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Abstract
Preschool	 children	with	wheezing	 disorders	 pose	 diagnostic	 and	 therapeutic	 chal-
lenges and consume substantial healthcare resources. Peripheral eosinophil blood 
count	(EBC)	has	been	proposed	as	a	potential	indicator	for	future	asthma	development.	
This	review	by	the	European	Academy	of	Allergy	and	Clinical	 Immunology	 (EAACI)	
Preschool	Wheeze	Task	Force	aimed	to	provide	systematic	evidence	for	the	associa-
tion	between	increased	EBC	and	the	risk	of	future	asthma,	as	well	as	to	identify	po-
tential	cutoff	values.	In	February	2023,	a	search	of	PubMed,	EMBASE,	and	Cochrane	
Library	databases	was	 conducted	 to	 identify	 studies	 comparing	EBCs	 in	preschool	
children	with	wheezing	who	continued	to	wheeze	later	in	life	and	those	who	did	not.	
Included observational studies focused on children aged <6 years	with	a	wheezing	
disorder,	assessment	of	their	EBCs,	and	subsequent	asthma	status.	No	 language	or	
publication	date	restrictions	were	applied.	Among	the	initial	3394	studies	screened,	
10	were	included	in	the	final	analysis,	involving	1225	patients.	The	data	from	these	
studies	demonstrated	that	high	EBC	in	preschool	children	with	wheezing	is	associated	
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1  |  INTRODUC TION

Preschool	 children	 with	 wheezing	 disorders	 present	 a	 diagnos-
tic and therapeutic challenge and consume significant healthcare 
resources.1	 Wheezing	 in	 preschoolers	 encompasses	 various	 clini-
cal and pathological phenotypes.2,3	 Around	 30	 to	 50	 percent	 of	
preschool-	aged	children	experience	wheezing	episodes,	often	trig-
gered by viral respiratory tract infections.4,5	While	most	 cases	 of	
wheezing	 are	 mild	 and	 transient,	 some	 infants	 develop	 recurrent	
and	severe	episodes	 requiring	medical	 review,	hospitalization,	and	
specialized	diagnosis	and	management.6

Recurrent	 wheezing	 can	 be	 an	 early	 indication	 of	 asthma,	 a	
condition	 characterized	 by	 airway	 remodeling,	 hyperresponsive-
ness,	immune	system	activation,	and	excessive	mucus	production.6 
These	processes	 can	 lead	 to	educational	 and	 social	 impairments,	
significantly	affecting	the	quality	of	 life	 if	appropriate	and	timely	
treatment is not received.7,8	Consequently,	there	is	a	pressing	need	
to	 identify	markers	 that	 can	accurately	predict	 the	 risk	of	devel-
oping	 asthma	 later	 in	 life,	 particularly	 for	 patients	 in	 their	 early	
childhood.9

One	 potential	 option	 is	 eosinophil	 blood	 counts	 (EBCs),	 a	
cost-	effective	 and	 easily	 accessible	 test.	 Eosinophils	 play	 a	 role	
in the development of allergic asthma and contribute to allergic 
inflammation.10	Currently,	EBCs	(≥4%)	have	been	used	in	clinical	
practice	to	identify	wheezing	children	at	a	higher	risk	of	asthma,	
mainly as a minor criterion in established predictive indices.11,12 
However,	 the	routine	use	of	EBCs	 lacks	systematic	evidence,	as	
existing	recommendations	and	cutoff	values	primarily	rely	on	ex-
pert opinion.2,13

The	 European	 Academy	 of	 Allergy	 and	 Clinical	 Immunology	
(EAACI)	has	formed	the	Preschool	Wheeze	Task	Force	in	order	to	
prepare	recommendations	on	the	diagnostics	of	wheezy	breath-
ing in children. In order to provide sufficient data support for 
those	 upcoming	 recommendations,	 we	 undertook	 this	 system-
atic	review	and	meta-	analyses,	following	a	previously	registered	
protocol.

This	systematic	review	aims	to	consolidate	available	data	on	the	
association	between	elevated	EBCs	in	preschool	wheezing	and	the	
likelihood	of	future	atopic	asthma.

2  |  METHODS

This	review	was	performed	by	the	members	of	the	EAACI	Preschool	
Wheeze	 Task	 Force	 and	 select	 external	 specialists	 invited	 by	 the	
members	 of	 the	 Task	 Force,	 comprising	 methodologists,	 pediatri-
cians,	 allergists,	 pediatric	 pneumonologists,	 immunologists,	 public	
health	specialists,	biostatisticians,	and	other	clinicians,	practising	in	
five	countries:	Denmark,	Finland,	Poland,	Sweden,	and	the	USA.

In	November	2020,	three	databases	(PubMed,	Embase,	and	the	
Cochrane	Library)	were	screened	using	the	 following	search	strat-
egy	(formatted	for	PubMed):

(preschool child OR infant* OR infancy OR toddler 
OR	pre-	school	OR	kindergarten	OR	nursery	OR	pre-
school*)	AND	(eosinophil*	OR	eosinocyte*	OR	eosin-
ophil	blood	count*	OR	EBC	OR	eosinophil	count	test*	
OR eosinophil count* OR peripheral blood eosino-
phil*)	AND	(asthma*	OR	wheez*	OR	bronchiolitis	OR	
bronchitis	OR	LTRI	OR	lower	respiratory	tract	infec-
tion*	lower	respiratory	tract	illness*).

The	review	was	registered	in	the	PROSPERO	database	at	the	University	
of	York	(ID:	CRD42020221322).

After	removing	duplicate	entries,	the	titles	and	abstracts	of	re-
trieved articles were independently screened by four researchers 
(AA,	MC,	KM,	and	JT)	using	the	following	eligibility	criteria:

•	 Sample:	Children	with	wheezing	disorders	aged	<6 years.
•	 Phenomenon	of	interest:	Wheezing	at	preschool	age	and	asthma	

in later life.
•	 Design:	All	types	of	observational	studies.

with	future	asthma	development,	with	odds	ratios	of	1.90	(95%	CI:	0.45–7.98,	p = .38),	
2.87	(95%	CI:	1.38–5.95,	p < .05),	and	3.38	(95%	CI:	1.72–6.64,	p < .05)	for	cutoff	val-
ues in the <300,	300–449,	and	≥450 cells/μL	ranges,	respectively.	Defining	a	specific	
cutoff	point	for	an	elevated	EBC	lacks	consistency,	but	children	with	EBC	>300 cells/
μL	are	at	 increased	risk	of	asthma.	However,	further	research	is	needed	due	to	the	
limitations	of	the	included	studies.	Future	investigations	are	necessary	to	fully	eluci-
date the discussed association.

K E Y W O R D S
asthma,	eosinophil,	eosinophil	blood	count,	preschool,	wheezing

Key message

Preschool-	aged	children	with	wheezing	who	present	with	
eosinophil blood counts of over 300 cells per microliter are 
at	an	increased	risk	of	future	asthma.
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•	 Evaluation:	EBC	(absolute	or	relative).
•	 Research	type:	Qualitative,	quantitative,	and	mixed	methods	re-
search.	 There	were	no	 restrictions	on	 the	 language	of	 the	 arti-
cles.	Papers	focusing	on	treatment	response	were	excluded	as	the	
focus was on diagnostics.

The	 results	 of	 the	 title	 and	 abstract	 screening	 were	 cross-	
checked	between	the	four	researchers.	Thirty	records	were	selected	
for	 full-	text	 review,	but	 two	 full	 texts	were	unavailable.	Seven	 re-
searchers	(AA,	KB,	BC,	MC,	SJ,	KM,	and	JT)	independently	assessed	
the	remaining	28	articles,	and	the	results	were	cross-	checked.	At	the	
end	of	the	2020	review	process,	eight	articles	met	the	inclusion	cri-
teria	and	were	included	in	the	meta-	analysis.	From	each	study,	the	
researchers	 (AA,	KB,	BC,	MC,	 SJ,	KM,	 and	 JT)	 tallied	 the	number	
of	patients	with	EBC	over	and	under	a	threshold,	specified	by	each	
study	individually,	who	would	or	would	not	develop	asthma	in	later	
life,	in	order	to	present	the	data	as	odds	ratios	(OR).	Sensitivity	anal-
ysis was performed by removing studies with the lowest and highest 
OR in a given group.

In	February	2023,	an	additional	search	was	conducted	to	identify	
articles	published	during	the	review	process.	Using	the	same	search	
strategy	and	databases,	477	documents	were	retrieved	(after	remov-
ing	duplicates).	After	a	review	by	two	independent	researchers	(AA	
and	MC),	three	studies	from	the	update	were	eligible	for	 inclusion	
in	the	analysis	but	lacked	crucial	data.	We	contacted	the	authors	of	
the	included	articles	and	requested	unpublished	data.14–16	Two	out	
of the three research teams agreed to collaborate and shared their 
data,	which	was	included	in	the	final	meta-	analyses.	Thus,	these	two	
studies	were	added	to	the	originally	identified	eight	studies,	result-
ing in a total of 10 studies.

2.1  |  Software

EndNote	X9	and	EndNote	20	were	used	for	the	 initial	review	pro-
cess.	 Data	 compilation	 was	 done	 using	 Microsoft	 Excel.	 Review	
Manager	5.4	was	used	for	conducting	the	meta-	analysis	and	calcu-
lating the associated statistics.17

2.2  |  Risk- of- bias assessment

We	assessed	the	risk	of	bias	using	the	“Quality	In	Prognosis	Studies”	
(QUIPS)	 tool.18	 Four	 researchers	 independently	 evaluated	 bias	
across	six	subdomains:	participation	bias,	attrition	bias,	prognostic	
factors	measurement,	 outcome	measurement,	 study	 confounding,	
and statistical analysis and presentation.

2.3  |  Statistical analysis

The	 meta-	analysis	 was	 conducted	 using	 the	 Mantel–Haenszel	
method	 for	 random	 effects,	 based	 on	 data	 extracted	 from	 the	

included	studies.	The	chi-	squared	test	was	used	to	test	for	subgroup	
differences,	and	the	I2 statistic was used to estimate data heteroge-
neity. I2	values	between	0%	and	40%	were	considered	to	represent	
low	heterogeneity,	40%–60%	moderate	heterogeneity,	and	 I2 over 
60%	was	considered	high	heterogeneity.	Prediction	 intervals	were	
calculated when appropriate.

3  |  RESULTS

After	 removing	 duplicate	 records,	 a	 total	 of	 3394	 entries	 were	
screened	 through	 title	 and	 abstract	 review.	 Thirty-	six	 articles	 un-
derwent	 full-	text	 review,	and	ultimately,	10	articles	met	 the	 inclu-
sion	criteria	and	were	included	in	the	final	analysis.	Additional	details	
about	the	review	stages	and	reasons	for	exclusion	can	be	found	in	
the study flowchart (Figure 1).

To	address	the	variation	in	cutoff	points	used	among	the	studies,	
we	grouped	them	based	on	commonly	used	ranges	in	EBC	research.	
For	instance,	a	study	using	a	cut-	off	value	of	84 cells/μL	would	be	an-
alyzed	in	the	<300 cells/μL	group,	while	a	study	using	a	cutoff	value	
of	 300 cells/μL	would	 be	 assigned	 to	 the	 300–449 cells/μL	 group.	
One study14	provided	data	for	multiple	groups,	which	were	analyzed	
separately	to	avoid	inflating	sample	sizes.

3.1  |  <300 cells/μL

Two	 studies	 utilized	 cutoff	 points	 in	 this	 range	 (Figure 2).	 One	
study19	employed	a	cut-	off	point	of	≥84 cells/μL,	corresponding	to	
≥1%	of	white	blood	cells	in	the	analysis.	The	other	study	used	a	cut-
off	 of	 100 cells/μL.14	 The	 combined	 sample	 size	 in	 this	 group	was	
235	patients.	The	OR	in	this	group	was	not	statistically	significant	
at	1.90	(95%	CI:	0.45–7.98)	with	significant	heterogeneity	(I2 = 74%).	
Due	to	the	result	being	statistically	not	significant,	prediction	inter-
vals	were	not	 calculated.	The	 studies	had	a	moderate19 and low14 
risk-	of-	bias	scores,	with	the	domains	of	attrition,	prognostic	factor	
measurement,	and	study	confounding	most	contributing	to	the	over-
all	increase	of	their	risk	of	bias	(Figure 3).

3.2  |  300–449 cells/μL

Five	studies	employed	a	cutoff	point	between	300	and	449 cells/
μL,14,20–23 involving a total of 974 subjects (Figure 2).	 The	 over-
all	OR	 in	 this	 group	was	2.87	 (95%	CI:	 1.38–5.95)	with	 substan-
tial heterogeneity (I2 = 68%)	 (Figure 2).	 The	 standard	 deviation	
of	 the	prediction	 interval	 (SDPI)	was	 calculated	 as	0.714,	with	 a	
prediction	interval	ranging	from	0.396	to	20.814.	The	probability	
that the OR was less than 1 in future studies was estimated to 
be	10.7%.	The	risk	of	bias	varied	in	this	group,	with	three	studies	
having	a	 low	risk-	of-	bias	score,14,20,21 one study having a moder-
ate	risk,23	and	one	study	having	a	high	risk,22 mainly due to study 
confounding bias (Figure 3).
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3.3  |  ≥450 cells/μL

Four	 studies	 fell	within	 the	 ≥450 cells/μL	 range,14,24–26 involving a 
total of 500 children (Figure 2).	 The	OR	was	 3.38	 (95%	CI:	 1.72–
6.64),	with	moderate	heterogeneity	 (I2 = 51%)	 (Figure 2).	The	SDPI	
was	 calculated	 as	 0.534,	 and	 the	 prediction	 interval	 ranged	 from	
0.618	to	18.485.	The	prediction	interval	was	calculated	as	2.688	to	
8.044.	The	probability	of	achieving	a	reverse	result	in	future	studies	
was	estimated	to	be	5.3%.	The	risk	of	bias	in	this	group	ranged	from	
low to moderate (Figure 3).

3.4  |  Percentage of WBC

Two	studies	reported	cutoff	values	of	eosinophilia	as	percentage	
of	white	blood	cells,	one	at	1%	with	an	OR	of	4.50	(1.18,	17.21)19 
and	the	second	at	2.5%	with	an	OR	of	2.137	(1.507,	3.03).27	The	
discrepancy	 between	 the	 cut-	offs	was	 deemed	 to	 be	 too	 large	
and,	 as	 such,	 these	 studies	 were	 excluded	 from	 further	 analy-
sis.	The	 risk	of	bias	was	moderate	 for	one	 study19 and high for 

the	other,27 primarily due to increased participation and attrition 
bias.

3.5  |  Risk- of- bias assessment

Detailed	 results	 of	 the	 risk	 of	 bias	 assessment	 can	 be	 found	 in	
Figure 3.	In	summary,	two	studies	had	a	high	overall	risk	of	bias,22,27 
five	had	a	moderate	risk	of	bias,19,23–26	and	three	had	a	low	risk	of	
bias.14,20,21	Attrition	bias	contributed	the	most	to	the	overall	risk	of	
bias	across	the	retrieved	studies,	with	only	a	single	study	achieving	a	
low	risk	of	bias	score	in	that	domain.20

The	overall	 risk	of	bias	was	compiled	 from	scores	 from	the	six	
subdomains (Figure 3).

3.6  |  Sensitivity analysis

Sensitivity	 analysis	 was	 conducted	 in	 the	 300–449 cells/μL	 and	
≥450 cells/μL	 groups	 by	 excluding	 studies	 with	 the	 highest	 and	

F I G U R E  1 Summary	of	the	number	of	
studies	included	and	excluded	from	the	
analysis.
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lowest	OR	in	their	respective	groups.	The	exclusion	of	these	studies	
did not significantly impact the statistical significance of the overall 
results in these groups. Detailed results in the form of forest plots 
can be found in the supplementary material (Figure S1 in the Online 
Repository).

4  |  DISCUSSION

This	 systematic	 review	 shows	 a	 clear	 link	 between	 elevated	 EBC	
in	children	with	a	history	of	wheezing	at	preschool	age	and	subse-
quent	asthma	diagnosis.	The	EBC	is	the	most	easily	accessible	and	
cheapest	 marker	 and	 predictor	 of	 possible	 allergic	 sensitization.	
According	to	our	findings,	there	is	potential	for	utilizing	this	tool	as	
an	evidence-	based	approach	to	identify	wheezy	children	who	may	
have	an	increased	risk	of	asthma	at	an	early	age.	As	demonstrated	
by	our	meta-	analysis,	the	odds	of	asthma	increase	with	an	increase	
in	EBC.	Despite	the	lack	of	a	reliably	established	cutoff,	our	research	
shows	that	preschool	children	with	wheezing	whose	EBCs	are	higher	
than	300 cells/μL	are	at	an	increased	risk	of	future	asthma	and	might,	
as	suggested	by	other	research,	benefit	from	regular	clinical	assess-
ments and early introduction of treatment.28,29	 In	 recent	 years,	
research considering the utility of peripheral blood eosinophils in 
predicting lung function improvement or tailoring asthma treatment 

has shown promising results.30,31	However,	there	exists	conflicting	
reports about the utility of early introduction of asthma treatment 
in	 preventing	 longitudinal	 complications,	 that	 is,	 airway	 remod-
eling and development of other obstructive disorders in children.32 
Nevertheless,	 patients	 at	 an	 increased	 risk	 of	 asthma	 still	 require	
regular	medical	attention	to	ensure	adequate	symptom	control,	even	
in	the	absence	of	evidence	for	disease	trajectory-	altering	treatment.	
There	appears	to	be	a	lack	of	consistency	within	the	available	litera-
ture	on	defining	what	constitutes	an	elevation	in	EBC,	as	revealed	by	
this	analysis.	The	identified	studies	used	seven	different	cutoff	val-
ues	to	define	the	same	condition—an	EBC	elevation.	Such	inconsist-
encies	can	be	found	in	research	regarding	EBCs	in	various	disorders,	
as	discussed	by	Jesenak	et	al.	in	their	work	on	molecular	insights	and	
clinical functions of eosinophils and the clinical effects of targeted 
eosinophil depletion.33

This	lack	of	uniformity	likely	stems	from	the	researchers'	varied	
approaches	 employed	 during	 study	 design	 and	 the	 lack	 of	 a	 con-
crete,	firmly	established	cutoff	point	for	an	elevated	EBC	in	the	stud-
ied	age	group.	According	to	current	clinical	practice	and	the	results	
of	our	study,	the	most	popular	current	cutoff	seems	to	be	300 cells/
μL.34–36	Further	work	is	required,	however,	since	the	justification	for	
its	everyday	use	is	insufficient,	as	it	is	not	only	derived	from	expert	
opinion	and	not	systematic	or	experimental	work	but	also	commonly	
justified by guidelines on the management of chronic obstructive 

F I G U R E  2 Forest	plot	depicting	the	associations	between	elevated	eosinophil	blood	count	and	risk	of	asthma,	divided	into	subgroups	
based	on	the	cut-	off	point	used	(>300 cells/μL,	300–449 cells/μL,	and	≥450 cells/μL).	The	right	side	of	the	vertical	line	favors	low	eosinophil	
counts	in	the	prediction	of	asthma.	CI,	confidence	interval;	I2:	heterogeneity	statistic;	OR,	odds	ratio.
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pulmonary disorder in adults.2,11,37	 Furthermore,	 as	 suggested	 by	
the	OR	for	future	asthma	increasing	with	the	increase	of	EBC,	the	
indicator	might	exhibit	a	dose–response	association	with	the	risk	of	
future	asthma.	As	such,	it	might	not	have	a	true	cutoff	value,	instead	
having	a	directly	proportional	relationship	with	the	risk	of	asthma.	
This	conclusion,	however,	is	impossible	to	make	based	solely	on	the	
data available in the published literature and should be investigated 
in a study designed specifically for that purpose.

This	study	has	several	strong	points.	To	our	knowledge,	it	is	the	
first attempt to systematically review available data on the associa-
tion	of	particular	EBC	levels	during	preschool	wheezing	and	the	odds	
of	 future	 asthma.	As	 such,	 it	 provides	 a	 robust	 foundation	 for	 fu-
ture	research	and	recommendations.	Furthermore,	it	reveals	a	need	
for more consistency between researchers when choosing a cutoff 
point,	the	lack	of	which	might	contribute	to	clinical	inconsistencies	
and needs to be addressed by future guidelines or recommendations 
for clinical practice.

Our	 study	 has	 several	 potential	 limitations.	 First,	 the	 conclu-
sions	of	this	study	may	be	weakened	by	the	relatively	high	risk-	of-	
bias	scores	of	reviewed	articles.	Second,	as	with	all	review	articles,	
our	 study	 is	 prone	 to	publication	bias.	 Third,	 the	 small	 number	of	
relevant	articles	provides	lower	statistical	power	and	weakens	con-
clusions,	particularly	 in	 the	<300 cells/μL	group.	Fourth,	while	 the	
included	studies	all	dealt	with	preschool	aged	children,	due	to	the	
nature	of	systematic	reviews,	specific	ages	of	recruitment	and	ages	
at	follow-	up	differed	between	the	studies.	As	eosinophil	levels	have	
been	 shown	 to	 change	with	age,	 this	 introduces	a	 certain	 level	of	
bias to the final analysis.38	Fifth,	the	results	from	the	source	studies	
are	not	adjusted	for	the	presence	of	atopic	dermatitis,	which,	apart	
from	being	a	common	comorbidity	of	asthma,	also	is	associated	with	
elevated	peripheral	EBC.39,40	Finally,	although	the	OR	is	highest	 in	
the	≥450 cells/μL	group,	it	does	not	allow	us	to	define	this	number	as	
an optimal cutoff clearly. Such a conclusion could be made in an in-
dividual	patient	data	analysis	or	a	well-	designed	observational	study.

F I G U R E  3 Risk-	of-	bias	summary,	divided	into	domains	and	overall.	Green—low	risk	of	bias;	yellow—moderate	risk	of	bias;	red—high	risk	of	
bias.
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In	 summary,	 this	 meta-	analysis	 reinforces	 the	 association	 be-
tween	elevated	EBC	and	the	risk	of	future	asthma.	Eosinophil	blood	
count	are	a	cost-	effective	and	easily	accessible	tool	for	assessing	fu-
ture	asthma	risk	in	preschool	children	with	wheezing	and,	as	such,	
can	aid	physicians	in	making	informed	therapeutic	decisions.

This	study	provides	important	data	for	the	upcoming	EAACI	rec-
ommendations	on	 the	diagnosis	of	preschool	wheezing	 and	 sheds	
some	light	on	the	areas	of	the	subject,	which	require	further	inves-
tigation.	A	large,	focused,	prospective,	multi-	center	cohort	study	is	
required	to	set	a	reliable	cutoff	point	or	predictive	model	for	EBCs	as	
predictors of asthma in the preschool population.

USE OF ARTIFICIAL INTELLIGENCE 
DISCLOSURE STATEMENT

During	 the	 preparation	 of	 this	 work,	 the	 authors	 used	 OpenAI's	
ChatGPT	 3.5	 in	 order	 to	 improve	 readability	 and	 language.	 After	
using	 this	 tool,	 the	 authors	 reviewed	 and	 edited	 the	 content	 as	
needed	and	take	full	responsibility	for	the	content	of	the	publication.

AUTHOR CONTRIBUTIONS
Aleksander Adamiec:	 Conceptualization;	 methodology;	 software;	
data	 curation;	 formal	 analysis;	 visualization;	 writing	 –	 review	 and	
editing;	 writing	 –	 original	 draft;	 investigation;	 validation.	 Maja 
Cieślik:	Investigation;	formal	analysis;	writing	–	original	draft;	writ-
ing	 –	 review	 and	 editing.	 Katarzyna Mączka: Investigation; for-
mal	analysis;	writing	–	original	draft;	writing	–	 review	and	editing.	
Joanna Tarnoruda:	 Investigation;	formal	analysis;	writing	–	original	
draft;	writing	–	review	and	editing.	Signe Jensen: Investigation; for-
mal	analysis;	writing	–	review	and	editing.	Bo Chawes: Investigation; 
formal	 analysis;	 writing	 –	 review	 and	 editing.	 Klaus Bønnelykke: 
Investigation;	 formal	 analysis;	 writing	 –	 review	 and	 editing.	 Jon 
R. Konradsen:	 Investigation;	 formal	 analysis;	writing	–	 review	and	
editing. Cilla Söderhäll:	 Investigation;	formal	analysis;	writing	–	re-
view and editing. Heidi Makrinioti: Investigation; formal analysis; 
writing	–	 review	and	editing;	methodology.	Carlos A. Camargo Jr: 
Methodology;	 formal	analysis;	writing	–	review	and	editing;	 inves-
tigation. Kohei Hasegawa: Investigation; formal analysis; methodol-
ogy;	writing	–	review	and	editing.	Dominika Ambrożej: Investigation; 
formal	analysis;	writing	–	review	and	editing.	Tuomas Jartti: Project 
administration;	 resources;	 writing	 –	 review	 and	 editing;	 funding	
acquisition.	Marek Ruszczyński:	 Methodology;	 investigation;	 vali-
dation;	 formal	 analysis;	 supervision;	 writing	 –	 review	 and	 editing.	
Wojciech Feleszko:	 Conceptualization;	 methodology;	 supervision;	
funding	 acquisition;	 project	 administration;	 resources;	 writing	 –	
original	draft;	writing	–	review	and	editing;	visualization;	validation.

FUNDING INFORMATION
This	 systematic	 review	was	 supported	 by	 the	 European	Academy	
of	Allergy	and	Clinical	 Immunology	(EAACI)	under	the	EAACI	Task	
Force	on	Preschool	Wheeze,	Working	Group	Infections	(2022/23),	
budget reference number: 40316.

CONFLIC T OF INTERE S T S TATEMENT
The	authors	declare	no	conflict	of	interest.

PEER RE VIE W
The	peer	review	history	for	this	article	is	available	at	https:// www. 
webof	scien	ce.	com/	api/	gatew	ay/	wos/	peer-		review/	10.	1111/	pai.	
14078 .

ORCID
Aleksander Adamiec  https://orcid.org/0000-0001-9407-3419 
Maja Cieślik  https://orcid.org/0000-0001-9377-132X 
Katarzyna Mączka  https://orcid.org/0009-0007-0223-6892 
Signe Jensen  https://orcid.org/0000-0002-3375-6555 
Bo Chawes  https://orcid.org/0000-0001-6846-6243 
Klaus Bønnelykke  https://orcid.org/0000-0003-2003-1018 
Jon R. Konradsen  https://orcid.org/0000-0001-7745-8624 
Cilla Söderhäll  https://orcid.org/0000-0002-8397-3080 
Heidi Makrinioti  https://orcid.org/0000-0003-0832-2744 
Carlos A. Camargo Jr  https://orcid.org/0000-0002-5071-7654 
Kohei Hasegawa  https://orcid.org/0000-0002-5739-7999 
Dominika Ambrożej  https://orcid.org/0000-0003-3706-0210 
Marek Ruszczyński  https://orcid.org/0000-0003-0352-6609 
Wojciech Feleszko  https://orcid.org/0000-0001-6613-2012 

R E FE R E N C E S
	 1.	 Wright	 AL,	 Taussig	 LM,	 Ray	 CG,	 Harrison	 HR,	 Holberg	 CJ.	 The	

Tucson	Children's	Respiratory	Study.	II.	Lower	respiratory	tract	ill-
ness in the first year of life. Am J Epidemiol.	1989;129(6):1232-	1246.

	 2.	 Saglani	S,	Bingham	Y,	Balfour-	Lynn	I,	et	al.	Blood	eosinophils	in	man-
aging	 preschool	 wheeze:	 lessons	 learnt	 from	 a	 proof-	of-	concept	
trial. Pediatr Allergy Immunol.	2022;33(1):e13697.

	 3.	 Jartti	T,	Smits	HH,	Bønnelykke	K,	et	al.	Bronchiolitis	needs	a	revisit:	
distinguishing between virus entities and their treatments. Allergy. 
2019;74(1):40-	52.

	 4.	 Henderson	 J,	 Granell	 R,	 Heron	 J,	 et	 al.	 Associations	 of	 wheez-
ing	 phenotypes	 in	 the	 first	 6 years	 of	 life	 with	 atopy,	 lung	 func-
tion	 and	 airway	 responsiveness	 in	 mid-	childhood.	 Thorax. 
2008;63(11):974-	980.

	 5.	 Brand	 PL,	 Baraldi	 E,	 Bisgaard	 H,	 et	 al.	 Definition,	 assessment	
and	 treatment	 of	 wheezing	 disorders	 in	 preschool	 children:	 an	
evidence-	based	approach.	Eur Respir J.	2008;32(4):1096-	1110.

	 6.	 Boonpiyathad	T,	Sözener	ZC,	Satitsuksanoa	P,	Akdis	CA.	Immunologic	
mechanisms in asthma. Semin Immunol. 2019;46:101333.

	 7.	 Kouzegaran	S,	Samimi	P,	Ahanchian	H,	Khoshkhui	M,	Behmanesh	F.	
Quality of life in children with asthma versus healthy children. Open 
Access Maced J Med Sci.	2018;6(8):1413-	1418.

	 8.	 Banjari	M,	Kano	Y,	Almadani	S,	Basakran	A,	Al-	Hindi	M,	Alahmadi	T.	
The	relation	between	asthma	control	and	quality	of	life	in	children.	
Int J Pediatr. 2018;2018:6517329.

	 9.	 Adamiec	A,	Ambrożej	D,	Ryczaj	K,	et	al.	Preschool	wheezing	diag-
nosis	 and	management-	survey	 of	 physicians'	 and	 caregivers'	 per-
spective. Pediatr Allergy Immunol.	2020;31(2):206-	209.

	10.	 Fulkerson	PC,	Rothenberg	ME.	Targeting	eosinophils	in	allergy,	in-
flammation and beyond. Nat Rev Drug Discov.	2013;12(2):117-	129.

	11.	 Castro-	Rodríguez	JA,	Holberg	CJ,	Wright	AL,	Martinez	FD.	A	clini-
cal	index	to	define	risk	of	asthma	in	young	children	with	recurrent	
wheezing.	Am J Respir Crit Care Med.	2000;162(4	Pt	1):1403-	1406.

	12.	 Guilbert	 TW,	 Morgan	 WJ,	 Krawiec	 M,	 et	 al.	 The	 prevention	 of	
early	asthma	 in	kids	study:	design,	 rationale	and	methods	for	the	

 13993038, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pai.14078 by W

iley, W
iley O

nline L
ibrary on [13/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.14078
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.14078
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.14078
https://orcid.org/0000-0001-9407-3419
https://orcid.org/0000-0001-9407-3419
https://orcid.org/0000-0001-9377-132X
https://orcid.org/0000-0001-9377-132X
https://orcid.org/0009-0007-0223-6892
https://orcid.org/0009-0007-0223-6892
https://orcid.org/0000-0002-3375-6555
https://orcid.org/0000-0002-3375-6555
https://orcid.org/0000-0001-6846-6243
https://orcid.org/0000-0001-6846-6243
https://orcid.org/0000-0003-2003-1018
https://orcid.org/0000-0003-2003-1018
https://orcid.org/0000-0001-7745-8624
https://orcid.org/0000-0001-7745-8624
https://orcid.org/0000-0002-8397-3080
https://orcid.org/0000-0002-8397-3080
https://orcid.org/0000-0003-0832-2744
https://orcid.org/0000-0003-0832-2744
https://orcid.org/0000-0002-5071-7654
https://orcid.org/0000-0002-5071-7654
https://orcid.org/0000-0002-5739-7999
https://orcid.org/0000-0002-5739-7999
https://orcid.org/0000-0003-3706-0210
https://orcid.org/0000-0003-3706-0210
https://orcid.org/0000-0003-0352-6609
https://orcid.org/0000-0003-0352-6609
https://orcid.org/0000-0001-6613-2012
https://orcid.org/0000-0001-6613-2012


8 of 8  |     ADAMIEC et al.

childhood	 asthma	 research	 and	 education	 network.	 Control Clin 
Trials.	2004;25(3):286-	310.

	13.	 Rothenberg	ME.	Eosinophilia.	N Engl J Med.	1998;338(22):1592-	1600.
	14.	 Sørensen	KG,	Øymar	K,	Dalen	I,	Halvorsen	T,	Bruun	MI.	Blood	eo-

sinophils	during	bronchiolitis:	associations	with	atopy,	asthma	and	
lung function in young adults. Acta Paediatr.	2023;112(4):820-	829.

	15.	 Petrarca	L,	Nenna	R,	Di	Mattia	G,	et	al.	Bronchiolitis	phenotypes	
identified by latent class analysis may influence the occurrence of 
respiratory	sequelae.	Pediatr Pulmonol.	2022;57(3):616-	622.

	16.	 Chakraborty	S,	Hammar	KS,	Filiou	AE,	et	al.	Longitudinal	eosinophil-	
derived	neurotoxin	measurements	and	asthma	development	in	pre-
school	wheezers.	Clin Exp Allergy.	2022;52(11):1338-	1342.

	17.	 Review	Manager	 (RevMan).	 5.4	 ed:	 The	 Cochrane	 Collaboration.	
2021.

	18.	 Hayden	JA,	van	der	Windt	DA,	Cartwright	JL,	Côté	P,	Bombardier	
C.	Assessing	bias	in	studies	of	prognostic	factors.	Ann Intern Med. 
2013;158(4):280-	286.

	19.	 Ehlenfield	DR,	Cameron	K,	Welliver	RC.	Eosinophilia	at	the	time	of	
respiratory syncytial virus bronchiolitis predicts childhood reactive 
airway disease. Pediatrics.	2000;105(1	Pt	1):79-	83.

	20.	 Holmdahl	I,	Filiou	A,	Stenberg	Hammar	K,	et	al.	Early	 life	wheeze	
and	 risk	 factors	 for	 asthma—A	 revisit	 at	 age	 7	 in	 the	 GEWAC-	
cohort. Children (Basel).	2021;8(6):488.

	21.	 Anderson	HM,	Lemanske	RF	Jr,	Arron	JR,	et	al.	Relationships	among	
aeroallergen	sensitization,	peripheral	blood	eosinophils,	and	peri-
ostin in pediatric asthma development. J Allergy Clin Immunol. 
2017;139(3):790-	796.

	22.	 Martinez	 FD,	 Stern	 DA,	 Wright	 AL,	 Taussig	 LM,	 Halonen	 M.	
Differential immune responses to acute lower respiratory illness in 
early	life	and	subsequent	development	of	persistent	wheezing	and	
asthma. J Allergy Clin Immunol.	1998;102(6	Pt	1):915-	920.

	23.	 Midulla	 F,	 Nicolai	 A,	 Ferrara	 M,	 et	 al.	 Recurrent	 wheezing	 36	
months after bronchiolitis is associated with rhinovirus infections 
and blood eosinophilia. Acta Paediatr.	2014;103(10):1094-	1099.

	24.	 Hyvärinen	 MK,	 Kotaniemi-	Syrjänen	 A,	 Reijonen	 TM,	 Piippo-	
Savolainen	 E,	 Korppi	 M.	 Eosinophil	 activity	 in	 infants	 hospital-
ized	for	wheezing	and	risk	of	persistent	childhood	asthma.	Pediatr 
Allergy Immunol.	2010;21(1	Pt	1):96-	103.

	25.	 Just	J,	Belfar	S,	Wanin	S,	Pribil	C,	Grimfeld	A,	Duru	G.	 Impact	of	
innate	and	environmental	factors	on	wheezing	persistence	during	
childhood. J Asthma.	2010;47(4):412-	416.

	26.	 Kotaniemi-	Syrjänen	 A,	 Reijonen	 TM,	 Korhonen	 K,	 Korppi	 M.	
Wheezing	 requiring	 hospitalization	 in	 early	 childhood:	 predictive	
factors	for	asthma	in	a	six-	year	follow-	up.	Pediatr Allergy Immunol. 
2002;13(6):418-	425.

	27.	 Zhai	J,	Zou	Y,	Liu	J,	et	al.	Analysis	of	the	predicting	factors	of	recur-
rent	wheezing	in	infants.	Ital J Pediatr.	2019;45(1):19.

	28.	 Lanz	MJ,	Gilbert	 I,	Szefler	SJ,	Murphy	KR.	Can	early	 intervention	
in	pediatric	asthma	improve	long-	term	outcomes?	A	question	that	
needs an answer. Pediatr Pulmonol.	2019;54(3):348-	357.

	29.	 Abrams	 EM,	 Szefler	 SJ,	 Becker	 AB.	 Does	 inhaled	 steroid	 ther-
apy	help	emerging	asthma	 in	early	 childhood?	Lancet Respir Med. 
2017;5(10):827-	834.

	30.	 Silva	 JN,	Rocha	A,	Aparecida	de	Souza	 I,	Athanazio	R,	Vieira	PE.	
Does peripheral blood eosinophil count predict lung function im-
provement	 in	 adult	 subjects	 with	 asthma?	 Ann Allergy Asthma 
Immunol.	2021;127(3):388-	389.

	31.	 Petsky	 HL,	 Cates	 CJ,	 Lasserson	 TJ,	 et	 al.	 A	 systematic	 review	
and	 meta-	analysis:	 tailoring	 asthma	 treatment	 on	 eosinophilic	
markers	 (exhaled	 nitric	 oxide	 or	 sputum	 eosinophils).	 Thorax. 
2012;67(3):199-	208.

	32.	 Guilbert	TW,	Morgan	WJ,	Zeiger	RS,	et	al.	Long-	term	inhaled	cor-
ticosteroids	in	preschool	children	at	high	risk	for	asthma.	N Engl J 
Med.	2006;354(19):1985-	1997.

	33.	 Jesenak	M,	Diamant	Z,	Simon	D,	et	al.	Eosinophils-	from	cradle	to	
grave:	 an	EAACI	 task	 force	paper	on	new	molecular	 insights	 and	
clinical functions of eosinophils and the clinical effects of targeted 
eosinophil depletion. Allergy.	 2023;78:3077-	3102.	 doi:10.1111/
all.15884

	34.	 Malinovschi	A,	Fonseca	JA,	Jacinto	T,	Alving	K,	Janson	C.	Exhaled	
nitric	oxide	 levels	and	blood	eosinophil	counts	 independently	as-
sociate	 with	 wheeze	 and	 asthma	 events	 in	 National	 Health	 and	
Nutrition	 Examination	 Survey	 subjects.	 J Allergy Clin Immunol. 
2013;132(4):821-	827.e1-	5.

	35.	 Jackson	DJ,	Humbert	M,	Hirsch	I,	Newbold	P,	Garcia	GE.	Ability	of	
serum	IgE	concentration	to	predict	exacerbation	risk	and	benrali-
zumab	efficacy	 for	patients	with	severe	eosinophilic	asthma.	Adv 
Ther.	2020;37(2):718-	729.

	36.	 Fitzpatrick	AM,	Jackson	DJ,	Mauger	DT,	et	al.	Individualized	ther-
apy for persistent asthma in young children. J Allergy Clin Immunol. 
2016;138(6):1608-	1618.e12.

	37.	 Global	 Initiative	 for	 Chronic	 Obstructive	 Pulmonary	 Disease	 I.	
Global	 Initiative	 for	 Chronic	 Obstructive	 Pulmonary	 Disease.	
Global	strategy	for	the	diagnosis,	management,	and	prevention	of	
chronic obstructive pulmonary disease. 2022.

	38.	 Li	K,	Peng	YG,	Yan	RH,	Song	WQ,	Peng	XX,	Ni	X.	Age-	dependent	
changes of total and differential white blood cell counts in children. 
Chin Med J.	2020;133(16):1900-	1907.

	39.	 Kägi	 MK,	 Joller-	Jemelka	 H,	 Wüthrich	 B.	 Correlation	 of	 eosino-
phils,	 eosinophil	 cationic	protein	 and	 soluble	 interleukin-	2	 recep-
tor with the clinical activity of atopic dermatitis. Dermatology. 
1992;185(2):88-	92.

	40.	 Ravnborg	 N,	 Ambikaibalan	 D,	 Agnihotri	 G,	 et	 al.	 Prevalence	 of	
asthma in patients with atopic dermatitis: a systematic review and 
meta-	analysis.	J Am Acad Dermatol.	2021;84(2):471-	478.

SUPPORTING INFORMATION
Additional	 supporting	 information	 can	 be	 found	 online	 in	 the	
Supporting Information section at the end of this article.

How to cite this article: Adamiec	A,	Cieślik	M,	Mączka	K,	
et	al.	A	systematic	review	and	meta-	analysis	on	absolute	
eosinophil	counts	and	the	risk	of	asthma	in	preschool	
children	with	wheezing:	An	EAACI	Task	Force	Report.	Pediatr 
Allergy Immunol. 2024;35:e14078. doi:10.1111/pai.14078

 13993038, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pai.14078 by W

iley, W
iley O

nline L
ibrary on [13/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1111/all.15884
https://doi.org//10.1111/all.15884
https://doi.org/10.1111/pai.14078

	A systematic review and meta-analysis on absolute eosinophil counts and the risk of asthma in preschool children with wheezing: An EAACI Task Force Report
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Software
	2.2|Risk-of-bias assessment
	2.3|Statistical analysis

	3|RESULTS
	3.1|<300 cells/μL
	3.2|300–449 cells/μL
	3.3|≥450 cells/μL
	3.4|Percentage of WBC
	3.5|Risk-of-bias assessment
	3.6|Sensitivity analysis

	4|DISCUSSION
	USE OF ARTIFICIAL INTELLIGENCE DISCLOSURE STATEMENT

	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW

	REFERENCES


