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Abstract
Background: The prevalence of food allergies among children is on the rise, presenting with 
a spectrum of severity from mild cases to those resulting in anaphylaxis. 　Ensuring the safe 
progression of home-based food ingestion is essential in managing food allergy. While the 
oral food challenge (OFC) test ideally confirms the threshold and tolerated dose, past findings 
indicated that about 30% of children who passed peanut OFCs experienced peanut-related 
allergic reactions when introducing peanuts at home. 
Objective: It is presumed that the immune reactions occurring within individual patients vary 
in levels according to the situation. To date, no reports have objectively examined these 
conditions. 
Material and Methods: We present the symptoms and validation of an objective biomarker in 
eight pediatric cases during home introduction of food allergens. The urinary Prostaglandin D 
metabolite (PGDM) was measured as a noninvasive biomarker.
Results: Some cases exhibited mild symptoms and elevated urinary PGDM levels during home 
introduction despite ingesting half the dose that confirmed as safe during OFC. 
Conclusion: It underscores the importance of considering individual variability in determining 
food allergy thresholds.
© 2026 Codon Publications. Published by Codon Publications.
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Introduction

The number of children with food allergy (FA) is 
increasing,1,2 with varying degrees of severity ranging from 
mild cases to those exhibiting anaphylaxis. Some children 
experience anaphylaxis even with tiny amounts of caus-
ative food, while others develop mild symptoms, such as 
hives, after ingesting a certain quantity of susceptible 
food. Oral immunotherapy (OIT) is an established thera-
peutic approach for FA.3 Prior to starting OIT, it is common 
to conduct oral food challenge (OFC) test to determine the 
safety dose at home. While OFC ideally confirms the thresh-
old and tolerated dose, past findings indicated that some 
children who passed OFC without symptoms experienced 
allergic reactions when introducing target food at home.4 It 
is presumed that the level of immune reactions occurring 
in individual patient vary with the situation. To date, no 
reports have objectively examined these conditions.

Prostaglandin D2 (PGD2) is produced especially from the 
mast cells involved in allergic reactions and can cause aller-
gic symptoms when released in large amounts. We have 
previously elucidated that urinary PGD metabolite (PGDM) 
levels elevated during immediate FA symptoms, including 
subtle symptoms, with a peak occurring approximately 
4 h after ingestion of causative food.5–9 The urinary PGDM, 
non-invasive and easy to collect, could be useful to assess 
biological variability if causative food is consumed contin-
uously at home. In this report, we present eight pediatric 
cases who underwent OIT at home and observed variations 
in urinary PGDM levels.

Written informed consents from the parents of the 
patients were obtained for the publication of this report.

Case Report

All cases were previously diagnosed with FA and had under-
gone OFC to determine the dose to be consumed at home, 
resulting in no symptoms. Following OFC, urine samples 
were collected prior to and after the introduction of target 
food for two consecutive days at home.　 The urinary PGDM 
concentrations were detected using liquid chromatogra-
phy–tandem mass spectrometer and corrected for 　urinary 
creatinine at the University of Tokyo.5–7

The background of all cases is shown in Table 1. All 
cases had the following immunoglobulin E (IgE)-related 
food allergies: hen’s egg in four cases, milk in three cases, 
and wheat in one case. Case 8 was also suspected to have 
had neonatal food-protein-induced enterocolitis syndrome 
(FPIES), but no FPIES symptoms were observed at >1 year 
of age. All cases were initiated OIT, and these OFCs were 
conducted to determine the increasing dose at home.

The detailed symptoms and levels of urinary PGDM during 
home ingestion are shown in Table 2 and Figure 1. Mild symp-
toms were observed in three cases, despite the dose being 
lower than that administered during the OFC. Statistical 
comparison of day 2 PGDM levels according to the presence 
or absence of symptoms revealed a significant increase in 
cases with symptoms (Mann–Whitney U test; Figure 2).

Case 1 was a 5-year-old girl with a history of allergy 
to cow’s milk since infancy. She passed OFC with 150 mL 
of milk without symptoms. While ingestion of 3-mL milk at 
home caused no symptoms or change in urinary PGDM lev-
els, subsequent ingestion of 75 mL induced mild oral dis-
comfort and a sixfold increase in urinary PGDM, without 
requiring treatment. After 2 years, she tolerated 200 mL 
of milk without objective allergic symptoms but continued 
to report a bitter taste, leading her to limit the intake to 
processed milk products within a tolerable range.

Case 4 was a 6-year-old girl with a history of egg allergy 
since infancy. She tolerated 40 g of boiled egg white during 
an OFC without symptoms. While ingestion of 0.8 g at 
home caused no reaction or PGDM elevation, ingestion of 
20 g on another day resulted in oral discomfort and a four-
fold increase in urinary PGDM. After 1 year, she was able 
to consume one boiled egg and processed egg-containing 
foods without objective symptoms, although occasional 
oral discomfort and mild symptoms occurred, especially 
during periods of poor physical condition.

Case 5 was an 11-year-old boy with egg allergy since 
the age of 2 years. He tolerated 8 g of boiled egg white 
during OFC without symptoms. At home, ingestion of 
0.8 g caused no symptoms or significant change in urinary 
PGDM; however, ingestion of 4 g induced mild abdominal 
pain, soft stools, and a 3.6-fold increase in urinary PGDM. 
Subsequently, he exhibited no notable symptoms, and after 
3 years, was able to consume processed foods equivalent 
to one-quarter of a heated whole egg.

Table 1  Patient characteristics and clinical data prior to oral food challenge (OFC) test.

Case Age (years) Gender Age at onset of  
food allergy

Allergic comorbidities Food Serum IgE level*

1 5 Female 0 y 10 m Asthma, AD, AR Milk Milk 4.96, Casein 3.35
2 12 Female 3 y Asthma, AD, AR Milk Milk 5.94, Casein 4.56
3 9 Male 2 y Asthma, AD, AR Wheat Wheat 1.37, ω5-gliadine 0.11
4 6 Female 0 y 9 m AR Egg white EW: 17.70, OVM: 6.16
5 11 Male 2 y AD Egg white EW: 10.30, OVM: 7.06
6 15 Female 5 y AR Egg white EW: 2.64, OVM: 2.43
7 8 Female 0 y 7 m Asthma, AD, AR Egg white EW: 1.31, OVM: 1.11
8 4 Male 0 y 1 m AD Milk Milk 1.11, Casein 1.12

Notes: *Latest result prior to OFC (Ua/mL). 
EW: egg white; OVM: ovomucoid.
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Cases 2, 3, 6, 7, and 8 showed no symptoms with home 
ingestion, and no significant changes in urinary PGDM lev-
els were observed. All cases continued OIT with the goal of 
achieving remission, undergoing regular OFC and adjusting 
the dose based on their results.

Discussion

We reported eight cases in which urinary PGDM was 
detected during home introduction of allergenic foods. In 
most cases, mild symptoms occurred during home introduc-
tion at doses lower than the negative threshold confirmed 
by OFC, accompanied by fluctuations in urinary PGDM lev-
els. The reference range for urinary PGDM has not been 
established yet. In our previous study, the urinary PGDM 
levels measured 4 h after ingestion during OFC was 1.48 
± 1.11 ng/mg Cre in patient without symptoms and 3.66 
± 3.01 ng/mg Cre in those who presented with only oral 
allergy syndrome (OAS). The urinary PGDM level tended 
to increase with higher symptom grades, reaching 17.11 ± 
12.40 ng/mg Cre in grade 4 reactions. 5 In another study, 
we measured urinary PGDM levels 4 h after a normal meal 
in non-atopic children across different age groups. The uri-
nary PGDM levels were higher in the preschool group, 4.03 
(3.36–5.06) ng/mg Cre, compared to the school-age and 
adult groups 2.37 (1.56–3.10) ng/mg Cre and 1.97 (1.29–2.35) 
ng/mg Cre, respectively. 8 Considering these findings, the 
present results suggest that the three symptomatic cases 
showed a clear increase in urinary PGDM levels, even after 
accounting for age.

If symptoms do not occur during OFC, patients are often 
instructed to consume the same quantity at home. However, 
it was observed from past reports that approximately 30% 
of cases experienced symptoms if consuming the same 
dose at home.4 Past reports addressed that the tolerating 
dose varies day-to-day due to the situation and timing of 
exposure.10–12 Our report does not focus on the observation 
of threshold changes per se but rather on the objective 
demonstration of these variations using urinary biomarkers. 
Mild subjective symptoms in three cases were physical man-
ifestations accompanied by immunological reactions, rather 
than psychological issues. We believe that careful consider-
ation should be afforded in case of determining the dose of 
food to be introduced at home. It is imperative to recognize 
that the threshold and tolerated dose cannot be unequivo-
cally determined solely through OFC results.

Our report has several limitations. Given the small sam-
ple size (n = 8), analyses by food type and dose could not 
be conducted, and the statistical analysis was insufficient. 
However, this report aimed to observe and describe in 
detail and accurately the characteristics of the threshold’s 
fluctuations in a specific population over time in individual 
cases. Future studies with a larger sample size are war-
ranted to allow comparisons that are more comprehensive. 
Additionally, the open methodology was applied for OFC; 
however, we limited the analysis to children exhibiting 
no allergic reactions, ensuring that this approach did not 
influence the assessment of this report. Moreover, although 
PGDM doses are currently available commercially on daily 
basis, we advanced the practical implementation of clinical 
testing by utilizing PGDM markers in urine.Ta
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Figure 1  Level of urinary PGDM prior to and after taking food. (A) On OFC, (B) on day 1 of home introduction, (C) on day 2 of 
home introduction. PGDM: prostaglandin D metabolite; OFC: oral food challenge test.
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Figure 2  Difference in urinary PGDM levels prior to and 
after taking of food on day 2. Comparison of urinary PGDM 
levels between symptomatic and asymptomatic cases. PGDM: 
prostaglandin D metabolite (*Mann–Whitney U test).

Conclusion

To our knowledge, this is the first report to describe symp-
toms and fluctuations in an objective biomarker during 
home ingestion of allergen in FA. Easily measurable uri-
nary PGDM levels could serve as an objective indicator 
to guide dose adjustment when subtle symptoms arise 

during home-based OIT. We hope that this will help readers 
understand the variability of thresholds and lead to more 
appropriate determination of intake quantities at home in 
future.
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