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Abstract: We describe the case of a 1-year-old girl with food protein-induced enteropathy (FPE)
that was difficult to diagnose. She was referred to our hospital with a 3-month history of diarrhea,
vomiting, and weight loss. Although her diarrhea improved after a few days of fasting, oral intake of
elemental diets, formula milk, or rice porridge resulted in repeated relapses. The serum IgE level was
1028 IU/mL, and radioallergosorbent tests were positive for milk, casein, alpha-lactalbumin, and
other allergens. A histopathology of the duodenal mucosa revealed loss of mucosal villous structure,
crypt hyperplasia, crypt apoptosis, and lymphocyte and eosinophil infiltration (<20 eos/hpf) into
the lamina propria. After prednisolone (PSL) therapy and the complete removal of cows” milk and
chicken eggs from her diet, the patient’s diarrhea disappeared. Five months after discontinuing
oral PSL and complete removal of cows” milk and chicken eggs, the duodenum exhibited normal
mucosal villous structure and well-differentiated ducts. No abnormalities were observed in the
egg rechallenge; however, diarrhea recurred after the cows’ milk rechallenge. Thus, histopathologic
examination of the gastrointestinal mucosa is useful for diagnosing FPE similar to oral food challenges,
and re-evaluation after elimination diet therapy may be beneficial to rule out other diseases.

Keywords: food protein-induced enteropathy; food protein-induced enterocolitis syndrome; oral
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1. Introduction

Non-immunoglobulin E (IgE)-mediated gastrointestinal food allergies (non-IgE-GIFAs)
and eosinophil gastrointestinal disorders (EGIDs) are collectively referred to as gastrointesti-
nal allergies. Gastrointestinal allergies are allergic reactions with gastrointestinal symptoms
and are classified into three types: IgE-dependent, non-IgE-dependent, and mixed with
both properties. Normal immediate food allergies are IgE-dependent, non-IgE-GIFAs are
not IgE-dependent, and EGIDs belong to the mixed gastrointestinal allergy group [1-4].

Non-IgE-GIFAs are classified as food protein-induced enterocolitis syndrome (FPIES),
food protein-induced allergic proctocolitis (FPIAP), and food protein-induced enteropathy
(FPE) [5-7]. FPIES can be subclassified into chronic FPIES that develops by ingesting daily
allergens, which are common in Japan and South Korea; classical type in which the specific
IgE is not detected; and atypical type in which the specific IgE is detected [1,2]. There are
no clear diagnostic criteria for FPIAP and FPE [5].

Herein, we describe an infant case of FPE that was difficult to diagnose. Improvement
in the gastrointestinal mucosal pathology after removal of the causative food, based on
esophagogastroduodenoscopy (EGD) findings, facilitated the diagnosis.

2. Case Report

A 1-year-old girl was referred to our hospital with a 3-month history of diarrhea and
weight loss. She was fed a mixed diet (breast and formula milk) from birth, beginning
with rice and soybeans at 6 months and progressing to cows’ milk, wheat, and chicken
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eggs (yolk and white) at 8 months. She did not develop anaphylactic symptoms with
formula milk and cows’ milk intake. There were no accompanying signs and symptoms
related to other organs, such as mild eczema, skin dryness, or frequent upper respiratory
tract infection due to cows’ milk allergy. Neither she nor anyone in her family had al-
lergic diseases, such as atopic dermatitis or asthma. At 9 months of age, she developed
vomiting, diarrhea, and anorexia; her previous diagnosis was infectious gastroenteritis
and postenteritis syndrome. One month before her transfer to our hospital, she was ad-
mitted to the previous hospital because her symptoms did not improve for two months,
and her weight loss progressed. During the 2 months prior to her admission, her diet
was unrestricted. Although her vomiting improved after a few days of fasting, oral in-
take of elemental diets, formula milk, or rice porridge resulted in repeated diarrheas.
Upon admission to our hospital, her physical examination revealed the following: height,
69.0 cm (standard deviation [SD] —2.2); bodyweight, 6641 g (SD —2.8), 999 g lesser than
the weight measured 3 months ago; body temperature, 37.1 °C; heart rate, 96 beats per
minute; and blood pressure, 88/50 mmHg. Her blood test results were as follows: white
blood cell count, 16,900/mL (normal range [NR]: 7000-15,000); eosinophil percentage, 2.0%
(NR: <5.6); hemoglobin, 9.9 g/dL (NR: 13.7-16.8); and platelet count, 679 x 103 cells/mL.
Her laboratory test findings were as follows: total protein, 6.4 g/dL (NR: 6.8-8.1); al-
bumin, 3.9 g/dL (NR: 4.1-5.1); aspartate aminotransferase, 35IU/L (NR:20-45); ala-
nine aminotransferase, 17 IU/L (NR: 4-24); blood urea nitrogen, 7.4 mg/dL (NR: 8-20);
C-reactive protein, 0.47 mg/dL (NR: <0.03); sodium, 135 mEq/L (NR: 137-147); potas-
sium, 3.6 mEq/L (NR3.6-5.2); bicarbonate, 19.1 mmol/L (NR: 21.0-27.0); and lactic acid,
21 mg/dL (NR: 4-16). At this time, a sufficient number of calories, amino acids, and fat was
being administered intravenously. The serum IgE level was 1028 IU/mL (NR < 30), and
radioallergosorbent tests were positive for milk (63.7 UA/mL class 5), casein (9.8 UA/mL
class 3), alpha-lactalbumin (51.6 UA/mL class 5), egg white (58.8 UA/mL class 5), egg
yolk (10.8 UA/mL class 3), ovomucoid (13.2 UA/mL class 3), wheat (14.5 UA/mL class 3),
and soybean (1.3 UA/mL class 2). Skin prick tests were not performed to confirm the
results of specific IgE test. Immunoglobulin (Ig) levels (IgG, 954 [NR 357-989] and IgM,
89 [NR 29-190]) and lymphocyte subset ratios were normal. Fecal eosinophil tests were
negative, and no infection was detected in stool culture tests. Stool adenovirus, rotavirus,
and norovirus antigen tests were negative.

Imaging and endoscopy examinations were performed to determine the cause of the
prolonged diarrhea. Abdominal computed tomography and ultrasound examinations revealed
no abnormalities in the small intestine; the large intestine was dilated but no wall thickening
was observed, suggesting nonspecific enteritis. An EGD showed no macroscopic abnormalities
from the esophagus to the duodenum. However, histopathology of the duodenum mucosa
revealed the loss of mucosal villous structure, crypt hyperplasia (Figure 1A,B), crypt apoptosis
(Figure 1C), and lymphocyte and eosinophil infiltration (<20 eos/hpf) into the lamina propria,
with partially formed crypt abscesses (Figure 1D). Total colonoscopy showed no abnormal
macroscopic findings; however, histopathology of the colonic mucosa revealed erosion of the
mucous membranes; cryptitis with decreased goblet cells, fibrosis, plasma cells, and lymphocytes;
and some eosinophil infiltration (<20 eos/hpf) into the lamina propria. These findings were
similar to the findings in the duodenum mucosa.

Autoimmune enteropathy and inflammatory bowel disease (IBD) were suspected; there-
fore, additional tests were performed. Antiautoimmune enteropathy-related 75 kDa antigen [8]
and anti-villin antibodies [9] were absent and no significant pathogenic variants were found
in 25 genes (covered by public insurance in Japan) related to monogenic IBD and immunodefi-
ciency, polyendocrinopathy, enteropathy X-linked (IPEX) syndrome. EGID was considered in the
differential diagnosis, but a diagnosis of FPE was finally suspected based on the characteristics of
the gastrointestinal mucosa, such as atrophy of small intestinal mucosal villi, crypt hyperplasia,
eosinophil infiltration below the EGID diagnostic criteria (<20 eos/hpf), and lymphocyte infiltra-
tion. Her peripheral blood eosinophil count was also not elevated. Chronic atypical (positive
for specific IgE) non-IgE-GIFA was suspected (7). Her diarrhea disappeared after prednisolone
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(PSL) therapy (1 mg/kg) and the complete removal of formula milk, cows’ milk, and chicken
eggs from her diet. No relapse occurred even after discontinuing PSL one month later. Adverse
effects due to long-term treatment with PSL, such as hypertension, did not occur. Five months
after discontinuing oral PSL and the complete removal of formula milk, cows’ milk, and chicken
eggs, duodenal histopathology revealed normal mucosal villous structure and well-differentiated
ductal arrangement (Figure 2A,B). Three months after the second EGD, she resumed eating
chicken eggs without experiencing gastrointestinal symptoms such as diarrhea and vomiting;
however, 3 months later, her symptoms, including abdominal pain and diarrhea, relapsed within
days of resuming cows’” milk consumption. Based on the abovementioned findings, FPE was
diagnosed, with cows’ milk suspected to be the allergen source. At 2 years and 3 months, her
height had improved to 81.5 cm (SD —1.4) and her weight to 11.4 kg (SD +0.33) without the
occurrence of gastrointestinal symptoms.

(A)

Figure 1. Pathologic findings in the gastrointestinal mucosa at diagnosis. Loss of mucosal villous
structure, crypt hyperplasia (A,B), crypt apoptosis (C), and lymphocyte and eosinophil infiltration
into the lamina propria were observed (D).

®)
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—

Figure 2. After 5 months of elimination diet therapy, pathologic findings in the gastrointestinal mucosa
showed restored normal mucosal villous structure with well-differentiated ductal arrangement (A,B).



Pediatr. Rep. 2022, 14

383

3. Discussion

Diagnosis of non-IgE-GIFAs is difficult for the following reasons: (1) non-IgE-GIFAs
are mainly caused by cows’ milk; however, rice, soybeans, wheat, chicken eggs, allergens
in maternal diet transmitted through the consumption of breast milk, and other allergens
can also cause non-IgE-GIFAs; (2) the causative food cannot be estimated from the specific
IgE antibody, as non-IgE-GIFAs is not IgE-dependent; (3) 30% of non-IgE-GIFAs are also
positive for specific IgE similar to IgE-dependent immediate food allergies; and (4) no clear
diagnostic criteria for FPIAP and FPE exist. In the present case, the specific IgE antibodies
were also positive for foods other than milk. The gastrointestinal mucosal findings obtained
using EGD before and after elimination diet therapy were helpful in making the diagnosis.

Non-IgE-GIFAs may not be fully diagnosed [6], and the actual diagnosis relies on the
recognition of symptom patterns in FPIAP and FPIES and biopsies in FPE. No accepted
diagnostic criteria are available for FPE and FPIAP. However, some elements routinely
used in clinical practice support the diagnosis of these diseases according to international
consensus guidelines [1]. FPE presents in young infants (<9 months) with typical symptoms
of vomiting and intestinal malabsorption. In addition, a biopsy suggestive of FPE helps
confirm this diagnosis [5,10]. In FPIAP, the causative association between rectal bleeding
and antigenic food must be established with a resolution of symptoms upon elimination of
the offending foods and, preferably, with the documented recurrence of symptoms when
foods are re-introduced [11]. Furthermore, other causes of hematochezia, such as anal
fissures, must be excluded [7].

FPE causes diarrhea that lasts for more than 2 weeks, leading to poor weight gain and
stunted growth due to digestive and absorptive disorders. The pathologic findings for FPE
are well known, and histologic findings such as atrophy of small intestinal mucosal villi,
crypt hyperplasia, and lymphocyte infiltration are useful for diagnosis. These features were
observed in the present case. In contrast, EGIDs are characterized by extensive eosinophilic
inflammation and mast cell infiltration [12]. In the clinical setting, non-IgE-GIFAs may
be misdiagnosed because this is primarily a clinical diagnosis [13], and the symptoms
do not appear immediately after ingesting the causative food antigen. However, in the
present case, histopathologic evaluation of the gastrointestinal mucosa helped establish
her condition, and the restoration of villous structures after milk elimination diet therapy
confirmed the diagnosis. The elimination diet was very helpful in distinguishing allergic
diseases such as non-IgE-GIFAs and EGIDs from nonallergic diseases such as monogenic
IBD and IPEX syndrome. This is because the elimination diet alone cannot be expected to
improve disease findings in nonallergic diseases. Villous atrophy is often also observed
in celiac disease and microscopic enterocolitis; however, in the present case, abnormal
findings were not limited to the duodenum, which is characteristic of celiac disease, and in
microscopic enteritis, diarrhea did not improve dramatically with only short-term steroids
and an elimination diet. Thus, celiac disease and microscopic enteritis were ruled out.

In allergic diseases, removal of the causative antigen facilitates both diagnosis and
treatment. Elimination diet therapies have not been established for non-IgE-GIFAs; there-
fore, it is difficult to assess improvements in gastrointestinal symptoms with these therapies.
Elimination of the offending food significantly improves emesis and diarrhea within a few
hours in patients with acute FPIES and within days in those with chronic FPIES. Visible
blood in the stool resolves within a few days in patients with FPIAP. However, in patients
with FPE, symptoms usually resolve in 1-4 weeks [5]. The variable time to recovery makes
it difficult for clinicians to assess the effectiveness of the elimination diet. Moreover, oral
food challenges (OFCs) in allergic disorders involve ethical issues, and universal agreement
on the optimal method to perform OFCs in non-IgE-GIFAs is currently lacking [14]. OFCs
represent the gold standard in confirming the diagnosis of FPIES and are particularly
important in preventing the misdiagnosis of other common gastrointestinal diseases in
infancy. However, OFC for suspected FPIES is considered a high-risk procedure [7]. As
with OFC, which is the gold standard for the diagnosis of non-IgE-GIFAs, endoscopic
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pathologic findings before and after the administration of an elimination diet may also be
useful in the absence of an established method for non-IgE-GIFAs at present.

With regard to the present case, we should be careful about her elevated IgE levels
when diagnosing FPE. Approximately 30% of non-IgE-GIFAs are known to be positive
for specific IgE [1]. In the present case, the patient’s OFC was unresponsive to chicken
eggs but reacted to cows’” milk days rather than hours after ingestion, implying a non-IgE-
dependent rather than an immediate allergic reaction. In addition, her FPE did not respond
to the elimination diets and hydrolyzed milk at the previous hospital, and she experienced
repeated diarrhea symptoms. This was thought to be because the period until the start of
formula milk administration was too short, i.e., only a few days.

If a restricted diet method has not been established, pathologic evaluation by EGD
in infants may be necessary for distinguishing between allergic and nonallergic diseases.
Even though EGD is invasive, the procedure may be necessary for eliminating unnecessary
testing and surgical interventions [15]. In conclusion, the pathologic findings of the gas-
trointestinal mucosa are useful for diagnosing FPE, and re-evaluation after elimination diet
therapy is effective in differentiating FPE from other diseases.

Author Contributions: Conceptualization, T.K.; data curation, T.K. and R.F.; formal analysis, T.K.
and R.F; writing—original draft preparation, TK. and R.F. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval of study on human participants
in accordance with the local legislation and institutional requirements was not required in this case.

Informed Consent Statement: Written informed consent for participation in this study was provided
by the patient’s legal guardian.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the outpatient nurses and medical support staff
of their hospital. The authors would also like to thank the patient’s family for providing consent and
granting permission for the drafting and publication of this case report.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Nowak-Wegrzyn, A.; Chehade, M.; Groetch, M.E.; Spergel, ].M.; Wood, R.A.; Allen, K.; Atkins, D.; Bahna, S.; Barad, A.V.; Berin,
C.; et al. International Consensus Guidelines for the Diagnosis and Management of Food Protein-Induced Enterocolitis Syndrome:
Executive Summary-Workgroup Report of the Adverse Reactions to Foods Committee, American Academy of Allergy, Asthma &
Immunology. J. Allergy Clin. Immunol. 2017, 139, 1111-1126.e4. [CrossRef] [PubMed]

Yamada, Y. Unique Features of Non-IgE-Mediated Gastrointestinal Food Allergy during Infancy in Japan. Curr. Opin. Allergy
Clin. Immunol. 2020, 20, 299-304. [CrossRef] [PubMed]

Nowak-Wegrzyn, A.; Berin, M.C.; Mehr, S. Food Protein-Induced Enterocolitis Syndrome. J. Allergy Clin. Immunol. Pract. 2020,
8,24-35. [CrossRef] [PubMed]

Leonard, S.A.; Nowak-Wegrzyn, A. Food Protein-Induced Enterocolitis Syndrome. Pediatr. Clin. N. Am. 2015, 62, 1463-1477.
[CrossRef]

Nowak-Wegrzyn, A.; Katz, Y.; Mehr, S.S.; Koletzko, S. Non-IgE-Mediated Gastrointestinal Food Allergy. J. Allergy Clin. Immunol.
2015, 135, 1114-1124. [CrossRef] [PubMed]

Caubet, ].C.; Szajewska, H.; Shamir, R.; Nowak-Wegrzyn, A. Non-IgE-Mediated Gastrointestinal Food Allergies in Children.
Pediatr. Allergy Immunol. 2017, 28, 6-17. [CrossRef] [PubMed]

Labrosse, R.; Graham, E; Caubet, ].C. Non-IgE-Mediated Gastrointestinal Food Allergies in Children: An Update. Nutrients 2020,
12,2086. [CrossRef] [PubMed]

Chida, N.; Kobayashi, I. Difference in Target Antigens between Central Tolerance and Peripheral Tolerance Deficiencies. Nihon
Rinsho Meneki Gakkai Kaishi 2015, 38, 142-149. [CrossRef] [PubMed]

Chida, N.; Kobayashi, I.; Takezaki, S.; Ueki, M.; Yamazaki, Y.; Garelli, S.; Scarpa, R.; Horikawa, R.; Yamada, M.; Betterle, C.; et al.
Disease Specificity of Anti-tryptophan hydroxylase-1 and Anti-AIE-75 Autoantibodies in APECED and IPEX Syndrome. Clin.
Immunol. 2015, 156, 36—42. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jaci.2016.12.966
http://www.ncbi.nlm.nih.gov/pubmed/28167094
http://doi.org/10.1097/ACI.0000000000000642
http://www.ncbi.nlm.nih.gov/pubmed/32195674
http://doi.org/10.1016/j.jaip.2019.08.020
http://www.ncbi.nlm.nih.gov/pubmed/31950904
http://doi.org/10.1016/j.pcl.2015.07.011
http://doi.org/10.1016/j.jaci.2015.03.025
http://www.ncbi.nlm.nih.gov/pubmed/25956013
http://doi.org/10.1111/pai.12659
http://www.ncbi.nlm.nih.gov/pubmed/27637372
http://doi.org/10.3390/nu12072086
http://www.ncbi.nlm.nih.gov/pubmed/32674427
http://doi.org/10.2177/jsci.38.142
http://www.ncbi.nlm.nih.gov/pubmed/26213192
http://doi.org/10.1016/j.clim.2014.10.010
http://www.ncbi.nlm.nih.gov/pubmed/25463430

Pediatr. Rep. 2022, 14 385

10.

11.

12.

13.

14.

15.

Iyngkaran, N.; Robinson, M.J.; Prathap, K.; Sumithran, E.; Yadav, M. Cows” Milk Protein-Sensitive Enteropathy. Combined
Clinical and Histological Criteria for Diagnosis. Arch. Dis. Child. 1978, 53, 20-26. [CrossRef] [PubMed]

Meyer, R.; Chebar Lozinsky, A.; Fleischer, D.M.; Vieira, M.C.; Du Toit, G.; Vandenplas, Y.; Dupont, C.; Knibb, R.; Uysal, P;
Cavkaytar, O.; et al. Diagnosis and Management of Non-IgE Gastrointestinal Allergies in Breastfed Infants-An EAACI Position
Paper. Allergy 2020, 75, 14-32. [CrossRef] [PubMed]

Chen, P.H.; Anderson, L.; Zhang, K.; Weiss, G.A. Eosinophilic Gastritis/Gastroenteritis. Curr. Gastroenterol. Rep. 2021, 23, 13.
[CrossRef] [PubMed]

Barni, S.; Vazquez-Ortiz, M.; Giovannini, M.; Liccioli, G.; Sarti, L.; Cianferoni, A.; Mori, F. Diagnosing Food Protein-Induced
Enterocolitis Syndrome. Clin. Exp. Allergy 2021, 51, 14-28. [CrossRef] [PubMed]

Nicolaides, R.; Bird, J.A.; Cianferoni, A.; Brown-Whitehorn, T.; Nowak-Wegrzyn, A. Oral Food Challenge for FPIES in Practice-A
Survey: Report from the Work Group on FPIES within the Adverse Reactions to Foods Committee, FAED IS, AAAAL J. Allergy
Clin. Immunol. Pract. 2021, 9, 3608-3614.e3601. [CrossRef] [PubMed]

Kataoka, D.; Iwatani, S.; Tanaka, Y.; Yoshida, M.; Yoshimoto, S. Histopathological Evaluation of Food Protein-Induced Enterocolitis
Syndrome. Pediatr. Int. 2021, 63, 1384-1386. [CrossRef] [PubMed]


http://doi.org/10.1136/adc.53.1.20
http://www.ncbi.nlm.nih.gov/pubmed/564668
http://doi.org/10.1111/all.13947
http://www.ncbi.nlm.nih.gov/pubmed/31199517
http://doi.org/10.1007/s11894-021-00809-2
http://www.ncbi.nlm.nih.gov/pubmed/34331146
http://doi.org/10.1111/cea.13767
http://www.ncbi.nlm.nih.gov/pubmed/33089888
http://doi.org/10.1016/j.jaip.2021.06.061
http://www.ncbi.nlm.nih.gov/pubmed/34483087
http://doi.org/10.1111/ped.14619
http://www.ncbi.nlm.nih.gov/pubmed/34309965

	Introduction 
	Case Report 
	Discussion 
	References

