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Abstract 

Background  Children with sensitization against foods have to be orally food-challenged before eating these foods 
for the first time. However, the waiting time for an oral food challenge (OFC) in Germany is about 3–6 months. In 
contrast, there are hints that an early introduction of allergenic foods might be protective regarding the development 
of food allergy. The aim of this clinical trial is therefore to investigate, whether an introduction and regular consump‑
tion of small amounts of food allergens is safe and will result in an increase of tolerance in children with sensitization 
against food allergens with unknown clinical relevance.

Methods  In this randomized, placebo-controlled, double-blind, single-center trial, 138 children (8 months to 4 years 
of age) sensitized to the target allergen(s) hen’s egg, cow’s milk, peanuts, and/or hazelnuts with unknown clinical 
relevance will be randomized in a 1:1 ratio to either an active or a placebo group, daily receiving a rusk-like biscuit 
powder with or without the target allergen(s) for 3–6 months until an OFC will be performed in routine diagnostics. 
The primary endpoint is an IgE-mediated food allergy to the primary target allergen, after the interventional period.

Discussion  Children with sensitization against food allergens with unknown clinical relevance often have to avoid 
the corresponding foods for several months until an OFC is performed. Therefore, the “window of opportunity” 
for an early preventive introduction of allergenic foods might be missed. This trial will assess whether an introduction 
of small allergen amounts will favor tolerance development in these children.

Trial registration  German Clinical Trials Register DRKS00032769. Registered on 02 October 2023.
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Introduction
Background and rationale {6a}
Up to 8% of all infants and children in industrialized 
countries suffer from food allergy with cow’s milk, hen’s 
egg, peanuts, and tree nuts being the main elicitors [1]. 
Infants with eczema are at particularly high risk for 
developing food allergies [2]. About half of children with 
eczema become sensitized, and about one-third will 
develop food allergy [1, 3, 4]. Many children show allergic 
reactions upon eating allergenic foods for the first time. 
The current understanding is that sensitization occurs 
via the cutaneous route due to an impaired skin barrier 
in these infants [2]. In the past, prevention strategies for 
food allergy have been driven by avoidance of allergenic 
foods in high-risk infants. Despite these attempts, a rising 
prevalence of food allergy has been observed [1, 5]. On 
the other hand, it has been shown that an early oral intro-
duction of peanuts and baked hen’s egg can prevent the 
development of food allergies [6, 7]. Therefore, the cur-
rent international as well as German guidelines, updated 
in 2021 and 2022, no longer recommend avoidance of 
highly allergenic foods [8, 9]. In contrast, for the preven-
tion of hen’s egg allergy, well-cooked egg (e.g., baked or 
hard-boiled) should be early introduced with the comple-
mentary food and given regularly [8, 9]. However, so far, 
only a protective effect against allergy to well-cooked but 
not all kinds of egg preparations was shown [6]. For the 
prevention of peanut allergy, the international guidelines 
recommend an early introduction of peanuts for infants 
in countries with a high prevalence of peanut allergy [8]. 
In Germany, the introduction and regular consumption 
of peanuts in an age-appropriate form (e.g., peanut but-
ter) may be considered in infants with atopic dermatitis 
living in families with regular peanut consumption [9]. 
Beforehand, peanut allergy should be ruled out, espe-
cially in infants with moderate to severe atopic dermatitis 
[9]. Therefore, the infant needs to be tested for sensiti-
zation (determination of specific IgE and/or skin prick 
test), and in case of sensitization, an oral food challenge 
(OFC) is recommended in order to determine its clinical 
relevance [10]. This crucial step in the diagnostic workup 
usually takes several months due to limited capacity for 
OFCs, because it is a time- and cost-consuming proce-
dure, which can only be performed in specialized cent-
ers. Currently, the waiting time for an OFC throughout 
Germany is about 3–6 months. This is of high concern as 
the “window of opportunity” for the introduction of food 
allergens like peanuts and hen’s egg might be missed.

Moreover, for the prevention of other common food 
allergies in early childhood such as cow’s milk or hazel-
nut allergy, the best way of allergen introduction into the 
infant’s diet is still under debate [8, 9].

Therefore, the aim of this trial is to assess if the intro-
duction and regular consumption of small amounts 
of cow’s milk, hen’s egg, peanuts, and/or hazelnuts is 
safe and effective in increasing tolerance in children 
of 8  months to 4  years of age with sensitization against 
these food allergens, which they have not consumed so 
far (sensitization without known clinical relevance).

This is an abridged protocol based on protocol version 
1.0 dated 29 September 2023. The full protocol adheres 
to the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) recommendations for 
interventional trials [11].

Objectives {7}
The primary trial objective is to investigate the impact 
of an early introduction and continuous intake of small 
amounts of the target allergenic foods (cow’s milk, hen’s 
egg, peanuts, and/or hazelnuts) on the development of 
food allergy in sensitized children with unknown clini-
cal relevance. Secondary objectives are to investigate if 
the introduction and continuous intake of small amounts 
of the target allergenic foods is safe in children with 
food sensitization of unknown clinical relevance, or if it 
results in an increased occurrence of allergic reactions 
or gastrointestinal problems. Moreover, the impact of an 
introduction and continuous intake of small amounts of 
the target allergenic foods on the development of multi-
ple food allergies, the severity of eczema, the prevalence 
of asthma, and the immunoglobulin pattern in children 
with sensitization without known clinical relevance will 
be assessed.

Trial design {8}
This is a randomized, placebo-controlled, double-blind, 
superiority, single-center trial with two parallel groups 
(Fig.  1). Allocation of subjects will be performed in a 
concealed fashion by authorized site personnel using a 
REDCap database. Each participant will be allocated to 
1 out of 20 kit codes for the corresponding allergen(s) 
for the interventional product (10 codes active, 10 codes 
placebo).

TIFFANI is part of the clinical research unit (CRU) 339 
“food allergy and tolerance” (FOOD@).

Methods: participants, interventions, 
and outcomes
Study setting {9}
This single-center trial is recruiting participants at the 
inpatient and outpatient unit of the Department of Pedi-
atric Respiratory Medicine, Immunology and Critical 
Care Medicine Charité – Universitätsmedizin Berlin. All 
visits throughout the study will take place either in the 
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study center (visit 1) or on the ward (visit 2: oral food 
challenge).

Eligibility criteria {10}
Infants and children aged 8  months to 4  years with a 
sensitization (specific IgE (sIgE) ≥ 0.1 kU/l and/or skin 
prick test (SPT) wheal size ≥ 3  mm) against cow’s milk, 
hen’s egg, peanuts, and/or hazelnuts (target allergenic 
foods) and an already scheduled oral food challenge at 
the Charité – Universitätsmedizin Berlin (3–6  months 
after enrollment) for routine diagnostics are eligible for 
the trial. Infants are excluded from the study if they have 
previously consumed the target allergenic food they are 
sensitized to in relevant amounts. Further exclusion cri-
teria are wheat allergy (study product contains wheat), 
severe other health issues (e.g., heart disease), a twin sib-
ling already taking part in the study, and participation in 
another interventional trial.

Who will take informed consent? {26a}
The legal representative(s) of all participants must read, 
sign, and date the informed consent form before entering 
the study or undergoing any study-specific procedures. 
Before consent is given, the investigator or his/her repre-
sentative will explain verbally the aim, method, source of 
funding, and the anticipated benefits and potential risks 
of the study to the parents; answer all questions regarding 
the study; and document the informed consent process.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
As opt-it consent, included in the main study consent 
form, biological specimens are collected and partially 
stored for future analysis.

Interventions
Explanation for the choice of comparators {6b}
For eligible children (with sensitization against food aller-
gens with unknown clinical relevance), an OFC is recom-
mended in routine care. Until the OFC is conducted, the 
corresponding foods have to be avoided. This procedure 
is the current standard of care and corresponds to the 
recommendations in the placebo group of this trial.

Intervention description {11a}
In the active group, subjects consume daily 3  g of a 
sugar-free rusk-like biscuit powder, which contains small 
amounts of cow’s milk, hen’s egg, peanuts, and/or hazel-
nuts separately, corresponding to their sensitization(s). 
Therefore, a child may receive only one or up to four 
foods, each offered in a separate study powder. The aller-
gen dose in each study product will be around 2  mg of 
food protein (Table 1).

The sugar-free, rusk-like biscuit powder (3  g of pow-
der/day using a measuring spoon) will be mixed with 
water, and optionally fruits, to a puree. The study product 

Fig. 1  Study design overview. The diagram shows the flow of the patients after enrollment and randomization in the active group or the placebo 
group. Subjects in the active group will receive a sugar-free rusk-like biscuit powder(s) containing the target food(s) (hen’s egg, cow’s milk, peanuts, 
and/or hazelnuts) against which they are sensitized with unknown clinical relevance while subjects in the placebo group will receive a sugar-free 
rusk-like biscuit powder(s) without any of these allergens. After 3 to 6 months of intervention, all subjects will undergo an oral food challenge 
against the target food(s)
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should be eaten daily throughout the study duration. The 
first feeding of the study product at visit 1 (V1) will be 
performed under medical supervision at the study center. 
The duration of the intervention is determined by the 
date of the routinely scheduled OFC at visit 2 (V2) and 
should be at least 3  months and up to 6  months after 
inclusion to the trial. In case of a postponed OFC (e.g., 
due to illness of the child), the duration of the interven-
tion can be extended up to a maximum of 9 months.

In the placebo group, subjects consume daily the same 
sugar-free rusk-like biscuit powder, however, without 
cow’s milk, hen’s egg, peanuts, or hazelnuts following the 
same instructions as the active group. To ensure blinding, 
the first feeding of the placebo study product will also be 
performed under medical supervision at the study site.

In infants, first, weaning foods (e.g., vegetables) should 
have been successfully introduced for at least 1  week 
before feeding the study product. Mothers will be 
encouraged to continue breastfeeding while introducing 
weaning foods. Parents of both groups will be advised to 
avoid cow’s milk, hen’s egg, peanuts, hazelnuts, or their 
products in their child’s diet according to the individual 
sensitization profile.

Criteria for discontinuing or modifying allocated 
interventions {11b}
If the subject is unable to consume the recommended 
amount of rusk-like biscuit powder, e.g., due to feeding 
difficulties when weaning foods are introduced, the inves-
tigator and study physician may adjust the amount and/
or dosing regimen. The investigators will prematurely 
discontinue the study intervention for a subject in case 
of significant health risk, i.e., after severe adverse events 
related to the study intervention requiring intensive care 
treatment, or non-compliance. In case of an intervention 
with more than one allergen, the intervention will be per-
formed with separate study products. Therefore, in case 
of study product-related adverse events, intervention 
may only be discontinued of the corresponding product, 
whereas the other product(s) could still be offered.

Strategies to improve adherence to interventions {11c}
The parents of the study participants will be asked 
to maintain a weekly (e-)diary from V1 onwards to 

document consumption and any adverse events. In case 
of e-diaries, data are stored directly in a central database 
REDCap. Furthermore, patients will be called once dur-
ing the study (phone call (PC)) to investigate compliance 
and tolerability of the regimen. They will be instructed 
to contact the investigation site by phone in the case of 
any objective immediate-type allergic reaction occurring 
within 2  h after food consumption including acciden-
tal allergic reactions to other food allergens. Also at V2, 
compliance, tolerability, and the entries of the (e-)diary 
will be reviewed and discussed with the investigator or 
delegated study staff.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
All participants may continue their usual medications, as 
well as those taken for any concomitant diseases includ-
ing wheezing and eczema throughout the study. All sub-
jects who will undergo an oral food challenge at V2 will 
be advised to discontinue oral antihistamines 3–5  days 
before this procedure.

Provisions for post‑trial care {30}
Participants who developed a clinically relevant food 
allergy after completion of the trial will receive individu-
alized dietary counseling. Moreover, parents are offered 
to contact the outpatient clinic of the Department of 
Pediatric Pulmonology, Immunology, and Critical Care 
Medicine, Charité – Universitätsmedizin Berlin for fur-
ther routine consultation.

Outcomes {12}
Primary endpoint
The primary endpoint is IgE-mediated food allergy to the 
target food (hen’s egg, cow’s milk, peanuts, or hazelnuts), 
after 3–6 months of intervention (plus max. 3 months in 
case of postponed oral food challenge). For polyvalent-
sensitized children, a “primary target food allergen” will 
be determined randomly at enrollment which will be 
used to define the primary endpoint.

The presence of IgE-mediated food allergy is defined by 
either of the following (Table 2):

•	 Positive oral food challenge (plus sIgE ≥ 0.1 or posi-
tive skin prick test)

•	 An immediate-type allergic reaction due to an acci-
dental exposure (plus sIgE ≥ 0.1 or positive skin prick 
test)

OFC, sIgE determination (blood sampling), and skin 
prick test (SPT) are performed onsite on the day of the 
scheduled visit (V2), which should be 3–6 months (plus 

Table 1  Allergen amount in study product

Interventional allergens

Peanut Hazelnut Hen’s egg Cow’s milk

Amount of protein 
[mg/3 g] to be taken 
once daily

1.7 1.9 1.8 2.0
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max. 3  months in case of postponed oral food chal-
lenge) after the start of the intervention (V1). Specific IgE 
and/or SPT at baseline must be assessed no longer than 
3 months prior to enrollment.

Secondary endpoints
The following secondary endpoints will be assessed after 
3–6 months (plus max. 3 months) of intervention (V2):

	 1.	 IgE-mediated food allergy determined by OFC 
(plus sIgE ≥ 0.1 or positive SPT) to the “primary 
target food allergen”

	 2.	 IgE-mediated food allergy determined by an imme-
diate-type allergic reaction due to accidental expo-
sure (plus sIgE ≥ 0.1 or positive SPT) to the “pri-
mary target food allergen”

	 3.	 IgE-mediated food allergy determined by OFC 
(plus sIgE ≥ 0.1 or positive SPT) or an immediate-
type allergic reaction due to an accidental exposure 
(plus sIgE ≥ 0.1 or positive SPT) to either of the 
following (for children sensitized to the respective 
allergen at baseline):

(a)	 Hen’s egg
(b)	 Cow’s milk
(c)	 Peanuts
(d)	 Hazelnuts

	 4.	 Occurrence (frequency and severity) of immediate 
type allergic symptoms

	 5.	 Occurrence of gastrointestinal symptoms
	 6.	 Multiple food allergies
	 7.	 Number of food allergies
	 8.	 Change to baseline of SCORAD (in subjects with 

eczema)
	 9.	 Change to baseline of EASIscore (in subjects with 

eczema)

	10.	 Wheezing
	11.	 Allergen-specific IgE to hen’s egg, cow’s milk, pea-

nuts, and/or hazelnuts
	12.	 Wheal size measured by skin prick testing to hen’s 

egg, cow’s milk, peanuts, and/or hazelnuts

Participant timeline {13}
During the screening visit (V1), the participation crite-
ria will be checked, and information on demographics, 
subject/family characteristics, relevant medical history, 
medication, and nutrition will be recorded. In addition, 
anthropometric measurements and a physical examina-
tion will be performed including the assessment of the 
severity of eczema (in case of eczema). Skin swabs and 
stool and saliva samples will be collected. Blood will be 
collected, or a skin prick test (SPT) will be performed, if 
the child’s sensitization status was assessed ≥ 3  months 
prior to V1. Transepidermal water loss (TEWL) will be 
measured, and palmar hyperlinearity will be determined. 
Parents are asked to collect a dust sample from the bed 
and living room within 24 h prior to both study visits. Eli-
gible children will be randomized to one of the two study 
groups. The first feeding of the study product will be per-
formed at the study site. The study product will be dis-
pensed. Parents will be asked to fill out a (e-)diary for the 
entire study period (from V1 to V2). Two weeks after V1, 
parents will be called (PC1) to review compliance, toler-
ance of the study product, and adverse events. The study 
product will be consumed daily until an oral food chal-
lenge in routine diagnostics at V2 will be performed after 
their individual waiting time of 3–6 months. At V2, infor-
mation on medical history, medication, and nutrition will 
be recorded. In addition, anthropometric measurements 
and a physical examination will be performed. Skin swabs 
and stool and saliva samples will be collected. TEWL will 
be measured. A blood sample will be collected, and a SPT 

Table 2  Diagnosis of food allergy for the determination of endpoints

Procedure Positive result

Oral food challenge (OFC) OFC outcome is positive if objective symptoms 
of immediate type allergic reactions occur 
after any administered dose. (OFC outcome 
is negative if no objective symptoms of immedi‑
ate type allergic reactions occur after ingestion 
of any administered dose.)

Allergen-specific IgE (sIgE) sIgE ≥ 0.1 kU/l

Skin prick test (SPT) Wheel size ≥ 3 mm

Immediate-type allergic reaction due to accidental exposure Parent-reported objective symptoms of imme‑
diate type allergic reactions upon accidental 
exposure to the interventional food(s) dur‑
ing the interventional period
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with cow’s milk, hen’s egg, peanuts, and hazelnuts will 
be performed. Oral food challenges will be performed 
according to standardized procedures in a double-
blinded placebo-controlled manner (Table 3).

Sample size {14}
A total of 138 children are planned to be included in 
the trial. Analyzing 124 children (62 in each group) will 
result in at least 80% power assuming a difference in the 
primary endpoint (food allergy after 3–6  months (plus 
max. 3  months) of 35% in the active group vs. 60% in 
the control group, based on a two-sided chi-squared test 
with significance level 5% (two-sided). To compensate for 
a potential dropout rate of about 10%, 138 infants will be 
randomized (69 children in each group). Sample size cal-
culation was performed in SAS for Windows version 9.4 
(SAS Institute, Cary, NC, USA).

Recruitment {15}
Recruitment of participants will take place at the inpa-
tient and outpatient unit of the Department of Pediatric 
Respiratory Medicine, Immunology, and Critical Care 

Medicine of the Charité – Universitätsmedizin Berlin. 
All parents of children with a scheduled OFC with cow’s 
milk, hen’s egg, peanuts, and/or hazelnuts who have not 
previously consumed the food they are sensitized to in 
relevant amounts will be considered for participation. 
Additionally, we aim to approach participants via flyer 
advertisement, advertisement in journals, magazines, 
and social media as well as at information events for 
(prospective) parents.

Assignment of interventions: allocation
Sequence generation {16a}
After enrollment performed by the study investiga-
tors, participants will be randomly assigned to receive 
verum or placebo. The randomization will be prepared 
by the trial statistician and will be implemented within 
the REDCap database system by the data manager. Chil-
dren will be randomized to receive verum or placebo (1:1 
allocation ratio) for each food allergen against which the 
child is sensitized.

Randomization will be performed in blocks (with vary-
ing block lengths) and will be stratified by the following:

Table 3  Study visits and procedures

a Blood will be collected, or a skin prick test will be performed at V1, if the child’s sensitization status was assessed ≥ 3 months prior to enrollment

Visit 1 (V1) Phone call 1 (PC1) Visit 2 (V2)

Time 0 weeks, baseline 2 weeks (± 5 days) after V1 3–6 months 
after V1 ± 14 days

Informed consent x

Check eligibility x

Randomization x

Demographics/subject characteristics x x

Family characteristics x x

Medical history x x

Review adverse events (AEs) x x

Review concomitant medication x x x

Nutritional characteristics x x

Physical examination x x

SCORAD, EASIscore (in case of eczema) x x

Transepidermal water loss measurement (TEWL) x x

Palmar hyperlinearity X

Skin prick testing (x)a x

Skin swabs x x

Saliva sampling x x

Stool sampling x x

Dust sampling x x

Blood sampling (x)a x

Oral food challenge x

Dispensation of the study product x

Feeding of the study product at the site x

Review tolerance study product x x
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•	 Primary allergen (cow’s milk, hen’s egg, peanuts, or 
hazelnuts)

•	 Age (≤ 2 vs. > 2 years of age)
•	 Grade of sensitization to the primary food allergen 

(low vs. medium vs. high) defined by either of the fol-
lowing:

◦ Specific IgE levels of the primary food allergen, 
according to the following CAP classes:

•	Low: IgE ≥ 0.10 ≤ 3.50 (CAP 0–2)
•	Medium: IgE > 3.50 ≤ 50.0 (CAP 3 and 4)
•	High: IgE > 50.0 (CAP 5 and 6)

◦ According to skin prick test results of the primary 
food allergen (in case of missing specific IgE values)

•	Low: wheal size ≥ 3 mm ≤ 5 mm
•	Medium: wheal size > 5 mm ≤ 9 mm
•	High: wheal size > 9 mm

•	 Planned duration of intervention, determined 
by the date of the routinely scheduled OFC (< 5 
vs. ≥ 5 months)

Concealment mechanism {16b}
Allocation of subjects will be performed concealed (i.e., 
without knowledge of group allocation) using REDCap 
where each participant will be allocated to 1 out of 20 kit 
codes for the corresponding allergen(s) for the interven-
tional product (10 codes active, 10 codes placebo).

Implementation {16c}
After enrollment performed by the study investigators, 
participants will be randomly assigned to receive verum 
or placebo. The study product will be labeled with the 
kit codes by staff, who is unblinded, but not otherwise 
involved in the study.

Assignment of interventions: blinding
Who will be blinded {17a}
Study investigators, all involved study staff, participants, 
and their parents are blinded to whether the participants 
will receive allergen-containing rusk-like biscuit powder 
or allergen-free rusk-like biscuit powder (placebo pow-
der). The main (confirmatory) statistical analysis will be 
performed blinded to treatment allocation. Unblinding 
per subject will be performed at the end of the study.

Procedure for unblinding if needed {17b}
In case of serious allergic reactions suspected to be 
related to the study intervention, unblinding will be 

performed at the discretion of the investigator. To ensure 
the unblinding process, emergency envelopes, providing 
information on the individual interventional group the 
subject is assigned to, are stored at the study center. Once 
unblinding has been performed, it will be documented in 
the source data, reported to the PI, and will result in dis-
continuation of intervention.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Assessment and collection of data and biosamples will 
be performed by the trained study staff according to 
standard operating procedures (SOPs). During V1, the 
participation criteria will be checked and information 
on demographics, subject/family characteristics, rel-
evant medical history, medication, and nutrition will be 
recorded. In addition, anthropometric measurements 
and a physical examination will be performed includ-
ing the assessment of the severity of eczema by SCO-
RAD [12] and EASIscore [13] in case of eczema. Skin 
swabs and saliva samples will be collected. Skin swabs 
are collected and preserved in DNA/RNA shield col-
lection tubes containing medium (DNA/RNA Shield; 
Zymo Research, Irvine, CA, USA). Saliva samples are 
collected both with Zymo Swabs as well as with Sali-
metric Swabs (SalivaBio Swab; Suffolk, Great Britain). 
The investigator will instruct the parents to collect stool 
samples (using OMNIgene-GUT tubes, OMR-200; DNA 
Genotek, Ontario, Canada) from the infants at home. 
Blood will be collected, or a SPT (all extracts including 
positive and negative controls: ALK Abelló, Germany) 
will be performed, if the child’s sensitization status was 
assessed ≥ 3  months prior to V1. Transepidermal water 
loss (TEWL) measurement will be performed with the 
Tewameter TM Hex (Courage + Khazaka Electronic 
GmbH, Germany). Palmar linearity pattern will be 
analyzed and documented by palm photographs. The 
parents should further collect a dust sample using dus-
tream® collector DU-ST-1 (Indoor Biotechnologies LTD, 
Cardiff, UK) from the child’s bed (or the parent’s bed, 
if the child sleeps in this bed four nights or more) and 
the living room. At V2, information on medical history, 
medication, and nutrition will be recorded. In addition, 
anthropometric measurements and a physical examina-
tion including SCORAD [12] and EASIscore [13] in case 
of eczema will be performed. Skin swabs and stool and 
saliva samples will be collected. TEWL will be measured. 
Moreover, a blood sample will be collected, and a SPT 
with hen’s egg, cow’s milk, peanuts, and hazelnuts will be 
performed. OFC will be performed in a double-blinded, 
placebo-controlled manner in accordance with the clini-
cal routine practice of the Charité – Universitätsmedizin 
Berlin, based on the PRACTALL international guidelines 



Page 8 of 13Kalb et al. Trials          (2024) 25:272 

for OFC and stopped using standardized stopping crite-
ria based on PRACTALL guidelines [14]. Roasted, defat-
ted peanut flour; defatted hazelnut flour; fresh cow’s 
milk; and pasteurized raw hen’s egg will be used for OFC. 
Up to seven increasing dose steps at 30-min intervals 
using a semi-log scale ranging from approximately 2 mg 
to 3 g food protein (depending on the individual allergen) 
will be administered. In case of absence of any objective, 
allergic symptoms, a cumulative dose of 4.4  g of food 
protein will be administered on another day. To patients 
with allergic reactions to raw hen’s egg, an additional 
food challenge with baked hen’s egg will be offered.

Plans to promote participant retention and complete 
follow‑up {18b}
Two weeks after V1, parents will be called (PC1) to inves-
tigate compliance and tolerability of the study product. In 
case of discontinuation of the intervention or deviation 
from the study protocol, participants are encouraged to 
maintain the scheduled visits or phone calls, and collec-
tion of all possible data is planned.

Data management {19}
Research Electronic Data Capture (REDCap) will be used 
as an electronic case report form (eCRF) to collect and 
manage the study data. REDCap is hosted at the Charité 
– Universitätsmedizin Berlin and provides an interface 
for data entry for clinicians. An audit trail will be inte-
grated for tracking data entries and corrections. Data 
access and storage will follow the data security concept 
of the Charité including firewalls on the campus level, 
institutional level, and individual computer level and 
password-protected access to all computers and folders, 
which contain sensitive data.

Confidentiality {27}
Participant’s privacy and confidentiality will be respected 
throughout the study. To ensure the protection of per-
sonal data, the national legal requirements including the 
EU General Data Protection Regulation (GDPR) regard-
ing data confidentiality will be followed. Appropriate 
consent for collection, use, disclosure, and/or transfer 
(if applicable) of personal information must be obtained 
in accordance with local data protection laws. A unique 
participant identifier will be allocated to each participant 
and assigned chronologically prior to proceeding with 
study screening. These participant identifiers rather than 
names will be used to collect, store, and report partici-
pant information, including documentation in the eCRF. 
If the participant’s name appears on any other document 
(e.g., laboratory report), it must be obliterated on the 
copy of the document to be, e.g., uploaded to the eCRF. 
The investigator must retain records and documents, 

including signed informed consent forms, pertaining to 
the conduct of this study for 15 years after study comple-
tion and final publication. No records may be destroyed 
during the retention period without the written approval 
of the sponsor.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Biosamples obtained in this clinical trial will enable the 
mechanistic sub-projects of the CRU to investigate the 
mechanism of food allergy and tolerance development 
within the clinical research unit. In particular, the role 
of the gastrointestinal as well as skin microbiome, the 
IgEome, genetic and epigenetic mechanisms, antigen-
specific immunologic reactivities as well as inflammatory 
circuits, and serological biomarkers will be investigated. 
The methods of these sub-projects will be described 
elsewhere. Only the participant identifier will be used to 
collect and store biosamples. Biological specimens like 
house dust samples or saliva may be partially stored at 
the Charité – Universitätsmedizin Berlin.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The primary analysis of the primary endpoint will be 
performed by logistic regression with (fixed) factor 
treatment group (verum, placebo regarding the pri-
mary allergen) and the stratification factors primary 
allergen (hen’s egg, cow’s milk, peanuts, hazelnuts), age 
group (≤ 2, > 2  years of age), grade of sensitization (low, 
medium, and high), and planned duration of interven-
tion (< 5, ≥ 5  months). In case of stratification groups 
with very few cases, stratification groups may be com-
bined (e.g., low vs. medium/high grade of sensitization) 
or the factor omitted from the analysis model; the deci-
sion will be finalized, blinded, and described in the statis-
tical analysis plan (SAP). From this model, the odds ratio 
for verum vs. placebo treatment will be calculated with 
a 95% confidence interval and a p-value for the treat-
ment group comparison. The analysis will be performed 
on the full analysis set (FAS) based on the intention-to-
treat principle without imputation of missing values. The 
significance level will be set to 0.05 (two-sided). All other 
analyses will be considered explorative. Several explora-
tive sensitivity analyses will be performed for the primary 
endpoint: a re-run of the primary analysis model with the 
per-protocol population (instead of the FAS). In case of 
relevant differences between the treatment groups with 
respect to baseline variables, the primary analysis will be 
repeated with further adjustment variables (FAS popu-
lation). To account for the potentially varying lengths of 
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follow-up, a Cox proportional hazards regression as well 
as Poisson regression will be used to analyze the primary 
endpoint. Explorative analysis of secondary endpoints 
will follow the same principle as the primary analysis of 
the primary endpoint, i.e., models with the (fixed) fac-
tor treatment group and the stratification factors. Binary 
endpoints will be analyzed by logistic regression; contin-
uous endpoints will be analyzed by analysis of covariance 
(ANCOVA) with the respective baseline value (if avail-
able) as an additional covariate. Secondary endpoints will 
be analyzed with the FAS. Regarding safety endpoints, 
the nature, frequency, and severity of adverse events and 
safety variables, including serious adverse events, will be 
summarized descriptively by treatment group (based on 
the safety population of all participants who received at 
least one dose of study treatment and have at least one 
post-baseline safety assessment, analyzed according to 
the treatment received). Further details will be described 
in the SAP, which will be finalized prior to data analysis.

Interim analyses {21b}
No interim analyses for efficacy are planned.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
Several exploratory subgroup analysis will be con-
ducted regarding the following subgroups: age groups 
(≤ 2 vs. > 2  years of age); grade of sensitization of the 
primary food allergen (low vs. medium vs. high); sIgE 
levels of the primary food allergen according to CAP 
classes, which are classified into low, medium, and high 
categories (low: IgE ≥ 0.10 ≤ 3.50: CAP 0–2 vs. medium: 
IgE > 3.50 ≤ 50.0: CAP 3–4 vs. high: IgE > 50.0: CAP 5–6); 
sensitization levels of the primary food allergen accord-
ing to skin prick test results, classified into low, medium, 
and high (low: wheal size ≥ 3  mm ≤ 5  mm, medium: 
wheal size > 5 mm ≤ 9 mm, and high: wheal size > 9 mm); 
duration of intervention (< 5 vs. ≥ 5  months); primary 
allergen (hen’s egg, cow’s milk, peanuts, hazelnuts); chil-
dren with eczema (yes/no); carrier of mutations in the 
filaggrin gene (yes/no): infants with at least one parent 
with eczema (yes/no); and infants with at least one parent 
with atopic diseases (asthma, allergic rhinoconjunctivitis, 
and/or eczema) (yes/no). Subgroup analyses will be per-
formed by additionally including the subgroup variable 
and the interaction term (subgroup × treatment group) 
into the primary analysis model (FAS population).

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Selected secondary endpoints will also be analyzed with 
the per-protocol (PP) population. The PP is a subset 
of the FAS defined without participants with repeated 

insufficient consumption of the study product (verum), 
i.e., consumption < 3 times/week for 3  weeks (either 
during 3 consecutive weeks or three repeated events of 
1 week); OFC taking place before 3 months (after starting 
the intervention); or OFC taking place after more than 
9  months (after starting the intervention). As a general 
strategy, missing data will not be imputed in this study.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
Data will be available upon reasonable request with 
restrictions regarding scientific purpose and data 
protection.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
Trial Management Committee members are KB, MW, 
BK, and SDB. The steering committee of the CRU will 
advise on the performance of the project through-
out the duration of the trial. Clinical trial monitoring 
is carried out by the Clinical Trial Office of the Clinical 
Study Center of the Charité – Universitätsmedizin Ber-
lin and Berlin Institute of Health (BIH). Monitoring will 
be carried out according to the monitoring manual and 
depends on the enrollment rate and the data quality. 
Moreover, there is an external scientific advisory board 
(SAB), whose members are experts in the field of food 
allergy, including a representative from the patient organ-
ization DAAB (German Allergy and Asthma Association) 
in order to address particular aspects from the patient 
side.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
As the overall risk to patients is low, a data monitoring 
committee will not be conducted.

Adverse event reporting and harms {22}
Pre-existing diseases will be recorded in the subject’s file 
and in the eCRF system under medical and/or allergy his-
tory. Subject reported or physician confirmed worsening 
of these conditions, or a change of prescribed medica-
tion will be assessed during the study visit/phone call and 
documented in the subject’s file/source data. However, 
worsening of pre-existing diseases will not be considered 
as AEs, except those categorized as AEs of special inter-
est (AEIs).

For this specific protocol, AEIs include immediate-
type allergic reaction after food exposure, worsening of 
eczema (in case of eczema), and defined gastrointestinal 
(GI) symptoms (abdominal pain, bloating, vomiting, dif-
ficulties swallowing, stool irregularities).
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An accidental food allergen exposure is any known 
or suspected exposure to a food to which the subject is 
allergic or sensitized without known clinical relevance, 
whether or not it results in an AEI.

A serious adverse event (SAE) or serious adverse reac-
tion is defined as any untoward medical occurrence that 
leads to death, is life-threatening, requires inpatient 
hospitalization (longer than 24  h), or prolongs an exist-
ing hospitalization or results in persistent or significant 
disability or incapacity. Excluded from this definition are 
hospitalizations as treatments of a pre-existing condition 
planned before inclusion into the study or elective sur-
geries, planned before inclusion into or during the study. 
According to the seriousness grading, the investigators 
will review each AE. If the criteria for a SAE are met, the 
clinical research site will follow local procedures accord-
ing to the GCP guidelines. All expected and unexpected 
serious adverse events occurring after the subject’s par-
ents/caregivers have signed the informed consent and the 
intervention has been started must be reported on a SAE 
form to the study principal investigator within 24  h of 
becoming aware of the event.

Any serious allergic reaction related to the study inter-
vention will lead to a temporary halt of the study in order 
to re-evaluate the safety conditions. For this purpose, an 
external safety advisory board is called in to advise the PI 
and the CO-PI of the study. Based on the recommenda-
tions of this committee, a decision is made as to whether 
the study can be continued or whether changes to the 
design need to be made. If three participants experience 
serious allergic reactions related to the study interven-
tion, the study will be stopped.

AE/AEI recording will extend from enrollment until 
the end of the study at V2.

Parents of the participants should document all AEs 
and AEIs occurring during the study in the subject’s (e-)
diary. Moreover, the subject’s parents will be instructed 
to document accidental food allergen exposures in detail 
in the (e-)diary and to contact the study site after any 
known or suspected food allergen exposure, even if it 
does not cause symptoms. In case of an immediate type 
allergic reaction after food exposure (either to the study 
product or due to exposure to (other) food allergens) or 
recurrent GI symptoms, parents of the participants are 
asked to call the study site. During the phone call and the 
second study visit, the subject’s parents/caregivers will 
be queried on AEs/AEIs based on the patient’s diary and 
changes in the subject’s condition.

For this specific protocol, only AEIs (see above) and 
SAEs are logged as (S)AEs in the eCRF. Information will 
be recorded regarding the date of onset, date of resolu-
tion, seriousness, severity, outcome, treatment required, 
causality, action taken with the study intervention if 

applicable, possible augmentation factors, and/or other 
possible causes. For scoring the severity of immediate-
type allergic reactions, the grading system for food-
induced anaphylaxis published by Sampson is used [14].

The investigators will assess the causality/relationship 
between the study intervention and the AE. Causality 
will be documented as related or not related to the intake 
of the study intervention. Overall, the occurrence of 
immediate type allergic reactions within 2–3 h after food 
allergen exposure (study intervention and/or accidental 
exposure) will be considered as related to food exposure.

Frequency and plans for auditing trial conduct {23}
An audit is not planned by the sponsor due to the nature 
of the study. The steering committee of the clinical 
research unit CRU will advise on the performance of the 
project throughout the complete duration of the trial. 
Clinical trial monitoring is carried out by the Clinical 
Trial Office of the Clinical Study Center of the Charité – 
Universitätsmedizin Berlin and Berlin Institute of Health 
(BIH) and will be carried out according to the monitoring 
manual. The frequency depends on the enrollment rate 
and the data quality.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
All parents give their full consent before their children 
are enrolled in the trial. The written informed consent 
must be given by both the mother and father or the legal 
representatives. Any substantial amendments to the pro-
tocol and/or to the consent materials must be approved 
by the Ethics Committee of Charité – Universitätsmedi-
zin Berlin before implementation. The written informed 
consent form must be revised whenever important new 
safety information is available, whenever the protocol is 
amended leading to changes in study procedures relevant 
to the patient, and/or whenever any new information 
becomes available that may affect participation in the 
trial.

Dissemination plans {31a}
Besides the study protocol, publications are planned for 
the results in peer-reviewed journals. In addition, results 
will be communicated in lay language to participants and 
health care providers.

Discussion
This clinical trial, addressing infants and children at 
8  months to 4  years of age, who are sensitized against 
cow’s milk, hen’s egg, peanuts, and/or hazelnuts with 
unknown clinical relevance, will assess if an introduc-
tion and regular consumption of small amounts of the 
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corresponding food allergen(s) is safe and will promote 
tolerance development. The study population consists 
of children with an already scheduled OFC, who will 
receive a rusk-like biscuit powder containing the target 
allergen(s) or placebo for 3–6 months until the OFC will 
be performed in routine diagnostics.

Particularly infants with eczema are at high risk for 
sensitization against the most important food allergens. 
In case of sensitization, they have to be orally food-chal-
lenged, before these allergens are administered for the 
first time [15, 16]. But as oral food challenges are expen-
sive and time-consuming, capacities in clinics are limited 
[17]. As a consequence, the waiting time for an OFC can 
comprise several months, which may lead to a delayed 
introduction of food allergens into the children’s diet, 
but avoidance of food allergens in these children may be 
of high concern, since the “window of opportunity” for 
an oral introduction to promote tolerance development 
might be missed. Although the first 12  months of life 
seem to be the optimal window of opportunity for toler-
ance induction, many families do not introduce a broad 
variety of foods to their infants. Therefore, it is worth 
evaluating if it is possible to support tolerance induction 
during a broader timeframe beyond the first year of life.

Within the LEAP trial, the effect of an early introduc-
tion of peanuts in high-risk infants with severe eczema 
and/or hen’s egg allergy was investigated. It has been 
shown that the early introduction and continuous feed-
ing of peanut products reduced the development of pea-
nut allergy by about 80% [7]. The EAT study examined 
the effects of an early administration of various foods 
to breast-fed infants from the general population, start-
ing at 3 months of age. In the per-protocol analysis, the 
prevalence of any food allergy was significantly lower 
in the group of children that early introduced the aller-
gens compared to the group with the standard introduc-
tion (2.4% versus 7.3%) [18]. By analyzing data from the 
LEAP and the EAT study as well as from the PAS obser-
vational cohort, Roberts et  al. could show that the pre-
ventive effect of an early allergen introduction decreased 
with increasing age at introduction. The authors further 
reported that the impact of a delayed introduction was 
even more profound in infants with increasing sever-
ity of eczema [19]. The PETIT study enrolled infants 
with eczema at 4 to 5 months of age for receiving small 
amounts of heated egg-containing study product or 
placebo for 6  months. At 12  months of age, only 8% of 
the active group versus 38% of the placebo group suf-
fered from hen’s egg allergy [6]. Interestingly, the sub-
group analysis revealed that the intervention seemed to 
be more effective in infants that were already sensitized 
against hen’s egg at baseline (risk difference 34.4% [17.0–
51.7]; p = 0·001) compared to the non-sensitized ones 

(risk difference 16.7% [95% CI − 10.2 to 43.5]; p = 0·31). 
These findings imply that a delayed administration of 
food allergens, especially in children that are already sen-
sitized, may be of concern regarding the development of 
food allergies.

However, besides the timing of introduction and the 
target group (children at risk versus children from the 
general population), the amount and the preparation of 
allergens as well as the duration and frequency of intake 
may play a role regarding food allergy prevention. Con-
cerning hen’s egg, several interventional studies using 
pasteurized raw hen’s egg with amounts ranging from 
350 mg to 2.5 g showed no significant reduction of hen’s 
egg allergy due to an early introduction, but high rates 
of adverse reactions, both immediate type symptoms 
and gastrointestinal problems [20–22]. In contrast, the 
PETIT study using small amounts (25 mg for 3 months, 
then 125  mg for 3  months) of baked hen’s egg could 
show an effect on the prevention of hen’s egg allergy [6]. 
Within the LEAP trial, relatively high amounts of peanut 
protein were administered (6  g per week, distributed in 
three or more meals), but no major safety issues occurred 
[7]. Nevertheless, it has to be mentioned that a SPT with 
peanuts was performed prior to randomization, and 
infants with a wheal size greater than 4 mm were not ran-
domized [7]. Considering that in the TIFFANI trial, also 
children with high sIgE levels at baseline will be enrolled, 
very small amounts of food allergens are used, reflecting 
the allergen-specific reference doses “ED05” (approxi-
mately 2 mg food protein of hen’s egg, cow’s milk, hazel-
nuts, and peanuts). The ED05 is defined as the eliciting 
dose at which 5% of the respective allergic population 
would be predicted to experience an allergic reaction 
[23].

Regarding the duration of the intervention, most ran-
domized-controlled studies investigating the effect of an 
early introduction of food allergens on the development 
of food allergy, have decided on an interventional period 
of 6  months or longer. Within the SPADE study, how-
ever, two OFCs were performed to examine the preven-
tive effect of an early introduction of small amounts of 
cow’s milk formula in breast-fed infants from the general 
population after approximately 2 and 5 months of inter-
vention [24]. After 5 months of intervention, 0.8% of the 
ingestion group versus 6.8% of the placebo group devel-
oped cow’s milk allergy. But interestingly, even after only 
approximately 2 months of intervention there was a ten-
dency towards a preventive effect of an early cow’s milk 
introduction (0.4% suffered from cow’s milk allergy in 
the ingestion group, compared to 2.5% in the avoidance 
group) [24].

Taken together, within this randomized, placebo-con-
trolled trial, we will investigate if the administration of 
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very small amounts of food allergens (hen’s egg, cow’s 
milk, peanuts, and/or hazelnuts) for 3 to 6  months is 
safe and has an effect on the prevention of food allergy 
in infants and children that are sensitized to the corre-
sponding food allergen(s) with unknown clinical rel-
evance. Results of this study will be crucial in terms 
of food allergy prevention, since they may help to take 
advantage of the “window of opportunity” for the intro-
duction of allergenic foods, instead of avoidance while 
waiting for further diagnostic procedures.

Trial status
Protocol version 1.0 dated 29 September 2023. The first 
patient is planned to be randomized in November 2023 
and the last patient is planned to be enrolled in October 
2024.

Abbreviations
AE	� Adverse event
AEi	� Adverse event of special interest
ANCOVA	� Analysis of covariance
BIH	� Berlin Institute of Health
CRF	� Case report form
CRU​	� Clinical research unit
DBPCFC	� Double-blind placebo-controlled food challenge
DFG	� German Research Foundation
EASIscore	� Eczema Area and Severity Index Score
EAT study	� Enquiring About Tolerance study
eCRF	� Electronic case report form
FAS	� Full analysis set
GDPR	� General Data Protection Regulation
GI	� Gastrointestinal
HEAP trial	� Hen’s Egg Allergy Prevention trial
IgE	� Immunoglobulin E
LEAP trial	� Learning Early About Peanut trial
OFC	� Oral food challenge
PAS cohort	� Peanut Allergy Sensitization cohort
PC	� Phone call
PP	� Per-protocol
PRACTALL	� PRACTical issues of ALLergology, Joint United States/European 

Union Initiative
REDCap	� Research Electronic Data Capture
SAE	� Serious adverse event
SAP	� Statistical analysis pan
SCORAD	� SCORing Atopic Dermatitis
sIgE	� Specific immunoglobulin E
SPADE trial	� Randomized trial of early infant formula introduction to prevent 

cow’s milk allergy
SPT	� Skin prick test
TEWL	� Transepidermal water loss
TIFFANI	� Tolerance induction through early feeding to prevent food 

allergy in infants and children with sensitization against food 
allergens

V	� Visit

Acknowledgements
The trial is investigator-initiated and sponsored by the Charité – Universitäts‑
medizin Berlin (representative: Prof. Dr. Med. Kirsten Beyer).
We thank all other study team members involved in the study, in particular, 
Saskia Albroscheit and Susanne Schwarz.

Authors’ contributions {31b}
BK and KB were involved in the conception and trial design. TTD, SDB, MW, 
and SR contributed to the trial design. With the implementation of the 
study, KB, BK, and LM are persons responsible for enrolling participants. KB as 

representative of the sponsor is responsible for the study design, execution 
of the protocol, management, analysis, and interpretation of the data, writing 
of reports, and submission to publication in close collaboration with BK, SDB, 
LM, and SR. BK, KB, and LM drafted the manuscript. All authors were involved 
in the critical revision and final approval of the manuscript. TTB and SR are 
responsible for the statistical considerations and analysis. BK is the principal 
investigator of the trial.

Funding {4}
Open Access funding enabled and organized by Projekt DEAL. This trial is 
funded by the Deutsche Forschungsgemeinschaft (DFG, German Research 
Foundation) as part of the clinical research unit (CRU339): Food allergy and 
tolerance (FOOD@) – 409,525,714.

Availability of data and materials {29}
All data generated in the CRU will be curated and organized into a set of files, 
shared on an online, publicly available data repository after peer-reviewed 
publication (preservation and accessibility of the data) to ensure potential 
secondary analyses, long-term archiving, and reuse by other researchers 
(scientific recognition).

Declarations

Ethics approval and consent to participate {24}
The trial was approved by the Ethics Committee of Charité – Universitäts‑
medizin Berlin (REC reference EA2/032/19) on 12 October 2022 prior to the 
start of recruitment. All parents give their full consent before their children are 
enrolled in the trial. The written informed consent must be given by both the 
mother and father or the legal representatives.

Consent for publication {32}
Not applicable.

Competing interests {28}
BK received consultation fees from Viatris. KB reports grants/research supports 
from Aimmune, Danone/Nutricia/Milupa, DBV, Hipp, Hycor, and Infectopharm 
and honoraria or consultation fees from Aimmune, Bencard, Danone/Nutricia/
Milupa, DBV, Hipp, Hycor, Infectopharm, Jenapharma, Mylan/Meda, Nestle, 
Novartis, and Thermo Fisher outside of the submitted work. MW declares the 
receipt of honoraria or consultation fees from the following companies: ALK-
Abelló Arzneimittel GmbH, Mylan Germany GmbH, Leo Pharma GmbH, Sanofi-
Aventis Deutschland GmbH, Regeneron Pharmaceuticals, DBV Technologies 
S.A, Stallergenes GmbH, HAL Allergie GmbH, Allergopharma GmbH & Co.KG, 
Bencard Allergie GmbH, Aimmune Therapeutics UK Limited, Actelion Pharma‑
ceuticals Deutschland GmbH, Novartis AG, Biotest AG., AbbVie Deutschland 
GmbH & Co. KG, and Lilly Deutschland GmbH. All other authors declare that 
they have no competing interests.

Author details
1 Department of Pediatric Respiratory Medicine, Immunology and Critical Care 
Medicine, Charité – Universitätsmedizin Berlin, corporate member of Freie 
Universität Berlin and Humboldt-Universität Zu Berlin, Berlin, Germany. 2 Divi‑
sion of Allergy and Immunology, Department of Dermatology, Venerology 
and Allergy, Charité – Universitätsmedizin Berlin, corporate member of Freie 
Universität Berlin and Humboldt-Universität Zu Berlin, Berlin, Germany. 
3 Institute of Social Medicine, Epidemiology and Health Economics, , Charité 
– Universitätsmedizin Berlin, corporate member of Freie Universität Berlin 
and Humboldt-Universität Zu Berlin, Berlin, Germany. 4 Experimental and Clini‑
cal Research Center, a cooperation between the Max‑Delbrück‑Center 
for Molecular Medicine in the Helmholtz Association and the Charité –, 
Universitätsmedizin Berlin, Berlin, Germany. 5 DZHK (German Centre for Car‑
diovascular Research), Berlin, Germany. 6 Structural and Computational Biology 
Unit, EMBL, Heidelberg, Germany. 7 Si‑M/“Der Simulierte Mensch” a science 
framework of Technische Universität Berlin and Charité – , Universitätsmedizin 
Berlin, Berlin, Germany. 8 Institute of Allergology, Charité – Universitätsmedizin 
Berlin, a corporate member of Freie Universität Berlin, Humboldt-Universität 
Zu Berlin and Berlin Institute of Health, Berlin, Germany. 9 Fraunhofer Institute 
for Translational Medicine and Pharmacology, Allergology and Immunology, 
Berlin, Germany. 10 BIH Center for Immunomics, Charité – Universitätsmedizin 



Page 13 of 13Kalb et al. Trials          (2024) 25:272 	

Berlin, corporate member of Freie Universität Berlin and Humboldt-Universität 
Zu Berlin, Berlin, Germany. 

Received: 9 December 2023   Accepted: 12 April 2024

References
	1.	 Renz H, Allen KJ, Sicherer SH, Sampson HA, Lack G, Beyer K, et al. Food 

allergy Nat Rev Dis Primers. 2018;4:17098.
	2.	 Lack G. Update on risk factors for food allergy. J Allergy Clin Immunol. 

2012;129(5):1187–97.
	3.	 Poulos LM, Waters AM, Correll PK, Loblay RH, Marks GB. Trends in 

hospitalizations for anaphylaxis, angioedema, and urticaria in Australia, 
1993–1994 to 2004–2005. J Allergy Clin Immunol. 2007;120(4):878–84.

	4.	 Burks AW, Tang M, Sicherer S, Muraro A, Eigenmann PA, Ebisawa M, et al. 
ICON: food allergy. J Allergy Clin Immunol. 2012;129(4):906–20.

	5.	 Sicherer SH. Epidemiology of food allergy. Journal of Allergy and Clinical 
Immunology. 2011;127(3):594–602.

	6.	 Natsume O, Kabashima S, Nakazato J, Yamamoto-Hanada K, Narita M, 
Kondo M, et al. Two-step egg introduction for prevention of egg allergy 
in high-risk infants with eczema (PETIT): a randomised, double-blind, 
placebo-controlled trial. Lancet. 2017;389(10066):276–86.

	7.	 Du Toit G, Roberts G, Sayre PH, Bahnson HT, Radulovic S, Santos AF, et al. 
Randomized trial of peanut consumption in infants at risk for peanut 
allergy. N Engl J Med. 2015;372(9):803–13.

	8.	 Halken S, Muraro A, de Silva D, Khaleva E, Angier E, Arasi S, et al. 
EAACI guideline: preventing the development of food allergy in 
infants and young children (2020 update). Pediatr Allergy Immunol. 
2021;32(5):843–58.

	9.	 Kopp MV, Muche-Borowski C, Abou-Dakn M, Ahrens B, Beyer K, Blümchen 
K, et al. S3 guideline allergy prevention. Allergol Select. 2022;6:61–97.

	10.	 Worm M, Reese I, Ballmer-Weber B, Beyer K, Bischoff SC, Bohle B, et al. 
Update of the S2k guideline on the management of IgE-mediated food 
allergies. Allergol Select. 2021;5:195–243.

	11.	 Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, 
et al. SPIRIT 2013 statement: defining standard protocol items for clinical 
trials. Ann Intern Med. 2013;158(3):200–7.

	12.	 Kunz B, Oranje AP, Labrèze L, Stalder JF, Ring J, Taïeb A. Clinical validation 
and guidelines for the SCORAD index: consensus report of the European 
Task Force on Atopic Dermatitis. Dermatology. 1997;195(1):10–9.

	13.	 Schmitt J, Spuls PI, Thomas KS, Simpson E, Furue M, Deckert S, et al. 
The Harmonising Outcome Measures for Eczema (HOME) statement to 
assess clinical signs of atopic eczema in trials. J Allergy Clin Immunol. 
2014;134(4):800–7.

	14.	 Sampson HA, Gerth van Wijk R, Bindslev-Jensen C, Sicherer S, Teuber SS, 
Burks AW, et al. Standardizing double-blind, placebo-controlled oral food 
challenges: American Academy of Allergy, Asthma & Immunology-Euro‑
pean Academy of Allergy and Clinical Immunology PRACTALL consensus 
report. J Allergy Clin Immunol. 2012;130(6):1260–74.

	15.	 Christensen MO, Barakji YA, Loft N, Khatib CM, Egeberg A, Thomsen 
SF, et al. Prevalence of and association between atopic dermatitis and 
food sensitivity, food allergy and challenge-proven food allergy: a 
systematic review and meta-analysis. J Eur Acad Dermatol Venereol. 
2023;37(5):984–1003.

	16.	 Togias A, Cooper SF, Acebal ML, Assa’ad A, Baker JR Jr, Beck LA, et al. 
Addendum guidelines for the prevention of peanut allergy in the United 
States: report of the National Institute of Allergy and Infectious Diseases-
sponsored expert panel. J Allergy Clin Immunol. 2017;139(1):29–44.

	17.	 Abrams EM, Orkin J, Cummings C, Blair B, Chan ES. Dietary exposures 
and allergy prevention in high-risk infants. Paediatr Child Health. 
2021;26(8):504–5.

	18.	 Perkin MR, Logan K, Marrs T, Radulovic S, Craven J, Flohr C, et al. Enquiring 
About Tolerance (EAT) Study: feasibility of an early allergenic food intro‑
duction regimen. J Allergy Clin Immunol. 2016;137(5):1477–86.e8.

	19.	 Roberts G, Bahnson HT, Du Toit G, O’Rourke C, Sever ML, Brittain E, 
et al. Defining the window of opportunity and target populations to 
prevent peanut allergy. Journal of Allergy and Clinical Immunology. 
2023;151(5):1329–36.

	20.	 Bellach J, Schwarz V, Ahrens B, Trendelenburg V, Aksünger Ö, Kalb B, 
et al. Randomized placebo-controlled trial of hen’s egg consumption for 
primary prevention in infants. J Allergy Clin Immunol. 2017;139(5):1591–9.
e2.

	21.	 Wei-Liang Tan J, Valerio C, Barnes EH, Turner PJ, Van Asperen PA, Kakakios 
AM, et al. A randomized trial of egg introduction from 4 months of age in 
infants at risk for egg allergy. J Allergy Clin Immunol. 2017;139(5):1621–8.
e8.

	22.	 Perkin MR, Logan K, Tseng A, Raji B, Ayis S, Peacock J, et al. Randomized 
trial of introduction of allergenic foods in breast-fed infants. N Engl J Med. 
2016;374(18):1733–43.

	23.	 Remington BC, Westerhout J, Meima MY, Blom WM, Kruizinga AG, 
Wheeler MW, et al. Updated population minimal eliciting dose distribu‑
tions for use in risk assessment of 14 priority food allergens. Food Chem 
Toxicol. 2020;139: 111259.

	24.	 Sakihara T, Otsuji K, Arakaki Y, Hamada K, Sugiura S, Ito K. Randomized trial 
of early infant formula introduction to prevent cow’s milk allergy. J Allergy 
Clin Immunol. 2021;147(1):224–32.e8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Tolerance induction through early feeding to prevent food allergy in infants and children with sensitization against food allergens (TIFFANI): rationale, study design, and methods of a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}
	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}

	Outcomes {12}
	Primary endpoint
	Secondary endpoints
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}


	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}
	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role, and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}


	Discussion
	Trial status
	Acknowledgements
	References


