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ABSTRACT	25	

Background:	Animal	and	human	studies	indicate	that	definitive	host	helminth	infections	may	confer	26	

protection	from	allergies.	However,	zoonotic	helminths,	such	as	Toxocara	species	(spp.),	have	been	27	

associated	with	increased	allergies.		28	

Objective:	We	describe	the	prevalence	of	Toxocara	spp.	and	Ascaris	spp.	seropositivity,	and	29	

associations	with	allergic	diseases	and	sensitisation,	in	two	generations	in	Bergen,	Norway.		30	

Methods:	Serum	levels	of	total	IgG4,	anti-Toxocara	spp.	IgG4	and	Ascaris	spp.	IgG4	were	established	31	

by	ELISA	in	two	cohorts;	parents	born	1945-1972	(n=171)	and	their	offspring	born	1969-2003	32	

(n=264).	Allergic	outcomes	and	covariates	were	recorded	through	interviews	and	clinical	33	

examinations	including	serum	IgEs	and	skin	prick	tests.			34	

Results:	Anti-Ascaris	spp.	IgG4	was	detected	in	29.2%	of	parents	and	10.3%	of	offspring,	and	anti-35	

Toxocara	spp.	IgG4	in	17.5%	and	8.0%	of	parents	and	offspring,	respectively.	Among	offspring	anti-36	

Toxocara	spp.	IgG4	was	associated	with	pet	keeping	before	age	15	(OR=6.15;	95%	CI=1.37-27.5)	and	37	

increasing	BMI	(1.16[1.06-1.25]	per	kg/m2).	Toxocara	spp.	seropositivity	was	associated	with	wheeze	38	

(2.97[1.45-	7.76]),	hay	fever	(4.03[1.63-9.95]),	eczema	(2.89[1.08-7.76])	and	cat	sensitization	39	

(5.65[1.92-16.6])	among	offspring,	but	was	not	associated	with	allergic	outcomes	among	parents.	40	

Adjustment	for	childhood	or	current	pet	keeping	did	not	alter	associations	with	allergies.	Parental	41	

Toxocara	spp.	seropositivity	was	associated	with	increased	offspring	allergies	following	a	sex-specific	42	

pattern.	43	

Conclusions	&	Clinical	Relevance:		Zoonotic	helminth	exposure	in	Norway	was	less	frequent	in	44	

offspring	than	parents;	however,	Toxocara	spp.	seropositivity	was	associated	with	increased	risk	of	45	

allergic	manifestations	in	the	offspring	generation,	but	not	among	parents.	Changes	in	response	to	46	

helminth	exposure	may	provide	insights	into	the	increase	in	allergy	incidence	in	affluent	countries.	47	

Word-count:	262/300	48	

	49	
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Capsule	summary		50	

Toxocara	appears	to	be	a	hitherto	unknown	risk	factor	for	allergies	in	Norway,	present	in	8%	of	a	51	

younger	population.	Zoonotic	helminth	exposure	should	be	considered	when	assessing	risks	for	52	

allergies	in	affluent	countries.		53	

	54	

Abbreviations	used:	55	

BMI:	body	mass	index		56	

ECRHS:	European	Community	Respiratory	Health	Survey		57	

ELISA:	enzyme-linked	immunosorbent	assay		58	

IgE:	immunoglobulin	E	59	

IgG:	immunoglobulin	G	60	

PBS:	phosphate-buffered	saline		61	

PBS-BSA:	PBS	containing	1%	bovine	serum	albumin	62	

RHINESSA:	Respiratory	Health	In	Northern	Europe,	Spain	and	Australia		63	

RSV:		respiratory	syncytial	virus	64	

spp.:		species		65	

SPT:	skin	prick	test		66	

	67	

	68	
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INTRODUCTION	69	

Exposure	to	microorganisms	may	alter	subsequent	risk	for	non-infectious	diseases,	such	as	allergy.	70	

For	example,	protection	against	allergy	as	a	result	of	being	brought	up	on	a	farm	[1]	has	been	71	

explained	by	the	innate	immune	response	being	trained	by	the	local	microbial	environment	[2].	72	

Conversely,	pathogenic	lower	respiratory	tract	viral	infections	in	early	life,	such	as	those	caused	by	73	

respiratory	syncytial	virus	(RSV)	infections,	lead	to	a	remodelling	of	the	pulmonary	immune	system	74	

with	potential	elevated	risk	of	subsequent	allergic	airway	disease	[3].	75	

It	is	hypothesized	that	exposure	to	helminths	might	be	an	important	contributor	to	the	risk	of	allergic	76	

disease.	Helminth	infections	result	in	the	host	eliciting	a	type2/TH2	immune	response.	This	is	77	

characterised	by	helminth	interaction	with	epithelial	cells	causing	epithelial	release	of	alarmin	78	

cytokines	(e.g.	IL-25/IL-33)	which	drive	innate	lymphoid	type	2	(ILC2)	secretion	of	IL-4,	IL-5	and	IL-13.	79	

The	interleukins	support	the	induction	of	characteristic	eosinophilia	and	M2	macrophage	polarisation	80	

along	with	CD4	T	cell	polarisation	to	a	TH2	phenotype	and	B	cell	secretion	of	IgE;	a	response	similar	81	

to	that	which	drives	allergic	pathology	[4].	However,	pre-clinical	studies	have	demonstrated	that	82	

helminth	infections	limit	induction	of	type	2	allergic	pathology	by	secreting	products	that	directly	83	

influence	host	immunity	by,	for	example,	raising		regulatory	immune	response	components	(e.g.	84	

regulatory	T	and	B	cells:	TReg	and	BReg),	[5,	6]	or	limiting	epithelial	cell	alarmin	secretion	[7].	Clinical	85	

studies	in	areas	endemic	for	helminth	infections	support	these	finding,	for	example	studies	have	86	

shown	exposure	to	helminths	results	in	raised	TReg	associated	responses	and	reduced	risk	of	allergy	87	

in	children	[8].	Presence	of	helminth	infection	may	be	required	for	this	protection	as	anti-helminth	88	

therapy	can	lead	to	increased	prevalence	of	allergic	disease	in	helminth	endemic	regions	[9].	These	89	

and	other	related	studies	have		led	to	the	suggestion	that	increasing	and	high	rates	of	allergy	in	the	90	

developed	world	might	be,	at	least	in	part,	due	to	the	loss	of	effective	immune	control	by	host	91	

adapted	parasitic	helminth	infections	[10].		92	
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However,	helminth	exposure	may	not	always	be	protective	against	allergy.	In	high-income	countries,	93	

the	major	human	parasitic	helminths	that	associated	with	allergy	protection	have	been	controlled	by	94	

strong	public	health	provision	breaking	the	cycle	of	infection	[12,	13].	However,	zoonotic	exposure	is	95	

not	uncommon	through	exposure	to	parasites	of	livestock	and	companion	animals	[14-16].	Indeed,	a	96	

number	of	relatively	recent	studies	have	identified	Ascaris	suum	infection	and	associated	pathology	97	

(such	as	Loffler	syndrome)	to	occur	(albeit	at	low	levels)	in	Northern	European	and	North	American	98	

pig	farming	areas	[17-20].	A	more	common	cause	of	zoonotic	helminth	infections	comes	from	99	

Toxocara	canis	and	T.	cati	which	naturally	infect	dogs	and	cats.	[23].	Levels	of	human	exposure	to	100	

these	parasites	can	vary	from	2-62%	depending	on	age	and	local	environmental	factors	[21-28].	101	

Zoonotic	infection	by	Toxocara	spp.	is	typically	via	ingestion	of	eggs	by	direct	contact	with	dogs	or	102	

cats	or	via	fecally-contaminated	soil.	Human	infection	by	Toxocara	spp.	is	in	most	cases	103	

asymptomatic	[22,	23,	29-31].	However,	a	proportion	of	infections	can	provoke	pathologies	with	104	

rheumatic,	neurologic	and	asthmatic	symptoms	[24,	32,	33].	Zoonotic	Toxocara	spp.	exposure	is	also	105	

associated	with	increased	risk	of	asthma	and	atopy	[24,	25,	30,	34,	35].		106	

In	the	present	study,	we	aimed	to	address	how	common	seroprevalence	to	Ascaris	spp.	and	Toxocara	107	

spp.	was	in	a	Norwegian	transgenerational	cohort.	Seropositivity	to	both	parasites	has	been	reported	108	

in	Northern	Europe.	As	outlined	above	Ascaris	spp.	seropositivity	can	reflect	a	number	of	scenarios;	109	

such	as	exposure	to	A.	lumbricoides,	exposure	to	the	closely	related	A.	suum	or	non-specific	binding.	110	

Exposure	to	Toxocara	spp.	is	a	global	feature	of	exposure	to	companion	animals.	We	established	111	

exposure	by	detecting	the	prevalence	of	circulating	immunoglobulin	G4	(IgG4)	against	both	Ascaris	112	

spp.	and	Toxocara	spp.	by	enzyme-linked	immunosorbent	assay	(ELISA)	in	a	Norwegian	two-113	

generation	cohort.	We	then	establish	what	associations	existed	between	seropositivity	to	these	114	

parasites	and	allergic	sensitization	and	diseases.	115	
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METHODS	116	

Study	population	117	

This	study	is	based	on	information	and	samples	from	Norwegian	participants	in	two	linked	studies,	118	

the	European	Community	Respiratory	Health	Survey	(ECRHS;	www.ecrhs.org)	[36]	and	the	119	

Respiratory	Health	In	Northern	Europe,	Spain	and	Australia	study	(RHINESSA;	www.rhinessa.net).		120	

The	parent	population	comprised	of	171	ECRHS	participants	born	1945-1972	from	the	study	centre	in	121	

Bergen	(originally	recruited	from	general	populations	aged	20-44	years	in	1992-1994)	that	were	122	

followed	up	in	2010-13.		Participants	underwent	an	interviewer-led	questionnaire,	lung	function	123	

measurements	and	skin	prick	tests	to	aeroallergens,	and	provided	blood	samples	for	measurements	124	

of	total	and	aeroallergen-specific	immunoglobulin	E-s	(IgE)	and	serum	parasite-specific	IgG4s.	125	

The	offspring	population	included	264	adult	and	adolescent	offspring	(≥10	years	of	age,	born	1969-126	

2003)	of	the	Bergen	ECRHS	participants.	They	were	examined	in	2014-2015	as	part	of	the	RHINESSA	127	

study,	with	questionnaires,	clinical	examination,	skin	prick	tests	and	measurements	of	serum	IgEs	128	

and	IgG4s,	following	protocols	comparable	to	those	applied	to	the	parents.	129	

Ethical	approval	130	

Approval	was	obtained	from	the	Regional	Committee	for	Medical	and	Health	Research	Ethics	in	131	

Western	Norway	(approval	numbers	#2010/759	and	#2012/1077).	All	participants	provided	informed	132	

written	consent.		133	

	134	

Allergic	sensitisation	and	diseases		135	

Allergic	sensitization	was	determined	by	skin	prick	tests	(SPT)	to	12	allergens	(ALK-Abello):		Timothy	136	

grass,	ragweed,	Dermatophagoides	pteronyssinus,	Dermatophagoides		farinea,	cat,	dog,	birch,	137	

Blatella	germanica,	olive,	Alternaria	spp.,	Cladosporium	spp.,	and	Parietaria	spp.,	0.9%	saline	and	138	

10mg/mL	histamine	solution	were	used	for	negative	and	positive	controls.	Reactions	to	the	allergens	139	
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were	read	after	15	minutes.	Reactivity	was	considered	positive	if	the	mean	wheal	size	was	3mm	140	

greater	than	the	negative	control.	Blood	samples	were	collected	and	sera	separated	in	SST	vacutainer	141	

glasses,	centrifuged	within	30-60	minutes	after	collection	(at	3400	rpm	for	10min,	room	142	

temperature).	The	samples	were	stored	at	-20˚	C.		Total	IgE	and	specific	IgE	were	performed	143	

according	to	standardised	laboratory	methods	in	Haukeland	University	Hospital	in	Bergen,	Norway.	144	

IgE	positivity	was	defined	by	IgE≥0.35	kU/L	to	at	least	one	of	four	allergens	tested	(cat,	timothy	grass,	145	

and	house	dust	mite).	146	

Allergic	diseases	were	assessed	through	standardised	interviews,	including	questions	on	doctor’s	147	

diagnosed	asthma,	symptoms	of	wheezing,	hay	fever	(seasonal	rhinitis),	rhinitis	(all	year	round)	and	148	

eczema	(see	www.ecrhs.org	and	www.rhinessa.net	for	wording	of	questions).		149	

Preparation	of	Helminth	antigen	150	

Toxocara	canis	worms	were	kindly	provided	by	Professor	Philip	Cooper,	Ecuador.	Ascaris	151	

lumbricoides	worms	were	obtained	from	Professor	Mike	Levin,	Red	Cross	Children’s	Hospital,	Cape	152	

Town.	Whole	worms	were	washed	in	distilled	water	with	penicillin,	streptomycin	and	fungizone	to	153	

reduce	contamination,	and	then	washed	four	times	with	distilled	water.	Worms	were	then	154	

homogenized	in	filter	sterilized	phosphate-buffered	saline	(PBS).	The	homogenate	was	centrifuged	at	155	

12000	rpm	for	20	mins	and	the	soluble	fraction	collected	and	filtered	through	a	0.20	μm	filter.	156	

Protein	concentration	of	soluble	worm	antigen	preparations	was	established	using	a	bivinvoninic	acid	157	

protein	assay	by	Thermo	Scientific	(Rockford,	IL,	USA).		158	

	159	

Detection	of	total	IgG4,	Toxocara	canis	and	Ascaris	lumbricoides	specific	antibodies	by	ELISA	160	

Analysis	of	IgG4	towards	T.	canis	and	A.	lumbricoides	were	performed	for	sera	from	both	ECRHS3	and	161	

RHINESSA	Bergen	participants,	whereas	total	IgG4	were	quantified	in	sera	from	the	RHINESSA	162	

participants	only.	Total	IgG4	concentration	was	detected	by	ELISA	using	96-well	Nunc	Immunosorb	163	

ELISA	plates	(Thermo	Scientific)	coated	with	20	µg/ml	of	mouse	monoclonal	antibody	against	human	164	
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IgG4	heavy	chain	in	PBS.	Participant	plasma	was	diluted	1:20,	1:100,	1:500	and	1:2500	in	PBS	165	

containing	1%	bovine	serum	albumin	(PBS-BSA).	Serum	antibody	was	detected	using	alkaline	166	

phosphatase	conjugated	mouse	anti-human-IgG4	antibodies	(Sigma-Aldrich).	ELISA	plates	were	read	167	

at	405	nm	to	determine	optical	density.	168	

Detection	of	IgG4	antibodies	against	T.	canis	and	A.	lumbricoides	was	achieved	using	an	indirect	169	

ELISA.	96-well	Nunc	Immunosorb	ELISA	plates	(Thermo	Scientific)	were	coated	with	10	μg/ml	of	170	

soluble	helminth	antigen	diluted	in	carbonate	buffer.	The	serum	from	participants	was	diluted	1:20,	171	

1:100,	1:500	and	1:2500	in	PBS-BSA.	Bound	antibodies	were	detected	using	alkaline	phosphatase	172	

conjugated	mouse	anti-human-IgG4	antibodies	(Sigma-Aldrich).	ELISA	plates	were	read	at	405	nm	to	173	

determine	optical	density	(OD).	Relative	plasma	recognition	of	soluble	worm	antigen	was	calculated	174	

from	optical	density	verses	sample	dilution	curve.[37]	175	

Anti-helminth	immunoglobulin	responses	can	be	cross-reactive	between	helminth	species.[38,	39]	176	

Anti-A.lumbricoides	IgG4	(anti-Ascaris	IgG4)	was	used	as	a	general	marker	of	exposure	to	parasitic	177	

nematodes.	To	reduce	cross-reactivity	in	assessment	of	Toxocara,	sera	were	pre-incubated	on	A.	178	

lumbricoides	antigen	coated	plates	and	then	transferred	to	Toxocara	antigen	coated	plates.	179	

	180	

	181	

Covariates	182	

Data	relating	to	age,	sex,	education	level,	smoking	status,	parental	history	of	allergic	disease,	place	of	183	

upbringing	(farm	with	livestock,	farm	without	livestock,	village	in	rural	area,	small	town,	suburb	of	184	

city,	inner	city),	and	pet	ownership	(cats	and	dogs	in	childhood	and	current	pet	keeping)	were	185	

retrieved	from	interviews	performed	during	the	clinical	examinations	of	the	ECRHS	and	RHINESSA	186	

participants,	the	same	day	as	the	blood	samples	were	taken.	Smoking	(in	adults)	was	categorized	into	187	

never	smokers,	previous	smokers	and	current	smokers.	The	study	subject’s	level	of	education	was	188	
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categorized	as	primary	school,	secondary/technical	education,	and	college/university,	whereas	the	189	

adolescents	were	categorized	as	being	students/still	in	school.		190	

	191	

Statistical	analyses	192	

Descriptive	statistics	for	the	study	population	were	reported	as	mean	and	range	or	standard	193	

deviation	for	continuous	variables	and	count	and	percentages	for	categorical	variables.		194	

Logistic	regression	was	applied	to	assess	associations	between	pet	keeping,	place	of	upbringing,	age	195	

and	sex	as	well	as	other	potential	variables	that	might	be	associated	with	helminth	exposure	(anti-196	

Toxocara	and	anti-Ascaris	IgG4	positivity).	Similar	models	were	applied	to	study	associations	197	

between	Toxocara	seropostitivity	and	allergic	sensitization	(specific	IgE	and	SPT	towards	inhalant	198	

allergens),	total	IgE,	rhinitis,	hay	fever	and	asthma.	Models	were	performed	separately	for	the	two	199	

generations	(ECRHS	parent	and	RHINESSA	offspring	generations).	In	all	regression	models	with	the	200	

combined	study	populations,	we	corrected	for	clustering	within	families	(parent-offspring	and	201	

siblings)	by	applying	a	cluster	for	family-id.	To	discriminate	between	helminth	infections	that	can	202	

translate	into	high	specific	IgE	which	does	not	necessarily	reflect	SPT	reactivity,	we	performed	203	

sensitivity	analyses	with	separate	models	for	Toxocara	and	Ascaris	IgG4	positivity	and	associations	204	

with	SPT	and	specific	IgE	towards	any	inhalant,	cat,	HDM	and	Timothy	(grass)	allergens.	205	

STATA	(StataCorp,	College	Station,	TX,	USA),	version	IC	14.0	was	used	in	all	analyses.	206	

	207	
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RESULTS	208	

Characteristics	of	study	populations	209	

The	median	age	was	26	years	in	the	offspring	generation	and	53	years	in	the	parent	generation	210	

(Table	1).	The	education	level	in	this	population	was	high,	with	more	than	50%	of	study	participants	211	

reporting	University	or	college	degrees.	The	parent	generation	had	more	often	kept	a	cat	in	212	

childhood,	but	there	was	no	statistical	difference	in	dog	keeping	between	the	two	generations	(Table	213	

1).	Current	pet	keeping	was	similar	between	the	two	cohorts.	Of	the	parent	generation	15%	had	214	

grown	up	on	a	farm	with	livestock,	compared	to	only	0.8%	of	the	offspring	generation.	The	two	215	

generations	had	similar	life-time	prevalence	of	rhinitis	and	hay	fever,	but	the	offspring	generation	216	

had	a	higher	prevalence	of	positive	allergy	test	(positive	SPT	or	IgE	towards	at	least	one	inhalant	217	

allergens)	than	the	parent	generation	(44.5%	vs	31.1%,	respectively,	p=0.006)	(Table	1).	218	

	219	

Detection	of	IgG4	to	helminth	antigens		220	

Overall,	11.7%	had	detectable	levels	of	anti-Toxocara	spp.	IgG4,	with	a	higher	prevalence	among	the	221	

parents	(17.5%)	than	among	the	offspring	(8.0%),	p=0.002	(Table	1).	Overall	17.9%	of	the	study	222	

population	had	detectable	levels	of	anti-Ascaris	spp.	IgG4;	29.2%	in	the	parent	generation	and	10.3%	223	

in	the	offspring	generation.	Among	the	participants	with	elevated	levels	of	Toxocara	spp.	IgG4,	88%	224	

also	had	elevated	levels	of	anti-Ascaris	spp.	IgG4,	suggesting	sera	cross-reactivity	and/or	225	

simultaneous	exposure	to	other	parasitic	nematodes.	The	seroprevalence	of	Toxocara	and	Ascaris	226	

IgG4	were	decreasing	in	more	recent	cohorts	(Figures	1	and	2)	with	a	statistically	significant	trend	for	227	

Toxocara	in	offspring	(Figure	1)	and	decreasing	trend	for	Ascaris	for	parent	and	offspring	combinded	228	

(p=0.07,	Figure	2).	Among	the	offspring,	we	also	detected	total	IgG4	in	77%	and	86%	of	the	subjects	229	

with	either	anti-Ascaris	spp.	or	anti-Toxocara	spp.	IgG4,	respectively.	Total	IgG4	was	associated	with	230	

cat-	and	dog-keeping	in	childhood.	231	

	232	
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	233	

	234	

Factors	associated	with	exposure	to	helminths		235	

Seropositivity	to	Toxocara	spp.	and	Ascaris	spp.	increased	with	age	and	with	BMI	among	the	236	

offspring,	but	did	not	differ	significantly	by	gender	(Tables	2a	and	2b).	Toxocara	spp.	seropositivity	237	

was	associated	with	pet	keeping	before	the	age	of	15	among	the	offspring	(OR=6.15[1.37-27.54],	238	

p=0.02),	but	was	not	associated	with	pet	keeping	among	the	parents	(Table	2a).		For	Ascaris	spp.	239	

seropositivity,	associations	were	seen	for	cat	keeping	during	both	early	and	late	childhood	in	the	240	

parent	generation	(Table	2b).	Current	pet	ownership	was	not	associated	with	raised	anti-Toxocara	241	

spp.	IgG4	or	anti-Ascaris	spp.	IgG4.	The	risk	of	Ascaris	seropositivity	was	increased	among	parents	242	

who	had	grown	up	on	a	farm	with	livestock	(OR=3.38	[1.31-8.69])	or	in	a	small	town	(OR=2.36[1.06-243	

5.27],	p=0.04	for	trend)	as	compared	to	those	growing	up	in	the	city	or	in	the	suburbs	(Table	2b).	244	

There	was	no	association	between	Toxocara	spp.	and	Ascaris	spp.	seropositivity	and	Total	IgE	(data	245	

not	given).	246	

	247	

Exposure	to	helminths	as	associated	with	risk	of	allergic	sensitisation	and	diseases		248	

In	the	offspring	generation,	anti-Toxocara	IgG4	was	associated	with	three	to	four	times	increased	risk	249	

of	reported	wheeze,	hay	fever	and	eczema	(Table	3a).	Anti-Toxocara	IgG4	was	further	associated	250	

with	increased	risk	of	positive	SPT/IgE	towards	cat	allergens	(OR=5.65	[1.92-16.6]).	In	the	parent	251	

generation,	anti-Toxocara	IgG4	was	not	significantly	associated	with	any	allergic	outcome;	the	252	

associations	were	generally	in	a	negative	direction	(Table	3a).	For	anti-Ascaris	IgG4	the	patterns	were	253	

generally	similar,	with	anti-Ascaris	IgG4	being	associated	with	increased	allergic	outcomes	in	the	254	

offspring	generation	but	not	in	the	parent	generation	(Table	3b).	In	the	model	assessing	cat	allergy,	255	

we	tested	for	interaction	between	Toxocara	seropositivity	and	childhood	cat	keeping.	No	significant	256	

interaction	was	found	(p=0.34).	The	associations	between	allergies	and	Toxocara	seropositivity	were	257	
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not	altered	when	adjusted	for	childhood	or	current	pet	keeping.	The	results	of	the	sensitivity	258	

analyses	for	Toxocara	spp.	and	Ascaris	spp.	with	separate	models	for	specific	IgE	and	SPT	results,	259	

differed	from	the	models	using	specific	IgE	and/or	SPT	positive	results	combined	outcomes	for	260	

offspring	Toxocara	spp.	positivity	and	timothy	grass	sensitisation,	with	positive	association	for	both	261	

SPT	and	IgE	towards	timothy	(aOR=2.91	(95%	Ci:	1.11,	7.63)	and	3.36	(1.24,	8.44),	respectively)	(Table	262	

S1).	Ascaris	spp.	positivity	was	borderline	significant	for	SPT	towards	cat	allergen	(aOR=2.67	(0.99,	263	

7.24),	p=0.05),	whereas	the	association	was	non-significant	for	Ascaris	spp.	and	specific	IgE	towards	264	

cat	allergens	(Table	S2).		265	

Although	parents’	Toxocara	seropositivity	was	not	associated	with	their	own	allergic	manifestations,	266	

parents’	Toxocara	seropositivity	appeared	to	be	associated	with	allergic	manifestations	in	their	267	

offspring	(Table	4).	Gender	specific	patterns,	indicating	associations	between	paternal	exposure	and	268	

their	daughters’	outcomes	(significant	for	asthma,	eczema	and	timothy	grass)	and	maternal	exposure	269	

and	their	sons’	outcomes	(significant	for	any	specific	IgE	positivity	and	sensitization	to	cat	allergens)	270	

were	also	found	(Table	4).		271	
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DISCUSSION	272	

In	this	study,	we	present	evidence	that	exposure	to	helminths	exists	in	a	Norwegian	population	and	273	

that	exposure	to	these	parasites	may	have	important	health	implications.	To	the	best	of	our	274	

knowledge,	this	is	the	first	study	to	address	prevalence	of	zoonotic	exposure	to	helminths	in	Norway.	275	

We	found	a	higher	prevalence	of	exposure	(defined	by	ELISA	detectable	anti-Toxocara	spp.	and	anti-276	

Ascaris	spp.	IgG4s)	in	participants	born	between	1945	and	1972	(parents)	compared	to	participants	277	

born	between	1969	and	2003	(offspring).	Detection	of	elevated	levels	of	total	IgG4	was	primarily	278	

related	to	elevated	levels	of	anti-Toxocara	spp.	IgG4.	Helminth	exposure	was	associated	with	279	

childhood	cat	keeping	in	both	the	parents	and	offspring	generations,	place	of	upbringing	in	parents,	280	

and	increasing	age	and	increasing	BMI	in	offspring.	In	the	offspring	generation,	Toxocara	spp.	281	

seropositivity	was	associated	with	increased	risk	of	allergic	sensitization	and	diseases,	with	3-4	times	282	

increased	risk	for	several	allergic	outcomes.	However,	in	the	parent	generation,	Toxocara	spp.	283	

seropositivity	was	not	associated	with	parental	allergic	outcomes,	but	did	associate	with	allergic	284	

outcomes	in	their	offspring	following	a	complex	sex-specific	pattern.	Neither	childhood	nor	current	285	

pet	keeping	explained	the	associations	of	Toxocara	spp.	with	allergies.	286	

	287	

The	12%	prevalence	of	anti-Toxocara	IgG	in	our	study	corresponds	with	reports	from	other	European	288	

countries	and	the	US,	with	8-11%	reported	for	Dutch	children	[34,	35],	8%	for	Dutch	adults	[14],	14%	289	

in	a	US	population-based	study	(NHANES)	[31],	but	lower	than	among	Spanish	adults	(29%)	[30].	We	290	

found	that	Toxocara	spp.	seropositivity	was	associated	with	allergic	diseases	and	sensitisation	among	291	

the	offspring.	This	is	in	agreement	with	findings	reported	from	other	regions;	for	example	Mughini-292	

Gras	et	al.	reported	an	association	of	anti-Toxocara	IgGs	with	hay	fever	in	the	Netherlands	[14].	293	

Higher	prevalence	of	exposure	to	Toxocara	spp.	has	also	been	reported	in	atopic	populations	in	low	294	

to	middle	income	countries	including	Malaysia	(21%	among	asthmatics	and	9%	in	non-asthmatics)	295	

[32],	Turkey	(13%	of	asthmatics	and	2%	of	non-asthmatics)	[33],	and	Sri-Lanka	(29%	of	asthmatics	296	
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and	10%	in	non-asthmatics)	[24].	Why	zoonotic	Toxocara	spp.	infections	do	not	confer	the	protection	297	

associated	with	natural	helminth	infections	is	not	known,	but	may	possibly	be	due	to	Toxocara	spp.	298	

secreted	immune	regulatory	products	being	active	against	dog	and	cat	immune	responses	and	not	299	

against	human	[41].	Therefore,	the	Toxocara	spp.	induced	type	2	immune	response	may	lack	300	

effective	regulation	in	a	human	host	promoting	allergic	pathology	and	potentially	acting	as	a	risk	301	

factor	for	sensitization	to	other	allergens	[42].	302	

	303	

An	unexpected	finding	from	our	study	was	the	large	differences	in	allergic	risk-association	between	304	

the	parent	and	offspring	generations.		No	effects	from	Toxocara	spp.	seropositivity	were	indicated	in	305	

the	parent	generation.	However,	Toxocara	spp.	seropositivity	was	strongly	associated	with	increased	306	

risk	for	allergic	outcomes	in	the	offspring	generation.	This	may	imply	that	early	life	exposure	to	307	

Toxocara	is	a	risk	factor	for	development	of	allergic	disease	and	that	the	risk	resulting	from	this	308	

exposure	may	not	be	life-long.	Changes	in	microbial	diversity	in	the	environment	might	potentially	be	309	

of	importance	for	response	to	helminths,		as	it	has	been	demonstrated	that	gut	microbiota	can	alter	310	

the	response	to	Toxocara	in	mice	[43].		311	

	312	

The	age	effect	in	our	study,	with	increasing	Toxocara	seroprevalence	with	age	in	the	offspring	313	

generation,	might	reflect	a	time	trend	rather	than	a	biological	age	patterns,	and	decreasing	314	

seroprevalence	of	Toxocara	in	more	recent	birth	cohorts	is	presented	in	Figure	1.	Similar	trends	were	315	

observed	for	Ascaris.	Comparison	of	offspring	and	parents	in	the	present	study	indicated	that	both	316	

Toxocara	and	Ascaris	exposure	were	lower	in	offspring.	Rural	areas	tend	to	exhibit	higher	prevalence	317	

of	human	exposure	to	helminths	(35–42%)	than	semi-rural	(15–20%)	or	urban	(2–5%)	areas	[44].	318	

Although	urban	living	is	the	most	fitting	description	of	the	populations	in	the	present	study,	urban	319	

areas,	such	as	parks	and	town	squares,	can	contain	high	numbers	of	Toxocara	eggs	and	may	320	

represent	a	substantial	risk	factor	for	infection	by	Toxocara	spp.	[8,	45,	46].	Indeed,	some	studies	321	
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have	reported	higher	levels	of	Toxocara	seroprevalence	among	subjects	living	in	urban	compared	to	322	

rural	areas	[29,	30].		323	

	324	

An	intriguing	finding	in	our	study	was	the	association	of	parental	Toxocara	spp.	seropositivity	with	325	

offspring	allergic	outcomes:	namely	paternal	exposure	increased	risk	of	allergy	in	daughters	and	326	

maternal	exposure	increased	risk	in	sons.	Adjustment	for	pet	keeping	did	not	alter	the	associations,	327	

thus	shared	environment	did	not	appear	to	explain	the	findings.	In	addition,	adjustment	for	parental	328	

allergies	did	not	alter	the	findings,	suggesting	that	heritability	in	allergy	or	reverse	causation	did	not	329	

explain	the	findings.	Others	have	demonstrated	maternal	helminth	exposure	to	influence	offspring	330	

susceptibility	to	allergy	[51],	and	there	are	mice	models	demonstrating	that	maternal	helminth	331	

infection	influences	immunological	characteristics	in	pups	[52].	With	regard	to	differential	risk-332	

outcome	by	gender,	research	focused	on	other	exposures	than	helminths,	have	found	that	parental	333	

pre-conception	exposure	might	influence	disease	risk	in	offspring	differently	through	the	maternal	334	

and	paternal	lines	[47,	48].	The	risk	of	allergy	has	been	reported	to	not	only	be	affected	by	the	335	

maternal	or	paternal	line,	but	also	to	depend	on	the	sex	of	the	child	[47,	49,	50].	In	our	study,	336	

parental	anti-Toxocara	IgG4	was	measured	years	after	the	offspring	were	born.	The	half-life	of	IgG4	337	

in	general	is	approximately	21	days	[53],	but	Toxocara	larvae	may	stay	capsulated	in	tissues	for	many	338	

years	in	accidental	hosts	[54].	Our	findings	may	suggest	either	ongoing	antigenic	exposure	or	the	339	

existence	of	long	lived	memory/plasma	B	cell	populations	as	source	of	this	IgG4.	The	mechanisms	340	

that	may	underlie	the	parental	effect	on	offspring	are	beyond	the	scope	of	our	current	study.	The	341	

effect	may	be	due	to	any	range	of	potential	parental	influences	on	the	offspring	including	(but	not	342	

limited	to)	post-translational	modification	[55],	shared	environment	[56],	microchimerism	[57]	or	343	

passive	transfer	of	immune	markers	or	antibodies	[58,	59].		344	

	345	

	346	
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In	the	present	study,	we	also	addressed	Ascaris	seroprevalence	in	the	cohort,	and	found	higher	rates	347	

of	seropositivity	in	the	parent	(29%)	than	in	the	offspring	generation	(10%).	Ascaris	spp.	exposure	348	

could	be	acquired	via	a	number	of	sources;	most	plausibly	via	exposure	to	agricultural	or	wildlife	349	

sources	of	Ascaris	spp.	(especially	A.	suum),	which	are	recognised	zoonosis	in	northern	Europe	[17,	350	

20].	That	Ascaris	spp.	IgG4	was	also	more	commonly	detected	in	individuals	associated	with	exposure	351	

to	livestock	farm	supports	this	hypothesis.	Less	likely	may	be	the	maintenance	of	A.	lumbricodes	352	

infection	cycle	in	the	study	area.		The	data	may	also	be	reflective	of	non-specific	ELISA	data	due	to	353	

antigen	cross	reactivity.	Helminth	proteins	targeted	by	IgE	have	been	shown	to	be	cross-reactive	with	354	

other	allergens	which	include	proteins	from	house	dust	mite	and	cockroach	[60],	and	cross	reactivity	355	

between	Ascaris	lumbricoides	and	Dermatophagoides	farinae	IgG	has	been	demonstrated	in	rabbits	356	

[61].	However,	as	there	are	only	a	small	number	of	documented	cases	of	toxocariasis	ever	described	357	

in	Norway,	we	would	not	expect	our	study	participants	to	have	specific	IgE	towards	Toxocara	spp.	we	358	

therefore	chose	to	only	assess	IgG4	towards	Toxocara	spp.,	which	is	the	most	common	used	serology	359	

tool,	even	when	it	comes	to	serodiagnosis	of	toxocariasis	[62].	Although	we	did	not	have	data	on	360	

specific	IgE	towards	Ascaris	or	Toxocara	in	the	present	study,	we	cannot	exclude	the	possibility	that	361	

exposure	to	HDM	or	cockroach	allergens	may	have	influenced	A.	lumbricoides	IgG4	seropositivity	as	362	

observed	in	the	present	study.	However,	we	did	not	observe	any	association	between	Ascaris	or	363	

Toxocara	IgG4	and	allergic	sensitization	(SPT	or	specific	IgE)	towards	HDM,	which	is	the	most	364	

commonly,	described	cross-reactive	allergen	with	helminths.	Anti-Ascaris	antibodies	are	also	365	

recognised	as	being	cross-reactivity	to	other	helminth	antigens	[63];	in	particular	species	within	the	366	

group	of	ascaridoid	nematodes,	such	as	A.	lumbricoides,	A.	suum,	and	T.	canis,	show	antigenic	367	

relationship	[38].	Thus,	detection	of	anti-Ascaris	IgG4	may	be	reflective	of	exposure	to	other	368	

helminths	or	allergens.	Similarly,	our	use	of	somatic	Toxocara	canis	antigen	as	opposed	to	excretory-369	

secretory	Toxocara	canis	antigen	may	have	reduced	the	specificity	and	sensitivity	of	our	ELISA.	370	

However,	somatic	Toxocara	spp.	antigen	ELISA	is	acceptable	for	detecting	exposure	to	Toxocara	371	

spp.[62].	Moreover,	we	based	our	definition	of	exposure	on	elevated	levels	of	Toxocara	spp.	IgG4	372	
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which	lends	greater	specificity	[64]	to	our	findings	and	therefore	greater	confidence	that	our	373	

measurements	genuinely	reflect	exposure	to	the	parasite.		Furthermore,	sera	were	pre-incubated	on	374	

A.	lumbricoides	coated	plates	and	then	transferred	to	T.	canis	coated	plates.	By	applying	this	method	375	

we	limit	the	possibility	that	Toxocara	spp.	positivity	is	a	marker	for	Ascaris	spp.	exposure.	There	is	376	

little	data	on	cross-reactivity	between	Toxocara	and	environmental	allergens.	In	our	study,	no	377	

association	was	observed	for	T.	canis	IgG4	and	allergic	sensitization	towards	HDM.	In	our	study,	the	378	

RHINESSA	offspring	were	tested	for	SPT	towards	cockroach	allergen.	However,	only	3%	were	379	

sensitized,	and,	thus,	too	few	to	test	for	associations	with	Ascaris	and	Toxocara	IgG4	positivity.	380	

	381	

	382	

The	study	populations	are	thoroughly	characterised,	but	the	relatively	low	number	of	study	383	

participants	may	have	limited	our	ability	to	detect	associations.	This	might	be	one	reason	that	384	

indicated	protective	associations	between	helminth	exposure	and	allergic	outcomes	in	the	parent	385	

population	did	not	reach	statistical	significance,	despite	the	fact	that	this	population	had	higher	386	

prevalence	of	Ascaris	and	Toxocara	seropositivity.	We	reported	association	with	Ascaris	spp.	387	

seropositivity	and	growing	up	on	farms	with	livestock.	Given	the	nature	of	the	exposure	and	the	388	

known	association	between	Ascaris	spp.	and	farm	animals	it	would	have	been	valuable	to	know	389	

which	type	of	livestock	the	participants	had	been	in	contact	with.	Unfortunately,	this	information	390	

was	not	captured	in	the	interview	or	questionnaires.	The	study	design	limits	our	possibility	to	infer	391	

any	causal	relationship	between	exposure	to	Ascaris	spp.	and	Toxocara	spp.	However,	the	392	

associations	reported	in	the	present	study	raise	some	intriguing	possibilities	of	zoonotic	helminth	393	

exposures	as	a	potential	modified	for	allergic	disease	development	which	warrants	more	research.					394	

	395	

In	conclusion,	this	study	shows	that	in	an	affluent	Northern	European	population,	helminth	exposure	396	

is	still	relatively	common,	and	that	Toxocara	seropositivity	appeared	to	be	a	strong	risk	factor	for	397	
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allergic	outcomes	in	the	younger	generation.	Toxocara	was	associated	with	childhood	cat	keeping,	398	

but	this	did	not	explain	the	associations	between	Toxocara	and	allergies.	The	risk-associations	399	

differed	between	the	parent	and	offspring	generations,	and	parental	Toxocara	seropositivity	was	400	

associated	with	allergic	outcomes	in	their	offspring	but	not	in	themselves.	These	intriguing	findings	401	

might	shed	light	on	the	increase	in	allergies	during	the	last	decades.	Our	findings	suggest	that	402	

zoonotic	helminth	exposure	may	modify	the	risk	for	allergic	disease..	403	

	404	

	 	405	
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TABLE 1: Characteristics of study populations (in percent unless otherwise specified) 

 All (n=435) Parents 

(n=171) 

Offspring 

(n=264) 

p-value 

Gender (% men) 53.9 52.6 54.8 0.7 

Age in years (median (range)) 35 (10-63) 53 (39-63) 26 (10-45)  

BMI (kg/m2) median (range)  25.6 (18.8-

42.0) 

24.6 (15.1-

40.1) 

 

Education level     

     Student/adolescent 6.3  10.8  

     Primary 4.3 8.2 1.6  

     Secondary 38.0 43.5 34.2  

   University or college  51.4 48.2 53.7 0.003 a 

Cat ownership     

   Early childhood 22.8 30.6 17.7 0.003 

   Late childhood 43.0 46.8 40.6 0.2 

  Current 21.6 21.3 21.7 0.9 

Dog ownership     

   Early childhood 11.8 8.9 13.7 0.2 

   Late childhood 28.6 27.6 29.2 0.7 

  Current 18.2 18.3 18.0 0.9 

Place of upbringing      

   City or suburb 57.8 46.2 65.8  

   Small town 16.6 28.1 8.6  

   Village in rural area 15.4 3.5 23.8  

   Farm without livestock 3.6 7.0 1.2  

   Farm with livestock 6.8 15.2 0.8 <0.001 

Smoking status     
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   Never 55.3 40.6 66.8  

   Previous smoker 28.9 38.2 21.7  

   Current smoker 15.8 21.2 11.5 <0.001* 

Parental asthma 14.7 7.7 19.8  

    Parental asthma not known 8.2 15.4 3.0 0.004 

Wheeze, ever 18.3 24.7 13.9 0.005 

Hay fever, ever 24.2 25.4 23.4 0.6 

Rhinitis, ever 49.8 51.2 48.9 0.6 

Asthma, ever 14.2 14.1 14.2 0.97 

Eczema, ever 43.7 49.4 40.0 0.06 

Any positive allergy test (specific 

IgE or SPT) b 

39.3 31.1 44.5 0.006 

IgE positivityc 32.7 19.5 41.2 <0.001 

Total IgE in kU/L (mean (SD)) 71.6 (193.9) 69.9 (240.9) 72.9 (156.7) 0.6 

Total IgG4 (% positive) d   11.4  

Ascaris IgG4 (% positive) 17.9  29.2 10.3 <0.001 

Toxocara IgG4 (% positive) 11.7 17.5 8.0 0.002 

aDoes not include students. b Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards at least on of fur 

allergens (cat, timothy grass, birch and house dust mite). cPositive IgE ≥0.35 kU/L to at least one of four 

allergens tested (cat, timothy grass, birch and house dust mite). d Only measured for offspring. Information 

missing for sex and age (n=3), BMI (n=3 for offspring, n=7 for parents), education level (n=19), father/mother 

asthma (n=34) place of upbringing (n=20), cat ownership (early childhood: n=41, late childhood: n=35, current: 

n=22), dog ownership (early childhood: n=44, late childhood: n=36, current: n=22), wheeze (n=20), hay fever, 

rhinitis, asthma, positive allergy test (n=5), eczema (n=7), total and specific IgE (n=4 ), Ascaris (n=11),* 

smoking status only available for adults. Parents=ECRHS. Offspring=RHINESSA 
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TABLE 2A: Odds ratio (OR) and 95% CI for anti-Toxocara spp. IgG4 positivity and associations 

with gender, age, cat and dog keeping and place of upbringing  

 Parents (n=171) Offspring (n=264) 

 OR (95% CI) p-value OR (95% CI) p-value 

Gender (ref men) 0.69 (0.31, 1.55) 0.4 0.63 (0.26, 1.51) 0.3 

Age  1.06 (0.99, 1.14) 0.7 1.10 (1.03, 1.17) 0.009 

BMI (per kg/m2) 0.98 (0.88, 1.09) 0.7 1.16 (1.06, 1.25) <0.001 

Cat keeping      

   Early childhood 1.42 (0.60, 3.39) 0.3 1.94 (0.61, 6.19) 0.2 

   Late childhood 1.53 (0.66, 3.52) 0.3 6.25 (1.94, 20.12) 0.002 

   Current 0.51 (0.17, 1.58) 0.3 0.70 (0.22, 2.22) 0.5 

Dog ownership     

   Early childhood 1.35 (0.35, 5.22) 0.9 1.50 (0.39, 5.76) 0.5 

   Late childhood 0.90 (0.35, 2.32) 0.8 1.63 (0.57, 4.68) 0.4 

   Current 0.44 (0.13, 1.56) 0.2 0.86 (0.29, 2.62) 0.8 

Any pets from birth to age 15 1.79 (0.70, 4.53) 0.2 6.15 (1.37, 27.54) 0.02 

Place of upbringing     

   City or suburb (ref)  0.06  0.6 

   Small town 1.05 (0.38, 2.94)  1.18 (0.24, 5.89)  

   Village in rural area 3.09 (0.50, 18.9)  0.83 (0.24, 2.94)  

   Farm without livestock 1.24 (0.24, 6.41)  -  

   Farm with livestock 2.75 (0.96, 7.84)  -  

Parents=ECRHS; Offspring=RHINESSA
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TABLE 2B: Odds ratio (OR) and 95% CI for anti-Ascaris spp. IgG4 positivity and associations with 

gender, age, cat and dog keeping and place of upbringing  

 Parents (n=171) Offspring (n=264) 

 OR (95% CI) p-value OR (95% CI) p-value 

Gender (ref men) 0.83 (0.43, 1.60) 0.6 0.55 (0.25, 1.21) 0.2 

Age  1.07 (1.01, 1.13) 0.5 1.06(1.00, 1.12) 0.08 

BMI (per kg/m2) 0.99 (0.91, 1.09) 0.9 1.17 (1.08, 1.26) <0.001 

Cat keeping      

   Early childhood 2.32 (1.11, 4.84) 0.04 1.21 (0.40, 3.65) 0.6 

   Late childhood 2.02 (0.99, 4.15) 0.06 1.76 (0.69, 4.44) 0.2 

   Current 0.52 (0.21, 1.29) 0.2 0.72 (0.25, 2.07) 0.5 

Dog ownership     

   Early childhood 1.54 (0.48, 4.89) 0.8 0.79 (0.16, 3.76) 0.8 

   Late childhood 0.77 (0.34, 1.74) 0.5 1.62 (0.63, 4.15) 0.3 

   Current 0.41 (0.15, 1.14) 0.09 1.91 (0.80, 4.58) 0.1 

Any pets from birth to age 15 2.75 (1.21, 6.25) 0.02 1.94 (0.70, 5.35) 0.2 

Place of upbringing     

   City or suburb (ref)  0.04  0.4 

   Small town 2.36 (1.06, 5.27)  0.82 (0.17, 4.05)  

   Village in rural area 1.97 (0.33, 11.72)  0.72 (0.23, 2.29)  

   Farm without livestock 0.78 (0.16, 3.96)  -  

   Farm with livestock 3.38 (1.31, 8.69)  -  

Parents=ECRHS; Offspring=RHINESSA 
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TABLE 3A: Adjusted odds ratio (aOR) and 95% CI for anti-Toxocara spp. IgG4 positivity and associations 

with respiratory symptoms and allergic sensitization  

 Parents (n=171) Offspring (n=264) 

 aORa (95% CI) p-value aORa (95% CI) p-value 

Wheeze, ever 0.77 (0.28, 2.08) 0.6 2.97 (1.45, 7.76)    0.03 

Asthma, ever 0.86 (0.27, 2.77) 0.8 1.24 (0.29, 5.19) 0.7 

Hay fever, ever 0.97 (0.38, 2.49) 1.0 4.03 (1.63, 9.95) 0.003 

Rhinitis, ever 0.61 (0.27, 1.37) 0.2 3.06 (0.97, 9.72) 0.06 

Eczema, ever 1.02 (0.45, 2.32) 1.0 2.89 (1.08, 7.76) 0.04 

Any positive allergy test b 0.56 (0.21, 1.48) 0.2 1.22 (0.52, 2.88) 0.6 

Any IgE positivec 0.76 (0.26, 2.19) 0.6 1.84 (0.78, 4.38) 0.2 

Cat SPT/IgE positive d 0.72 (0.15, 3.46) 0.7 5.65 (1.92, 16.6) 0.002 

HDM SPT/IgE positive e 0.46 (0.10, 2.13) 0.3 1.41 (0.52, 3.81) 0.5 

Timothy grass SPT/IgE 

positive f 

1.00 (0.31, 3.24) 1.0 2.12 (0.85, 5.33) 0.1 

aAdjusted for: gender, age, bmi. b Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards at least on of 

four allergens (cat, timothy grass, birch and house dust mite). cPositive IgE ≥0.35 kU/L to at least one of four 

allergens tested (cat, timothy grass, birch and house dust mite). d Positive IgE ≥0.35 kU/L and/or skin prick test 

positivity towards cat. e Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards house dust mite 

(Dermatophagoides pteronyssinus or D. farinae). fPositive IgE ≥0.35 kU/L and/or skin prick test positivity 

towards timothy grass.  Parents=ECRHS. Offspring=RHINESSA
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TABLE 3B: Adjusted odds ratio (aOR) and 95% CI for anti-Ascaris spp. IgG4 positivity and associations with 

respiratory symptoms and allergic sensitization  

 Parents (n=171) Offspring (n=264) 

 aORa (95% CI) p-value aORa (95% CI) p-value 

Wheeze, ever 0.72 (0.31, 1.64) 0.4 1.81 (0.70, 4.68) 0.2 

Asthma, ever 0.94 (0.36, 2.46) 0.9 0.47 (0.10, 2.25) 0.3 

Hay fever, ever 1.60 (0.75, 3.41) 0.2 3.50 (1.42, 8.63) 0.007 

Rhinitis, ever 0.87 (0.45, 1.71) 0.7 2.11 (0.82, 5.40) 0.1 

Eczema, ever 0.83 (0.42, 1.65) 0.6 2.06 (0.85, 5.98) 0.1 

Any positive allergy test b 0.80 (0.38, 1.70) 0.6 1.16 (0.50, 2.69) 0.7 

Any IgE positivec 0.45 (0.17, 1.18) 0.1 1.66 (0.71, 3.86) 0.2 

Cat SPT/IgE positive d 0.62 (0.16, 2.33) 0.5 3.31 (1.19, 9.17) 0.02 

HDM SPT/IgE positive e 0.75 (0.26, 2.19) 0.6 1.29 (0.48, 3.49) 0.6 

Timothy grass SPT/IgE 

positive f 

1.32 (0.52, 3.39) 0.6 2.66 (1.10, 6.47) 0.03 

aAdjusted for: gender, age, BMI.  b Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards at least on 

of fur allergens (cat, timothy grass, birch and house dust mite). cPositive IgE ≥0.35 kU/L to at least one of four 

allergens tested (cat, timothy grass, birch and house dust mite). d Positive IgE ≥0.35 kU/L and/or skin prick test 

positivity towards cat allergen. e Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards house dust 

mite (Dermatophagoides pteronyssinus et farinae). f Positive IgE ≥0.35 kU/L and/or skin prick test positivity 

towards timothy grass. Parents=ECRHS. Offspring=RHINESSA 
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TABLE 4: Adjusted odds ratio (aOR) and 95% CI for parental anti-Toxocara spp. IgG4 positivity and associations with respiratory symptoms and allergic 

sensitization in offspring. 
 

 

 

 

 

 

 

 

 

 

 

 

 All offspring Paternal line  Maternal line 

 (n=264) Sons (n=71) Daughters (n=69) Sons (n=69) Daughters (n=48) 

 aORa* (95% CI) aORa (95% CI) aORa (95% CI) aORa (95% CI) aORa (95% CI) 

Wheeze, ever 1.99 (0.54, 7.34) 0.95 (0.11, 8.04) 0.66 (0.08, 5.49) 6.93 (0.50, 95.2) - 

Asthma, ever 2.85 (1.16, 7.00) 0.57 (0.06, 5.14) 5.43(1.29, 22.9) 4.96 (0.96, 25.6) - 

Hay fever, ever 1.66 (0.77, 3.61) 0.69 (0.17, 2.71) 2.26 (0.68, 7.44) 3.91 (0.98, 15.67) 0.91 (0.10, 8.62) 

Rhinitis, ever 1.47 (0.68, 3.19) 0.62 (0.16, 2.39) 1.78 (0.52, 6.01) 1.95 (0.54, 7.06) 0.72 (0.08, 6.21) 

Eczema, ever 1.94 (0.93, 4.04) 1.75 (0.51, 6.03) 3.89 (1.18, 12.8) 0.68 (0.12, 3.89) 2.76 (0.28, 27.5) 

Any positive allergy test b 1.92 (0.90, 4.09) 1.41 (0.35, 5.65) 2.21 (0.74, 6.64) 4.42 (0.96, 20.29) 0.86 (0.16, 4.62) 

Any IgE positivec 1.13 (0.50, 2.56) 0.99 (0.25, 3.95) 1.26(0.36, 4.36) 6.74 (1.52, 29.9) 0.44 (0.07, 2.99) 

Cat SPT/IgE positive d 1.50 (0.53, 4.20) 1.24 (0.25, 6.10) 1.58 (0.29, 8.64) 5.40 (1.22, 23.8) 0.77 (0.10, 5.77) 

HDM SPT/IgE positive e 1.31 (0.51, 3.40) 2.21 (0.52, 9.38) 1.09 (0.26, 4.46) 1.56 (0.43, 5.65) 0.54 (0.07, 4.37) 

Timothy grass SPT/IgE 

positive f 

2.27 (1.12, 4.60) 1.32 (0.37, 4.76) 3.82 (1.21, 12.0) 2.12 (0.52, 8.62) 1.75 (0.31, 9.81) 
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a*Adjusted for: offspring age, parent age, offspring gender, parent gender, offspring Toxocara seropositivity, offspring education, offspring BMI, parental asthma/allergy. 

aAdjusted for: offspring age, parent age. b Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards at least on of fur allergens (cat, timothy grass, birch and house dust 

mite), also associated with parental allergy. cPositive IgE ≥0.35 kU/L to at least one of four allergens tested (cat, timothy grass, birch and house dust mite). d Positive IgE 

≥0.35 kU/L and/or skin prick test positivity towards cat allergen. e Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards house dust mite (Dermatophagoides 

pteronyssinus et farinae). f Positive IgE ≥0.35 kU/L and/or skin prick test positivity towards timothy grass. Parents=ECRHS. Offspring=RHINESSA. Gender missing for 3 

offspring  
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FIGURE	LEGEND:	

Figure	1:	Anti-Toxocara	seropositivity	according	to	birth	cohort	in	the	parent	generation,	the	

offspring	generation	and	in	both	combined.		

Figure	2:	Anti-Ascaris	seropositivity	according	to	birth	cohort	in	the	parent	generation,	the	offspring	

generation	and	in	both	combined	
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