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Summary
Background Food allergy, eczema and wheeze are early manifestations of allergic disease
and commonly co-occur in infancy although their interrelationship is not well under-
stood. Data from population studies are essential to determine whether there are differen-
tial drivers of multi-allergy phenotypes. We aimed to define phenotypes and risk factors
of allergic disease using latent class analysis (LCA).
Methods The HealthNuts study is a prospective, population-based cohort of 5276
12-month-old infants in Melbourne, Australia. LCA was performed using the following
baseline data collected at age 12 months: food sensitization (skin prick test ≥ 2 mm) and
allergy (oral food challenge) to egg, peanut and sesame; early (< 4 months) and late-onset
eczema; and wheeze in the first year of life. Risk factors were modelled using multinomial
logistic regression.
Results Five distinct phenotypes were identified: no allergic disease (70%), non-food-sen-
sitized eczema (16%), single egg allergy (9%), multiple food allergies (predominantly pea-
nut) (3%) and multiple food allergies (predominantly egg) (2%). Compared to the baseline
group of no allergic disease, shared risk factors for all allergic phenotypes were parents
born overseas (particularly Asia), delayed introduction of egg, male gender (except for
single egg allergy) and family history of allergic disease, whilst exposure to pet dogs was
protective for all phenotypes. Other factors including filaggrin mutations, vitamin D and
the presence of older siblings differed by phenotype.
Conclusions and clinical relevance Multiple outcomes in infancy can be used to determine
five distinct allergy phenotypes at the population level, which have both shared and sepa-
rate risk factors suggesting differential mechanisms of disease.
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Introduction

Children with eczema and food allergy in infancy are at
higher risk of developing asthma and rhinitis in child-
hood, a progression commonly referred to as the atopic
march [1–3]. The expression of allergic disease in child-
hood varies and evidence suggests that these variations
are associated with different risks of other allergic dis-
eases later in life [4–7]. The interrelationships between
food allergy, eczema and wheeze in infancy are not
well understood, and the phenotypic heterogeneity of

allergic diseases in early life has not been well charac-
terized.

Previous attempts to identify distinct allergic pheno-
types have been based on essentially arbitrary classifi-
cations, such as the presence of specific sensitizations,
or timing of onset and remission [4, 5, 8]. An alterna-
tive is to use a statistical modelling approach to iden-
tify phenotypes of allergy, such as latent class analysis
(LCA). An LCA detects the presence of latent or unob-
served classes at the population level based on patterns
of association between multiple outcomes. Methods



based on LCA have been used to identify multiple phe-
notypes of sensitizations and allergic disease, particu-
larly wheeze and asthma [9–14]. Not only has this
method identified novel phenotypes of wheeze, differ-
ential risk factors for the phenotypes suggest that the
underlying mechanism for developing wheezing dis-
eases differs [9, 13–15].

Only two studies using LCA have focused on the
expression of allergic disease in the first 2 years of life,
however, neither considered food allergy [11, 12].
Inclusion of food allergy in the determination of phe-
notypes is important because it is one of the first objec-
tive expressions of allergic disease. In this study, we
used LCA to synthesize multiple allergic conditions into
distinct phenotypes to characterize the expression of
allergic disease in infancy, with an emphasis on chal-
lenge-proven food allergy outcomes. In addition, we
aimed to identify parental, infant and environmental
risk factors for these phenotypes to explore mechanisms
of disease development.

Methods

Study design and recruitment

The methods of ‘HealthNuts’, a population-based, longi-
tudinal food allergy study in Melbourne, Australia, have
been described previously [16]. Briefly, 5276 infants
aged 11–15 months were recruited through 131 coun-
cil-run immunization sessions from September 2007 to
August 2011. Parental questionnaires captured informa-
tion on demographic factors, environmental exposures
and common childhood illnesses in the first year of life.
Infants underwent skin prick testing (SPT) to four com-
mon food allergens – peanut, hen’s egg, sesame and
either cow’s milk or shrimp (ALK, Spain), along with
positive (10 mg/mL histamine) and negative (saline)
controls. Infants with a detectable SPT wheal (≥ 1 mm)
were invited for an oral food challenge (OFC), along
with a random sample of 200 infants with negative SPT
(0 mm) (OFC controls) using methods previously
described [16, 17]. Genotyping to identify filaggrin gene
(FLG) loss-of-function mutations was performed with
the Sequenom MassARRAY system (Sequenom, San
Diego, CA, USA) [18]. Serum 25(OH)D3 level was
measured using liquid chromatography–tandem mass
spectrometry at the Royal Melbourne Institute of Tech-
nology [19]. The online repository contains further
detail on study methods.

Definitions for variables used in the latent class analysis
model

Sensitization: SPT ≥ 2 mm using the recruitment
SPT.

IgE-mediated Food allergy: positive OFC (at least one
of the following objective reactions within 2 h of the
last challenge dose: three or more concurrent, non-
contact urticarial lesions lasting ≥ 5 min, vomiting,
angioedema or anaphylaxis) in the presence of posi-
tive test of sensitization at clinic attendance
(SPT ≥ 2 mm or sIgE ≥ 0.35 kua/L (ImmunoCAP
FEIA)).
Food tolerance: negative OFC or negative SPT at
community recruitment.
Eczema: parent report of a doctor diagnosis of
eczema; early onset (< 4 months) or late onset
(≥ 4 months).
Wheeze: parent report of a wheezing episode ever in
the first year of life.

Potential risk factors

Risk factors were identified from review of the literature
and from our own previously published work and col-
lected from the parent questionnaire at recruitment
[18–22]. They were divided into three categories: paren-
tal, infant and environmental. Genetic polymorphisms
(FLG) and vitamin D insufficiency (≤ 50 nmol/L) were
only available on the subgroup of infants who attended
the HealthNuts study clinic for OFC and consented to a
blood test (n = 835 and n = 707, respectively.)

Ethical conduct in human research

Ethics approval was obtained from the Victorian State
Government (Office for Children, (CDF/07/492) and
Department of Human Services (10/07)) and the Royal
Children’s Hospital (27047).

Statistical methods

We allowed the definition of the latent classes to
depend on multiple outcomes and estimated the param-
eters of the underlying statistical model using patterns
among the observed outcome data at the individual
level. The LCA model can be used to generate estimates
of (i) the population prevalence of each of the classes,
(ii) the item response probability which can be inter-
preted as the class-specific prevalence of each outcome
variable and (iii) participant-specific posterior probabili-
ties of belonging to each class. To determine the num-
ber of classes, we fitted the LCA model multiple times
with 1–7 classes. The optimal number of classes was
determined by considering the following criteria:
convergence of iterative routine for parameter estima-
tion and goodness-of-fit statistics (Akaike’s information
criteria (AIC), the corrected AIC, the Bayesian informa-
tion criteria (BIC) and the adjusted BIC).
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Summary data for categorical risk factors for each
class are presented as proportions and compared using
the Wald test; classes are weighted for each individ-
ual participant’s posterior probability of membership
for that class. Multinomial logistic regression (MLR)
was used to determine risk factors for each class, also
weighted for posterior probabilities of class member-
ship. Three separate multivariable models were fitted
for the three categories of risk factors (parental,
infant and environmental). Risk factors within each
category were included simultaneously in the multi-
variable model if the P-value was < 0.1 for the
association between the risk factor and any class from
a univariable MLR analysis. After adjustment, any
significant parental risk factors were retained as
potential confounders of the association between
infant and environmental risk factors, and the classes.
Likewise, any infant risk factors that remained signifi-
cantly associated with an allergy phenotype in the
multivariable model were included as potential con-
founders in the environmental risk factor model. FLG
and vitamin D levels were only available for a sub-
group of infants. The MLR was fitted separately for
both of these variables. Other risk factors were con-
sidered as potential confounding variables and
retained in the model if they altered the crude OR by
> 10%. Finally, we tested for an interaction between
vitamin D levels and parents country of birth, because
we have previously found that the association
between vitamin D insufficiency and food allergy is
modified by parent’s country of birth [19]. Stata 12
and the LCA Stata plug-in were used for statistical
analyses [23].

Results

Study participation and determination of allergic
phenotypes

Of the 7134 eligible infants, 5276 infants participated
(74% response rate). Of these, 5142 underwent SPT to
egg, peanut or sesame and 1089 infants were eligible
for hospital assessment of whom 908 participated in
OFC (83% participation). Data from all 5276 infants
were included in the LCA model. The following vari-
ables were included in the LCA model: sensitization to
egg, peanut or sesame, IgE-mediated food allergy to
egg, peanut or sesame, early- and late-onset eczema
and wheeze (Table 1). The 5-class model was selected
(Table S1 online repository). Item response probabilities
for the five phenotypes of allergic disease based on the
five classes are shown in Fig. 1 and Table S2 (online
repository). Two phenotypes had no evidence of food
sensitization, whilst the remaining phenotypes were
differentiated by the probability of food allergy.

Class 1: No allergic disease (70% of the cohort). The no
allergic disease class had the highest estimated popula-
tion prevalence and was characterized by the absence
of food sensitization, food allergy and eczema. The esti-
mated prevalence of an episode of wheeze was 17%.

Class 2: Non-food-sensitized eczema (16% of the
cohort). The estimated prevalence of eczema was 93%,
although it was predominately late-onset (≥ 4 months)
eczema (60%) compared to early-onset (33%). Food
sensitizations were notably absent (all below 6%),
whilst the estimated prevalence of wheeze was 24%.

Class 3: Single egg allergy (9% of the cohort). The esti-
mated prevalence of allergy to egg alone was 95%, with
little allergy or sensitization to other foods. Half the
infants had eczema (27% early-onset and 23% late-
onset (≥ 4 months)) and 15% had wheeze.

Class 4: Multiple food allergies (predominantly peanut)
(3% of the cohort). The estimated prevalence of peanut
sensitization and peanut allergy were 100% and 89%,
respectively. Approximately half (56%) were also aller-
gic to egg, but none were allergic to sesame. The esti-
mated prevalence of eczema was 72%, with early-onset
eczema being more common (42%), whilst 23% had a
history of wheezing.

Class 5: Multiple food allergies (predominantly egg) (2%
of the cohort). Infants in this class were likely to have
multiple food allergies: egg (estimated prevalence 91%),
sesame (50%) and peanut (39%). Early-onset eczema
had the highest estimated prevalence among all classes
(58%), and an additional 31% were estimated to have
reported late-onset (≥ 4 months) eczema. The estimated
prevalence of the history of wheeze was 14%.

Parental risk factors for allergy phenotypes

Demographic characteristics and the prevalence of risk
factors considered are presented for each allergy

Table 1. Variables used in the latent class analysis model

Characteristic Prevalence

Egg sensitized 14% (696/5127)

Egg allergy 9% (471/4982)

Peanut sensitized 8% (390/5129)

Peanut allergy 3% (156/5080)

Sesame sensitized 2% (96/5074)

Sesame allergy 0.7% (33/5097)

No eczema 74% (3657/4931)

Early-onset eczema (< 4 months old) 12% (592/4931)

Late-onset eczema (≥ 4 months old) 14% (682/4931)

Wheeze ever 18% (821/4603)
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phenotype in Table 2. The MLR model for risk factors
for allergy phenotypes is shown in Table 3. The ‘no
allergic disease’ class was selected as the baseline
because it had the largest estimated population preva-
lence and is characterized by an absence of disease fea-
tures.

After adjustment for potential confounders in MLR,
parents’ country of birth and family history of allergy
remained significant risk factors for all the allergy phe-
notypes (classes 2–5). Infants with one or both parents
born in Asia, compared to infants with both parents
born in Australia, were at an increased risk of all three
food allergy phenotypes (class 3–5) and marginally
increased risk of belonging to the non-food-sensitized
eczema phenotype. Maternal age and maternal smoking
in pregnancy were not associated with any allergy phe-
notypes.

Infant risk factors for allergy phenotypes

Compared to the baseline class of ‘no allergic disease’,
males were at increased risk of belonging to the non-
food-sensitized eczema and multiple food allergy phe-
notypes (classes 2, 4 and 5) but not single egg allergy,
(Table 3B). Premature birth reduced the risk of member-
ship to multiple food allergies (predominantly peanut),
whilst both colic and bronchiolitis increased the risk of
membership to the non-food-sensitized eczema pheno-
type. Reflux, mode of delivery and season of birth were
not associated with any allergy phenotype.

Environmental risk factors for allergy phenotypes

Environmental risk factors differed between the pheno-
types. Compared to the baseline class of no allergic

disease, exposure to pet dogs allowed inside the home
was associated with a reduced risk of membership for
the non-food-sensitized eczema and multiple food aller-
gies (predominantly peanut) phenotypes, and although
not statistically significant, there was consistent
evidence of reduction in risk of membership to the sin-
gle egg allergy and multiple food allergy phenotypes
(predominantly egg) (Table 3C). Presence of siblings
reduced the risk of single egg allergy and non-food-
sensitized eczema, but not multiple food allergies. For
each month increase in breastfeeding (up to 12 months
of age), there was a slight increase in risk of member-
ship of the multiple food allergies (predominantly egg)
phenotype. Delayed age of egg introduction
(> 12 months) was a risk factor for all the allergy phe-
notypes (classes 2–5). Infants who were introduced pea-
nut at 11–12 months compared to 4–10 months were
less likely to belong to the multiple food allergy pheno-
types (predominantly egg); age of peanut introduction
was not associated with other phenotypes. Childcare
attendance, cat ownership and exposure to tobacco
smoke in the home were not associated with any
allergy phenotypes.

Filaggrin and vitamin D studies

In the subgroup who attended OFC clinic, mutations in
the filaggrin gene were associated with a higher risk for
the non-food-sensitized eczema and egg allergy pheno-
types, (aOR 2.37 (95% CI 1.27–4.43, P = 0.01) and 1.78
(95% CI 0.99–3.19, P = 0.05)), but it was not associated
with either multiple food allergy phenotypes. Testing
for interactions revealed that the association between
vitamin D insufficiency and allergy phenotypes was
modified by parent’s country of birth (Table 4). Vitamin

0

0.2

0.4

0.6

0.8

1
No allergic 
disease (70%) 

Non-food
sensitized
eczema (16%)

Single egg
allergy (9%)

Multiple food
allergies
(predominantly
peanut) (3%)
Multiple food
allergies
(predominantly
egg) (2%)

Fig. 1. Item response probabilities for each phenotype identified in the 5-class latent class analysis model. (Percentage in parentheses and the

thickness of lines represent the relative size of the classes based on class membership probability).
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Table 2. Demographic characteristics of the classes (weighted for probability of class membership)

No allergic

disease

N = 3693, %

Non-food-sensitized

eczema N =

844, %

Single egg

allergy

N = 475, %

Multiple food

allergies (peanut)

N = 158, %

Multiple food

allergies (egg)

N = 105, % P-value

Parental characteristics

Socioeconomic status Quintile 1* 21 20 18 17 19 0.28

Quintile 2 20 19 19 27 19

Quintile 3 21 20 20 16 21

Quintile 4 19 20 21 19 17

Quintile 5 19 20 22 20 24

Parent’s ethnicity†

Both Australia 61 62 49 41 41 < 0.001

One or both Asian 13 17 27 33 30

One or both other 26 21 25 27 29

FHx any allergy 67 77 76 76 73 < 0.001

Maternal smoking in pregnancy 5 5 3 5 1 0.11

Maternal age at birth

18–24 year 6 5 5 3 5 0.85

25–29 year 19 19 20 21 26

30–34 year 41 42 44 41 37

35–39 year 28 27 26 29 24

40+ 7 7 5 6 7

Infant characteristics

Male 49 56 52 63 66 < 0.001

Preterm 6 7 4 5 5 0.22

Caesarean delivery 33 34 33 35 25 0.42

Season of birth

Summer 24 23 22 21 13 0.19

Autumn 23 25 28 22 26

Winter 26 24 25 29 32

Spring 27 27 25 29 28

Colic 13 17 14 11 15 0.03

Reflux 22 25 24 25 25 0.08

Bronchiolitis 14 18 14 11 8 0.001

Filaggrin mutation (n = 835) 8 (n = 275) 16 (n = 134) 11 (n = 259) 8 (n = 117) 7 (n = 50) 0.04

Environmental exposures

Childcare attendance 24 27 24 22 26 0.42

No dogs 68 71 75 83 82 < 0.001

Dogs inside 22 19 14 9 13

Dogs outside only 10 10 11 8 5

No cats 82 83 87 88 88 0.06

Cats inside 14 14 10 9 10

Cats outside only 3 3 3 3 3

No siblings 48 50 61 50 50 < 0.001

1 sibling 34 35 27 33 36

2 siblings 14 11 9 14 11

3+ siblings 5 4 3 4 3

Current smoking in the household 22 22 20 18 19 0.45

Duration of breastfeeding

< 1 month 14 14 10 10 2 < 0.001

1–3 month 15 15 11 11 11

4–6 month 15 15 14 21 18

7–9 month 13 11 15 9 15

10–12 month 14 14 15 11 10

> 12 month 30 32 35 38 44

Age egg introduction

4–6 month 25 24 20 19 28 < 0.001

(continued)
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D insufficiency was a risk factor for the three food
allergy phenotypes (classes 3–5), but only among
infants with both parents born in Australia.

Discussion

This is the first study to use latent class analysis to
describe phenotypes of allergic disease using challenge-
proven food allergy outcomes. Using data from multiple
allergic outcomes, we were able to synthesize these into
five distinct phenotypic classes of allergic disease in
infancy: no allergic disease, non-food-sensitized
eczema, single egg allergy, multiple food allergies
(predominantly peanut) and multiple food allergies
(predominantly egg). Shared and differential risk factors
for membership to one or more of the classes were
identified.

The five allergic phenotypes identified are clearly
interpretable and relevant to patient presentations in
clinical practice. The two multiple food allergy pheno-
types were the smallest, collectively representing 5% of
the population, whilst single egg allergy accounted for
a further 9%. Late-onset eczema was a prominent
feature in the non-food-sensitized eczema phenotype,
whilst the prevalence of early-onset eczema was greater
in the three food allergy phenotypes. This supports the
dual-allergen exposure hypothesis for the development
of food allergy as proposed by Lack, that food sensiti-
zation occurs through cutaneous exposure early in life,
facilitated by increased skin permeability in eczema
[24]. Infants who were food-sensitized but tolerant were
spread across the phenotypes, rather than being identi-

fied in a separate phenotype, which suggests that
asymptomatic food sensitization is not a distinguishing
feature of allergic disease in infancy. An interesting
finding is that wheeze in infancy was non-discrimina-
tory across the allergy phenotypes. This may be because
not all wheeze in infancy is allergic in origin.

We found that several risk factors were consistently
associated with the food allergy phenotypes, including
parents’ country of birth, family history of allergy,
delayed introduction of egg, pet ownership and vitamin
D insufficiency. However, several risk factors were dif-
ferentially associated with the food allergy phenotypes.
For example, FLG and the presence of siblings were
only associated with non-food-sensitized eczema and
single egg allergy, and neither were associated with the
two multiple food allergy phenotypes of which peanut
allergy was a prominent feature. This concurs with pre-
vious reports from this cohort that FLG was associated
with food sensitization but not peanut allergy [18].
Conversely, male sex was strongly associated with the
two multiple food allergy phenotypes, but not single
egg allergy, and preterm birth was only associated with
the multiple food allergy (predominantly peanut)
phenotype. These differential risk factors suggest that
the mechanisms that drive the development of allergic
disease differ depending on food allergy phenotype.

In the present study, we found that delayed
introduction of egg (> 12 months) was a risk factor for
all the allergy phenotypes, of which egg allergy was a
marked feature of three. This supports previous findings
from this cohort [21]. Delayed introduction of egg was
also a risk factor for non-food-sensitized eczema, a

Table 2 (continued)

No allergic

disease

N = 3693, %

Non-food-sensitized

eczema N =

844, %

Single egg

allergy

N = 475, %

Multiple food

allergies (peanut)

N = 158, %

Multiple food

allergies (egg)

N = 105, % P-value

7–9 month 41 38 35 40 24

10–12 month 30 31 34 30 28

> 12 month 3 6 9 11 20

< 4 month 1 1 2 0.1 0.1

Age peanut introduction‡

4–10 month 17 16 11 13 10 < 0.00

11–12 month 13 11 9 9 3

Not yet given 70 73 80 78 88

Vitamin D insufficiency (<50nM)

(n = 707)

(n = 219) (n = 106) (n = 233) (n = 106) (n = 43)

16 21 25 19 27 0.09

*Socio economic status as defined by Index of Relative Socio-economic Disadvantage (SEIFA) [27].
†Parent’s ethnicity was based on reported country of birth and defined as follows: both Australian – both parents born in Australia; Asian – one

of both parents born in Asia; Other – one or both parents born in other countries (Europe, United Kingdom, America, Africa, Middle East and

Oceania.)
‡Only seven infants were introduced peanut before 4 months of age; because of small numbers, this group was excluded.
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phenotype that was characterized by a high prevalence
of eczema, but no egg sensitization or allergy. This may
be reflective of reverse causation, that is, once the
infant develops eczema, parents may have chosen to
delay the introduction of potentially allergenic foods.
We did not find strong evidence of association between
timing of peanut introduction and the multiple food
allergies (predominantly peanut) phenotype. This sug-
gests that different phenotypes of allergy may respond
differently to preventative measures, including timing
of introduction of allergenic foods, because they are
driven by other mechanism such as genetics and/or
environment.

The strengths of this study include the large sample
size and population-based sampling frame. In addition,
this study objectively ascertained sensitization status on
over 5000 infants and utilized the gold standard OFC;
this is therefore the largest study identifying pheno-
types on the basis of objective measures of allergy.
Using an LCA model, the phenotypes identified were
inferred entirely from the actual data, rather than rely-
ing on arbitrary definitions, and the resulting output
produced interpretable phenotypes.

A potential limitation of this study is that although
objective food allergy testing was conducted, we relied
on parent-reported measures of eczema (parent report
of a doctor diagnosis) and wheeze. This study focused
on sensitization and food challenge data on 3 common
food allergens; milk and shrimp SPT were only mea-
sured on half the cohort but were considered in a sup-
plementary analysis. The prevalence of milk and shrimp
sensitization within the LCA defined phenotypes were,
however, consistent with the patterns observed with
other food sensitizations. For example, milk and shrimp
sensitization were very low in the no allergic disease
and non-food-sensitized eczema phenotype and highest
in the multiple food allergy phenotypes (data not
shown). We repeated the LCA analysis using half of the

cohort who underwent milk SPT. The model produced
was remarkably similar to that currently presented in
the study, and no new phenotypes were observed. This
indicates that our model is robust and that food allergy
phenotypes in infancy are primarily driven by sensitiza-
tion to the three common food allergens for which
OFC-confirmed allergy is most common. We did not
have sensitization data on inhalant allergens at the
population level; however, sensitization to inhalant
allergens increases later in childhood and is not com-
mon in early infancy, the focus of this study [25, 26].

Two recent studies have also identified allergy
phenotypes using LCA from cross-sectional data of a
similar age group to this cohort. Havstad et al. [11]
described phenotypes of atopy in a subgroup of 594 2-
year-old children, from a larger birth cohort of 1258.
Four phenotypes were identified on the basis of serum-
specific IgE measurements to 10 food and inhalant
allergens: ‘no to low sensitization’, ‘highly sensitized’,
‘milk and egg dominated’ and ‘peanut and inhalant’.
Although it is difficult to directly compare these pheno-
types to ours because they did not include common
allergic manifestations such as food allergy and eczema,
and sIgE was serologically measured, they also found
that race and maternal atopy were risk factors for the
allergy phenotypes. A birth cohort of 1831 18-month-
old infants used LCA to identify four phenotypes on the
basis of parent report of respiratory and allergic
outcomes and utilization of healthcare resources [12].
The analysis was based primarily on respiratory data
and did not include data specific to food sensitization
or allergy.

Several longitudinal studies following children from
early childhood to adolescence have employed LCA to
explore primarily wheeze phenotypes or patterns of
sensitization, but not food allergy directly [6, 9, 10, 14].
Collectively, these studies highlight that allergic disease
should be considered beyond a dichotomous definition

Table 4. Association between allergy phenotypes and vitamin D insufficiency, compared to the baseline class of ‘no allergic disease’ (n = 219)

Non-food-sensitized

eczema

(n = 106)

Single egg

allergy

(n = 233)

Multiple food

allergies (peanut)

(n = 106)

Multiple food

allergies (egg)

(n = 43)

Adjusted OR* P Adjusted OR* P Adjusted OR* P Adjusted OR* P

Vitamin D insufficiency 1.26 (0.71–2.23) 0.42 1.67 (1.02–2.74) 0.04 1.36 (0.72–2.57) 0.34 1.65 (0.70–3.87) 0.25

P-value for interaction

with parents country of birth

0.49 0.004 < 0.001 0.74

Vitamin D insufficiency stratified

by parents country of birth

Both parents born in Australia 1.59 (0.69–3.69) 0.27 3.24 (1.58–6.65) 0.001 4.40 (1.77–10.92) 0.001 3.76 (1.23–11.45) 0.02

One or both Asian 1.34 (0.35–5.12) 0.67 1.32 (0.44–3.95) 0.62 1.58 (0.45–5.52) 0.47 0.60 (0.09–4.25) 0.61

Other 0.97 (0.35–2.67) 0.95 0.58 (0.23–1.51) 0.27 0.03 (0.007–0.10) < 0.001 0.78 (0.19–3.15) 0.73

*Adjusted for parents country of birth, duration of breastfeeding, premature birth and age of egg introduction.
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of asthma or atopy as various subphenotypes have been
identified that may have different clinical courses as
well as risk factors, pathogenesis and prognosis. The
present study builds upon previous knowledge by
including challenge-proven food allergy outcomes. Our
findings support that as with other allergic diseases,
food allergy should not be considered as a single condi-
tion as multiple subphenotypes exist.

In conclusion, we defined five distinct allergy pheno-
types which were synthesized from common multiple
allergic outcomes in infancy. Differences in risk factors
suggest that the mechanisms that drive the development
of allergic disease in infancy and beyond may differ.
The HealthNuts cohort age 4- and 6-year follow-up,
that is in progress, will enable us to investigate how
these phenotypes progress along the atopic march and
whether the development or resolution allergic diseases
in childhood is differential.
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1

Supplementary files:

Table E1: Model fit statistics for 1-7 classes:

No. of
classes Log-likelihood AIC Corrected AIC BIC Adjusted BIC

1 -12202.56 4473.20 4559.33 4550.33 4521.73
2 -10383.51 873.10 1016.93 997.93 937.55
3 -10176.25 478.57 698.10 669.10 576.94
4 -10153.12 452.32 747.54 708.54 584.61
5 -10087.85 341.79 712.71 663.71 508.00
6 -10052.16 290.41 737.03 678.03 490.55
7 -10044.96 296.00 818.32 749.32 530.06

AIC: Akaike’s Information criteria; BIC: Bayesian Information Criterion. Values in bold indicate the
optimal number of classes based on the minimal value of the test statistic.

Both the 5 and 6 class models were indicated as the best models by the fit statistics. The 5
class model was selected because (i) the classes were more easily interpretable than the 6
class model; and (ii) in the 6 class model the estimated population prevalences of three
classes were very small (2-3%).

Table E2: Description of classes in the 5 class model: item response probabilities.

No
allergic
disease

(N=3693)

Non-food
sensitised
eczema
(N=844)

Single egg
allergy

(N=475)

Multiple food
allergies
(peanut)
(N=158)

Multiple
food

allergies
(egg)

(N=106)
Membership probability 0.70 0.16 0.09 0.03 0.02
Egg sensitised 0.02 0.05 0.96 0.68 0.96
Egg allergy 0.00 0.01 0.94 0.56 0.91
Peanut sensitised 0.02 0.05 0.17 0.99 0.74
Peanut allergy 0.00 0.00 0.02 0.89 0.39
Sesame sensitised 0.00 0.01 0.00 0.04 0.91
Sesame allergy 0.00 0.00 0.00 0.00 0.50
No eczema 0.96 0.07 0.50 0.28 0.11
Early-onset eczema 0.03 0.33 0.27 0.42 0.58
Late-onset eczema (≥ 4
months) 0.01 0.60 0.23 0.30 0.31
Wheeze 0.17 0.24 0.15 0.23 0.14



2

Methods:

SPT to shrimp was conducted on the first half of the cohort and changed to cow’s milk for the

second half.  Initially we were reluctant to conduct cow’s milk SPT in the community

because of concerns that a high prevalence of sensitization would be observed among infants

already tolerating cow’s milk in their diet, leading to unnecessary anxiety among parents, and

possibly extending the already very long Royal Children’s Hospital Allergy department

waiting lists beyond 12 months. A pilot study subsequently showed the prevalence of

sensitization to cow’s milk was relatively low in the community. Unfortunately, we were

unable to proceed with food challenges to cow’s milk due to insufficient funding. Because

SPT to shrimp and cow’s milk were only available for half the cohort, they could not be

included in the LCA model.

Any infant who showed objective evidence of sensitisation (SPT >1mm) was invited to the

royal Childrens hospital for OFC.  We chose this low threshold for community screening to

ensure that we did not miss any potential cases of food allergy.  SPT and sIgE were repeated

at clinic attendance and were used for the classification of food allergy.  We chose to use a

threshold of 2mm to define sensitisation because of the young age of our cohort (12 months).

Evidence suggests that skin reactivity is lower in infancy and we felt that this threshold was

more appropriate to the young age of this cohort. (1, 2) We assumed that infants with

negative SPT in the community (0mm) did not have IgE-mediated food allergy.  To test this

assumption a random sample of 200 negative control (non-sensitized) infants were invited for

OFC, of which all were food challenge negative.  We therefore believe we have strong

evidence to support that these non-sensitized infants do not have IgE-mediated food allergy

1. Menardo JL, Bousquet J, Rodiere M, Astruc J, Michel FB. Skin test reactivity in infancy. The
Journal of allergy and clinical immunology. 1985;75(6):646-51.
2. Skassa-Brociek W, Manderscheid JC, Michel FB, Bousquet J. Skin test reactivity to
histamine from infancy to old age. The Journal of allergy and clinical immunology. 1987;80(5):711-6.
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