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Background: Little is known about the development and 
resolution of early peanut allergy (PA).

Objective: We examined the natural history and biomarkers of 
PA longitudinally in 3 cohorts.

Methods: PA development was examined in the Enquiring 
About Tolerance (EAT), Learning Early About Peanut (LEAP), 
and Peanut Allergy Sensitization (PAS) cohorts. Early PA was 
defined by skin prick test result of >4 mm by 12 months or oral 
food challenge at study entry. PA was confirmed by oral food 
challenge at study end point (36 months for EAT, 60 months for 
LEAP/PAS). Four groups were defined: early PA development 
with persistence (EP); early PA development with resolution 
(ER); late PA development (LA); and never peanut allergic. 
Clinical characteristics and biomarkers were compared 
between the groups.

Results: A total of 56.3% of peanut-allergic children developed 
PA by 12 months; 32.1% had early PA resolution by study end 
point. The rate of early PA resolution was 54.2% in EAT, 41.4% 
in LEAP, and 18.6% in PAS cohorts. Median skin prick test 
wheals for EP, ER, and LA were 6, 2, and 0 mm at baseline, and

10, 0, 9 mm at study end point. Median peanut-specific IgE 
(sIgE) levels for EP, ER, and LA were 5.9, 0.4, and 0.3 kU A /L 
(P < .001) at baseline; 4.7, 1.3, and 0.9 kU A /L (P < .001) at 12 
months; and 20.1, 0.2, and 5.1 kU A /L (P < .001) at study end 
point. LA had slower component expansion (number of 
components Ara h 1–sIgE, Ara h 2–sIgE, Ara h 3–sIgE > 0.1 
kU A /L) compared to EP. ER showed component expansion from 
baseline to 12 months but component retraction by study end 
point. Absence of eczema and egg allergy, low peanut-sIgE, or 
skin prick test result were predictive of PA resolution. 
Conclusion: A significant proportion of PA resolves in early 
childhood. Different phenotypes of PA display different 
biomarkers trajectories. (J Allergy Clin Immunol 
2025;156:1628-38.)
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Peanut allergy (PA) affects 2% of children in the Western 
world. 1-3 The onset of peanut IgE sensitization usually occurs dur-

ing infancy with symptomatic PA occurring in early childhood. 4 

In 1989, Bock and Atkins 5 looked at challenge-proven PA in 
children aged 2 to 14 years and reported that PA is rarely 
outgrown. However in 1998, Hourihane et al 6 reported an 18% 
PA resolution rate in preschool children with a clinical history 
of PA. More recently, in the HealthNuts cohort that assessed PA 
in a general population of children reported that 22% of children 
with challenge-confirmed PA at 1 year of age had outgrown their 
PA by 4 years of age, 7 and when followed up again at 6 years of 
age, one third had PA resolution. 8

There has been increasing interest in strategies to prevent PA 
and reduce the risk of severe reactions for those with PA. 
Randomized control trials, such as the Learning Early About 
Peanut (LEAP) and the Enquiring About Tolerance (EAT) 
studies, have resulted in a change in practice regarding intro-

ducing allergenic foods to infants. 9,10 The key findings from the 
LEAP study were that early introduction and regular ongoing 
consumption of peanut resulted in 81% relative risk reduction 
in PA at 60 months of age compared to children who avoided pea-

nut. One of the 6 allergenic foods introduced early in the EAT 
study was peanut; in the per-protocol analysis, the prevalence 
of PA at 36 months of age was significantly lower in those children 
to whom peanut was introduced early (ie, from 4 months of age) 
compared to those to whom it was not (0 vs 2.5%, P 5 .003). 

The LEAP and EAT cohorts also reported that approximately 
60% of participants with PA at study end point were allergic by the
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12-month visit, according to skin prick test (SPT) wheal sizes of >4 
mm, which was a SPT cutoff determined from various studies that 
was highly predictive of PA (80% positive predictive value). 11-15

The aim of this study was to describe the kinetics of PA 
development, resolution, and persistence in the LEAP and Peanut 
Allergy Sensitization (PAS) (high-risk populations) and EAT (general 
population) cohorts using changes in peanut SPT, peanut-specific IgE 
(sIgE), and peanut component-sIgE. Staphylococcus aureus, MALT1 
(mucosa-associated lymphoid tissue lymphoma translocation protein 
1), and HLA-DQA1*01:02 genes have previously been shown to be 
associated with PA, 16,17 and their relationship with resolution and 
persistence of PA is described.

METHODS 
Patient cohorts

Longitudinal data from the LEAP, PAS, and EAT cohorts were 
standardized and integrated into a single database. The LEAP 
screening population included participants aged between 4 and 11 
months who were assessed for severe eczema, egg allergy, or both. 18 

A group of 118 participants (PAS group I) did not have severe eczema 
and egg allergy at screening and were excluded from LEAP. 
Conversely, a group of 76 participants (PAS group IV) at screening 
had SPT > 4 mm and were deemed peanut allergic and therefore inel-

igible for the LEAP intervention. 18 Eligible participants with severe 
eczema, egg allergy, or both were enrolled onto the LEAP study and 
randomly assigned to either peanut consumption or peanut avoid-

ance. The peanut consumption group underwent a baseline oral 
food challenge (OFC). PAS groups I and IV were assessed again at 
60 months of age by OFC. The EAT study recruited exclusively 
breast-fed infants at 3 months of age and randomly assigned them 
to early introduction of 6 allergenic foods (including peanut) or to 
UK guidance to introduce solids at 6 month of age. The early intro-

duction group underwent a baseline peanut OFC. Biomarker data and 
OFCs were performed as per the LEAP and EAT study protocols. 9,10

Ethical considerations
Ethical approval for the LEAP study was provided by the NRES 

Committee London–Fulham, formerly West London REC2 Ethics 
Committee (REC reference 04/Q0403/13). 9 The EAT Study was 
approved by the St Thomas’ Hospital research ethics committee 
(REC reference 08/H0802/93). 10 Written informed consent was ob-

tained from all participants’ parents or caregivers.

Study groups and end points
We compared participants from LEAP, PAS and EAT cohorts 

who fit the following criteria:

● Early development and persistence of PA (EP): Baseline pos-

itive OFC or peanut SPT > 4 mm (before or at 12 months of 
age) who at study end point (36-60 months of age) had 
challenge-proven PA and were not consuming peanut.

● Early PA developers with PA resolution (ER): Baseline pos-

itive OFC or peanut SPT > 4 mm (before or at 12 months of 
age) who at study end point either had negative OFC or had 
negative peanut SPT and were consuming peanut (con-

sumption of >_2 g of peanut protein in a single portion in 
the last month or history of ever consuming >_2 g of peanut 
protein on at least 3 occasions).

● Late PA developers (LA): Baseline negative OFC and/or 
peanut SPT between 0 and 4 mm (before and at 12 months 
of age) who at study end point had challenge-proven PA.

● Never peanut allergic (NA): Baseline negative OFC and/or 
peanut SPT <_ 4 mm (before and at 12 months of age) who 
at study end point did not have PA (negative OFC or were 
consuming >_2 g of peanut protein in a single portion in the 
last month or history of ever consuming >_2 g of peanut pro-

tein on at least 3 occasions, irrespective of SPT).

The definitions of the groups are mutually exclusive and are 
defined in greater detail in Table E1, available in the Online 
Repository at www.jacionline.org.

Clinical characteristics (including sex, ethnicity, eczema status 
determined by SCORing Atopic Dermatitis [SCORAD] scores, 
and egg allergy) and immunologic markers (peanut-sIgE, com-

ponents [Ara h 1, Ara h 2, Ara h 3]) were compared with a focus 
on comparisons between PA resolution or persistence.

Statistical analysis
All statistical analyses were conducted by SAS 9.4 and JMP 

Pro 17 (both SAS Institute). Imputations were performed for 
missing baseline SPT and sIgE to Ara h 1, Ara h 2, and Ara h 3 
(Table E1). A logistic regression model was used to understand 
how clinical characteristics and early biomarkers are associated 
with the natural resolution of PA. The covariates included the 
presence of any eczema in the first 12 months of life, egg allergy, 
baseline peanut SPT, and baseline peanut-sIgE.

RESULTS

Study population
A total of 2137 participants were eligible; baseline characteristics 

for each group are listed in Table I. A total of 7.7% (164/2137) par-

ticipants were excluded from the analysis because they were not 
evaluated at the study’s end point. Of those not evaluated at study 
end point, 89.6% (147/164) were unlikely to have PA and had no 
or mild eczema (with low SCORAD) and negative or low SPT to 
peanut; 10.3% (17/164) participants had baseline SPT >_ 4 mm; these 
subjects are compared against the EP and ER groups in Table E2, 
available in the Online Repository at www.jacionline.org.

Characterization of PA phenotypes
There was a significant difference between the groups, with male 

subjects being more likely to have a phenotype of PA at any time 
point compared to female subjects. There was a higher percentage

Abbreviations used

CI: Confidence interval

EAT: Enquiring About Tolerance

EP: Early persistent group

ER: Early resolution group

LA: Late-onset group

LEAP: Learning Early About Peanut

MALT1: Mucosa-associated lymphoid tissue lymphoma transloca-

tion protein 1
NA: Never allergic group

OFC: Oral food challenge

OR: Odds ratio

PA: Peanut allergy

PAS: Peanut Allergy Sensitization

SCORAD: SCORing Atopic Dermatitis

sIgE: Specific IgE

SPT: Skin prick test
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TABLE I. Patient characteristics of peanut phenotype groups

Characteristic EP (n = 76) ER (n = 36) LA (n = 59)

NA

(n = 1802)

Total 

(N = 2137) P value

Cohort <.001*

EAT 11 (14.5) 13 (36.1) 11 (18.6) 1133 (62.9) 1168 (59.2)

LEAP 17 (22.4) 12 (33.3) 47 (79.7) 552 (30.6) 628 (31.8)

PAS 48 (63.2) 11 (30.6) 1 (1.7) 117 (6.5) 177 (9.0)

Randomized treatment <.001*

Avoidance 19 (25.0) 17 (47.2) 50 (84.7) 825 (45.8) 911 (46.2)

Consumption 9 (11.8) 8 (22.2) 8 (13.6) 860 (47.7) 885 (44.9)

NA 48 (63.2) 11 (30.6) 1 (1.7) 117 (6.5) 177 (9.0)

Age at baseline (months) <.001†

Mean (SD) 7.36 (2.39) 5.94 (2.44) 6.87 (2.51) 5.02 (2.37) 5.18 (2.44)

Median 7.67 5.73 6.80 3.61 3.65

Q1, Q3 5.75, 9.20 3.50, 8.08 4.86, 8.80 3.32, 6.60 3.32, 6.93

Range 3.09, 10.94 3.06, 10.74 3.15, 10.97 2.96, 10.97 2.96, 10.97

Sex .056*

Female 25 (32.9) 13 (36.1) 22 (37.3) 826 (45.8) 886 (44.9)

Male 51 (67.1) 23 (63.9) 37 (62.7) 976 (54.2) 1087 (55.1)

Ethnicity <.001*

Asian 2 (2.6) 4 (11.1) 4 (6.8) 46 (2.6) 56 (2.8)

Black 8 (10.5) 6 (16.7) 6 (10.2) 77 (4.3) 97 (4.9)

Chinese/other 5 (6.6) 0 (0.0) 1 (1.7) 17 (0.9) 23 (1.2)

Mixed 12 (15.8) 2 (5.6) 12 (20.3) 182 (10.1) 208 (10.5)

White 49 (64.5) 24 (66.7) 36 (61.0) 1480 (82.1) 1589 (80.5)

Baseline eczema‡ <.001*

No 3 (3.9) 9 (25.0) 6 (10.2) 899 (49.9) 917 (46.5)

Yes 73 (96.1) 27 (75.0) 53 (89.8) 902 (50.1) 1055 (53.5)

Egg allergy at baseline <.001*

Missing 1 1 5 85 92

Not allergic 11 (14.7) 13 (37.1) 18 (33.3) 1339 (78.0) 1381 (73.4)

Allergic 64 (85.3) 22 (62.9) 36 (66.7) 378 (22.0) 500 (26.6)

SCORAD at baseline <.001†

No. 76 36 59 1801 1972

Mean (SD) 37.59 (19.27) 28.60 (25.12) 32.79 (23.38) 12.52 (18.25) 14.39 (19.58)

Median 36.50 25.00 31.00 3.50 3.60

Q1, Q3 24.55, 52.75 1.85, 48.25 12.50, 50.00 0.00, 20.50 0.00, 24.90

Range (0.00-81.00) (0.00-80.50) (0.00-82.60) (0.00-78.50) (0.00-82.60)

SCORAD screening groups <.001*

No eczema (SCORAD 5 0) 3 (3.9) 9 (25.0) 6 (10.2) 899 (49.9) 917 (46.5)

Mild eczema (0 < SCORAD < 15) 9 (11.8) 4 (11.1) 11 (18.6) 361 (20.0) 385 (19.5)

Moderate eczema (15 <_ SCORAD < 40) 32 (42.1) 10 (27.8) 19 (32.2) 342 (19.0) 403 (20.4)

Severe eczema (SCORAD >_ 40) 32 (42.1) 13 (36.1) 23 (39.0) 199 (11.0) 267 (13.5)

SCORAD (12 months or LOCF if missing) <.001†

No. 76 36 59 1801 1972

Mean (SD) 32.89 (21.23) 23.49 (22.38) 22.39 (19.20) 8.60 (12.57) 10.22 (14.53)

Median 31.00 15.25 19.50 0.00 3.60

Q1, Q3 17.00, 52.40 0.00, 41.00 5.00, 36.00 0.00, 13.50 0.00, 16.00

Range 0.00, 81.00 0.00, 80.50 0.00, 67.00 0.00, 69.50 0.00, 81.00

SCORAD groups at 12 months 

(LOCF if missing)

<.001*

No eczema (SCORAD 5 0) 7 (9.2) 10 (27.8) 8 (13.6) 905 (50.2) 930 (47.2)

Mild eczema (0 < SCORAD < 15) 10 (13.2) 7 (19.4) 18 (30.5) 479 (26.6) 514 (26.1)

Moderate eczema

(15 <_ SCORAD < 40)

35 (46.1) 9 (25.0) 22 (37.3) 352 (19.5) 418 (21.2)

Severe eczema (SCORAD >_ 40) 24 (31.6) 10 (27.8) 11 (18.6) 65 (3.6) 110 (5.6)

Nasal or skin Staphylococcus aureus 

at any point during LEAP Study§

.026†

Missing 59 24 12 1250 1345

Negative 3 (17.6) 5 (41.7) 21 (44.7) 290 (52.5) 319 (50.8)

Positive 14 (82.4) 7 (58.3) 26 (55.3) 262 (47.5) 309 (49.2)

MALT1 carrier status¶‖ <.001*

Missing 18 14 13 1231 1276

Carrier 12 (20.7) 4 (18.2) 15 (32.6) 65 (11.4) 96 (13.8)

Noncarrier 46 (79.3) 18 (81.8) 31 (67.4) 506 (88.6) 601 (86.2)

(Continued)
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of non-White children in the groups with any phenotype of PA 
compared to White children (Table I). Children with PA at any time 
point were significantly more likely to have egg allergy (P < .001), 
with at least 62.9-85.3% having egg allergy at baseline compared to 
22% in those with no PA. This remained true when looking at the 3 
PA phenotypes: a significantly higher number of children in the EP 
group had egg allergy (P 5 .012) (Table I).

Children with any PA phenotype were also significantly more 
likely to have eczema at baseline (P < .001), with mean SCORAD 
being higher in the EP and LA groups. When comparing eczema 
severity, children with PA at any time point (ie, EP, ER, and LA 
groups) had higher SCORAD compared to those without PA (P < 
.001). Specifically, the EP had a higher percentage of participants 
with moderate to severe eczema at baseline and at 12 months of age.

Of the children who had PA at any time point, 65.5% (112/171) 
had developed PA by 12 months of age. Of the children who had 
diagnosed PA at the study end point (EP and LA groups), 56.3% 
(76/135) had developed PA by 12 months of age.

For those with any PA phenotype, 78.9% (135/171) had a PA 
diagnosis by the study end point (EP and LA). Of the participants 
who had PA by 12 months of age (groups EP and ER), 32.1% (36/ 
112) outgrew their PA by 36-60 months of age. Seventeen 
participants were excluded because they were not assessed at the 
study end point, but on the basis of SPT >_ 4 mm at baseline, they 
likely had early PA. If we assume that all had persistent PA at study 
end point, then the rate of resolution would be 27.9% (36/129). The 
rates of early PA resolution for each cohort individually were as 
follows: 54.2% (13/24) for EAT, 41.4% (12/29) for LEAP, and 18.6% 
(11/59) for PAS group IV. The clinical characteristics and biomarkers 
based on study cohort are shown in Tables E3 and E4, which are 
available in the Online Repository at www.jacionline.org.

Changes in PA biomarkers over time
Peanut biomarkers were measured over 3 time points (Table II). 

EP had significantly higher mean SPT at baseline, 12 months, and 
study end compared to the ER and LA groups, and mean SPT re-

mained significantly higher in the EP group when intergroup analysis 
was performed (P <.001) (Fig 1). The ER group had lower mean SPT 
at baseline that increased at 12 months, consistent with PA diagnosis, 
but by study end, it had decreased to 2.1 mm, consistent with no 
longer having PA. This differed from the LA group, who had low 
baseline and 12-month SPT results, which significantly increased 
to 9.1 mm by study end point, consistent with a PA diagnosis.

Median peanut-sIgE levels in the EP group were significantly 
higher at baseline and increased across time compared to all

other groups (Table II, Fig 2). A similar pattern was observed in 
Ara h 2–sIgE levels, suggestive of PA at 12 months and confirmed 
PA at study end point. The ER group’s baseline peanut-sIgE level 
was lower than the EP group but increased at 12 months 
before decreasing to levels suggesting PA resolution. Median 
Ara h 2–sIgE levels were 0.05 kU A /L at baseline, increased to 
0.35 kU A /L, which is consistent with PA, but then by study end 
dropped to 0.04, which fits with outgrowing PA. The LA group 
also had low levels of peanut-sIgE and Ara h 2–sIgE both at base-

line and 12 months, similar to levels seen in the NA group, but 
increased by study end point, consistent with the pattern of 
later-onset PA. For those with no PA at any time point, peanut-

sIgE and Ara h 2–sIgE levels remained low across time. Individ-

ual data for the ER group are shown in Table E5, available in the 
Online Repository at www.jacionline.org.

Peanut component spreading
The trend of component spreading, defined as the number of 

components (sIgE for Ara h 1, –2, and –3 > 0.1 kU A /L), was 
also compared between the groups (Fig 3). The EP group had 
expansion of detectable components from baseline until the study 
end point. Within the ER group, the number of components >0.1 
kU A /L initially expanded from baseline to 12 months but subse-

quently retracted, consistent with early PA and subsequent PA res-

olution. Within the LA group, the number of components >0.1 
kU A /L expanded later compared to the EP and ER groups, consis-

tent with a diagnosis of later-onset PA. There was a significant dif-

ference in component spreading between the groups at 12 months 
and study end point (P < .001) (Table II). For the NA group, over 
90% had no components >0.1 kU A /L at each time point.

Staphylococcus aureus colonization
Staphylococcus aureus colonization at any point during the study 

duration was significantly different between the 4 groups (P 5 .026) 
and in the 3 PA group comparison (P 5 .139) (see Table I). A total of 
82.4% of the EP group, 58.3% of the ER group, 55.3% of the LA 
group, and 47.5% of the NA group were colonized with S aureus 
with presence of eczema taken into account (see Fig E1 in the On-

line Repository available at www.jacionline.org).

MALT1 and HLA-DQA1*01:02 carrier status
There was a higher percentage of participants who had PA at any 

time who were carriers of the MALT1 gene and HLA-DQA1*01:02

TABLE I. (Continued)

Characteristic EP (n = 76) ER (n = 36) LA (n = 59)

NA

(n = 1802)

Total 

(N = 2137) P value

HLA-DQA1*01:02¶‖ <.001*

Missing 67 29 20 1334 1450

Carrier 9 (100) 3 (42.9) 14 (35.9) 139 (29.7) 165 (31.5)

Noncarrier 0 (0) 4 (57.1) 25 (64.1) 329 (70.3) 358 (68.5)

Data are presented as nos. (%) unless otherwise indicated.

*Chi-square test.

†Kruskal-Wallis test.

‡One subject in NA group lacked eczema outcomes (SCORAD and severity group).

§Staphylococcus aureus was only collected in LEAP Study at baseline and at 12, 30, and 60 months of age.

¶MALT1 carrier data were only available for participants from LEAP and PAS study participants; HLA-DQA1*01:02 was only available in LEAP study participants.

‖Further chi-square statistical analysis was performed comparing just 3 groups (EP, ER, and LA) for both genes and for S aureus. For MALT1, P 5 .278; for HLA-DQA1*01-02, 

P 5 .002; and for S aureus, P 5 .139.
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TABLE II. Changes in PA biomarkers across early childhood in different PA phenotype groups

Characteristic EP (n = 76)

ER 

(n = 36) LA (n = 59)

NA

(n = 1802)

Total 

(N = 1973) P value*

Peanut SPT at baseline <.001

No. 76 36 59 1802 1973

Missing 0 0 0 0 0

Median 6.00 2.00 0.00 0.00 0.00

Q1, Q3 3.00, 9.00 0.00, 5.00 0.00, 1.00 0.00, 0.00 0.00, 0.00

Range 0.00-12.00 0.00-8.00 0.00-4.00 0.00-4.00 0.00-12.00

Peanut SPT at 12 months <.001

No. 28 25 52 1611 1716

Missing 48 11 7 191 257

Median 8.00 5.00 1.00 0.00 0.00

Q1, Q3 6.00, 9.00 5.00, 6.00 0.00, 3.00 0.00, 0.00 0.00, 0.00

Range 1.00-12.00 0.00-12.00 0.00-4.00 0.00-7.00 0.00-12.00

Peanut SPT at 36-60 months <.001

No. 74 36 59 1721 1890

Missing 2 0 0 81 83

Median 10.00 0.00 9.00 0.00 0.00

Q1, Q3 8.00, 13.00 0.00, 4.00 6.00, 11.00 0.00, 0.00 0.00, 0.00

Range 4.00-24.00 0.00-8.00 0.00-22.00 0.00-10.00 0.00-24.00

Peanut-sIgE at baseline <.001

No. 70 35 59 1661 1825

Missing 6 1 0 141 148

Median 5.89 0.36 0.29 0.03 0.03

Q1, Q3 0.62, 14.10 0.07, 2.21 0.04, 1.22 0.02, 0.04 0.02, 0.04

Range 0.01-400.00 0.01-87.70 0.01-79.50 0.01-54.50 0.01-400.00

Peanut-sIgE at 12 months <.001

No. 25 25 52 1484 1586

Missing 51 11 7 318 387

Median 4.74 1.34 0.90 0.03 0.03

Q1, Q3 1.30, 17.00 0.57, 7.78 0.29, 3.25 0.02, 0.07 0.02, 0.10

Range 0.25-219.00 0.08-58.10 0.01-50.90 0.01-34.70 0.01-219.00

Peanut-sIgE 36-60 at months <.001

No. 73 35 59 1578 1745

Missing 3 1 0 224 228

Median 20.10 0.21 5.10 0.02 0.02

Q1, Q3 3.11, 93.80 0.07, 1.20 1.34, 36.30 0.01, 0.06 0.01, 0.11

Range 0.01-508.83 0.01-22.98 0.14-1736.98 0.01-64.30 0.01-1736.98

Ara h 1–sIgE (kU A /L) at baseline <.001

No. 28 24 57 1650 1759

Missing 48 12 2 152 214

Median 0.03 0.03 0.02 0.01 0.01

Q1, Q3 0.01, 0.41 0.01, 0.36 0.01, 0.10 0.01, 0.02 0.01, 0.02

Range 0.01-12.60 0.01-14.30 0.01-53.70 0.01-18.40 0.01-53.70

Ara h 1–sIgE (kU A /L) at 12 months <.001

No. 24 24 51 1466 1565

Missing 52 12 8 336 408

Median 0.23 0.10 0.10 0.01 0.01

Q1, Q3 0.04, 4.14 0.02, 0.44 0.02, 0.39 0.01, 0.02 0.01, 0.03

Range 0.01-39.80 0.01-11.90 0.01-14.50 0.01-12.90 0.01-39.80

Ara h 1–sIgE (kU A /L) at 36-60 months <.001

No. 59 34 55 1569 1717

Missing 17 2 4 233 256

Median 0.32 0.02 0.22 0.01 0.01

Q1, Q3 0.05, 15.30 0.01, 0.12 0.02, 4.05 0.01, 0.02 0.01, 0.02

Range 0.01-279.00 0.01-4.96 0.01-503.91 0.01-9.69 0.01-503.91

Ara h 2–sIgE (kU A /L) at baseline <.001

No. 28 24 58 1651 1761

Missing 48 12 1 151 212

Median 0.07 0.05 0.03 0.02 0.02

Q1, Q3 0.04, 0.19 0.03, 0.08 0.01, 0.06 0.01, 0.03 0.01, 0.03

Range 0.01-7.03 0.01-2.30 0.01-0.85 0.01-2.36 0.01-7.03

Ara h 2–sIgE (kU A /L) at 12 months <.001

No. 24 24 51 1466 1565

Missing 52 12 8 336 408

(Continued)
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allele compared to those who were never PA (Table I). There was no 
significant difference in the MALT1 carrier rate among the 
3 different phenotypes of PA. However, the carrier rate for 
HLA-DQA1*01:02 in the EP group was 100%, and the 3 PA group 
comparison was significantly different (P 5 .002).

Logistic regression model to predict PA resolution
Two logistic regression models were fit to understand PA 

resolution or persistence. The first model used baseline peanut 
SPT, egg allergy, and eczema. A significant increase in the 
likelihood of PA resolution was observed for every 1 mm decrease 
in SPT wheal size at baseline (odds ratio [OR], 1.25; 95%

confidence interval [CI], 1.08, 1.45). The likelihood of PA 
resolution was also higher in children without egg allergy at 
baseline (OR, 2.12; 95% CI, 0.76, 5.89) and without eczema at 
baseline (OR, 2.97; 95% CI, 0.71, 15.38) (Fig 4, A). Similarly, a 
second model was fit using baseline peanut-sIgE (log 10 ), egg 
allergy, and eczema. A significant increase in the likelihood of 
PA resolution was observed for every 1 log unit decrease in base-

line peanut-sIgE (OR, 1.63; 95% CI, 1.04, 2.62). The likelihood 
of PA resolution was also higher in children without egg allergy 
at baseline (OR, 1.98; 95% CI, 0.70,5.54) and no eczema at base-

line (OR, 2.67; 95% CI, 0.60,14.57) (Fig 4, B). From these 
models, we created a web-based interactive prediction tool to 
personalize the probability of PA persistence or resolution

TABLE II. (Continued)

Characteristic EP (n = 76)

ER 

(n = 36) LA (n = 59)

NA

(n = 1802)

Total 

(N = 1973) P value*

Median 1.85 0.35 0.05 0.02 0.02

Q1, Q3 0.55, 5.49 0.08, 0.79 0.03, 0.14 0.01, 0.03 0.01, 0.04

Range 0.04-179.00 0.01-8.96 0.01-4.03 0.01-11.40 0.01-179.00

Ara h 2–sIgE (kU A /L) at 36-60 months <.001

No. 59 34 55 1569 1717

Missing 17 2 4 233 256

Median 8.97 0.04 1.75 0.01 0.01

Q1, Q3 1.40, 66.10 0.01, 0.20 0.26, 22.84 0.01, 0.02 0.01, 0.03

Range 0.01-456.00 0.01-1.24 0.01-473.26 0.01-3.38 0.01-473.26

Ara h 3–sIgE (kU A /L) at baseline <.001

No. 28 24 57 1650 1759

Missing 48 12 2 152 214

Median 0.03 0.02 0.02 0.01 0.01

Q1, Q3 0.02, 0.16 0.01, 0.04 0.01, 0.05 0.01, 0.02 0.01, 0.02

Range 0.01-5.15 0.01-12.40 0.01-10.70 0.01-11.40 0.01-12.40

Ara h 3–sIgE (kU A /L) at 12 months <.001

No. 24 24 51 1466 1565

Missing 52 12 8 336 408

Median 0.03 0.10 0.05 0.02 0.02

Q1, Q3 0.02, 0.51 0.02, 0.17 0.02, 0.25 0.01, 0.02 0.01, 0.03

Range 0.01-8.57 0.01-4.53 0.01-12.80 0.01-46.70 0.01-46.70

Ara h 3–sIgE (kU A /L) at 36-60 months <.001

No. 58 34 55 1569 1716

Missing 18 2 4 233 257

Median 0.07 0.03 0.08 0.01 0.01

Q1, Q3 0.02, 1.10 0.01, 0.20 0.02, 0.47 0.01, 0.02 0.01, 0.02

Range (0.01-63.50) (0.01-4.83) (0.01-92.10) (0.01-20.60) (0.01-92.10)

No. of components >0.1 at baseline <.001

Missing 48 12 1 151 212

0 11 (39.3) 14 (58.3) 35 (60.3) 1558 (94.4) 1618 (91.9)

1 9 (32.1) 5 (20.8) 16 (27.6) 62 (3.8) 92 (5.2)

2 5 (17.9) 3 (12.5) 5 (8.6) 19 (1.2) 32 (1.8)

3 3 (10.7) 2 (8.3) 2 (3.4) 12 (0.7) 19 (1.1)

No. of components >0.1 at 12 months <.001

Missing 52 12 8 336 408

0 0 (0.0) 2 (8.3) 17 (33.3) 1327 (90.5) 1346 (86.0)

1 12 (50.0) 9 (37.5) 17 (33.3) 78 (5.3) 116 (7.4)

2 5 (20.8) 7 (29.2) 11 (21.6) 29 (2.0) 52 (3.3)

3 7 (29.2) 6 (25.0) 6 (11.8) 32 (2.2) 51 (3.3)

No. of components >0.1 at 36-60 months <.001

Missing 17 2 4 233 256

0 2 (3.4) 15 (44.1) 7 (12.7) 1462 (93.2) 1486 (86.5)

1 15 (25.4) 11 (32.4) 15 (27.3) 73 (4.7) 114 (6.6)

2 15 (25.4) 4 (11.8) 14 (25.5) 17 (1.1) 50 (2.9)

3 27 (45.8) 4 (11.8) 19 (34.5) 17 (1.1) 67 (3.9)

Data are presented as nos. (%) unless otherwise indicated. 

*Kruskal-Wallis test.
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considering any combination of predictor values using two for-

mulas (see Figs E2 and E3 in the Online Repository available at 
www.jacionline.org). Fig 4 is a static representation of the predic-

tion tool showing the probability of PA resolution according to 
various risk factor combinations, including baseline levels of 
peanut-sIgE (Fig 4, A), peanut SPT (Fig 4, B), presence of egg al-

lergy, and presence of eczema.

DISCUSSION
The aim of this work was to understand the development and 

resolution of PA in childhood in the LEAP, PAS, and EAT cohorts. 
We identified peanut sensitization biomarker patterns that 
differentiate 3 distinct PA phenotypes: those that develop early 
and persistent PA (EP), those that develop PA late (LA), and those 
that develop PA early that resolves by early childhood (ER). The 
EP group had biomarkers that were raised by 12 months of age 
and remained high at study end point that were consistent with a 
PA diagnosis and comparable to cutoffs for PA in the literature (ie, 
SPT wheal size > 6 mm and peanut Ara h 2–sIgE > 0.1 kU A / 
L). 8,19,20 At baseline, the ER group had raised biomarkers that 
increased to levels suggestive of PA by 12 months of age, 
although these were lower compared to the EP group. These bio-

markers then diminished over time compared to both the EP and 
LA groups, consistent with PA resolution, which was confirmed 
by peanut OFC at study end point. The LA group, who did not 
have a diagnosis of PA at 12 months of age, had lower biomarkers 
at baseline and 12 months compared to the EP and ER groups. 
A subsequent increase in their biomarkers seen at study end point 
was highly suggestive of PA, which was confirmed by positive

peanut OFC. The negative biomarkers at 12 months suggest 
that the development of PA likely occurred after this time point—- 
that is, between 12 and 60 months.

Of the children who had confirmed PA at study end point, 56.3% 
developed it in their first year of life (EP group), and of those who 
had PA at any time point, 65.5% developed it in the first year of life. 
Consistent with the literature, we observed that male sex, presence 
of eczema, and egg allergy were associated with PA. 21,22

We found that 32.1% of children who develop PA within the first 12 
months of life will subsequently outgrow PA during early childhood 
(ER group). This is at the higher end of what has been reported in the 
literature. 8 Resolution may occur before the child is even evaluated for 
allergy and therefore may not be accounted for in the previous litera-

ture on resolution. 5,23 Even if the 17 excluded participants without 
study end point assessments who had baseline SPT > 4 mm suggestive 
of PA were counted in the analysis, the rate of PA resolution would be 
between 27.9% and 32.1%, which is higher than the 20% resolution 
rate that has previously been reported. 7,23 Only one other study has 
longitudinally assessed the development and resolution of PA in a 
normal population. 8 The HealthNuts study showed a 3.1% peak prev-

alence of PA at 1 year of age, with a 22% resolution rate at 4 years and 
a 33% resolution rate at 6 years. 8,19 However, if we looked at the rates 
of early PA resolution in our individual cohorts, the rates in the EAT 
and LEAP cohorts were higher (54.2% and 41.4%, respectively) but 
lower in PAS group IV (18.6%). The lower rate of PA resolution in 
PAS group IV may reflect earlier development of PA and higher levels 
of atopy (SCORAD, total peanut-sIgE, Ara h 2–sIgE) at baseline. 

With this changing pattern of PA occurring early, the predictive 
model of resolution focused on using covariates associated with 
PA easily accessible to a wide range of clinicians. The models

FIG 1. Individual SPT values across time by group. Bold line represents mean SPT across time.
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demonstrated that children without baseline egg allergy or 
eczema, low peanut SPT, and low peanut-sIgE were more likely 
to have PA resolution at 36-60 months of age (Fig 4). This model 
could be used as a clinical tool to help clinicians assess the risk of 
PA persistence to guide clinical decisions on when OFC, early 
peanut introduction, or peanut immunotherapy may be indicated.

Staphylococcus aureus colonization was significantly associ-

ated with the PA phenotypes, and although colonization was 
higher in those that developed early persistent PA (EP group), 
there was no significant difference when comparing the 3 peanut 
phenotype groups. Previously in the LEAP study we showed that 
early S aureus colonization was associated with persistent of 
eczema until age 6, persistence of egg allergy, and failure of 
oral tolerance induction in the peanut-consuming group. It is 
plausible that S aureus colonization initiates and maintains the 
PA phenotype. 20,24

We considered genetic factors that may differentiate the 3 PA 
phenotypes. The MALT1 variant, previously shown to be associ-

ated with PA in the LEAP study, did not differ significantly 
between the 3 PA phenotypes. The HLA-DQA1*01:02 allele, 
which is associated with PA in the LEAP study as well as in 
previous studies, 25-27 did significantly differ between the 3 PA 
phenotypes. Notably, 100% of the EP group were carriers of 
this allele, which was significantly higher than in the ER and

LA groups (P 5 .002); however, sample sizes were small, as 
not all participants in LEAP and PAS and none in EAT had genetic 
data available. Nevertheless, infants with a particular HLA geno-

type could potentially be predisposed to both early development 
and persistence of PA by enhanced antigen presentation.

The key findings from the original LEAP and EAT studies have 
initiated a change in practice around the world for early 
introduction of peanut into infants’ diets. The immunologic 
findings from the LA group, who did not have PA at baseline 
but were already developing it by 12 months, are perhaps those 
who need to be targeted as an at-risk population for early 
introduction and regular consumption of peanut. If children are 
initially seen and tested before 12 months and have negative or 
low biomarker results, this does not exclude the possibility of PA 
developing later in life. Children who have high biomarkers 
before age 12 months may benefit from early peanut immuno-

therapy. Studies found that in children who received peanut 
immunotherapy, being younger and having lower baseline 
peanut-sIgE was predictive of remission or higher response to 
immunotherapy, so this may be a treatment option for younger 
children. 28-30

A limitation of this study was that not all those with early PA 
diagnosed by high baseline SPT may have had a positive OFC. 
Previous literature has shown that a peanut SPT wheal of >_4 mm is

FIG 2. Individual biomarkers (peanut-sIgE, Ara h 1–sIgE, Ara h 2–sIgE, Ara h 3–sIgE) across time by group. 

Bold line represents median (sIgE and components) across time.

J ALLERGY CLIN IMMUNOL 

VOLUME 156, NUMBER 6

FOONG ET AL 1635



highly predictive of challenge-proven PA at 1 year of age. 11-15 

Moreover, infants with SPT > 4 mm at 12 months had a median 
Ara h 2–sIgE of 0.8 kU A /L, which is highly predictive of PA. It is 
nevertheless possible, in the absence of challenge, that a minority 
of these children may not have been allergic at 12 months. There 
were also missing data from the PAS cohort at the 12-month time 
point, as these children were only seen at baseline and study end 
point. Additionally, a minority of participants in the NA group 
had biomarkers similar to those seen in the EP and ER groups. Given 
that 44.9% of the NA children were consuming peanut, it is possible 
that despite having sIgE levels that were raised, by eating peanut, 
they were tolerant and did not go on to develop PA. Furthermore, 
having data available at more time points (ie, 18 or 24 months) could 
have been critically important to better understand the trajectory of 
those who have early resolution of PA and those who develop late 
PA. A potential weakness is that by combining data from low-

and high-risk cohorts, we could be confounding associations that 
would be observed within the different risk cohorts. However, Fig 
E4 in the Online Repository available at www.jacionline.org shows 
the pattern of biomarkers of the different PA phenotypes follows a 
similar trajectory to what we see among the risk cohorts.

Indeed, a key strength of this study is that it included children 
from both high-risk and low-risk populations, which is more 
representative of children seen in the overall population. These 
cohorts were derived from two large randomized controlled 
trials and a longitudinal observational cohort with detailed 
sequential follow-up over an extended period and a high 
retention rate. This provided us with data to study the kinetics 
of PA development and resolution, and we believe this is the 
largest group of different PA phenotypes assessed longitudinally 
over 3 to 5 years.

In conclusion, our study assessed the development and resolu-

tion of PA longitudinally from early infancy to 3 to 5 years of age 
in low- and high-risk populations, and identified and characterized 
unique phenotypes of PA. Better understanding of PA phenotypes 
may in the future help to inform clinical decision-making on 
peanut introduction and immunotherapy.
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Key messages

● Distinct phenotypes of PA are identifiable through moni-

toring of immunologic parameters over the first years of 
life.

● Lower SPT, peanut-sIgE, and Ara h 2–sIgE levels are 
associated with a greater likelihood of PA resolution.

● A proportion of children (32.1%) develop early PA within 
the first 12 months of life and subsequently outgrow PA 
during early childhood.

FIG 4. Predictive model demonstrating probability of PA resolution or persistence using (A) baseline 

peanut-sIgE, egg allergy, and eczema, and (B) baseline peanut SPT, egg allergy, and eczema.
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