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ABSTRACT

The incidence and prevalence of food allergy (FA) are increasing. While several studies have
established the safety and efficacy of early introduction of single allergens in infants for the
prevention of FA, the exact dose, frequency, and number of allergens that can be safely
introduced to infants particularly in those at high or low risk of atopy are still unclear. This 1-
year study evaluated the safety of early introduction of single foods (milk, egg, or peanut), vs.
two foods (milk/egg, egg/peanut, milk/peanut), vs. multiple foods
(milk/egg/peanut/cashew/almond/shrimp/walnut/wheat/fish/soy at low, medium, or high doses)
vs no early introduction in infants between 4-6 months of age. At the end of the study, they were
evaluated for plasma biomarkers associated with food reactivity with standardized blood tests.
Two to four years after the start of the study, participants were evaluated by standardized food
challenges. The serving sizes for the single, double, and low dose mixtures were 300 mg total
protein per day. The serving sizes for the medium and high dose mixture was 900 mg and 3000
mg total protein, respectively. Equal parts of each protein were used for double or mixture foods.
All infants were breastfed until at least 6 months of age. Results demonstrate that infants at either
high or low risk for atopy were able to tolerate early introduction of multiple allergenic foods
with no increases in any safety issues, including eczema, FA, or food protein induced
enterocolitis. The mixtures of foods at either low, medium, or high doses demonstrated trends for
improvement in food challenge reactivity and plasma biomarkers compared to single and double
food introductions. The results of this study suggest that early introduction of foods, particularly
simultaneous mixtures of many allergenic foods is efficacious for preventing FA and can occur

safely.
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INTRODUCTION

The incidence and prevalence of food allergy (FA) have increased significantly in recent years
(1-3). Today, an estimated 7.6% of U.S. children and nearly 11% of adults have reported FAs to
at least one food (4, 5). Reactions can be mild, moderate, severe, or life-threatening with clinical
symptoms varying considerably between individuals and over the lifetime (6). Although a
number of foods are known to be allergenic, cow’s milk, hen’s egg, peanuts, soy, wheat, tree
nuts, fish, and shellfish account for 90% of all FAs (7). Accidental ingestion rates for peanut,

egg, and milk range from 14 to 33% (8), 19-50% , and 17—-36%, respectively.(9)

There is an urgent and unmet need to prevent and treat FAs. Despite limited data, older
guidelines recommended delaying exposure to cow’s milk until 12 months, hen’s egg until 24
months, and peanut, tree nut, and fish until 3 years (10) to prevent FA. In 2015, results of a large
randomized controlled study, the Learning Early About Peanut (LEAP) study challenged these
early guidelines and concluded that early introduction of peanuts significantly reduced the
likelihood of developing peanut allergy and conversely, delayed introduction significantly
increased the likelihood of developing peanut allergy in infants. The study also indicated that
delayed introduction may lead to impaired immune responses (11). The benefits of early
introduction of allergenic foods for prevention of FA are now supported by a number of
randomized controlled trials, particularly for peanut, egg and milk. A meta-analysis found strong

evidence of positive benefits of early introduction of allergenic foods.(12)

Diet diversity in infants has also been found to play a role in preventing FA. In 2014, the

PASTURE study found that increased diversity of complementary foods introduced in the first
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year of life was inversely associated with doctor-diagnosed FA up to 6 years of age, food
sensitization, and increased expression of a T regulatory cell marker.(13) Diet diversity was also
evaluated in a large prospective study using standardized questionnaires. The study showed that
the introduction of each additional food at 6 and 12 months of age reduced by 10.8% and 33.2%
respectively, the odds of developing FA over the first 10 years of life (14). Systemic reviews
suggest that diet diversity in infancy may be associated with reduced allergy outcomes (including
FA).(15, 16)

Among children with FA, up to 40% of children are allergic to multiple foods (5). This
suggest that need to include multiple allergenic foods into the diets of these infants for
prevention of FA as research shows that it is allergen-specific (17). At the current time, only a
few studies have looked at the introduction of multiple allergenic foods for prevention of FA. In
the Enquiring About Tolerance (EAT) study, infants were randomized at 3 months and
sequentially introduced to 6 allergenic foods (including cow’s milk, peanut, hard-boiled egg,
sesame, cod and wheat) vs. to a standard group where infants avoided allergenic foods. Per
protocol analysis indicated that the early introduction group had a 67% relative risk reduction of
any FA compared to the standard group (18). While the EAT study showed that it was safe and
effective to introduce multiple allergens, the amounts of allergens used were impractical as per
the USDA guidelines for daily caloric intake in infants (528, 619, and 806 calories daily for

infants 4, 6, and 12 months respectively). (19) Infants in the EAT study were asked to consume

the equivalent of 4 g of each allergenic protein per week which amounted to 2 small 40- to 60-g
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portions of cow’s milk yogurt, 3 rounded teaspoons of peanut butter, 1 small hard-boiled egg, 3
rounded teaspoons of sesame paste, 25 g of whitefish, and 2 wheat-based cereal biscuits. There
were 10 participants whose families reported food protein induced enterocolitis syndrome
(FPIES) like reactions, seven in the early-introduction group and three in the standard-
introduction group. The difference between the two groups was not statistically significant
(p=0.34). Holl et al. conducted a blinded randomized placebo-controlled study to determine
whether early introduction of multiple allergens simultaneously is acceptable to caregivers and
tolerable to any healthy infant. In this study, the 16 most common allergenic foods (peanut, soy,
almond, cashew, hazelnut, pecan, pistachio, walnut, wheat, oat, milk, egg, cod, shrimp, salmon,
and sesame) were premixed and fed to infants between the ages of 5-11 months, for a total of
480 mg of proteins per day for 28 days. This study had a high completion rate indicating
acceptability and showed no significant difference in safety between the active vs placebo group
(p=0.76). There were no increases in adverse events and there were no increases in reported IgE-
type allergic reactions in the active vs. placebo group (20). In fact, the placebo group had allergic

reactions likely due to delayed introduction of allergenic foods.

As evidence increasingly suggested that diet diversity and early intervention may
decrease FA (11, 21), infant feeding guidelines were revised and currently recommend full
introduction of diverse allergenic foods at 4 to 6 months (22-24). However, the early and

consistent introduction of not just single allergens, but multiple allergens can be difficult to
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administer in infants. Further research on the number of allergens, amount of allergenic proteins,
and length of time allergens need to be consumed is needed to optimize tolerability while
providing a convenient and practical method for early introduction of proteins to infants.
Therefore, in the current study, we conducted a 1-year-feeding randomized clinical trial to
evaluate safety of simultaneously introducing a multi-allergen mix vs. double mix vs. single
foods vs no early introduction in infants with high and low risk of allergy. In addition to clinical
evaluations of ingestion tolerance via oral food challenges, biomarkers were also measured

(allergen-specific IgE and 1gGa).
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MATERIALS AND METHODS

The study was conducted at the Sean N. Parker Center for Allergy and Asthma Research at
Stanford University. Both high risk infants and low risk infants were enrolled and stratified 1:1.
High risk was defined as one first degree relative with FA/atopic dermatitis or two first degree
relatives with atopic disease.(25). Exclusion criteria included infants with chronic diseases or
known genetic diseases or with known FA. The study was conducted with IRB approval from
Stanford University between June 2015 and January 2018 and infants between 2 months and 12
months of age were enrolled (NCT04828603). Ethical approval (8629) was obtained on April 15,
2015. Participants were randomized (but not blinded) equally: singles (egg, milk, or peanut;
n=15 each), doubles in equal parts by mg protein (peanut plus milk, peanut plus egg, or milk plus
egg, n=15 each), or a 10-allergen mixture (almonds, cashew, egg, hazelnut, milk, peanut, salmon,
shrimp, walnut, wheat) and an age- and sex-matched control group (n=45) which avoided all
potentially allergenic foods for the first year of the study. The serving sizes for the 10-allergen
mixture were low, medium, or high (i.e., 300 mg per day, n=1; 900 mg per day, n=15; 3000 mg
per day, n=15, in equal 1:1 parts of the 10 proteins, respectively). Participants were fed the first
serving in the clinic and observed for 2-hours post-ingestion. Upon leaving, parents were
instructed to observe the participants at-home for the next 4 hours and report any adverse events
within 24-hours post-ingestion. At baseline and at one year, participants underwent a blood draw.
Allergen-specific IgE and 1gG4 were measured using a standard ImmunoCAP assay (Phadia,
Uppsala, Sweden). Oral food challenges (up to 8g of total protein from the 10-food allergen
mixture) were conducted between 2-4 years after the start of the study in a facility with trained
personnel with staged, monitored standard methods. Questionnaires were provided at baseline

and one year and at the time of food challenge.
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Statistical Analysis

The changes of allergen-specific IgE, 1gG4, and 1gG4 to IgE ratio from baseline to 1 year are
depicted as box plots. The Wilcoxon signed rank test was performed to determine whether the
change was significant from baseline to 1 year. The Benjamini-Hochberg (BH) procedure was
used to control False Discovery Rate (FDR) for multiple comparisons among all multi-allergen
groups for each marker. Q value was used to denote adjusted p value. Food challenge outcome at
1 year was illustrated using a bar chart, success rate of participants passing food challenge
between groups were compared using chi-square test. P values were adjusted using BH
procedures and denoted as Q values. All tests were two-sided and conducted at the 0-05 level of
significance. All analyses were conducted using R software v4.0.3. Descriptive statistics for

questionnaire results and demographic information were documented in tables.
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RESULTS

One hundred and eighty healthy infants aged 2 months to 12 months were recruited at a single
site. In all arms, participants were randomized and stratified so that 50% of participants were at
high risk for FA, and 50% of participants were not at risk of FA. Each of the active groups were
further randomized into specific allergen groups as depicted in the consort diagram (Figure 1).
No participant dropped out early from the study. Infants consumed daily proteins for an average
of 12.1 +/- 3.2 months. There was a 95% adherence rate for each infant. The control group
avoided the same 10 food proteins for the first 12 months. All children were breastfed to at least
6 months of age. All participants had available values (or there were no missing values found)

for all tested allergen-specific IgE, 1gG4, and food challenge outcomes.

Patient demographics are shown in Table 1. In this cohort, 149 (83%) reported having atopic
dermatitis. 51% were of high risk and this was evenly spread throughout all the cohorts. 51%
were female. Median age at start of study was 6 months. Eleven percent were Hispanic, 20%

were Asian, 51% Caucasian, 14% African American, and 4% Pacific Islander.

For safety parameters, across all active groups, there were no increases in allergic reactions
reported in participants regardless of risk stratification and eczema co morbid condition.
Reactions, all mild skin rashes, were reported in both the control group, n=4 (9%), and active
groups, n=11 (8%). None of those with the mild skin rashes had evidence of eczema or
documented family history. Eczema (mild, moderate, and severe) decreased in both controls and

in all active groups (Table 2) over time.
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Figure 2 indicates the results of oral food challenges (OFCs). The percent of participants able to
consume 8g of protein was significantly higher in all mixed protein groups compared to controls
(g<0.01). Interestingly, results from questionnaires demonstrated that those on the mixture diet
were more apt to diversify the diet of their infant compared to single, double, and control groups.

(Supplementary Table 1)

Specific 1gG4, sIgE and 1gG4/IgE ratios for all 10 allergens are shown in Figure 3a-3j. The
IgG4/IgE ratios for all mixed protein groups (low, medium, and high) were significantly higher
at end of study compared to baseline (q<0.1), even for peanut, egg, or milk compared to single
early intervention active arms. The increase in the ratio can be mainly attributed to increases in
IgG4 concentration rather than decreases in IgE. Peanut, milk, and egg biomarkers show
improvement compared to control however specificity was demonstrated only with peanut, milk,

and egg containing food, respectively.
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Discussion and Conclusion

While a number of studies have established the safety and efficacy of early introduction
of single allergens in infants for the prevention of FA, few studies have evaluated the dose,
timing, and number of allergens that can be safely introduced in infants particularly in those with
eczema or those at high risk of atopy.(26) We therefore conducted a study to determine the
safety and efficacy of early introduction of single, double, and multiple allergens in infants for
the prevention of FAs.

Our data suggest that consumption of single, double, and multiple allergens daily in
infants is safe at up to 3000 mgs of protein. No increases in the incidence of eczema were
observed in infants in the control or active groups, even in infants who had eczema at enroliment
or those at high risk of atopy. The safety of multiple allergen introduction has been supported by
a few other studies. The Holl study fed infants up to 16 allergens simultaneously with no adverse
events. However, it should be noted that in the Holl study, the total protein amount in the
allergen mix was only 480 mg, an amount much lower than the highest amount used in our
study. Further, the study only recruited healthy infants with no severe eczema. The EAT study,
which also concluded that early introduction of multiple allergens in infants was safe, differed
from our study in that multiple allergens were introduced sequentially rather than simultaneously
and that infants were recruited from the general population. The amount used in the EAT study
(2000 mgs) was also lower than that used in our study (3000 mgs). The study by Cox et al. found
infrequent reactions (0.1%) to early introduction of allergenic products similar or lower to what
would be expected in a typical US infant population, indicating that early introduction with low

doses is within safety parameters for typical feeding. (27)
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Food challenge and biomarker data from our study also suggest that a daily dose of
multiple allergens is efficacious for the prevention of FA, even at low amounts (total 300 mg or
30 mg of each protein). This amount was found to be sufficient for decreasing positive food
challenge responses and increasing specific food allergen 1gG4/IgE. Our study found no
difference in sIgE levels for all ten allergens between baseline and 1 year in the active groups.
However, slgG4/sIgE ratio for all 10 allergens were significantly increased for mixtures (low,
medium, and high) at the 1-year time point compared to baseline. The change in the slgG4/sIgE
ratio was due to increases in IgG4 rather than decreases in sIgE. The results of this study are
similar to other studies, which have shown sIgE and slgG4 are indicative of allergy and
tolerance, respectively. In the LEAP study, peanut-specific IgG4 increased in the peanut
consumption group while a greater percentage of participants in the avoidance group had
elevated titers of peanut-specific IgE.(11). A large randomized trial of egg introduction from 4
months of age in infants at risk for egg allergy found that levels of 1gG4 to egg proteins and
IgG4/IgE ratios were higher in those randomized to egg than in controls at 12 month; however,
there was no significant difference in egg-specific sIgE levels at 12 months (28). Numerous
immunotherapy studies in children for FA have also found increased ratio of slgG4/sIgE to be
indicative of tolerance.(29-34). Overall, our results demonstrate superior efficacy in food
challenge outcomes in those individuals fed with the multiple mixture vs. single vs. double as
early introduction. A possible reason why the efficacy data shown in our study for multiple
allergens is improved over single or double food early intervention could be due to a
synchronous effect in inducing tolerance. It has been hypothesized that consumption of multiple

allergens simultaneously increases polyclonal T cell memory subsets, increasing Th1 receptor

12


https://www-sciencedirect-com.laneproxy.stanford.edu/topics/medicine-and-dentistry/egg-protein
https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 d0i:10.20944/preprints202112.0257.v1

diversity, leading to enhanced protection against potentially allergenic proteins compared to
double or single food early intervention.(35)

Our study had lower dropout rates and safety issues compared to other multifood
introduction studies (18). We believe regular daily dosing of small amounts of mixed food
proteins was key to the success of this study. Participants reported that remembering to eat the
powder mixture daily in small amounts was easier than if they were to dose 2-3 times a week
with a larger serving of many foods. Further, in the EAT study, the mixture of allergens was
prepared at patients” homes; individually prepared allergen mixes could be associated with
dosing/serving size variations. Use of premixed allergens as used in this study would reduce this
variability. Lastly, families who had taken the mixture of foods as early intervention felt more
comfortable having their children eat table foods.

The results of this study suggest that infants 2 months or older, even those with eczema
or those at high risk of atopy, can safely and conveniently consume small amounts of multiple
allergens daily for the prevention of food allergies. Although 3000 mg of allergenic protein was
found to be safe, this high amount is impractical and can lead to noncompliance(19). It would not
impede optimal nutrient intake in the infant per USDA feeding guidelines for infants. The low
mixture amount (300 mg protein) used in our study does not add significant calories and is not a
substitute for foods but instead the clinical data here shows that it can be easily used with breast

feeding and/or table foods when the child was ready.
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Tables and Figures

Table 1

N=180
Female Sex 91 (51%)
Ethnicity
e Hispanic 20 (11%)
o Asian 36 (20%)
e Caucasian 91 (51%)
o Afro American 25 (14%)
o Pacific Islander 8 (4%)
Age 6 mo (2-12 mo)
Eczema (via Scorad) | 149 (83%)
Mild 83 (46%)
Moderate 45 (25%)
Severe 21 (12%)
High Risk* N=91 (51%)
Family hx

*: High risk was defined as one first degree relative with food allergy/atopic dermatitis or two

first degree relatives with atopic disease.
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Figure 2: Safety: Adverse reactions during study

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021

Control N=45 at
baseline

Control arm
reactions during
study

Active N=135 at
baseline

Active arm
reactions during
study

No eczema 8 (18%) 4 (all mild rash) | 22 (16%) 11 (all mild
(9%) rash) (8%)

Mild eczema 22 (49%) 1 (2%) 61 (45%) 2(1%)

Moderate 10 (22%) none 35 (26%) 4 (3%)

eczema

Severe eczema [ 5 (11%) 1 (2%) 17 (13%) none

High risk* N=23 (51%) 1 (2%) N= 69 (51%) 3 (2%)

Family hx
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Figure 1: consort diagram

Randomized and stratified
(50% at high risk* and 50% at no risk for atopy)

|

Singles Doubles Mixed Control
N=45 N=45 N=45 N=45
Total 300 mg/day Milk Egg Peanut Low, 300 Medium, High, 3000
N=15 N=15 N=15 mg/day 900 mg/day mg/day,
N=15 N=15 N=15
I
Peanut/Milk Peanut/Egg Milk/Egg
Total 300 mg/day { Ne1S Rie N=15

*: High risk was defined as one first degree relative with food allergy/atopic dermatitis or two first degree relatives with atopic disease
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Figure 2: Oral Food Challenges
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Figure 3: IgE and 1gG4 and Food Challenge Outcome | Formatted )
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D. Hazelnut
| Control H Milk H Egg [ Peanut Milk + egg
67 Q=037 * Q=037 % Q=0.37 Q=0.37 Q=0.37
* L]
4 * °
= * * *
2 ... ° * ° o ©

-y

D]

=

=

w

o *

S Peanut+ egg || Peanut+ milk || Mixture high | Mixture medium | Mixture low

%6 Q=037 * Q=037 * Q=037 Q=0.37 Q=037
’k

54 °

£ o °

(0] 2 * e e

(I\ul ‘ € * ° - °

Tl —& = | —e e ++.++.++

Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year

Control H Milk H Egg [ Peanut [ Milk + egg
Q=0.93 Q=1 Q=1 Q=1 Q=1

e || e || e || e || |

Peanut+ egg | Peanut + milk H Mixture high ‘M|xture medium | Mixture low
Q=1 Q=1 Q=0.046 °® Q=0.046 Q=0.12

IS 70 B 0

Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year

Hazelnut-specific IgG4 mgl/L)

O*Nw“?fN@P

Control ‘ Milk \ Egg \ Peanut || Milk + egg
W, o Q=1 Q=1 | Q=1 Q=1 Q=1
910 | 2 * * °
100 =S | = 3 | & = | e w3
D1 02 * | & *-* * °

L3 . | * e
Sg 101 J ? * | % * .

8 Peanut + egg | Peanut + milk | Mixture high ‘Mixture medium Mixture low
Fopast | a=t | | a=0) =0. Q=0073, |

% 0

=

104 g © e %
103 — + + —o— || —e— =8 ——

102l » L . .
(Iv 101 f’ * o | L4 * ..

Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail ¢ Pass

28


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 d0i:10.20944/preprints202112.0257.v1

E. Milk
Control | Milk I Egg | Peanut Milk + egg
6 Q=0.025°% Q=0.23 Q=023 Q=0.23 Q=0.2
— *
5’ 4 * *
20 * * 5 ¥
52 T - * ° X * By
w . o * :
= Peanut + eg_J\ Peanut + milk H M|xture high \‘Mlxture medlum\ Mixture Iow
‘g 6 Q=0.4 Q=0.2 Q=02 Q=02
%4 * L e
= 2
- * c ° °
=° 2 — é

Baseline 1Year Baseline 1Year Baseline 1 Year Basellne 1 Year Basellne 1 Year

Control H Milk H Egg H Peanut [ Milk + egg
Q=0.38 Q=0.15 ‘ Q=1 Q=1 Q=0.3

£ 3

g —é—& e e -

Peanut + eu\ Peanut + milk H Mixture high \‘Mlxture medium | Mixture low
Q=1 Q=0.2 Q=0.08 * Q=0.057 Q=0.08 *

Milk-specific IgG4 mg/L)
O =N WPhH O =N W s

—— —=
Baseline 1 Year Baseline 1 Year Basellne 1 Year Basellne 1Year Baseline 1 Year

Control || Milk Egg | Peanut || Milk + egg
104 Q=0.02 Q=0.055 Q=0.66 Q=0.86 Q=0.029 5
w e * ° %
g‘] 03' —é— —;—4 —  —S— — = e
3104 o D . | : ?
240" i |
u% Peanut + egg | Peanut + milk | Mixture high Mlxture medlum Mixture low
S 4l =0. =0. —Q=0029 | ; ~Q=0019s,
& 10 3 =2 2 % =
L 103 —e— —e— || —ee— e : fg ==
= 10%—* = : - ‘
1 * * “e * % 2 & ®
0 — * L e s

Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail * Pass

29


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 d0i:10.20944/preprints202112.0257.v1

F. Peanut

Control H Milk H Egg H Peanut Milk + egg
—~67 Q=017° Q=0.17 T Q=026 * Q=041 Q=0.17
d *o
3 4 * -
= *
w2 ° | * ©
o ¥ % a * s ﬁ
5 [Peanut + egg [ Peanut £ milk || Mixture high | Mixture medium| Mixture low
8_6 Q=0.58 Q=017 Q=0.17 Q=017
L4
e
§2 &
0-0 e —as | & 4 S + —-a.—

Baseline 1 Year Basellne 1Year “Baseline 1Year “Baseline 1Year Baseline 1 Year

Control H Milk H Egg H Peanut [ Milk + egg
35 Q=0.089 Q=1 [l Q=0.66 Q=0.089 Q=NA
B4 |
£3
X2
B I -
o0l || de——a | —w——uf | oW | e e |
= Peanut & egg \ Peanut + milk H Mixture high HMixture medium | Mixture low
85 Q=0.0 [ Q=0.089 Q=0.089 ® Q=0.015
0.4 i ° )
({) 3 »
a 2 i - ° 1.
e ra
ANN0) - | + — * | —eb——gym || —az=
Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year
Control [ Milk H Egg || Peanut H Milk + egg
Q=0.023 Q=045 Q=0. OE Q=0.074
W 104

\103 - —— .* —= AL— —s —ea-—
9102_ 4 . : I g

© 10’
5§ Peanut+ egg \ Peanut+ milk | Mlxture h|gh Mlxture medlum Mlxture low
Q4
210 ‘ s
310% + —-— * "*' % #‘
© 2
2 10 & !
*
10™

Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail ¢ Pass

30


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 do0i:10.20944/preprints202112.0257.v1

G. Salmon
Control H Milk H Egg H Peanut Milk + egg
36 Q=0.37 Q=037 * Q=0.37 Q=0.37 Q=0.37
=
2 - * . :
2 . :
- *
G | Peanut+egg | Peanut+milk | Mixture high  Mixture medium Mixture low
8_6 Q=0.37 Q=0.37 Q=0.37 Q=0.37 Q=0.37
L
g 4 * e
o s
E2
© ‘ % ° e
Baseline 1Year Baseline 1 Year Baseline 1 Year Basellne 1Year Baseline 1 Year
Control H Milk H Egg H Peanut [ Milk + egg
=5 Q=1 Q=1 Q=1 Q=1 Q=1
64‘
€ 3-‘
52
o> 11
;O«l—,'.:f—-—,—#— e e S e S —
% Peanut + egg || Peanut + milk H Mixture high | Mixture medium | Mixture low
®5 Q=1 Q=1 Q=0.031 Q=0.031° Q=0.031
a4
w
g 3
5 é
©
DO —e— 2 — é | —ea=
Baseline 1 Year Baseline 1Year Baseline 1Year Baseline 1 Year Basellne 1 Year
Control || Milk \ Egg \ Peanut || Milk + egg
Q=0.25 Q=0.73 [ Q=0.73 Q=0.36 Q=0.73
' 104 i
g 3] e g ° | * * X b X
¥ 107 " ==—a— || —»=—— | ———o— || — i s
% 1 02- . -~ e | xe % s *e P
%) 1. " . ‘ ", 4 ° °
Q10 o

f.___ g

2 Peanut + egg | Peanut + milk | Mixture high |Mixture medium| Mixture low
o Q= Q=0.95 [ =0). =0. —Q=0031.
.| i . E
Qo 103 —ar——— || - || == —n &

| X . .
10't=—xi — —  S— s o—
Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail ¢ Pass

31


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 do0i:10.20944/preprints202112.0257.v1

H. Shrimp
| Control || Milk | Egg | Peanut || Milk+egg
~67 Q=037 Q=037 Q=037 * Q=037 Q=0.37
- *
24
:!, L] ¥ L1
2 : : e |
5‘5 Peanut +egg || Peanut + m|Ik | Mlxture h|gh  Mixture medium | Mlxture Iow
8_6 Q=0.37 Q=03 Q=0.37 Q=0.37 Q=0.37
) L
L4 *
o e
.g 2 * .* L
5 [ “« e
Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year Baseline 1 Year
| Control || Milk | Egg | Peanut || Milk+egg
=31 Q=1 Q=1 Q=1 Q=1 Q=1
22
31
[<) i
% Peanut + egg || Peanut + milk \l Mixture high | Mixture medium | Mixture low
Q 3 Q=1 Q=1 Q=0.045 Q=0.047 ° Q=0.045
[}
é é =
=
Baseline 1 Year Baseline 1Year Baseline 1 Year Basellne 1Year Baseline 1 Year
Control || Milk \ Egg | Peanut || Milk+egg
4 Q=0.84 Q=0.84 Q=0.84 Q=1 Q=1
w10 ‘
9 3 =4 * ° | 3 & ¥ .
S10%—* - |- x !
= 4 7 ~ [ *o * : e
= 101 ° %
© Peanut + egg || Peanut + milk || Mixture high |Mixture medium | Mixture low

Bl Q=1 Q=0.84 Q=0.03 Q=0.03 Q=0.03

210 : T e

Q. =31 [ o 0

£ 1077 —e— —ao— —— e — — ——i

= 2) *

<10 % * || o

10'L__—+¢ e | e s — —
Baseline 1 Year Baseline 1 Year Baseline 1Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail * Pass

32


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 do0i:10.20944/preprints202112.0257.v1

. Walnut

Control H Milk H Egg H Peanut Milk + egg
) Q=0.37 Q=0.37 * Q=0.37 Q=0.37 Q=0.37
B *
D4 * ¥
é * L]
w2 *f #* - * °
= ** * *
5 | Peanut+egg | Peanut+milk | Mixture high  Mixture medium Mixture low
86 Q=0.37 Q=0.37 Q=0.37 Q=0.37 Q=0.37
) o L]
é 4 ° o
< 2 e .1 gl e -
g * g e

Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year

Control H Milk H Egg H Peanut [ Milk + egg
5 Q=0.51 Q=1 Q=1 Q=1 Q=1
o4
€ 3“
< 24
S1
0 s e e | et o e S & e
< | Peanut + egg || Peanut + milk H Mixture high \‘Mlxture medium | Mixture low
85 Q=1 Q=1 Q=0.064 Q=035 Q=0.064 °
0.4 -
12}
L5 L
£?2 >
s ' %
< 0 g || —en : [ —aas :b- —=

S
Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year

Control || Milk \ Egg \ Peanut || Milk + egg
4 Q=0.21 Q=0.7 T Q=0.71 Q=1 Q=0.73
= 10 e 1 e * ° *
3 103 %-’ _é_ ———— s [————— —_— e ————
O 402! 1 : *
2 10 s ;& i ; | k. o, 1 ¥ °
£ 10" : X %l P * *
k3] Peanut + egg | Peanut + milk | Mixture high Mixture medium Mixture low
8_ 4_0?0'2'1__0?1— =0. = Q=0.21 [ Q=0.044e2
2107 j
© 102! * f
210 * * e | ° © ©
[0 15— * || % . ;

Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail * Pass

33


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021

do0i:10.20944/preprints202112.0257.v1

J. Wheat
| Control || Milk | Egg | Peanut || Milk +egg

~951 Q=022 Q=0.37 Q=0.37 Q=0.37 Q=037 ®
=4 .
23 . -
et * *.;P ° ° *
%1 & % . ° * *
% Peanut+ egg | Peanut + milk || Mlxture h|gh Mixture medlum\ Mixture Iow
®5 Q=0.37 * Q=0.37 Q=0.37 Q=0.37 Q=0.37
Q‘4 ° ° °
a
- 3 o e L)
8 2 2 e
é 1 1 < ° ° os e

01 | —e— + L + = —_— —-—

————
Baseline 1 Year

Baseline 1 Year

Baseline 1 Year

Baseline 1Year Baseline 1 Year

Control || Milk Egg | Peanut || Milk +egg
33 Q=1 Q=1 Q=1 Q=1 Q=1
Ee)
£ 2
31
*- *
= Peanut+ egg H Peanut+ milk H Mixture high \‘Mixture medlum\ Mlxture Iow
g3 Q=NA ® Q=1 Q=0.067 Q=0.067 Q=0.067 °
Q.
:{’- 2 L 4 |.0
3
3 4 LEm| g
= 0 - , - s || = ,
Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1Year Baseline 1 Year
Control Milk \ Egg | Peanut Milk + egg
4 Q=0.36 Q=0.73 | Q=0.7 Q=095 Q=1
w107 n ‘
* | * *
= 103- — —— || —ee— S || e || ——
(8)1 02 & : LS B : *e - *3* " e
< all . S %
210 . | — | -
i3] Peanut + egg | Peanut + milk Mixture medium Mixture low
D A Q=0.36 «Q=0.73 Q=0.071 Q=0.087 3
310 L é .
‘(G 103 —_— — —_— —_—
o -, $ )
S10% o . i .
1 d ? ° b
10 . o >

Baseline 1 Year

Baseline 1 Year

Baseline 1 Year Baseline 1 Year Baseline 1 Year

Study time ® Baseline ® 1Year Food challenge outcome * Fail * Pass

34


https://doi.org/10.20944/preprints202112.0257.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2021 d0i:10.20944/preprints202112.0257.v1

Supplementary Table 1: Number of infants fed more than 10 foods by 1 year of age

Allergen group N
Mixture (low dose) 15
Mixture (medium dose) 14
Mixture (high dose) 15
Control 7
Peanut 10
Milk

Egg 9
Peanut/milk 11
Milk/egg 10
Egg/peanut 8
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