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Clinical ImplicationClinical ImplicationClinical ImplicationClinical Implication    24 

Our study demonstrated early tolerance acquisition in patients with egg 25 

yolk-associated food protein-induced enterocolitis syndrome. We propose the first 26 

evaluation of tolerance acquisition earlier than 12months after diagnosis or the 27 

most recent reaction, and an early introduction of egg white. 28 
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Hen's egg-associated food protein-induced enterocolitis syndrome (FPIES) (hen’s 30 

egg-FPIES) is not a rare disease(1, 2). However, the precise mechanism such as 31 

which part of the egg―the egg white or egg yolk―triggers FPIES and its clinical 32 

course have not been fully understood. Three case reports(3-5) and the most recently 33 

published case series(6) have described the characteristics of patients with egg 34 

yolk-associated FPIES (egg yolk-FPIES). Shimomura(3) and Toyama(6) 35 

demonstrated that egg yolk-FPIES is distinctly triggered by egg yolk but not by egg 36 

white, and that it is the main form of hen’s egg-FPIES. However, its clinical course, 37 

especially with respect to the age of tolerance acquisition, is still not fully 38 

elucidated. Here, we report the characteristics and clinical courses of patients with 39 

egg yolk-FPIES and discuss better practices of managing the disease. 40 

Fourteen patients with egg yolk-FPIES, treated at Sendai Medical Center from 41 

April 2014 to January 2019, were enrolled in this study. We investigated the clinical 42 

symptoms, blood test results, tolerability to egg white, and tolerance acquisition of 43 

egg yolk in these patients. The protocol of the oral food challenge (OFC) and 44 

measuring laboratory data were described in the Online Repository. This study was 45 

approved by the ethics committee of Sendai Medical Center (approval number: RIN 46 

30-2).  47 
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Of the 14 patients with egg yolk-FPIES, 8 (57.1%) met the criteria of 48 

international consensus guidelines(7), and the other 6 (42.9%) were diagnosed based 49 

on positive OFC results exhibiting delayed abdominal reactions after consuming 50 

egg yolk. The patients' characteristics are summarized in Table 1. The median ages 51 

at onset and diagnosis were 8 [interquartile range (IQR): 8–9] and 10.5 (IQR: 9–12) 52 

months, respectively. At a median of 7.5 months (IQR: 6.0–11.5) after complete 53 

elimination of egg yolk, 13 patients underwent an egg yolk OFC for the evaluation 54 

of tolerance acquisition and one patient attempted to consume egg yolk at home 55 

(Figure 1). Nine of 14 patients (64.3%) tolerated the full dose of boiled egg yolk by 56 

the median age of 18 months (range: 12–24) [early tolerance acquisition (ET) group] 57 

and at a median of 7 months after complete elimination. They could subsequently 58 

consume a whole egg yolk at home. Five patients (35.7%) did not pass the first OFC 59 

and were required to continue the complete elimination of egg yolk [non-early 60 

tolerance acquisition (non-ET) group]. A median age of 14 months after the first 61 

failed OFC (IQR: 10.8–20.3, range: 7–33), four of them underwent a second OFC, 62 

but all of them failed the OFC again (Figure 1). We compared the clinical 63 

characteristics and laboratory data of 9 patients in the ET group with those of 5 64 

patients in the non-ET group (Table E1). The proportion of male patients (55.6%) in 65 
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the ET group was significantly higher than that (0%) in the non-ET group (p<0.05, 66 

chi-square test). Between the ET and non-ET groups, there were no significant 67 

differences in the rates of egg yolk-specific- IgE positivity. These results are 68 

different from those reported previously(2) which indicated that patients with 69 

atypical FPIES are more likely to have a persistent disease. Further studies are 70 

needed to clarify the factors influencing patient prognosis.  71 

In our study, 64.3% of the patients achieved remission by the age of 2 years at a 72 

median of 7 months after diagnosis or the most recent reaction. Tolerance of egg 73 

yolk in children with egg yolk-FPIES in our cohort was achieved early childhood, 74 

similar to reported resolution rates in cow's milk- and soy-associated FPIES(8, 9). 75 

Therefore, we suggest that the duration from the most recent reaction to the first 76 

egg yolk OFC for tolerance evaluation should be set between 6 and 12 months, 77 

which is earlier than that recommended in the United States (12 to 18 months)(7). 78 

In contrast, most patients in the non-ET group failed the series of OFCs, and some 79 

of them were compelled to undergo long-term elimination. Thus, if the first OFC is 80 

positive, then it is better to set a longer interval than the recommended 12 to 18 81 

months in the subsequent OFC. 82 

Egg white OFCs were performed before tolerance acquisition of egg yolk in 5 83 
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patients who consented to the plan (Group 1). If not, the OFCs were performed 84 

after tolerance acquisition of egg yolk (Group 2). In both groups, no patients 85 

exhibited any delayed abdominal reactions to egg white (Table E2). A total of three 86 

patients with positive egg white-specific IgE exhibited immediate reactions to 87 

boiled egg white in the OFCs. The other 11 patients could pass the OFCs and 88 

increase the amount of egg white consumed at home except for one patient, with 89 

positive IgE, exhibiting urticaria after consuming an insufficiently heated whole 90 

egg product at home. 91 

Similar to the previous reports(3, 6), no FPIES responses to egg white occurred 92 

among the patients with egg yolk-FPIES in the present study. The reactions caused 93 

by egg white were only immediate reactions in the patients who tested positive for 94 

egg white-specific IgE. This finding indicates that a large proportion of patients 95 

with egg yolk-FPIES, especially those who test negative for egg white-specific IgE, 96 

can consume egg white safely.   97 

The limitation of this study was that there were differences in each patient’s 98 

timing when the OFC was performed to evaluate the tolerance acquisition to egg 99 

yolk. A targeted study to determine firm resolution is needed. 100 

In conclusion, our study demonstrates that approximately two-thirds of the 101 
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patients with egg yolk-FPIES achieved tolerance by the age of 2 years at a median 102 

of 7 months after diagnosis or the most recent reaction. This was earlier than the 103 

recommended timing of OFCs of 12 to 18 months. To avoid unnecessary elimination 104 

of hen’s egg in patients with egg yolk-FPIES, we suggest an earlier evaluation of 105 

tolerance acquisition based on OFCs and the introduction of egg white. 106 

 107 
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Title of Table1: Characteristics of the patients with egg yolkTitle of Table1: Characteristics of the patients with egg yolkTitle of Table1: Characteristics of the patients with egg yolkTitle of Table1: Characteristics of the patients with egg yolk----FPIESFPIESFPIESFPIES  144 

Total, n 14 

Male, n (%) 5 (35.7) 

Onset, month 8 (8 - 9) 
† 

Diagnose, month 10.5 (9 - 12) † 

Median dose of boiled egg yolk for evoking symptoms, 

gram 

5 (2 - 7.5) 
† 

Family history of atopic disease, n (%) 3 (21.4) 
† 

Past history of allergy disease  

  Atopic disease, n (%) 8 (57.1) 

  Food allergy, n (%) 0 (0) 

Past normal consumption of egg yolk, n (%) 12 (85.7) 

Vomiting after consumption of other foodsΨΨΨΨ, n (%) 3 (21.4) 

Symptoms  

  Delayed vomiting, n (%) 14 (100) 

  Diarrhea, n (%) 2 (14.3) 

  Fever, n (%) 4 (28.6) 

  Gross bloody feces, n (%) 0 (0) 

  Pallor, n (%) 4 (28.6) 

  Hypovolemic shock, n (%) 1 (7.1) 

Laboratory findings  

  Total IgE (IU/ml) 35.03 (6.7 - 44.5) 
† 

  Eosinophils count, per microliter of blood 204 (5.7 - 41) 
† 

  Platelets count, per microliter of blood 34.6 (30.4 - 53.2) 
† 

Positivity and titer of specific IgE at diagnosis  

  Egg yolk, n (%) 5 (35.7) ¶ 

  Titer of egg yolk specific IgE, (kUA/L)  1.15 (0.94 – 1.68) 
¶ 

  Egg white, n (%) 6 (42.9) 

  Titer of egg white specific IgE, (kUA/L) 5.87 (2.47 – 10.55) 

  Ovomucoid, n (%) 5 (35.7) 

  Titer of ovomucoid specific IgE, (kUA/L) 0.46 (0.13 – 1.60) 

SI of egg yolk ALST 5.31 (2.97 - 5.42) 
†‡ 

 145 

SI, Stimulation index; ALST, allergen-specific lymphocyte stimulation test 146 

Ψ Offending foods are fish, wheat, and both milk and fish in each patients (not 147 
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validated as FPIES based on an OFC).†, Values are shown as median (interquartile 148 

range); ¶, This date was shown as percentage per 13 patients; ‡ The date from 10 149 

patients is shown  150 
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Figure legendFigure legendFigure legendFigure legend    151 

Figure 1. Flow chart for evaluating the patients with egg yolk-FPIES. 152 
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Oral food challenge Oral food challenge Oral food challenge Oral food challenge     

OFCs were performed openly under the physicians’ supervision at Sendai 

Medical Center. The administered dose of well-boiled egg yolk was approximately 5 

g (ranging from 0.5 to 15 g, where a whole egg yolk was defined as 15g) for each 

patient. The food was administered at once or divided into 3 portion (1/10, 3/10, and 

the rest) with 30-minute’ intervals. After the diagnosis of egg yolk-FPIES, the 

patients continued complete elimination of egg yolk, and 5 of them underwent egg 

white OFCs before tolerance acquisition of egg yolk. Several months after diagnosis 

or the most recent reaction, tolerance acquisition of egg yolk was evaluated based 

on OFCs. OFCs were considered positive for FPIES if delayed abdominal reactions 

were observed. If immediate reactions occurred, the results of the OFCs were 

regarded as positive for a conventional IgE-dependent food allergy. If no reaction 

was observed, the amounts of hen’s egg were gradually increased at home. The 

definition of tolerance acquisition of egg yolk was the ability to consume a whole 

boiled egg yolk in this study.   

 

Measurement of serumMeasurement of serumMeasurement of serumMeasurement of serum----specific IgE, and the allergenspecific IgE, and the allergenspecific IgE, and the allergenspecific IgE, and the allergen----specific lymphocyte specific lymphocyte specific lymphocyte specific lymphocyte 
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stimulation teststimulation teststimulation teststimulation test    

Each serum-specific IgE (sIgE) level of egg yolk, egg white, and ovomucoid was 

measured using the ImmunoCAP assay system (Thermo Fisher Scientific, Uppsala, 

Sweden) and defined as positive for sIgE levels higher than 0.35 kUA/L. The 

allergen-specific lymphocyte stimulation test (ALST) was conducted, and the 

results of which were commercially measured by SRL Inc. (Tokyo, Japan) using 

crude boiled egg yolk extract.  The stimulation index (SI) was measured and 

presented as a ratio of scintillation counts of egg yolk-stimulated mononuclear cells 

to those of non-stimulated cells. 
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Title of Table ETitle of Table ETitle of Table ETitle of Table E1111: Comparison of early and non: Comparison of early and non: Comparison of early and non: Comparison of early and non----early tolerance acquisition groupsearly tolerance acquisition groupsearly tolerance acquisition groupsearly tolerance acquisition groups.   

    ET group (n=9) non-ET group (n=5) P value 

Median age undergoing 1st OFC 

for tolerance evaluation, month 

18 24 0.364† 

Median duration§ of elimination 

diet to 1st OFC for tolerance 

evaluation, month 

7 8 0.282† 

Male, n 5 0 0.038‡ 

Onset, month 9 8 0.059† 

Diagnosis, month 10 14 0.502† 

Family history of AD, n 2 2 0.481‡ 

Past history    

  AD, n 5 3 0.872‡ 

  Food allergy, n 0 0 NA 

FPIES with multiple trigger, n 1 2 0.207‡ 

Eosinophils, counts Ψ 170 300 0.384† 

Platelet, countsΨ 35.4 32.5 0.589† 

Total IgE, IU/ml 25 9 0.386† 

Positive with Egg yolk specific 

IgE at diagnosis, n 

4 1 0.360‡ 

Median SI of egg yolk ALST 3.07 7.00 0.053† 

 

ET group, early tolerance acquisition group; non-ET group, non-early tolerance 

acquisition group; OFC, oral food challenge; AD, atopic dermatitis; FPIES, food 

protein induced enterocolitis syndrome; SI, stimulation index; ALST, 

allergen-specific lymphocyte stimulation test ; NA, not applicable 

§duration from diagnosis or the most recent reaction to 1st OFC for evaluating 

tolerance; Ψper microliter of blood; †Mann-Whitney U test; ‡Chi-square test; 

¶n=7 (ET group), n=3 (non-ET group)    
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Title of Table ETitle of Table ETitle of Table ETitle of Table E2222; Introduction of egg white in; Introduction of egg white in; Introduction of egg white in; Introduction of egg white in    the patients with egg yolkthe patients with egg yolkthe patients with egg yolkthe patients with egg yolk----FPIESFPIESFPIESFPIES    

 

¶ Each patients in Group 1 don’t include those in Group 2. Ψ The titer which was measured most recently in the egg white OFC was 

shown. § In this patient, egg white was introduced at home.    

Patients¶ 

 

Age undergoing egg 

white OFC (month) 

Titer of egg white specifc 

IgE (kUA/L)Ψ 

Administered dose of 

boiled egg white (g) 

Immediate reaction FPIES reaction 

Group 1 (n=5) 

#1 24 <0.35 2 (-) (-) 

#2 24 <0.35 2 (-) (-) 

#3 32 3.26 2 rash, abdominal pain (-) 

#4 36 7.09 2 (-) (-) 

#5 57 99.7 0.5 cough, wheezing (-) 

Group 2 (n=9) 

#6 16 11.7 2 (-) (-) 

#7 16 <0.35 2 (-) (-) 

#8 16 <0.35 2 (-) (-) 

#9 18  4.64 1 urticaria (-) 

#10 21 15.8 2 (-) (-) 

#11 21 <0.35 2 (-) (-) 

#12 28 <0.35 2 (-) (-) 

#13 40 <0.35 2 (-) (-) 

#14 70 <0.35 Not measured§ (-) (-) 
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