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Summary

Background: Animal and human studies indicate that definitive host helminth infec-

tions may confer protection from allergies. However, zoonotic helminths, such as

Toxocara species (spp.), have been associated with increased allergies.

Objective: We describe the prevalence of Toxocara spp. and Ascaris spp. seroposi-

tivity and associations with allergic diseases and sensitization, in 2 generations in

Bergen, Norway.

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

were established by ELISA in 2 cohorts: parents born 1945-1972 (n = 171) and

their offspring born 1969-2003 (n = 264). Allergic outcomes and covariates were

recorded through interviews and clinical examinations including serum IgEs and skin

prick tests.

Results: Anti-Ascaris spp. IgG4 was detected in 29.2% of parents and 10.3% of off-

spring, and anti-Toxocara spp. IgG4 in 17.5% and 8.0% of parents and offspring,

respectively. Among offspring, anti-Toxocara spp. IgG4 was associated with pet

keeping before age 15 (OR = 6.15; 95% CI = 1.37-27.5) and increasing BMI (1.16

[1.06-1.25] per kg/m2). Toxocara spp. seropositivity was associated with wheeze

(2.97[1.45- 7.76]), hayfever (4.03[1.63-9.95]), eczema (2.89[1.08-7.76]) and cat sen-

sitization (5.65[1.92-16.6]) among offspring, but was not associated with allergic

outcomes among parents. Adjustment for childhood or current pet keeping did not

alter associations with allergies. Parental Toxocara spp. seropositivity was associated

with increased offspring allergies following a sex-specific pattern.

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

frequent in offspring than parents; however, Toxocara spp. seropositivity was associ-

ated with increased risk of allergic manifestations in the offspring generation, but

not among parents. Changes in response to helminth exposure may provide insights

into the increase in allergy incidence in affluent countries.
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1 | INTRODUCTION

Exposure to micro-organisms may alter subsequent risk of non-infec-

tious diseases, such as allergy. For example, protection against

allergy as a result of being brought up on a farm1 has been explained

by the innate immune response being trained by the local microbial

environment.2 Conversely, pathogenic lower respiratory tract viral

infections in early life, such as those caused by respiratory syncytial

virus (RSV) infections, lead to a remodelling of the pulmonary

immune system with potential elevated risk of subsequent allergic

airway disease.3

It is hypothesized that exposure to helminths might be an

important contributor to the risk of allergic disease. Helminth infec-

tions result in the host eliciting a type 2/Th2 immune response. This

is characterized by helminth interaction with epithelial cells causing

epithelial release of alarmin cytokines (eg, IL-25/IL-33) which drive

innate lymphoid type 2 (ILC2) secretion of IL-4, IL-5 and IL-13.

These cytokines support the induction of characteristic eosinophilia

and M2 macrophage polarization along with CD4 T cell polarization

to a Th2 phenotype and B cell secretion of IgE, a response similar

to that which drives allergic pathology.4 However, pre-clinical stud-

ies have demonstrated that helminth infections limit induction of

type 2 allergic pathology by secreting substances that directly influ-

ence host immunity by, for example, raising regulatory immune

response components (eg, regulatory T and B cells: Treg and

Breg)5,6 or limiting epithelial cell alarmin secretion.7 Clinical studies

in areas endemic for helminth infections support these findings.8-10

The presence of helminth infection may be required for this protec-

tion as antihelminth therapy can lead to increased prevalence of

allergic disease in helminth endemic regions.11 These and other

related studies have led to the suggestion that increasing and high

rates of allergy in the developed world might be, at least in part,

due to the loss of effective immune control by host-adapted para-

sitic helminth infections.12

However, helminth exposure may not always be protective

against allergy. In high-income countries, the major human parasitic

helminths associated with allergy protection have been controlled by

strong public health provision breaking the cycle of infection.13

However, zoonotic exposure is not uncommon through exposure to

parasites of livestock and companion animals.14-16 Indeed, a number

of relatively recent studies have identified Ascaris suum infection and

associated pathology (such as Loffler syndrome) to occur (albeit at

low levels) in northern European and North American pig farming

areas.17-20 A more common cause of zoonotic helminth infections

comes from Toxocara canis and T. cati which naturally infect dogs

and cats.21 According to recent studies, levels of human exposure to

these parasites can vary from 6% to 87% depending on age and local

environmental factors.21-28 Zoonotic infection by Toxocara spp. is

typically via ingestion of eggs by direct contact with dogs or cats or

via fecally contaminated soil. Human infection by Toxocara spp. is, in

most cases, asymptomatic.21,22,29 However, a proportion of infec-

tions can provoke pathologies with rheumatic, neurologic and asth-

matic symptoms.23,30,31 Zoonotic Toxocara spp. exposure is also

associated with increased risk of asthma and atopy.23,25,29,32,33

In this study, we aimed to address how common seropreva-

lence to Ascaris spp. and Toxocara spp. was in a Norwegian inter-

generational cohort. Seropositivity to both parasites has been

reported in northern Europe, but not in Scandinavia. Here, we

established exposure by detecting the prevalence of circulating

immunoglobulin G4 (IgG4) against both Ascaris spp. and Toxocara

spp. by enzyme-linked immunosorbent assay (ELISA) in a Norwe-

gian two-generation cohort. We then establish what associations

existed between seropositivity to these parasites and allergic sensi-

tization and diseases.

2 | METHODS

2.1 | Study population

This study is based on information and samples from Norwegian par-

ticipants in 2 linked studies, the European Community Respiratory

Health Survey (ECRHS; www.ecrhs.org)34 and the Respiratory Health

In Northern Europe, Spain and Australia study (RHINESSA; www.rhi

nessa.net).

The parent population comprised of 171 ECRHS participants

born 1945-1972 from the study centre in Bergen (originally recruited

from the general population aged 20-44 years in 1992-1994) that

were followed up in 2010-2013. Participants underwent an inter-

viewer-led questionnaire, lung function measurements and skin prick

tests to aeroallergens, and provided blood samples for measurements
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of total and aeroallergen-specific immunoglobulin Es (IgE) and serum

parasite-specific IgG4s.

The offspring population included 264 adult and adolescent off-

spring (≥10 years of age, born 1969-2003) of the Bergen ECRHS

participants. They were examined in 2014-2015 as part of the RHI-

NESSA study, with questionnaires, clinical examination, skin prick

tests and measurements of serum IgEs and IgG4s, following proto-

cols comparable to those applied to the parents.

2.2 | Ethical approval

Approval was obtained from the Regional Committee for Medical

and Health Research Ethics in Western Norway (approval numbers

#2010/759 and #2012/1077). All participants provided informed

written consent.

2.3 | Allergic sensitization and diseases

Allergic sensitization was determined by skin prick tests (SPT) to 12

allergens (ALK-Abello): timothy grass, ragweed, Dermatophagoides

pteronyssinus, D. farinea, cat, dog, birch, Blatella germanica, olive,

Alternaria spp., Cladosporium spp. and Parietaria spp., and 0.9% saline

and 10 mg/mL histamine solution were used for negative and posi-

tive controls. Reactions to the allergens were read after 15 minutes.

Reactivity was considered positive if the mean weal size was 3 mm

greater than the negative control. Blood samples were collected

and sera separated in SST Vacutainer glasses, centrifuged within

30-60 minutes after collection (at 2081 9 g for 10 minutes, room

temperature). The samples were stored at !20°C. Total IgE and

specific IgE were performed according to standardized laboratory

methods in Haukeland University Hospital in Bergen, Norway. IgE

positivity was defined by IgE ≥ 0.35 kU/L to at least 1 of 4 allergens

tested (cat, timothy grass and house dust mite).

Allergic diseases were assessed through standardized interviews,

including questions on doctor’s diagnosed asthma, symptoms of

wheezing, hayfever (seasonal rhinitis), rhinitis (all year round) and

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

questions).

2.4 | Preparation of helminth antigen

Toxocara canis worms were kindly provided by Professor Philip

Cooper, Ecuador. Ascaris lumbricoides worms were obtained from

Professor Mike Levin, Red Cross Children’s Hospital, Cape Town.

Whole worms were washed in distilled water with penicillin, strepto-

mycin and fungizone to reduce contamination, and then washed 4

times with distilled water. Worms were then homogenized in

filter-sterilized phosphate-buffered saline (PBS). The homogenate was

centrifuged at 15 292 9 g for 20 minutess and the soluble fraction

collected and filtered through a 0.20-lm filter. Protein concentration

of soluble worm antigen preparations was established using a

bicinchoninic acid protein assay by Thermo Scientific (Rockford, IL,

USA).

2.5 | Detection of total IgG4-, Toxocara canis- and
Ascaris lumbricoides-specific antibodies by ELISA

Analysis of IgG4 towards T. canis and A. lumbricoides was performed

for sera from both ECRHS3 and RHINESSA Bergen participants,

whereas total IgG4 was quantified in sera from the RHINESSA partici-

pants only. Total IgG4 concentration was detected by ELISA using 96-

well Nunc Immunosorb ELISA plates (Thermo Scientific) coated with

20 lg/mL of mouse monoclonal antibody against human IgG4 heavy

chain in PBS. Participant plasma was diluted 1:20, 1:100, 1:500 and

1:2500 in PBS containing 1% bovine serum albumin (PBS-BSA). Serum

antibody was detected using alkaline phosphatase-conjugated mouse

anti-human IgG4 antibodies from Sigma-Aldrich (St. Louis, MI, USA).

ELISA plates were read at 405 nm to determine optical density.

Detection of IgG4 antibodies against T. canis and A. lumbricoides

was achieved using an indirect ELISA. Ninety-six-well Nunc Immuno-

sorb ELISA plates (Thermo Scientific) were coated with 10 lg/mL of

soluble helminth antigen diluted in carbonate buffer. The serum from

participants was diluted 1:20, 1:100, 1:500 and 1:2500 in PBS-BSA.

Bound antibodies were detected using alkaline phosphatase-conju-

gated mouse anti-human IgG4 antibodies (Sigma-Aldrich). ELISA

plates were read at 405 nm to determine optical density (OD).

Relative plasma recognition of soluble worm antigen was calculated

from optical density vs sample dilution curve.35

Antihelminth immunoglobulin responses can be cross-reactive

between helminth species.36,37 Anti-A.lumbricoides IgG4 (anti-Ascaris

IgG4) was used as a general marker of exposure to parasitic nema-

todes. To reduce cross-reactivity in assessment of Toxocara, sera

were pre-incubated on A. lumbricoides antigen-coated plates and

then transferred to Toxocara antigen-coated plates.

2.6 | Covariates

Data relating to age, sex, education level, smoking status, parental

history of allergic disease, place of upbringing (farm with livestock,

farm without livestock, village in rural area, small town, suburb of

city, inner city) and pet ownership (cats and dogs in childhood and

current pet keeping) were retrieved from interviews performed

during the clinical examinations of the ECRHS and RHINESSA partic-

ipants, the same day as the blood samples were taken. Smoking (in

adults) was categorized into never smokers, previous smokers and

current smokers. The study subject’s level of education was catego-

rized as primary school, secondary/technical education and college/

university, whereas the adolescents were categorized as being stu-

dents/still in school.

2.7 | Statistical analyses

Descriptive statistics for the study population were reported as

mean and range or standard deviation for continuous variables and

count and percentages for categorical variables.

Logistic regression was applied to assess associations between

pet keeping, place of upbringing, age and sex as well as other
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potential variables that might be associated with helminth exposure

(anti-Toxocara and anti-Ascaris IgG4 positivity). Similar models were

applied to study associations between Toxocara seropositivity and

allergic sensitization (specific IgE and SPT towards inhalant allergens),

total IgE, rhinitis, hayfever and asthma. Models were performed sep-

arately or combined for the 2 generations (ECRHS parent and RHI-

NESSA offspring generations). In all regression models with the

combined study populations and when analyzing the offspring gen-

eration, we corrected for clustering within families (parent-offspring

and/or siblings) by applying a cluster for family-id. To discriminate

between helminth infections that can translate into high specific IgE

which does not necessarily reflect SPT reactivity, we performed sen-

sitivity analyses with separate models for Toxocara and Ascaris IgG4

sero positivity and associations with SPT and specific IgE towards

any inhalant, cat, HDM and timothy (grass) allergens.

STATA (StataCorp, College Station, TX, USA), version IC 14.0,

was used in all analyses.

3 | RESULTS

3.1 | Characteristics of study populations

The median age was 26 years in the offspring generation and

53 years in the parent generation (Table 1). The education level in

this population was high, with more than 50% of study participants

reporting University or college degrees. The parent generation had

more often kept cats in childhood, but there was no statistical differ-

ence in dog keeping between the 2 generations (Table 1). Current

pet keeping was similar between the 2 cohorts. Of the parent gener-

ation, 15% had grown up on a farm with livestock, compared to only

0.8% of the offspring generation. The 2 generations had similar life-

time prevalence of rhinitis and hayfever, but the offspring generation

had a higher prevalence of positive allergy test (positive SPT or IgE

towards at least 1 inhalant allergens) than the parent generation

(44.5% vs 31.1%, respectively, P = .006) (Table 1).

3.2 | Detection of IgG4 to helminth antigens

Overall, 11.7% had detectable levels of anti-Toxocara spp. IgG4, with a

higher prevalence among the parents (17.5%) than among the off-

spring (8.0%), P = .002 (Table 1). Overall, 17.9% of the study popula-

tion had detectable levels of anti-Ascaris spp. IgG4; 29.2% in the

parent generation and 10.3% in the offspring generation. Among the

participants with elevated levels of Toxocara spp. IgG4, 88% also had

elevated levels of anti-Ascaris spp. IgG4, suggesting sera cross-reactiv-

ity and/or simultaneous exposure to other parasitic nematodes. The

seroprevalence of Toxocara and Ascaris IgG4 was decreasing in more

recent cohorts (Figures 1 and 2) with a statistically significant trend

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

parent and offspring combined (P = .07, Figure 2). Among the off-

spring, we also detected total IgG4 in 77% and 86% of the subjects

with either anti-Ascaris spp. or anti-Toxocara spp. IgG4, respectively.

Total IgG4 was associated with cat and dog keeping in childhood.

3.3 | Factors associated with exposure to helminths

Seropositivity to Toxocara spp. and Ascaris spp. increased with age

and with BMI among the offspring, but did not differ significantly by

gender (Table 2A and B). Toxocara spp. seropositivity was associated

with pet keeping before the age of 15 among the offspring

(OR = 6.15 [1.37-27.54], P = .02), but was not associated with pet

keeping among the parents (Table 2A). For Ascaris spp. seropositiv-

ity, associations were seen for cat keeping during both early and

late childhood in the parent generation (Table 2B). Current pet own-

ership was not associated with raised anti-Toxocara spp. IgG4 or

anti-Ascaris spp. IgG4. The risk of Ascaris seropositivity was

increased among parents who had grown up on a farm with live-

stock (OR = 3.38 [1.31-8.69]) or in a small town (OR = 2.36 [1.06-

5.27], P = .04 for trend) as compared to those growing up in the

city or in the suburbs (Table 2B). There was no association between

Toxocara spp. and Ascaris spp. seropositivity and total IgE (data not

given).

3.4 | Exposure to helminths as associated with risk
of allergic sensitization and diseases

In the offspring generation, anti-Toxocara IgG4 was associated with

3 to 4 times increased risk of reported wheeze, hayfever and eczema

(Table 3A). Anti-Toxocara IgG4 was further associated with increased

risk of positive SPT/IgE towards cat allergens (OR = 5.65 [1.92-

16.6]). In the parent generation, anti-Toxocara IgG4 was not signifi-

cantly associated with any allergic outcome; the associations were

generally in a negative direction (Table 3A). For anti-Ascaris IgG4,

the patterns were generally similar, with anti-Ascaris IgG4 being

associated with increased allergic outcomes in the offspring genera-

tion but not in the parent generation (Table 3B). In the model

assessing cat allergy, we tested for interaction between Toxocara

seropositivity and childhood cat keeping. No significant interaction

was found (P = .34). The associations between allergies and Toxocara

seropositivity were not altered when adjusted for childhood or cur-

rent pet keeping. The results of the sensitivity analyses for Toxocara

spp. and Ascaris spp. with separate models for specific IgE and SPT

results differed from the models using a combined measure for

specific IgE and SPT. Positive results were seen for offspring Toxo-

cara spp. positivity and both SPT and IgE towards timothy

(aOR = 2.91 [95% CI: 1.11, 7.63] and 3.36 [1.24, 8.44], respectively)

(Table S1). Ascaris spp. positivity was borderline significant for SPT

towards cat (aOR = 2.67 [0.99, 7.24], P = .05), but non-significant

for Ascaris spp. and cat-specific IgE (Table S2).

Although parents’ Toxocara seropositivity was not associated

with their own allergic manifestations, parents’ Toxocara seropositiv-

ity appeared to be associated with allergic manifestations in their

offspring (Table 4). Gender-specific patterns, indicating associations

between paternal exposure and their daughters’ outcomes (signifi-

cant for asthma, eczema and timothy grass) and maternal exposure

and their sons’ outcomes (significant for any specific IgE positivity

and sensitization to cat allergens), were also found (Table 4).
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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 .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 .003a

Cat ownership

Early childhood 22.8 30.6 17.7 .003

Late childhood 43.0 46.8 40.6 .2

Current 21.6 21.3 21.7 .9

Dog ownership

Early childhood 11.8 8.9 13.7 .2

Late childhood 28.6 27.6 29.2 .7

Current 18.2 18.3 18.0 .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 <.001

Smoking status

Never 55.3 40.6 66.8

Previous smoker 28.9 38.2 21.7

Current smoker 15.8 21.2 11.5 <.001*

Parental asthma 14.7 7.7 19.8

Parental asthma not known 8.2 15.4 3.0 .004

Wheeze, ever 18.3 24.7 13.9 .005

Hayfever, ever 24.2 25.4 23.4 .6

Rhinitis, ever 49.8 51.2 48.9 .6

Asthma, ever 14.2 14.1 14.2 .97

Eczema, ever 43.7 49.4 40.0 .06

Any positive allergy test (specific IgE or SPT)b 39.3 31.1 44.5 .006

IgE positivityc 32.7 19.5 41.2 <.001

Total IgE in kU/L (mean (SD)) 71.6 (193.9) 69.9 (240.9) 72.9 (156.7) .6

Total IgG4 (% positive)d 11.4

Ascaris IgG4 (% positive) 17.9 29.2 10.3 <.001

Toxocara IgG4 (% positive) 11.7 17.5 8.0 .002

aDoes not include students.
bPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards at least 1 of 4 allergens (cat, timothy grass, birch and house dust mite).
cPositive IgE ≥ 0.35 kU/L to at least 1 of 4 allergens tested (cat, timothy grass, birch and house dust mite).
dOnly 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), hayfever, 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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4 | DISCUSSION

In this study, we present evidence that exposure to helminths exists

in a Norwegian population and that this parasitic exposure may have

important health implications. To the best of our knowledge, this is

the first study to address prevalence of zoonotic exposure to hel-

minths in Norway. We detected antibodies against Toxocara spp. and

Ascaris spp. in 12% and 18% of the study participants, respectively.

We found a higher prevalence of exposure in participants born

between 1945 and 1972 (parents) compared to participants born

between 1969 and 2003 (offspring).

Helminth exposure was associated with childhood cat keeping in

both the parents and offspring generations, place of upbringing in

parents, and increasing age and increasing BMI in offspring. Expo-

sure to Toxocara spp. was an important risk factor for allergic dis-

ease. In the offspring generation, Toxocara spp. seropositivity was

associated with a 3-4 times increased risk of several allergic

outcomes. However, in the parent generation, Toxocara spp.

seropositivity was not associated with parental allergic outcomes,

but did associate with allergic outcomes in their offspring following

a complex sex-specific pattern. Neither childhood nor current pet

keeping explained the associations of Toxocara spp. with allergies.

The 12% prevalence of anti-Toxocara IgG in our study corre-

sponds with reports from other European countries and the United

States, with 8%-11% reported for Dutch children,32,33 8% for Dutch

adults,14 14% in a US population-based study (NHANES),28 but

lower than among Spanish adults (29%).29 We found that Toxocara

spp. seropositivity was associated with allergic diseases and sensiti-

zation among the offspring. This is in agreement with findings

reported from other regions; for example, Mughini-Gras et al14

reported an association of anti-Toxocara IgGs with hayfever in the

Netherlands. Higher prevalence of exposure to Toxocara spp. has

also been reported in atopic populations in low to middle income

countries including Malaysia (21% among asthmatics and 9% in non-
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asthmatics),30 Turkey (13% of asthmatics and 2% of non-asth-

matics)31 and Sri Lanka (29% of asthmatics and 10% in non-asth-

matics).23 Why zoonotic Toxocara spp. infections do not confer the

protection associated with natural helminth infections is not known,

but may possibly be due to Toxocara spp.-secreted immune

regulatory products being active against dog and cat immune

responses and not against human.38 Therefore, the Toxocara spp.

induced type 2 immune response may lack effective regulation in a

human host, thereby promoting allergic pathology and potentially

sensitization to other allergens.39

TABLE 2 Odds ratio (OR) and 95% CI for (A) anti-Toxocara spp., (B) anti-Ascaris spp. IgG4 positivity and associations with gender, age, BMI,
cat and dog keeping and place of upbringing

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

OR (95% CI) P-value ORa (95% CI) P-value

(A)

Gender (ref men) 0.69 (0.31, 1.55) .4 0.63 (0.26, 1.51) .3

Age 1.06 (0.99, 1.14) .7 1.10 (1.03, 1.17) .009

BMI (per kg/m2) 0.98 (0.88, 1.09) .7 1.16 (1.06, 1.25) <.001

Cat keeping

Early childhood 1.42 (0.60, 3.39) .3 1.94 (0.61, 6.19) .2

Late childhood 1.53 (0.66, 3.52) .3 6.25 (1.94, 20.12) .002

Current 0.51 (0.17, 1.58) .3 0.70 (0.22, 2.22) .5

Dog ownership

Early childhood 1.35 (0.35, 5.22) .9 1.50 (0.39, 5.76) .5

Late childhood 0.90 (0.35, 2.32) .8 1.63 (0.57, 4.68) .4

Current 0.44 (0.13, 1.56) .2 0.86 (0.29, 2.62) .8

Any pets from birth to age 15 1.79 (0.70, 4.53) .2 6.15 (1.37, 27.54) .02

Place of upbringing

City or suburb (ref) .06 .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) -

(B)

Gender (ref men) 0.83 (0.43, 1.60) .6 0.55 (0.25, 1.21) .2

Age 1.07 (1.01, 1.13) .5 1.06 (1.00, 1.12) .08

BMI (per kg/m2) 0.99 (0.91, 1.09) .9 1.17 (1.08, 1.26) <.001

Cat keeping

Early childhood 2.32 (1.11, 4.84) .04 1.21 (0.40, 3.65) .6

Late childhood 2.02 (0.99, 4.15) .06 1.76 (0.69, 4.44) .2

Current 0.52 (0.21, 1.29) .2 0.72 (0.25, 2.07) .5

Dog ownership

Early childhood 1.54 (0.48, 4.89) .8 0.79 (0.16, 3.76) .8

Late childhood 0.77 (0.34, 1.74) .5 1.62 (0.63, 4.15) .3

Current 0.41 (0.15, 1.14) .09 1.91 (0.80, 4.58) .1

Any pets from birth to age 15 2.75 (1.21, 6.25) .02 1.94 (0.70, 5.35) .2

Place of upbringing

City or suburb (ref) .04 .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) -

aCorrected for clustering within families. Parents=ECRHS; Offspring=RHINESSA. Statistically significant odds ratios highlighted in bold.
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An unexpected finding from our study was the large differences

in allergic risk association between the parent and offspring genera-

tions. No effects from Toxocara spp. seropositivity were indicated in

the parent generation. However, Toxocara spp. seropositivity was

strongly associated with increased risk of allergic outcomes in the

offspring generation. This may imply that early-life exposure to Toxo-

cara is a risk factor for development of allergic disease and that the

risk resulting from this exposure may not be lifelong. Changes in

microbial diversity in the environment might potentially be of impor-

tance for response to helminths, as it has been demonstrated that

gut microbiota can alter the response to Toxocara in mice.40

The age effect in our study, with Toxocara seroprevalence

increasing with age in the offspring generation, might reflect a time

trend rather than a biological age patterns, and decreasing sero-

prevalence of Toxocara in more recent birth cohorts is presented in

Figure 1. Similar trends were observed for Ascaris. Comparison of

offspring and parents in the present study indicated that both Toxo-

cara and Ascaris exposure were lower in offspring. Rural areas tend

to exhibit higher prevalence of human exposure to helminths (35%-

42%) than semi-rural (15%-20%) or urban (2%-5%) areas.41 Although

urban living is the most fitting description of the populations in the

present study, urban areas, such as parks and town squares, can con-

tain high numbers of Toxocara eggs and may represent a substantial

risk factor for infection by Toxocara spp. Indeed, some studies have

reported higher levels of Toxocara seroprevalence among subjects

living in urban compared to rural areas.27,29

An intriguing finding in our study was the association of parental

Toxocara spp. seropositivity with offspring allergic outcomes, namely

paternal exposure increased risk of allergy in daughters and maternal

exposure increased risk in sons. Adjustment for pet keeping did not

alter the associations; thus, shared environment did not appear to

explain the findings. In addition, adjustment for parental allergies did

not alter the findings, suggesting that heritability in allergy or reverse

causation did not explain the findings. Others have demonstrated

maternal helminth exposure to influence offspring susceptibility to

allergy,42 and there are mice models demonstrating that maternal

TABLE 3 Adjusted odds ratio (aOR) and 95% CI for (A) anti-Toxocara spp. IgG4 (B) 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

(A)

Wheeze, ever 0.77 (0.28, 2.08) .6 2.97 (1.45, 7.76) .03

Asthma, ever 0.86 (0.27, 2.77) .8 1.24 (0.29, 5.19) .7

Hay fever, ever 0.97 (0.38, 2.49) 1.0 4.03 (1.63, 9.95) .003

Rhinitis, ever 0.61 (0.27, 1.37) .2 3.06 (0.97, 9.72) .06

Eczema, ever 1.02 (0.45, 2.32) 1.0 2.89 (1.08, 7.76) .04

Any positive allergy testb 0.56 (0.21, 1.48) .2 1.22 (0.52, 2.88) .6

Any IgE-positivec 0.76 (0.26, 2.19) .6 1.84 (0.78, 4.38) .2

Cat SPT/IgE-positived 0.72 (0.15, 3.46) .7 5.65 (1.92, 16.6) .002

HDM SPT/IgE-positivee 0.46 (0.10, 2.13) .3 1.41 (0.52, 3.81) .5

Timothy grass SPT/IgE-positivef 1.00 (0.31, 3.24) 1.0 2.12 (0.85, 5.33) .1

(B)

Wheeze, ever 0.72 (0.31, 1.64) .4 1.81 (0.70, 4.68) .2

Asthma, ever 0.94 (0.36, 2.46) .9 0.47 (0.10, 2.25) .3

Hay fever, ever 1.60 (0.75, 3.41) .2 3.50 (1.42, 8.63) .007

Rhinitis, ever 0.87 (0.45, 1.71) .7 2.11 (0.82, 5.40) .1

Eczema, ever 0.83 (0.42, 1.65) .6 2.06 (0.85, 5.98) .1

Any positive allergy testb 0.80 (0.38, 1.70) .6 1.16 (0.50, 2.69) .7

Any IgE-positivec 0.45 (0.17, 1.18) .1 1.66 (0.71, 3.86) .2

Cat SPT/IgE-positived 0.62 (0.16, 2.33) .5 3.31 (1.19, 9.17) .02

HDM SPT/IgE-positivee 0.75 (0.26, 2.19) .6 1.29 (0.48, 3.49) .6

Timothy grass SPT/IgE-positivef 1.32 (0.52, 3.39) .6 2.66 (1.10, 6.47) .03

aAdjusted for: gender, age, BMI and corrected for clustering within families.
bPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards at least 1 of 4 allergens (cat, timothy grass, birch and house dust mite).
cPositive IgE ≥ 0.35 kU/L to at least 1 of 4 allergens tested (cat, timothy grass, birch and house dust mite).
dPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards cat allergen.
ePositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards house dust mite (D. pteronyssinus and/or farinae).
fPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards timothy grass. Parents=ECRHS. Offspring=RHINESSA. Statistically significant odds
ratios highlighted in bold
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helminth infection influences immunological characteristics in pups.43

With regard to differential risk outcome by gender, research focused

on other exposures than helminths has found that parental pre-con-

ception exposure might influence disease risk in offspring differently

through the maternal and paternal lines.44,45 The risk of allergy has

been reported not only to be affected by the maternal or paternal

line, but also to depend on the sex of the child.44,46,47 In our study,

parental anti-Toxocara IgG4 was measured years after the offspring

were born. The half-life of IgG4 in general is approximately

21 days,48 but Toxocara larvae may stay capsulated in tissues for

many years in accidental hosts.49 Our findings may suggest either

ongoing antigenic exposure or the existence of long-lived memory/

plasma B cell populations as a source of this IgG4. The mechanisms

that may underlie the parental effect on offspring are beyond the

scope of our current study. The effect may be due to any range of

potential parental influences on the offspring including (but not lim-

ited to) post-translational modification,50 shared environment,51

microchimerism52 or passive transfer of immune markers or antibod-

ies.53,54

In the present study, we also addressed Ascaris seroprevalence in

the cohort and found higher rates of seropositivity in the parent

(29%) than in the offspring generation (10%). Ascaris spp. exposure

could be acquired via a number of sources, most plausibly via expo-

sure to agricultural or wildlife sources of Ascaris spp. (especially

A. suum), which are recognized zoonoses in northern Europe.17,20

That Ascaris spp. IgG4 was also more commonly detected in individ-

uals associated with exposure to livestock farm supports this

hypothesis. Less likely may be the maintenance of A. lumbricodes

infection cycle in the study area. The data may also reflect non-spe-

cific ELISA reaction due to antigen cross-reactivity. Helminth pro-

teins targeted by IgE have been shown to be cross-reactive with

other allergens which include proteins from house dust mite and

cockroach,55 and cross-reactivity between Ascaris lumbricoides and

Dermatophagoides farinae IgG has been demonstrated in rabbits.56

However, as documented cases of toxocariasis are rarely described

in Norway, we would not expect our study participants to have

specific IgE towards Toxocara spp. We therefore focused on assess-

ing IgG4 towards Toxocara spp., which is most commonly used for

serodiagnosis of toxocariasis.57 Although we did not have data on

specific IgE towards Ascaris or Toxocara in the present study, we

cannot exclude the possibility that exposure to HDM or cockroach

allergens may have influenced A. lumbricoides IgG4 seropositivity as

observed in the present study. However, we did not observe any

association between Ascaris or Toxocara IgG4 and allergic sensitiza-

tion (SPT or specific IgE) towards HDM, which is the most com-

monly described cross-reactive allergen with helminths. Anti-Ascaris

antibodies are also recognized as being cross-reactive to other hel-

minth antigens58; in particular, species within the group of ascaridoid

nematodes, such as A. lumbricoides, A. suum and T. canis, show anti-

genic relationship.36 Thus, detection of anti-Ascaris IgG4 may reflect

exposure to other helminths or allergens. Similarly, our use of

somatic Toxocara canis antigen as opposed to excretory-secretory

Toxocara canis antigen may have reduced the specificity and sensitiv-

ity of our ELISA. However, somatic Toxocara spp. antigen ELISA is

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) aORb (95% CI) aORb (95% CI) aORb (95% CI) aORb (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 testc 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-positived 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-positivee 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-positivef 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-positiveg 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)

aAdjusted for: offspring age, parent age, offspring gender, parent gender, offspring Toxocara seropositivity, offspring education, offspring BMI, parental
asthma/allergy, and corrected for clustering within families.
bAdjusted for: offspring age, parent age.
cPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards at least 1 of 4 allergens (cat, timothy grass, birch and house dust mite), also associ-
ated with parental allergy.
dPositive IgE ≥ 0.35 kU/L to at least 1 of 4 allergens tested (cat, timothy grass, birch and house dust mite).
ePositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards cat allergen.
fPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards house dust mite (D. pteronyssinus and/or farinae).
gPositive IgE ≥ 0.35 kU/L and/or skin prick test positivity towards timothy grass. Parents=ECRHS. Offspring=RHINESSA. Gender missing for 3 offspring.
Statistically significant odds ratios highlighted in bold.
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acceptable for detecting exposure to Toxocara spp.57 Moreover, we

based our definition of exposure on elevated levels of Toxocara spp.

IgG4 which lends greater specificity59 to our findings and therefore

greater confidence that our measurements genuinely reflect expo-

sure to the parasite. Furthermore, sera were pre-incubated on

A. lumbricoides-coated plates and then transferred to T. canis-coated

plates. By applying this method, we limited the possibility that Toxo-

cara spp. positivity is a marker for Ascaris spp. exposure. There is lit-

tle data on cross-reactivity between Toxocara and environmental

allergens. In our study, no association was observed for T. canis IgG4

and allergic sensitization towards HDM. In our study, the RHINESSA

offspring were tested for SPT towards cockroach allergen. However,

only 3% were sensitized, too few to test for associations with Ascaris

and Toxocara IgG4 positivity.

Our study populations are thoroughly characterized, but the rela-

tively low number of study participants has limited our ability to

detect associations. This might be 1 reason that indicated protective

associations between helminth exposure and allergic outcomes in

the parent population did not reach statistical significance, despite

the fact that this population had higher prevalence of Ascaris and

Toxocara seropositivity. We reported association with Ascaris spp.

seropositivity and growing up on farms with livestock. Given the

nature of the exposure and the known association between Ascaris

spp. and farm animals, especially pigs, it would have been valuable

to know which type of livestock the participants had been in contact

with. Unfortunately, this information was not captured in the inter-

view or questionnaires. The study design limits our possibility to

infer any causal relationship between exposure to Ascaris spp. and

Toxocara spp. However, the associations reported in the present

study raise some intriguing possibilities of zoonotic helminth expo-

sures as a potential modifier for allergic disease development which

warrants more research.

In conclusion, this study shows that in an affluent northern Euro-

pean population, helminth exposure is still relatively common and

that Toxocara seropositivity appeared to be a strong risk factor for

allergic outcomes in the younger generation. Toxocara was

associated with childhood cat keeping, but this did not explain the

associations between Toxocara and allergies. The risk associations

differed between the parent and offspring generations, and parental

Toxocara seropositivity was associated with allergic outcomes in their

offspring but not in themselves. These intriguing findings might shed

light on the increase in allergies during the last decades. Our findings

suggest that zoonotic helminth exposure may modify the risk of

allergic disease.
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