bodies.19,26	Children	with	negative	Wantai	SARS-	CoV-	2	total	Ab	ELISA	
test results were not further tested and defined as seronegative.

In	the	present	study,	we	performed	an	in-	depth	characterization	
of	SARS-	CoV-	2-	specific	antibody	responses	in	26	seropositive	and	26	
age-		and	gender-	matched	seronegative	subjects	(controls)	from	the	
previous study. The study was approved by the Institutional Review 
Board	of	the	Medical	University	of	Vienna	(EK	No.:	1401/2020).

Pre-	pandemic	 sera	 for	 historic	 controls	 (HCs)	 were	 provided	
from	the	serum	bank	of	the	Division	of	Immunopathology,	obtained	
between	1996	and	2019	were	used	for	establishing	the	cut-	off	levels	
in	the	used	assays,	with	permission	by	the	Ethics	Committee	of	the	
Medical	University	of	Vienna	(EK	No.:	1641/2014).

SARS-	CoV-	2	antigen/peptide-	specific	antibody	levels	and	spec-
ificities of our pediatric population were compared with those 
obtained	 in	 another	 study	 performed	 on	 253	 adult,	 SARS-	CoV-	2-	
convalescent patients.20	SARS-	CoV-	2	infection	was	confirmed	in	all	
adult	patients	by	real-	time	RT-	PCR.	Furthermore,	patients	were	clas-
sified by symptom severity to 139 subjects who had a mild course of 
the	disease	and	recovered	at	home,	and	114	who	experienced	severe	
COVID-	19	and	required	hospitalization.	The	samples	were	collected	
in the same period of pandemic and in the comparable timeframe 
after	COVID-	19	 symptoms	onset	 (pediatrics:	mean	12	±	 3	weeks,	
8–	17	weeks;	adults:	mean	9	±	2	weeks,	3–	14	weeks).	The	same	as-
says	were	used	to	determine	the	SARS-	CoV-	2	antibody	response.

2.2  |  Detection of SARS- CoV- 2- specific antibody 
responses by ELISA

SARS-	CoV-	2	S	protein-		and	RBD-	specific	IgG	was	determined	by	ELISA	
as described24	with	the	following	alterations.	NUNC	Maxisorp	96-	well	
plates	(Thermofisher,	Waltham,	MA,	USA)	were	coated	with	2	µg/ml of 

S	or	RBD	protein	(Genscript,	Leiden,	Netherlands)	at	+4°C	overnight.	
Plates	were	 subsequently	 blocked	 (PBS,	 2%	BSA,	 0.05%	Tween	20)	
and incubated overnight with 1:50 diluted serum samples. Plates were 
washed	and	incubated	for	1	hour	with	1:1000	diluted	HRP-	conjugated	
anti-	human	 IgG	 (BD,	 San	 Jose,	CA,	USA)	 and	developed	with	ABTS	
(Sigma-	Aldrich,	St.	Louis,	MO,	USA).	The	optical	density	was	measured	
at	405/492	nm	with	an	Infinite	F50	ELISA	reader	after	10	min	(Tecan,	
Männedorf,	Switzerland).	Sera	from	historical	controls	were	analyzed	
by	ELISA	and	used	to	establish	cut-	off	levels.

2.3  |  Microarray containing SARS- CoV- 2 proteins, 
control proteins, and synthetic S- derived peptides

Peptides with a length of 25– 30 amino acids with an overlap of ap-
proximately	5	amino	acids	spanning	the	sequence	of	the	complete	
spike	protein	(S1	and	S2)	were	synthesized	by	solid-	phase	synthesis	
as	described	(Table	S1).24

The	S	protein-	derived	peptides	as	well	as	the	following	proteins	
(Insect	 cell-	expressed	 folded	S	protein,	Genscript,	Piscataway,	NJ;	
HEK	cell-	expressed,	folded	S1,	Genscript;	E. coli-	expressed,	unfolded	
S120;	 HEK	 cell-	expressed,	 folded	 S2,	 Native	 Antigen	 Company,	
Oxford,	UK;	E. coli-	expressed,	 unfolded	 S220;	HEK	 cell-	expressed,	
folded	 RBD,	 Genscript;	 E. coli-	expressed,	 unfolded	 RBD20)	 were	
spotted	onto	pre-	activated	glass	slides	as	described.20,27,28 The anal-
ysis	of	specific	IgG	levels	was	performed	as	described20 on sera from 
six	representative	children	exhibiting	different	VNT	titers	(P16,	P17,	
P19,	P21,	P23,	and	P26).	Additionally,	sera	from	two	control	children	
(C5	and	C12)	were	analyzed.	Pre-	pandemic	sera	was	used	for	estab-
lishing	cut-	off	values.

2.4  |  SARS- CoV- 2 virus neutralization test and 
inhibition of the RBD- ACE2 interaction

The	 SARS-	CoV-	2	 neutralization	 test	 (VNT)	 was	 performed	 as	 de-
scribed.19,26	 To	 determine	 the	 inhibition	 of	 RBD	 to	 bind	 the	ACE2	
receptor by antibodies present in patients’ sera, a molecular inter-
action assay was used.24	 In	 this	 assay,	 ELISA-	plate-	bound	 ACE2	
was	exposed	to	recombinant	His-	tagged	RBD	which	had	been	pre-	
incubated	with	patients’	sera.	Bound	RBD	was	detected	with	a	mouse	
anti-	His	antibody	followed	by	the	detection	with	a	secondary	HRP-	
labelled	antibody.	Mean	optical	density	(O.D.)	values	corresponding	
to	 the	amount	of	bound	RBD	were	measured	at	405/492	nm	with	
an	 Infinite	 F50	 ELISA	 reader	 after	 10	minutes	 (Tecan,	Männedorf,	
Switzerland).	The	ACE2	receptor	served	as	a	positive	control,	and	an	
unrelated	protein	was	used	as	a	negative	control	in	the	blocking	ex-
periments. In each measurement, the buffer control (overlay without 
RBD)	was	subtracted	as	background.	The	measurements	were	done	
in duplicates and results are displayed as mean values with a variation 
of <5%. The percentages of inhibition were calculated as follows:

Percentage inhibition (%) = (ODnegcontrol − ODserum) ∕ (ODnegcontrol −ODACE2) × 100.



4 of 10  |     KOPANJA et Al.

2.5  |  Statistical analysis

All	 statistical	 analyses	 were	 performed	 using	 GraphPad	 Prism	
Version	5.00	(La	Jolla,	CA,	USA).

Differences in immunoglobulin reactivity to proteins in differ-
ent	groups	were	determined	using	a	 two-	tailed	Mann-	Whitney	U-	
test.	Kruskal-	Wallis	test	with	Dunn's	post-	test	was	used	to	compare	
data	between	children,	mild	and	severe	adults.	Correlations	of	 im-
munoglobulin	reactivity,	virus	neutralization	titers,	and	percentages	
of	 blocking	 RBD-	ACE2	 interaction	 were	 assessed	 by	 Spearman´s	
rank	correlation	coefficient.	P values of <0.05 were considered as 
significant.

3  |  RESULTS

3.1  |  Characterization of studied children

Serum	samples	from	26	seropositive	children	(median	age	13	years,	
50%	males)	and	26	age-		and	gender-	matched	controls	were	obtained	
from	the	cross-	sectional	study	on	schoolchildren	from	May	to	July	
2020.19	 Fourteen	 (53.9%)	 seropositive	 children	 self-	reported	 mild	
acute	 symptoms	 in	 questionnaire	whereas	 twelve	 (46.1%)	 did	 not	
report	any	symptoms	in	the	weeks	prior	to	the	study	(Table	1).	One	
third	 of	 the	 control	 group	 subjects	 experienced	 and	 self-	reported	
some	 types	 of	 acute	 symptoms	 as	well	 (Table	 1).	 The	 vast	major-
ity	of	seropositive	subjects	(ie,	13	out	of	14)	experienced	symptoms	
5–	16	weeks	prior	to	the	collection	of	serum.	For	asymptomatic	pa-
tients, we assume that the infection occurred earliest at the end 
of	 February	 when	 the	 first	 SARS-	CoV-	2	 cases	 were	 registered	 in	
Austria,	ie,	16–	20	weeks	prior	to	the	collection	of	serum.

3.2  |  IgG levels specific for SARS- 
CoV- 2 antigens are comparable regarding 
gender and symptoms

Anti-	S	and	RBD-	specific	 IgG	antibodies	 in	 sera	 from	SARS-	CoV-	2-	
seropositive	 children	 and	 in	 an	 age-		 and	 gender-	matched	 control	
group	were	 determined	 (Figure	 1A,	 Table	 S2).	 S-	specific	 IgG	 anti-
bodies were detected in each of the seropositive children but not 
in	the	control	group,	except	for	one	child	(Figure	1A,	Table	S2:	C11).	
Furthermore,	 84.6%	 of	 the	 seropositive	 children	 showed	 RBD-	
specific	IgG	antibodies	above	the	cut-	off	level	(Figure	1A,	Table	S2).	
Conversely,	 none	 of	 the	 subjects	 in	 the	 control	 group	 had	 RBD-	
specific	IgG	antibodies.	Furthermore,	IgG	antibody	levels	mounted	
to	S	protein	were	significantly	higher	than	those	of	RBD	in	seroposi-
tive children (p <	0.0001;	Figure	1A).

All	four	seropositive	children	without	RBD-	specific	IgG	antibod-
ies	(15.4%)	were	female	(Table	S2:	P6,	P8,	P23,	and	P26).	However,	
no	significant	differences	in	S-		and	RBD-	specific	IgG	antibody	lev-
els	 were	 observed	 in	 respect	 of	 gender	 (Figure	 1B)	 or	 symptoms	
(Figure	1C)	in	the	seropositive	group	of	children.

3.3  |  IgG antibodies of COVID- 19 convalescent 
children are mainly directed to folded S and RBD 
but not to S- derived sequential peptide epitopes

The	IgG	response	to	a	panel	of	microarrayed,	folded,	and	unfolded	
SARS-	CoV-	2	proteins	and	forty-	six	25	to	30mer	peptides	spanning	
the	S	protein	(Table	S1)	was	assessed	in	a	subset	of	six	representa-
tive	 seropositive	 children	 exhibiting	 different	VNT	 levels	 and	 two	
control	children.	Each	of	the	tested	subjects	had	antibodies	directed	
to	eukaryotic-	expressed,	folded	S	(100%),	and	the	majority	showed	
IgG	reactivity	to	folded	RBD	(ie,	5	of	6,	83.3%).	Folded	subdomain	S1	
was	recognized	by	all	subjects,	whereas	folded	S2	was	recognized	by	
only	one	(17%)	of	the	COVID-	19	convalescent	children	(Figure	2A).	
IgG	antibodies	to	prokaryotic-	expressed,	unfolded	S1,	S2,	and	RBD	
were	not	detected	(Figure	2A).

IgG	response	to	S-	derived	linear	peptides	were	in	general	much	
lower	than	to	folded	S	and	RBD	and	occurred	only	in	certain	serum	
samples	 (Figure	 2B,C).	 Notably,	 the	 nine	 peptides	 spanning	 RBD	
were	 poorly	 recognized.	 Overall,	 an	 increased	 IgG	 response	 was	
only	detected	to	peptides	32,	33,	and	46	in	S2	domain	of	the	spike	
protein	(Figure	2C)	and	was	the	most	prominent	for	the	patient	with	
the	highest	VNT	titer.

3.4  |  Sera of COVID- 19 convalescent children show 
virus- neutralizing capacity and inhibit the RBD- ACE2 
interaction

The	functionality	of	the	SARS-	CoV-	2-	specific	antibodies	in	the	chil-
dren	was	 investigated.	 The	 virus-	neutralization	 tests	 showed	 that	
24	 out	 of	 26	 seropositive	 children	 (92.3%)	 had	 virus-	neutralizing	

TA B L E  1 Demographic	characteristics	of	the	pediatric	study	
population

SARS- 
CoV−2 seropositive 
(%)

Control 
group (%)

Overall 26	(100) 26	(100)

Gender	(male) 13	(50) 13	(50)

Age	(years)

7– 10 3	(11.6) 3	(11.6)

11–	14 18	(69.2) 18	(69.2)

15– 17 5	(19.2) 5	(19.2)

Self-	reported	symptoms

Overall 14	(53.9) 8	(30.8)

Period	between	self-	reported	symptoms	and	study

1–	4	weeks 0 4	(15.4)

5–	8	weeks 3	(11.6) 2	(7.7)

9–	12	weeks 4	(15.4) 0

13–	16	weeks 6	(23.0) 1	(3.9)

17–	20	weeks 1	(3.9) 1	(3.9)
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antibodies	 (Figure	 3A,	 Table	 S2).	 Notably,	 the	 virus	 neutralization	
titers were irrespective of gender and symptom presentation (data 
not	shown)	and	low.	Two	(7.7%)	seropositive	children	did	not	show	
virus-	neutralizing	capacity,	seven	(26.9%)	had	a	VNT	titer	of	10–	20,	
and	sixteen	(61.6%)	had	a	titer	of	30–	40	(Figure	4A).	Only	one	child	
(3.8%)	had	a	virus-	neutralization	titer	of	≥80.	All	children	in	the	con-
trol group were negative.

Blocking	of	RBD-	binding	to	ACE2	was	detected	in	all	but	three	
seropositive	 children	 (88.5%)	 (Figure	 3B,	 Table	 S2).	 Overall,	 sera	
from	seropositive	children	inhibited	RBD	binding	to	ACE2	up	to	65%	
with	a	median	inhibition	of	31.9%	(Figure	3B).	Three	children	(ie,	C9,	
C22,	and	C23)	in	the	control	group	showed	more	than	10%	blocking	
of	RBD	binding	to	ACE2	(Figure	3B,	Table	S2).

Discordant results were found in 5 out of 26 seropositive chil-
dren	when	 comparing	VNT	 test	 and	 assay	 of	molecular	 inhibition	
of	RBD-	ACE2	binding	 (Figure	3A,B).	Three	children	of	 the	control	
group	who	were	capable	to	inhibit	molecular	interaction	of	RBD	with	
ACE2	were	VNT	negative.	Overall,	the	outcomes	of	VNT	and	RBD	to	
ACE2-	binding	inhibition	assay	were	comparable	in	84.6%	of	cases.

3.5  |  Correlation of functional assays with S-  and 
RBD- specific IgG levels in children

A	correlation	of	antibody	 levels	to	VNT	and	RBD	to	ACE2-	binding	
inhibition	assay	was	assessed	in	SARS-	CoV-	2	seropositive	children.	
VNT	titers	showed	a	significant	positive	correlation	with	S-	specific	
IgG	and	 to	a	 lower	extent	with	RBD-	specific	 IgG	 (Figure	4A,B).	 In	
contrast,	 the	 ability	 of	 antibodies	 to	 inhibit	 the	 RBD-	ACE2	 inter-
action	 correlated	 significantly	with	RBD-	specific	 IgG	but	 not	with	

S-	specific	IgG	(Figure	4C,D).	Furthermore,	in	the	children,	VNT	titers	
and	the	extent	of	ACE2-	RBD	inhibition	did	not	correlate	 (data	not	
shown).

3.6  |  Antibody responses to SARS- CoV- 2 are 
comparable in pediatric and adult patients

Our population of children consisting of asymptomatic and mildly 
symptomatic	subjects	showed	comparable	S-	specific	 IgG	 levels	by	
ELISA	as	adult	subjects	after	severe	COVID-	19,	while	they	were	sig-
nificantly	higher	than	those	of	adults	after	mild	COVID-	19	(Table	2).	
This difference was not noted in a subset of children tested by chip 
technology	 (Table	2,	 lower	part).	RBD-	specific	 IgG	antibody	 levels	
did not differ significantly between children and adults after mild 
symptoms	as	measured	by	ELISA	and	chip	technology	but	were	ap-
proximately	twice	lower	than	that	of	adults	after	severe	COVID-	19,	
and	the	difference	was	significant	 (Table	2).	The	median	 inhibition	
of	RBD	binding	to	ACE2	did	not	differ	between	children	and	adults,	
whereas	VNT	titers	were	significantly	lower	in	children.	(Table	2).

When	comparing	the	IgG	response	to	microarrayed	folded	S	and	
RBD	antigens	in	a	subset	of	our	pediatric	patients,	levels	were	sim-
ilar to those of adults with mild symptoms, but lower than those of 
adults	after	severe	COVID-	19	(Table	2).

4  |  DISCUSSION

As	 pediatric	 patients	 mainly	 experience	 asymptomatic	 or	 a	 mild	
course	 of	 COVID-	19,	 understanding	 their	 antibody	 response	 to	

F I G U R E  1 SARS-	CoV-	2-	specific	IgG	
immune	response.	Anti-	S	and	RBD-	
specific	IgG	levels	in	(A)	seropositive	
children	and	control	group;	(B)	in	female	
versus	male;	and	(C)	asymptomatic	versus	
mildly affected seropositive children. 
OD	values	are	indicated	on	y-	axes.	The	
horizontal	dashed	lines	indicate	the	cut-	
off	levels	for	a	positive	result.	Median	
values	are	indicated	as	horizontal	bars.	
Significant	differences	are	indicated	(P 
value: ****<.0001)
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F I G U R E  2 IgG	reactivity	of	sera	from	representative	SARS-	CoV-	2-	infected	children	and	controls	to	microarrayed	SARS-	CoV-	2	proteins	
and	S-	derived	peptides.	Shown	are	IgG	antibody	levels	(y-	axes:	ISU)	to	SARS-	CoV-	2	proteins	(x-	axis)	(A)	and	to	S-	derived	peptides	as	
indicated	in	the	schematic	overview	(B)	with	the	corresponding	results	(C).	Median	values	are	indicated	by	horizontal	bars
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SARS-	CoV-	2	 is	of	 interest	 to	appreciate	differences	 to	adults	who	
are	often	more	severely	affected.	We	investigated	the	SARS-	CoV-	
2-	specific	IgG	antibody	response	in	26	seropositive	children	and	26	
age-		and	gender-	matched	controls	obtained	from	a	cross-	sectional	
study	in	schoolchildren	during	the	first	wave	of	the	COVID-	19	pan-
demic	 in	 Vienna,	 Austria.19	 Additionally,	 we	 compared	 the	 SARS-	
CoV-	2-	specific	antibody	 response	 in	 this	pediatric	population	with	
an adult convalescent population obtained in the same country at 
the same time.20

After	a	mild	course	of	COVID-	19,	children	mounted	a	detect-
able	 anti-	S	 and	 RBD-	specific	 IgG	 antibody	 response	 with	 func-
tional	 capacity	 of	 virus	 neutralization	 and	 ACE2-	RBD	 binding	
inhibition.	 Although	 showing	 generally	 low	 VNT	 titers,	 children	

displayed	comparable	 IgG	antibody	response	 intensity	and	spec-
ificity in most of the applied assays as the adult population after 
a	 mild	 course	 of	 the	 disease,	 in	 terms	 of	 prevention	 of	 ACE2-	
RBD	molecular	 interaction	and	SARS-	CoV-	2	antigen	and	epitope	
recognition.

In accordance with other studies including adult and pediat-
ric subjects,2,26,29	 all	 SARS-	CoV-	2	 seropositive-	tested	 subjects,	 as	
defined by the criteria used for the previous study,19 developed 
S-	specific	 IgG	 antibodies.	 Anti-	RBD	 IgG	 antibodies	were	 found	 in	
84.6%	 of	 COVID-	19	 convalescent	 children,	 whereas	 in	 15.4%	 of	
children,	IgG	antibodies	against	RBD	were	not	detected.	Using	the	
same	 assay,	 approximately	 20%	 of	 adult	 patients	 were	 negative	
for	 RBD-	specific	 IgG,	 with	 females	 being	 affected	 more	 often.20 

F I G U R E  3 Functional	capacity	of	the	antibodies.	Virus	neutralization	titers	(A,	y-	axis)	and	percentages	of	inhibition	of	RBD	binding	to	
ACE2	(B,	y-	axis).	SARS-	CoV-	2	seropositive	subjects	are	indicated	with	P1-	P26	and	controls	with	C1-	C30	(x-	axis).	The	experiments	are	done	
in duplicates and presented as a mean value for each subject
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Whether	 these	 discrepancies	 confer	 to	 the	 previously	 observed	
sex-	related	 susceptibility	 of	 COVID-	19	 remains	 open.30	 However,	
we	could	not	find	any	significant	gender-	related	differences	 in	the	
SARS-	CoV-	2-	specific	antibody	response	in	our	pediatric	population.	
This	might	implicate	that	gender-	dependent	differences,	responsible	
for	SARS-	CoV-	2-	specific	antibody	response	divergences,	are	not	yet	
expressed	at	the	young	age.

In	a	recent	adult	study	focusing	on	anti-	S1-		and	anti-	N-	specific	
SARS-	CoV-	2	antibody	responses,	significant	titer	differences	of	neu-
tralizing	antibody	responses	were	observed	between	asymptomatic	
and	 mild	 COVID-	19-	affected	 individuals/patients.18	We	 could	 not	

observe	such	a	divergence	in	neutralizing	titers	in	our	pediatric	pop-
ulation, but the assays used in the studies differed. The difference 
between	before	mentioned	and	our	study	might	be	explained	by	a	
very mild course of the disease in our pediatric group with a gen-
erally	low	neutralizing	titer	expression	or	the	fact	that	age	directly	
correlates with more accurate antibody responses assignable to dis-
ease activity.

Using	microarrayed	folded	and	unfolded	SARS-	CoV-	2	antigens,	
we	 found	 that	 IgG	 antibodies	 of	 COVID-	19	 convalescent	 children	
were	 directed	 against	 folded	 S,	 S1,	 and	 RBD	 but	 not	 to	 the	 un-
folded proteins indicating that antibodies react with conformational 

F I G U R E  4 Correlation	of	S-		and	
RBD-	specific	IgG	responses,	virus	
neutralization	titers,	and	capacity	of	
sera	to	block	virus	receptor	interaction	
in	SARS-	CoV-	2	seropositive	children	
(P1-	P26).	Correlations	of	S-		(A,	C)	and	
RBD-	specific	IgG	levels	(B,	D)	(x-	axes:	
optical	density	OD	levels)	with	VNT	titers	
and	percentages	of	inhibition	of	RBD-	
binding	to	ACE2,	respectively.	Dashed	
lines	indicate	cut-	off	levels.	R	and	P values 
(*<.05, **<.001)	are	indicatedVNT titers
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TA B L E  2 Comparison	of	SARS-	CoV-	2	immune	response	in	children	and	adults

Analysis Parameter
Children, mild symptoms 
(n = 26)

Adults, mild symptomsa 
(n = 139)

Adults, severe 
symptomsa (n = 114)

ELISA IgG	to	S	[OD] 2.17	(1.04) 1.73	(1.12)	** 2.11	(0.65)

ELISA IgG	to	RBD	[OD] 0.73	(0.6) 0.69	(1.02) 1.42	(0.7)***

Molecular	inhibition	
assay

Inhibition	(%) 31.9	(21.2) 24.2	(33.6) 23.8	(36.9)

Children,	mild	symptoms	
(n =	26)

Adults,	mild	symptomsa 
(n =	28)

Adults,	severe	
symptomsa (n =	14)

Virus	neutralization	
test

Titres 30	(23.8) 60	(69.1)*** 320	(240)***

Children,	mild	symptoms	
(n =	6)

Adults,	mild	symptomsa 
(n =	33)

Adults,	severe	
symptomsa (n =	19)

CHIP IgG	to	S	folded	[ISU] 29.80	(24.2) 23.02	(14.1) 50.38	(13.13)

CHIP IgG	to	RBD	folded	[ISU] 52.73	(44.64) 64.83	(23.64) 93.62	(0.01)**

Note: Results	are	presented	as	median	values	with	interquartile	range	indicated	in	brackets.
P	values	were	calculated	by	Kruskal-	Wallis	test	with	Dunn's	post	hoc	multiple	comparisons	test;	significant	outcomes	for	children	versus	mild	or	
severe adults are indicated (**<.01; ***<.001).
aAdult	population	described	and	analyzed.24
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epitopes	 on	 the	 SARS-	CoV-	2	 spike	 protein.	 This	 assumption	 was	
supported	by	 low	 IgG	 reactivity	 against	 sequential	 S-	derived	 and,	
in	particular,	against	RBD-	derived	peptide	epitopes	among	children.	
The	same	results	were	observed	for	an	adult	COVID-	19	population	
from the same region whose serum samples were obtained at the 
same time of the pandemic.20

We	assessed	the	capability	of	the	patients’	antibodies	to	prevent	
RBD-	ACE2	molecular	 interaction	when	RBD	 is	pre-	incubated	with	
patients’	sera	by	an	in-	house	assay.	In	our	seropositive	study	popu-
lation, inhibition levels ranged from 17.7% up to 65.6% which was in 
concordance with previously reported results from adult patients.24 
Although	the	outcome	directly	correlated	with	anti-	RBD	titers	in	the	
pediatric population, adult patients after a severe disease course 
showed	comparable	inhibition	capacity	despite	increased	RBD	IgG	
antibody levels. This may implicate that these patients due to longer 
virus	exposure	and	higher	virus	load	mount	antibodies	detectable	by	
ELISA	but	not	functional	 in	terms	of	RBD-	ACE2-	binding	inhibition.	
Three	out	of	26	control	patients’	sera	inhibited	RBD-	ACE2	molecu-
lar interaction and, therefore, were considered positive. This could 
be	explained	by	cross-	reactivity	with	seasonal	human	coronaviruses.	
Another	possible	explanation	 is	 an	undetected	SARS-	CoV-	2	 infec-
tion;	however,	we	consider	it	highly	unlikely	as	all	other	parameters	
(anti-	S	and	-	RBD	IgG	antibodies	and	VNT)	were	negative.

Although	differences	in	antibody	responses	to	SARS-	CoV-	2	anti-
gens in children and adults with indications of reduced protective se-
rological response in younger age were previously reported,2 we did 
not observe consistent differences when comparing our results from 
children with an adult population assessed by same assays.20	We	ob-
served	that	mildly	affected	children	and	adults	expressed	a	similar	
magnitude	of	RBD-	specific	IgG	antibody	levels.	Likewise,	there	were	
no	big	differences	 regarding	S-	specific	antibody	 responses	 in	chil-
dren	and	adults.	The	ability	to	inhibit	RBD	binding	to	ACE2	did	not	
differ	significantly	between	children	and	adults.	Only	VNT	titers	in	
children were lower than in adults. Despite the comparable antibody 
titer	levels	in	the	pediatric	and	adult	populations,	virus	neutralization	
was, in general, more pronounced in adults in this functional assay, 
suggesting that other factors may underlie this observation.

Even	though	our	study	is	limited	only	to	humoral	aspect	of	im-
munity,	 it	seems	that	SARS-	CoV-	2	pediatric	patients	exhibit	SARS-	
CoV-	2-	specific	 antibody	 responses	 which	 are	 quite	 comparable	
regarding antigen, epitope recognition, and the ability to inhibit the 
RBD-	ACE2	interaction	to	that	of	adult	patients	after	mild	COVID-	19.	
This result, if confirmed in larger studies, would indicate that the 
mainly	mild	or	asymptomatic	course	of	COVID-	19	in	children	versus	
the more severe manifestations in adults is rather not due to dif-
ferences	 regarding	magnitude	and	quality	of	 the	specific	antibody	
responses in children versus adults. Other factors such as different 
ACE2-	receptor	expression,	differences	regarding	cellular	and/or	in-
nate immunity may be important.31
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