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Introduction 

Food allergy (FA) management in children is a current 
public health problem. The prevalence of FAs has been 
increasing over the last 30 years, mainly in industrial 
countries, and affects around 10% of the population today [1]. 
Between 2010 and 2011, 2.4% of children in the USA were 
identiϐied as having multiple food allergies (MFA) (i.e., 30.4% 
of all children with FA) and about 3% had a history of an 
anaphylactic accident [2]. Similarly, in France, 30% to 35% of 
children with FAs suffer from MFA [3,4]. 

In Europe, the number of anaphylactic accidents is rising 
especially for boys under 5 years [5]. Anaphylaxis is the ϐirst 
symptom of an FA in 30% to 60% of cases for children [6]. 

In France, the most common FAs in children are cow’s 
milk, eggs, peanuts and nuts [7]. Some of these children 
have an atopic history with asthma, atopic dermatitis or 
allergic rhinitis. The presence of these allergic comorbidities, 
especially asthma, could increase the risk of anaphylaxis 
[8–10]. MFA in children also increases the risk of a severe 
anaphylactic reaction [11]. 

Abstract 

Background: In France, from 30% to 35% of children suff er from multiple food allergies 
(MFA). The gold standard to diagnosis a food allergy is the oral food challenge (OFC) which is 
conducted in a hospital setting due to risk of anaphylaxis. 

The aim of this study was to evaluate an algorithm to predict OFCs at low risk of anaphylaxis 
that could safely be performed in an offi  ce-based setting. 

Methods: Children with MFA and at least one open OFC reactive or non-reactive to other 
allergens were included. The algorithm was based on multiple clinical and biological parameters 
related to food allergens, and designed mainly to predict “low-risk” OFCs i.e., practicable in an 
offi  ce-based setting. The algorithm was secondarily tested in a validation cohort. 

Results: Ninety-one children (median age 9 years) were included; 94% had at least one allergic 
comorbidity with an average of three OFCs per child. Of the 261 OFCs analyzed, most (192/261, 
74%) were non-reactive. The algorithm failed to correctly predict 32 OFCs with a potentially 
detrimental consequence but among these only three children had severe symptoms. One 
hundred eighty-four of the 212 “low-risk” OFCs, (88%) were correctly predicted with a high positive 
predictive value (87%) and low negative predictive value (44%). These results were confi rmed with 
a validation cohort giving a specifi city of 98% and negative predictive value of 100%. 

Conclusion: This study suggests that the algorithm we present here can predict “low-risk” 
OFCs in children with MFA which could be safely conducted in an offi  ce-based setting. Our 
results must be confi rmed with an algorithm-based machine-learning approach.
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Medical history and measurement of speciϐic-IgE (s-IgE) 
levels toward crude allergen and allergen components play 
an important role in assessing MFA especially in case of cross 
reactivity of allergens (for example nuts or legumes) [12]. 

An oral food challenge (OFC) remains the gold standard 
to distinguish allergic sensitization from an FA. However, not 
only are OFCs time consuming and costly, but they generally 
need to be conducted in a hospital setting with easy access to 
an intensive care unit due to the risk of anaphylaxis. 

Several models (based on s-IgE levels, prick tests, and 
clinical history) have been proposed to predict the outcome 
of an OFC [13]. However, the relationship between prick tests, 
s-IgE levels and clinical severity is currently unclear [13]. 
Finally, cellular diagnostic tests, such as a basophil activation 
test, could replace an OFC in some cases but are expensive and 
require specialized laboratories [14]. 

T o date, the European Academy of Allergy and Clinical 
Immunology (EAACI) and the American Academy of Allergy, 
Asthma and Immunology (AAAAI) estimate that around 10 
000 diagnostic OFCs have been safely conducted worldwide 
after a beneϐit/risk ratio estimation for each child by 
medical staff [13,15]. However, hospital-based OFCs cause 
considerable stress for the children, require the parents to be 
present at the hospital which implies they take time off work, 
and incur other costs linked to transport and hospital staff. 
These elements should all be taken into consideration before 
deciding to run an OFC [16,17]. 

In the USA, OFCs are sometimes conducted at outpatient 
allergy clinics, i.e., not in a hospital center (high resource 
infusion center) which could constitute a time- and cost-
effective way of managing OFCs at “low risk” of anaphylaxis 
[17].

The aim of the study we report here was to evaluate the use 
of a new algorithm based on history of FA for each relevant 
allergen and biological parameters (mainly s-IgE levels for the 
crude allergen and available relevant allergen components) 
to identify children with MFAs at low risk of anaphylactic 
reaction as a triage approach for performing OFCs in an ofϐice-
based setting. 

Methods
Design 

This was a retrospective single-center study conducted 
in the pediatric allergy center of Armand Trousseau Hospital 
between January 2010 and December 2018. The robustness 
of the algorithm was validated in a prospective study between 
January 2019 and November 2020.

Inclusion criteria: We considered for inclusion all 
children with MFA with at least two IgE-mediated FAs deϐined 
as an anaphylactic accident in real life, and/or a positive open 
OFC, and at least one OFC reactive or non-reactive to another 

allergen. The s-IgE levels for the crude allergen or the relevant 
s-IgE levels for the allergen component, if marketed, had to 
be available for the allergens for which the OFC results were 
predicted.

Exclusion criterion: The exclusion criteria were the 
absence of biological parameters (mainly s-IgE levels 
contemporary of OFC) or s-IgE levels < 0.1 kU/L for the 
allergen tested during OFC and patient treated by omalizumab 
at the time of the OFC.

Parameters collected for each patient were: 

Demographic features: age at ϐirst OFC; gender.

  Atopic comorbidities, i.e., asthma, allergic rhinitis, 
atopic dermatitis and the severity of each comorbidity 
deϐined respectively by Global Initiative for Asthma 
(GINA) guidelines [18], Allergic Rhinitis and its Impact 
of Asthma (ARIA) consensus [19] and Scoring atopic 
dermatitis (SCORAD) [20].

History of FA for each relevant allergen trigger in real 
life: time of reaction; route of allergen (inhaled or 
ingested); threshold of allergen; and severity of FA 
symptoms. Symptom severity was deϐined as follows: 
(1) subjective symptoms as facial itching and/or 
subjective gastrointestinal symptoms (mild abdominal 
pain and/or nausea); (2) mild-to-moderate symptoms 
with one or two associated symptoms including oral 
allergy syndrome, mild gastro-intestinal symptoms, 
conjunctivitis and/or rhinitis, rash, urticarial and/or 
subcutaneous angioedema [21]; (3) severe reactions 
including systemic allergic reaction (symptoms 
involving two organs), laryngeal angioedema, acute
asthma, anaphylactic shock or treatment by intra-
muscular epinephrine [21].

  Biological parameters: total IgE and s-IgE levels for 
the crude allergen and available relevant allergen 
components (Thermoϐischer, Uppsala, Sweden) and 
their kinetics since food eviction. 

In view of the great diversity of protein content accord-
ing to the food ingested (animal origin, vegetable etc.) 
milligrams of food ingested were used to deϐine the 
cumulative eliciting dose (ED) during the OFC. The 
protein content of each food is presented in the Table.

  The OFC result was deϐined by the cumulative ED 
threshold as follows: 

o Non-reactive OFC (1) at a high cumulative ED 
of ≥ 4000 mg of allergen (chosen according to 
appropriate portion for age); (2) at a low cumulative 
ED of < 2000 mg of allergen (to eliminate allergic 
reaction at low dose in current life)

o Reactive OFC (1) at a high cumulative ED of ≥ 2000 
mg; (2) at a low cumulative ED of < 2000 mg.
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• Severity of allergic reaction was evaluated as deϐined 
above. 

We created an algorithm (copyright application ϐiled with 
the Institut National de la Propriété Intellectuelle) based on 
all these parameters except for the OFC results. The algorithm 
was analyzed to determine if it could be used to predict OFC 
result thresholds in a personalized manner. 

The errors (mismatches between the algorithm prediction 
and OFC results) were analyzed in terms of threshold (high 
and low cumulative ED) and severity of allergic reaction 
during OFC. Any error involving a very low cumulative ED 
(< 300 mg) was speciϐically analyzed to identify potentially 
detrimental clinical consequences.

Finally, we deϐined OFC at “low risk” (considered to be 
practicable in an  ofϐice-based setting) and at “high risk” 
(impracticable in an ofϐice-based setting), and as non-reactive 
or reactive OFC without severe allergic symptoms during an 
OFC or reactive OFC with severe symptoms, respectively.

Validation cohort

To validate the robustness of the algorithm, we tested it 
on a validation cohort with the same inclusion and exclusion 
criteria. We identiϐied and analyzed OFC results predicted as 
“low-risk” by the algorithm.

Statistical analysis 

The characteristics of the population were expressed as 
percentages for categorical variables or median values with 
interquartile range (IQR) for continuous variables (total IgE 
levels). We fully describe the algorithm prediction mistakes 
and differentiated objective and subjective reactions and 
the cumulative ED dose. The sensitivity, speciϐicity, positive 
predictive values and negative predictive values for this 
study were calculated with Excel® (Microsoft®) as described 
by Akobeng AK in Acta Paediatr. 2007; 96: 338-41. All the 
statistics were produced by two separate operators. 

Ethics 

This study was conducted according to the reference 
methodology MR-004 with the French Data Protection 
Authority (CNIL) (Authorization no. MR2315120320). All 
the patients or parents had received an information note and 
could oppose the use of their children’s personal data. No 
refusal for participation was received. 

Results
Characteristics of the study population

During the study period, 332 OFCs were reported. Thirty-
seven OFCs with s-IgE levels < 0.1 kU/L were excluded from 
analysis and another 34 because the s-IgE levels for a currently 
marketed allergen component were not available. 

Finally, 261 OFCs performed in 102 patients were included. 

The characteristics of the study population are reported in 
Table 1. Sixty-two of the population overall (61%) were boys, 
and the median age was 9 years (± 2.17). All but ϐive children 
(95%) had at least one allergic comorbidity. 

OFC description

The children underwent an average of three OFCs. Most 
of the OFCs were non-reactive (192/261, 74%). Allergen 
distribution during the OFC is reported in Figure 1. The 
predominant allergens that were reactive during the OFC 
were peanut (6%) and cashew (4%).

Comparison between the algorithm prediction and the 
OFC results

All the algorithm predictions are shown in the Table 2. The 
algorithm correctly predicted reactive OFCs in 33/69 (48%) 
of the patients and non-reactive OFCs in 96/192 (50%). 
Thirty-two of the incorrect predictions (12% of the total 
predictions) were associated with potentially detrimental 
clinical consequences.

Table 1: Characteristics of study population n = 91.
Demographic features

Gender (Male) (n/%) 62/61
Age, years,  median ± SD 9 ± 2.17

Allergic comorbidities 
At least one (n/%) 86/95

Asthmaa (n/%) 73/80
Mild-to-moderate persistent 69/76

Severe persistent 4/4.4
Active atopic dermatitisb (n/%) 28/31

Mild-to-moderate 17/19
Severe 11/12

Allergic rhinitisc (n/%) 55/60
Mild-to-moderate 49/54

Severe 6/7
Food allergy

History of anaphylaxis (n/%) 48/53
History of allergic reaction on inhalation 

of allergen (n/%) 4/4

Biological  parameters 
Total  IgE  median ± SD (kU/L) 585 ± 1740
aaccording to GINA 2019 guidelines18 
bseverity symptoms evaluated with a score of SCORAD19

cas defi ned in ARIA consensus20

Figure 1: Allergen distribution for reactive (n = 69) and non-reactive (n = 192) OFCs: 
One OFC for chicken, sheep, tuna, spinach, lupin, celery, coconut, melon, and 
passion fruit with a negative outcome. One OFC for avocado with a positive outcome.
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Analysis of the 32 errors in OFC prediction with 
potentially detrimental clinical consequences

Among the 32 errors, 29 (91%) had no detrimental 
consequence: 12 (38%) were reactive with subjective allergic 
symptoms including four reactive at very low cumulative ED 
(Table 3); and 17 (53%) were reactive with mild-to-moderate 
symptoms including six reactive at very low cumulative ED 
(Table 3). Finally, only three (9%) of the 32 OFC errors were 
reactive with severe allergic symptoms, among which only 
one (3%) required epinephrine injection (Table 4).

Analysis of prediction of “low-risk” OFC practicable in 
an offi  ce-based setting

The algorithm correctly identiϐied 184 of the 212 (88%) 
“low-risk” OFCs (Table 5). Finally, the algorithm had a 
sensitivity of 87%, a speciϐicity of 44%, a positive predictive 
value of 87%, and a negative predictive value of 44% for the 
prediction of low-risk OFC.

Validation cohort

During the second study period, 132 OFCs were 
identiϐied by the algorithm as “low-risk” in 73 patients. The 
characteristics of this validation cohort are reported in Table 
6. Sixty-one (84%) were boys with a median age of 8.5 years 
(± 3.7). Their clinical characteristics are reported in Table 7. 
The main allergens introduced during the OFCs were brazil 
nut, macadamia nut, and pine nut (Supplemental Figure 1). 

Only two children were reactive during their OFC with 
subjective allergic symptoms (mild and isolated abdominal 
pain for one child, and nonobjective labial edema for the 
other). The algorithm correctly predicted “low-risk” OFCs 
in 130/132 (98%) with a speciϐicity of 98% and a negative 
predictive value of 100%.

Discussion
 The algorithm we introduce here correctly predicted that 

an OFC could be safely managed in an ofϐice-based setting in 
184/212 (88%) of the children with MFA in our population. 
Finally, only three of the incorrect predictions underestimated 
the risk in children who reacted severely to the OFC, and 10 

errors consisted of subjective or mild symptoms at very low 
cumulative ED.

Population characteristics

Our study population had a high rate of history of 
anaphylaxis (53%) and multiple allergic comorbidities 
(95%). In the same manner, Sindher, et al. [22] described a 
cohort of 427 children with MFA who presented a history of 
anaphylaxis and intramuscular epinephrine injection [22]. In 
our study, the allergens tested at hospital were mainly peanut 
(15%) and nuts: almond (14%), pistachio (12%), hazelnut 
(9%) and cashew (7%). Egg and cow’s milk represented only 
5% and 2%, respectively. Most of the OFCs were conducted 
for tree nuts due to cross reactivity between this family and 
peanuts [23,24]. 

Characteristics of OFC results

The rate of reactive OFCs in our population (26%) is 
similar to that found in the literature (17%) with 20% to 40% 
of patients presenting severe reactions or reactions at low 
cumulative ED [15]. In our study, peanuts and cashew were 
the most reactive foods (in number and severity). Sindher, 
et al. [22], in a similar cohort, also found that pecan nuts and 
cashews were the most common reactive OFCs. Furthermore, 
and similarly to our results, no reactive OFC was found with 
almond. 

Algorithm prediction of “low risk” OFC

Although OFC is the gold standard of the diagnosis of FA, 
it is time consuming, costly and stressful. Stress is a major 
cofactor of anaphylaxis and can cause subjective symptoms 
making the OFC outcome difϐicult to interpret. Consequently, 
the PRACTALL guidelines (endorsed by both the EAACI and 
the AAAAI) do not exclude the development of ofϐice-based 
OFCs performed by experienced allergists able to deal with 
an allergic accident: an experienced allergist could assess risk 
factors before beginning the OFC [13,25] and would know that 
the patient should be monitored for 2 hours to detect any case 
of delayed reaction [13,15]. 

The algorithm we present here takes into account multiple 

Table 2: Comparison between the algorithm prediction and oral food challenge results.
OFC1 results

Non-reactive 
OFCa

(> 4000 mg)

Non-reactive OFCa at low cumulative 
EDb (< 2000 mg)

Reactive OFCa at high cumulative 
EDb (≥ 2000 mg)

Reactive OFCa at low cumulative 
EDb (< 2000 mg)

Algorithm prediction
Non-reactive OFCa (> 4000 mg) 66 0 4 7

Non-reactive OFCa at low cumulative 
EDb (< 2000 mg) 0 30 0 0

Reactive OFCa at high cumulative EDb 
(≥ 2000 mg) 73 0 11 21

Reactive OFCa at low cumulative EDb 
(< 2000 mg) 23 0 4  22

aOFC: Oral food challenge.
bED: Eliciting dose.
The algorithm predicts OFC results: correctly (Bold), incorrectly with (italics) or without detrimental consequence (unspecifi ed font)
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factors found in the literature: speciϐic allergen reactivity 
(mentioned above), percentage of cross reactivity especially 
with nuts [26], but also s-IgE levels towards crude allergens 
and allergen components and their kinetics since the eviction 
of food. Biological tools could help to predict OFC results on a 
population scale but not on an individual scale. Dunn Galvin, 
et al. [27] conϐirmed the advantage of biological tools (s-IgE 
levels and/or skin tests) in a population of children with a 
clinical history of anaphylaxis. In a large study (2272 OFCs 

Table 3: Description of errors between the algorithm prediction and subjective and mild-to-moderate objective allergic reaction during oral food challenge

12 errors between the algorithm and subjective allergic reaction during oral food challenge
Very low cumulative ED during OFCa

 Patient 1 Cashew Pharynx itching Antihistamine 

 Patient 2 Cashew Pharynx itching Antihistamine

 Patient 3 Pistachio Pharynx itching Antihistamine

 Patient 4 Pistachio Pharynx itching Antihistamine

 Patient 5 Hazelnut Pharynx itching and mild abdominal pain  Antihistamine

Low cumulative ED during OFCb

 Patient 1 Peanut Pharynx itching and nausea Antihistamine and steroid

 Patient 2 Peanut Nasal, auricular and ocular  itching Antihistamine

 Patient 3 Peanut Nausea and mild abdominal pain  Antihistamine

 Patient 4 Pistachio Pharynx itching  and mild abdominal pain Antihistamine

 Patient 5 Almond Pharynx itching Antihistamine

High cumulative ED during OFCc

 Patient 1 Peanut Pharynx itching Antihistamine

 Patient 1 Hazelnut Pharynx itching None

17 errors between the algorithm prediction and mild-to-moderate objective allergic reaction during oral food challenge
Very low cumulative ED during OFCa

Patient 1 Raw egg Mild gastro-intestinal symptoms Antihistamine 

Patient 2 Cashew OAS¶ Antihistamine 

Patient 3 Pistachio Abdominal pain and mild urticaria None

Patient 4 Hazelnut Rhinitis Antihistamine 

Patient 5 Salmon OAS Antihistamine 

Patient 6 Mustard Mild gastro-intestinal symptoms Antihistamine 

Low cumulative ED during OFCb

Patient 1 Egg OAS Antihistamine and steroid  

Patient 2 Peanut Mild gastro-intestinal symptoms Antihistamine and steroid  

Patient 3 Almond Urticaria None

Patient 4 Cashew Urticaria and mild gastro-intestinal symptoms Antihistamine and steroid  

Patient 5 Cashew Mild gastro-intestinal symptoms Antihistamine and steroid  

Patient 6 Pistachio Urticaria Antihistamine 

Patient 7 Lentils Subcutaneous angioedema Antihistamine 

High cumulative ED during OFCc

 Patient 1 Peanut OAS Antihistamine and steroid  

 Patient 2 Hazelnut OAS and conjunctivitis Antihistamine 

 Patient 3 Macadamia Nut Rhinitis  and conjunctivitis Antihistamine 

 Patient 4 Avocado Rash on face, mild gastro-intestinal symptoms Antihistamine and steroid  
aVery low/bLow/cHigh cumulative eliciting dose (ED) during oral food challenge (OFC): < 300 mg / < 2000 mg / ≥ 2000 mg.  OAS: oral allergy syndrome.

Table 4: Description of 3 errors between algorithm prediction and severe allergic reaction during oral food challenge.
Low cumulative threshold ED during OFCa

Patient 1 Peanut OASc and extensive urticaria and asthma Intravenous antihistamine and intravenous steroid
Two injections of epinephrine

Patient 1 Cashew OAS and gastro-intestinal symptoms Intravenous antihistamine and intravenous steroid
High cumulative threshold ED during OFCb

 Patient 1  Egg OAS and  gastro-intestinal symptoms Oral antihistamine and Intravenous antihistamine and intravenous steroid
aLow/ bHigh cumulative threshold elicting dose (ED) during oral food challenge (OFC): < 2000 mg/> 2000 mg
cOAS: oral allergy syndrome.

Table 5: Comparison between the algorithm prediction of “low risk” and “high risk” 
allergic reaction during oral food challenge.

OFC results
“Low risk OFC”a “High risk OFC”b

Algorithm prediction
“Low risk OFC”a 184 28

“High risk OFC”b 27 22
apossibility or bnot of performing OFC in outpatient medical offi  ce in safety manner 
The algorithm predicts OFC results: correctly (Bold), incorrectly with (italics) or 
without detrimental consequence (unspecifi ed font).
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for cow’s milk, egg, peanuts and wheat) the authors found 
that high s-IgE levels were correlated with a high incidence of 
anaphylaxis [28]. Nevertheless, the PRACTALL guidelines do 
not include a correlation between the s-IgE levels and severity 
of allergic reaction during OFC. Furthermore, it is well known 
that the kinetics of s-IgE levels, age and duration of eviction 
of food allergens could be associated with the severity of 
reaction during OFC [15]. Finally, in our study we found that 
the algorithm’s prediction of “low-risk” OFC was correct 
for 184/212 (88%) OFCs with a high positive predictive 
value (87%) but low negative predictive value (44%). These 
results are better than another retrospective study [29] 
that predicted only 24% of OFC outcomes when taking into 

account age, medical history of reactions, a low ED, a rapid 
reactive outcome, and s-IgE levels [13,29]. 

Improvement of algorithm to ensure safety for “low-
risk” OFC prediction

In our study, the OFC results could be predicted by means 
of s-IgE levels toward the allergen component. This ϐinding 
has already been reported in the literature: s-IgE levels 
toward allergen components were better at predicting OFC 
results than s-IgE levels toward the crude allergen [14]. In 
the future, with the new trends in molecular biology, novel 
s-IgE levels toward allergen components could probably 
improve the algorithm’s prediction. Machine learning could 

Table 6: Characteristics of validation cohort population n = 73.
                                                                                            Demographic features

Gender (Male) (n/%) 61/84
Age, years,  median ± SD 8.5 ± 3.7

                                                                                            Allergic comorbidities 
At least one (n/%) 71/97

Asthmaa (n/%) 48/66
Mild-to-moderate persistent 48/66

Severe persistent /
Active atopic dermatitisb (n/%) 52/71

Mild-to-moderate 52/71
Severe /

Allergic rhinitisc (n/%) 47/64
Mild-to-moderate 28/38

Severe 19/26
                                                                                                     Food allergy

History of anaphylaxis (n/%) 42/58
History of allergic reaction on inhalation of allergen (n/%) 2/3

                                                                                             Biological  parameters 
Total  IgE  median ± SD (kU/L) 637 ± 1111

aaccording to GINA 2019 guidelines18 
bseverity symptoms evaluated with a score of SCORAD19

cas defi ned in ARIA consensus20

Table 7: Comparison of clinical characteristics between study population and validation cohort.
Initial cohort (n = 91) Validation cohort (n = 73) p - value

Demographic features
Gender (Male) (n/%) 62 61 61 84 0.02*

Age, years,  median ± SD 9 2.17 61 84 0.83
                                                    Allergic comorbidities 

At least one (n/%) 86 95 71 97 0.39
Asthma (n/%) 73 80 48 66 0.04*

Mild-to-moderate persistent 69 76 48 66 0.16
Severe persistent 4 4.4

Active atopic dermatitis (n/%) 28 31 52 71 < 0.01*
Mild-to-moderate 17 19 52 71 < 0.01*

Severe 11 12
Allergic rhinitis (n/%) 55 60 47 64 0.6

Mild-to-moderate 49 54 28 38 0.07
Severe persistent 6 7 19 26 < 0.01*

                                                           Food allergy
History of anaphylaxis (n/%) 48 53 42 58 0.54

History of allergic reaction on inhalation of allergen (n/%) 4 4 2 3 0.89
                                                   Biological  parameters 

Total  IgE  median ± SD (kU/L) 585 1740 637 1111 0.32
Values are expressed as numbers or medians [IQ]. p values < 0.05 are boldface for two-groups comparisons of qualitative or quantitative variables by using Chi-square test 
and Student test.
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also probably boost the algorithm’s prediction by including 
patient data and information from medical literature [30]. 
In the ϐield of asthma, some authors are already evaluating 
machine learning to improve patient management and reduce 
exacerbations [31]. 

The perspective of this study was a machine-learning 
technologies that could upgrade the speciϐicity and positive 
predictive value of the algorithm and secondly large cohort of 
MFA to test the validity of the software in real life condition. 
Secondly, to improve the safety of prediction of reactive 
OFCs at a very low cumulative ED, we are planning a study to 
evaluate ofϐice-based OFCs in three consultations: one with a 
very low cumulative ED, a second one with a low cumulative 
ED if the ϐirst was non-reactive, and ϐinally a third one with a 
high cumulative ED if the second was non-reactive [13,15,22], 
as Bird, et al. propose in their peanut challenge protocol paper 
[32].

The algorithm we present here could be interesting in 
“low-risk” situations since it predicted OFC results with very 
good speciϐicity in a validation cohort. These results support 
the performance of algorithm-predicted “low-risk” OFCs in an 
ofϐice-based setting.

Strengths and limits

The main strength of the study is that it was conducted in 
a well characterized cohort of children with MFA. However, 
the OFCs were performed as open label which may have 
led to misinterpretation of subjective symptoms compared 
to double blind OFCs [13,15]. For example, the PRACTALL 
guidelines state that an OFC can be continued in the case of a 
temporary urticaria or if a stressed child vomits [15]. Another 
limit of our study, was that the OFCs were not conducted 
with very high doses (i.e., more than 2200 mg cumulative ED 
reaction). Finally, our study was a retrospective single-center 
study. Nevertheless, the center is a recognized tertiary care 
center and our prospective validation cohort supports the 
algorithm with an excellent speciϐicity. 

Conclusion
Our results are an encouraging step towards practicing 

“low-risk” OFCs in children with MFA in an ofϐice-based 
setting. Nevertheless, the results must be conϐirmed in a 
prospective, double-blind, placebo controlled multicenter 
study with algorithm-based machine learning.
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