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A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

ABSTRACT

Background: Food protein-induced enterocolitis syndrome (FPIES) is a non-IgE-mediated 

food allergy causingsevere acute gastrointestinal symptoms and lethargy, mainly affecting 

infants and young children. There are geographic variations in its clinical features. This 

study aimed to describe the clinical characteristics and management of FPIES in Swedish 

children.

Methods: The study included children who presented with acute FPIES during 2008–2017. 

All Swedish pediatric departments (n = 32) were invited to report their known patients. Data 

were collected through chart reviews and interviews with parents.

Results: Eighteen pediatric departments contributed and 113 patients were included. Most 

had a family history of atopy (74%) and 51% had an atopic disease. Common trigger foods 

were cow’s milk (26%), fish (25%), oat (22%) and rice (8%). Most patients(85%) reacted to 

a single food. The median age at first reaction was 3.9 months for cow’s milk and 6.0 months 

for other foods(P<0.001, range 1.0 month to 9 years). Repetitive vomiting (100%), lethargy 

(86%) and pallor (61%) were common symptoms; 40% had diarrhea. Sixty percent visited 

the emergency department and 27% of all patients were hospitalized. Most patients were 

diagnosed clinically (81%). Specific IgE for the trigger food was positive in 4/89 tested 

patients (4%) and skin prick test for the trigger food was positive in 1/53 tested patients 

(2%).

Conclusions: In our Swedish studyof 113 children, cow’s milk, fish and oat were the 

commonest trigger foods.Most patientsreacted to a single food and IgE sensitization was 

rare.
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INTRODUCTION

Foodprotein-induced enterocolitis syndrome(FPIES) is a non-immunoglobulin E (IgE) cell-

mediated foodprotein allergy occurring predominantly in infants and young children.1 The reaction 

is delayed, starting one to four hours after ingestion of the trigger food. The primary symptoms are 

gastrointestinal with repetitive vomiting, sometimes followed by diarrhea. Pallor and lethargy are 

also frequent symptoms. In the most severe cases, dehydration can lead to hypovolemic shock. 

The severe, but nonspecific symptoms may be misinterpreted as gastroenteritis, intussusception, 

sepsis or anaphylaxis.2

The connection between symptoms and previous food-intake is often not understood until 

several reactions have occurred.3FPIES can be caused by any food4and the commonest triggers 

differ among populations. Cow’s milk was thefirst FPIES trigger food to be described and has 

been recognized as the most common in several countries.5-8 Soy, fish and rice are otherfrequent 

trigger foods.9-11

Most patients have a negative skin prick test (SPT) and undetectable specific IgE for the 

trigger food. However, a subgroup has positive SPT and/or elevated specific IgE. This is called 

atypical FPIES and has been associated with a prolonged course and development of IgE-

mediated symptoms.11

In chronic FPIES, regular ingestion of the trigger food causes symptoms such as diarrhea, 

vomiting and failure to thrive.12 The symptoms resolve when the trigger food is excluded and, 

when ingested again, causes acute FPIES symptoms.2 Chronic FPIES has mainly been reported in 

patients younger than four months of age with reactions to cow’s milk or soy.4

Over time, many patients with FPIES develop tolerance, but the age of resolution varies based 

on trigger food and population.2,13 Previous studies have been performed in a limited number of 

countries, while no large FPIES studies have been conducted in Scandinavia. This study aims to 

describe the clinical characteristics and management of FPIES in Swedish children.
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MATERIALS AND METHODS

Study sample

The sample was patients presenting with acute FPIES during 2008–2017. All Swedish 

pediatric departments(n = 32) were invited to report theirknown cases ofacute FPIES. In 

twodepartments, the medical record database was searched to identify patients, using the code for 

allergic and dietetic gastroenteritis and colitis (K52.2) in the 10th revision of the International 

Statistical Classification of Diseases and Related Health Problems.However,this code is not used 

exclusively for FPIES and it was, therefore,unfeasible to perform a large-scale database search.

Patient histories were reviewed retrospectively to assesswhether they met the FPIES criteria, 

defined by the diagnostic criteria described by Feuille and Nowak-Węgrzyn,14 based on the works 

of Sicherer and co-workers15,16and Powell17: (1) exposure to the incriminated food elicits repetitive 

vomiting and/or diarrhea within four hours without any other cause for the symptoms, (2) 

symptoms are limited to the gastrointestinal tract, (3) removal of the offending protein from the 

diet results in resolution of symptoms and (4) a standardized oral food challenge (OFC) or isolated 

re-exposure elicits typical symptoms. Patients who did not fulfill the criteria were excluded, as 

were patients who presented before 2008.

Data were collected through chart review. In caseswith missing data, supplemental interviews 

were performed with the parents. A structured questionnaire was used to record information on 

birth date, gender, family history of atopy and food allergies, comorbidity, trigger food(s), acute 

and chronic symptoms, number of episodes with acute symptoms, emergency department visits, 

hospitalization, medical treatment, laboratory data, whether a food challenge was performed and 

age of resolution.

A specific IgE >0.35 kU/L was considered positive. SPT was considered positive when the 

wheal diameter was the same size or larger than the positive control.

Ethics

The research project was approved by the Regional Ethical Review Board in Uppsala 

(2014/507). Written informed consent was obtained from parents before enrolment.

Statistical analysisA
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Analyseswere performed with IBM SPSS Statistics for Windows Version 25.0 (IBM Corp., 

Armonk, NY).Continuous data arereported as median and range or interquartile range.For 

comparisons between skewed variables, the Mann–Whitney U test was used. A P-value <0.05 was 

considered statistically significant.
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RESULTS

Materials

Eighteen pediatric departments reported 118 patients. The parents of eightpatients from 

sevenother pediatric departmentsvolunteered to participate. One hundred thirteen patients with 

acute FPIES were included. Thirteen patients were excluded,tendid not meet the diagnostic criteria 

(eight had a single acute reaction and two had only chronic symptoms) and three had presented 

before the start of the study period.In 56 cases, data from medical charts was sufficient; in 57 other 

cases, parents were interviewed.

Patient characteristics

Characteristics of the113patientsare presented in Table I.Family history of atopy (defined as 

asthma, eczema, IgE-mediated food allergy or allergicrhinitisreported in parents or siblings) was 

reported in 74%. Thirty-three percent had parents or siblings with any kind of food allergy. Three 

included patients were siblings, all of whom reacted to corn. Four patients had parents with food 

allergies causing gastrointestinal symptomsexclusively and one patient had a sibling with 

suspected FPIES. Atopic disease (asthma, eczema, IgE-mediated food allergy or allergic rhinitis) 

was reported in 51% of the patients.

Onset

The median age at first reaction was 6.0 months (range 1.0 month to 9 years with interquartile 

range 4.8 to 7.9 months). Patients with cow’s milk-induced FPIES had their first episode at 

median age 3.9 months (range 1.0 to 44.1 months), while patients reacting to other foods had their 

first episode at median age 6.0 months (range 3.6 months to 9 years) (P<0.001). Patients with fish-

induced FPIES had their first episode at median age 8.0 months (range 5.0 to 25.7 months) and 

those with oat-induced FPIES at median age 5.3 months (range 4.0 to 17.9 months). Forty-five 

patients reacted upon their first ingestion of the trigger food and 56 had ingested the food at least 

once previously, without reacting. This status was unclear among the remaining 12 patients.

DiagnosisA
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Eighty-one percent were diagnosed clinically from symptoms and/or patient history. Twelve 

percent had undergone a hospital-based diagnostic OFC, and 7% performed a food challenge at 

home at the request of a physician before diagnosis. The median age at diagnosis was 9.6 months 

(range 1.8 monthsto 9 years). The median age at diagnosis of cow’s milk-induced FPIES was 5.9 

months and the median age at diagnosis of FPIES caused by other foods was 12 months 

(P<0.001). Median time from the first acute reaction to diagnosis was 3.7 months (range 1 day to 

6.7 years)and the median number of reactions before diagnosis was 2 (range 1 to 8), excluding 

reactions during diagnostic food challenges.

Trigger foods

Cow’s milk was the most common trigger food, followed by fish and oat (Table II). Reactions 

to rice, egg, chicken and soy were less common. In two patients, the trigger protein was unclear 

due to the ingestion of more than one food at the same time; bothpatients already had FPIES to 

other food proteins. The majority reacted to a single food. Seventeen patients (15%) reacted to two 

or more food proteins (range 2 to 4) (Figure 1, Table III). Four of 29 patients (14%) with cow’s 

milk-induced FPIES had multiple FPIES. Two of them reacted to soy (7%). One patient with 

cow’s milk-induced FPIES had an acute FPIES reaction to milk-free baby porridge containing 

guar gum at five months of age and a hospital-based diagnostic OFC confirmed that the reaction 

was caused by guar gum.Five of seven patients (71%) with soy-induced FPIES had multiple 

FPIES. Nine of 25 patients (36%) with oat-induced FPIES had multiple FPIES, among whom 

seven also reacted to other grains. Six of them reacted to rice (24%) and one to wheat (4%). 

Among the 28 patients with fish-induced FPIES, two (7%) reacted to other food groups. Five 

patients with fish-induced FPIES tolerated other fish species. Among the seven patients with 

chicken-induced FPIES, three reported reactions to turkey.

Symptoms and emergency treatment

The 113 study patients had at least 437 cumulative episodes of acute FPIES. The median 

number of episodes per patient was three (range two to more than 15). The median time from 

ingestion to reaction was 120 minutes (range 0 min to 12 hours). Although a delay of up to 12 

hours was reported, all patients had at least one reaction within 4 hours. In three patients, 

immediate reactions were reported, but they also had delayed reactions after 1.5 to 2 hours. All A
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patients reacted with vomiting and 40% also had diarrhea (Table IV). Lethargy (including 

unresponsiveness and unconsciousness) and/or paleness was reported in 94%. Other reported 

symptoms were floppiness, abdominal pain, cyanosis, bloody stools, fever, hypothermia and 

hypotonia.

Forty-three (38%) patients presented at the emergency department during the first episode of 

acute FPIES. Sixty-eight (60%) visited the emergency department upon any reaction and 31 (27%) 

visited the emergency department more than once(range 2 to 6 times). Thirty-one (27%) were 

hospitalized because of acute FPIES (range 1 to 5 times). Forty-one (36%) were given 

pharmacologic treatment and/or fluids during acute FPIES. Twenty-six (23%) received 

intravenous fluids, 17 (15%) received cortisone, 11 (10%) received antihistamine and 8 (7%) 

received adrenaline injections. Two (2%) received antibiotics and four (4%) received oxygen.

Chronic FPIES

In 15 patients, acute reactions were preceded by chronic symptoms (Table V). Nine of these 

had chronic symptoms during breastfeeding (cow’s milk n = 7, rice and oat n = 2) and six patients 

had chronic symptoms from regular direct ingestion of the trigger food (cow’s milk n = 4, soy n = 

2). Fourteen of 15 had gastrointestinal symptoms and one patient’s parents reported that their 

general condition was impaired. One patient had an acute FPIESepisode from breastfeeding when 

their mother accidentally ingested cow’s milk after having excluded it from her diet for some time.

Allergen sensitization to trigger foods

An SPT (n = 53) and/or measurement of specific IgE (n = 89) for the trigger food was 

performed in 105 of the 113 patients (93%) close to diagnosis (SPT median 0 days from diagnosis, 

specific IgE median 15 days before diagnosis). Most were negative (96%) and sensitization was 

only seen to cow’s milk. Of the patients with cow’s milk-induced FPIES, 28 of 29 were tested 

(SPT n = 22, specific IgE n = 20) with four (14%) positive. Characteristics of the four patients 

with atypical FPIES are presented in Table VI. An atopy patch test was performed for the trigger 

food in two patients, one of which was positive (cow’s milk positive, oat negative).

Laboratory tests from acute episodesA
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Laboratory tests were taken during acute episodes in 38 patients (34%). A complete blood 

count was performed in 17 patients. Nine had leukocytosis (LPK range 18.9 to 33 109/L) and 

three had thrombocytosis (TPK range 586 to 881 109/L). Absolute neutrophil count was 

performed in eight patients, among whom six had neutrophilia (range 9.4 to 23.3 109/L). Blood 

gas analysis was performed in 25 patients (22%). Two patients had metabolic acidosis and one had 

acidosis with normal base excess and pCO2 (pH <7.35). Five had decreased base excess (–3.4 to –

7), but normal pH. Two had respiratory alkalosis (pH 7.51 and 7.55). One had elevated CO-Hb 

(1.4%) and one had low oxy-Hb (69.6%). In two patients, tryptase was tested and was lightly 

elevated in one (17 g/L, reference <14g/L).

Oral food challenges

Forty-nine OFCs to monitor the development of tolerance were performed in 34 patients. Median 

time from latest episode of acute FPIES to OFCwas 21.0 months (range 6.3 months to 5.7 

years).Fifteen OFCs in 13 patients were positive (31%), causing symptoms of acute FPIES. All 

reactions included vomiting and nine patients were lethargic or had impaired general condition. 

Paleness (n = 4), abdominal pain (n = 4) and diarrhea (n = 2) were also reported. Five patients 

were treated with intravenous fluid, three with cortisone and one with antihistamine.

Follow-up

The median age at last follow-up was 40.3 months (range 5.4 months to 12.5 years). During 

follow-up 48 (42%) patients became tolerant to the first food to which they had reacted. Of 86 

patients with first reactions to solid foods, 30became tolerant (35%) at median age 32.3 months 

(range 7.8 months to 8 years).Eighteen of 29 patients (62%) with cow’s milk-induced FPIES 

became tolerant to cow’s milk at median age 22.3 months (range 6.3 to 58 months). Median age at 

last follow-up for patients without resolution was 37.7months.
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DISCUSSION

This, the first large Scandinavian study of acute FPIES, included 113 Swedish pediatric 

patients. Cow’s milk, fish and oat were the most common food triggers among this sample, with 

most patients reacting to a single food. Atopic disease and heredity for atopy were common, 

confirming the relationship between FPIES and atopy. However, IgE sensitization to the trigger 

food was rare.

Although there are geographic variations in trigger foods, cow’s milk has generally been 

described as the most common. Herein, cow’s milk was the most common trigger food (26%), 

closely followed by fish (25%) and oat (22%). In other European studies from Spain, Italy and 

Great Britain, fish (12 to 33%) was alsodescribed as the second most common trigger food after 

cow’s milk.8,18,19 In Greece, fish (54%) was even more common than cow’s milk (35%).10 The 

high frequency of oat-induced FPIES in this study is unique among European studies,though it is 

similar to US frequencies (16 to 35%).6,11,20Rice was reported as the most common trigger food in 

Australia9 and in a recent US study.20 In this study, the frequency of rice-induced FPIES was 

similar to other European cohorts (4 to 10%).8,10,18,19 There seems to be a European trigger food 

pattern, in which cow’s milk and fish are common while rice and soy are less common.

There are several possible reasons for geographicvariations in trigger foods. Breastfeeding is 

believed to protect against cow’s milk- and soy-induced FPIES4 and differences in rate and 

duration of breastfeeding may play a role.2 There are also differences when it comes to which 

formulas are used and the order in which foods are introduced. Soy-based infant formula is not 

recommended in Sweden and hence has not been sold since 2009. According to Swedish dietary 

guidelines, solid foods should be introduced from six months of age. Very small samples of solid 

foods may be given from four months of age at the earliest.All kinds of foodsshould be introduced 

during the first year. Oatis commonly introduced early, being the main ingredient in commercial 

baby porridge with recommended use from four months of age. Median age at first reaction to fish 

was 8 months in this study, in comparison to 10 months in a Spanish study21 and 14 months in an 

Italian study.22 In both studies, the age at first reaction was reported to match the age of 

introduction of fish to the diet. This implies that fish may be introduced even earlier into the diet 

in Sweden, than in the Mediterranean countries.Other possible causes for geographic variationsare 

differences in intestinal microbiota and genetics .6,23

Reactions to multiple foods were uncommon. Less than one in six patients reacted to more 

than one food. Patients with FPIES to grain seem to have a higher risk for reactions to other foods, A
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particularly other grain types. Concomitant FPIES to oat and rice, seen in six patients, was the 

most frequent combination in this study. This combination was also seen in previous Australian 

and US studies.9,11,20Concomitant FPIES to cow’s milk and soy was rare in our study, in contrast 

to US studies where 16 to 29% of patients reacted to both cow’s milk and soy.6,11

In our study, the frequency of atypical FPIES was relatively low. A high proportion of patients 

were tested and 96% had no IgE sensitization to their trigger food. This is consistent with US, 

Australian and Italian studies (94 to 97%),6,8,9 although recent European studies have reported 

higher rates of IgE sensitization (13 to 16%).10,18The four patients with IgE sensitization in this 

study all reacted to cow’s milk. Caubet et al. described a higher risk of persistent cow’s milk-

induced FPIES in patients with sensitization to cow’s milkbecause none of their sensitized patients 

(n = 17) became tolerant during their study.11 In three of our four patients with sensitization to 

cow’s milk, FPIES resolved early and hence we saw no association between sensitization and 

prolonged time to resolution.

After this study was initiated, international consensus guidelines for the diagnosis and 

management of FPIES were published, including revised clinical diagnostic criteria.2Following 

these criteria, vomiting within one to four hours after ingestion of the suspect food and absence of 

classic IgE-mediated skin or respiratory symptoms are required, along with at least three of nine 

minor criteria. Although vomiting was not required for diagnosis in our inclusion criteria, all 

patients reacted with vomiting. Furthermore, 86% of the patients had lethargy, 61% had pallor and 

60% visited an emergency department. This can be compared with the study by Díaz et al., 

performed using the revised criteria, in which lethargy was seen in 88% and pallor in 89%.18 In the 

largest study to date(n = 462), 5% had severe symptoms including lethargy, pallor/cyanosisor 

hypotension.6

This study’s large cohort is a marked strength, especially in relation to the relatively small 

Swedish population(approximately 10 million) that it represents. The results provide knowledge 

about FPIES in a specific geographicregion, in which FPIES has not been previously 

characterized. Thorough data were collected, with few missing data in each case because 

supplemental parent interviews were performed. There was also a high proportion of relatively 

severe cases of FPIES in this sample.

The study’s limitations include that it was performed retrospectively. The use of retrospective 

parent interviews may introduce recall biases. Because of the relatively limited coverage of the 

study, it is unable to provide FPIES incidence in Sweden; not all pediatric departments responded, A
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as participation was voluntary. Although all included patients met the stated diagnostic criteria for 

acute FPIES, there is a potential diagnostic bias, as diagnoses first were made in several different 

pediatric departments. Finally, the follow-up period was too short to determine the age of 

resolution.

In conclusion, FPIES is a non-IgE-mediated food allergy with severe nonspecific symptoms, 

mainly affecting infants and young children. We have described the clinical features and 

management of acute FPIES in 113 Swedish children in the first large Scandinavian study of this 

disorder. Understandingits clinical characteristics increases our opportunity to reduce the 

consequences of FPIES. With knowledge about symptoms, correct diagnoses can be made earlier 

and further reactions avoided. Given that multiple FPIES is rare, most patients can introduce new 

foods safely following the common guidelines for food introduction.Further studies will be needed 

to determine the age of resolution, improve our understanding of the pathophysiology involved 

and identify biomarkers for diagnosis and resolution.
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TABLES

TABLE I.Sample characteristics

No. of patients 113

Male patients, no. (%) 60 (53)

Family history of atopy* (n = 111), no. (%) 82 (74)

Atopic disease, no. (%)

Eczema 46 (41)

Asthma 21 (19)

IgE-mediated food allergy 14 (12)

Allergic rhinitis 2 (2)

No. of episodes in total 437

No. of episodes before diagnosis, median (range) 2 (1–8)

Skin prick test positive at diagnosis (n = 53), no. 1

Specific IgE positive at diagnosis (n = 89), no. 2

Diagnosis based on clinical history, no. (%) 91 (81)

Diagnosis based on positive OFC, no. (%) 22 (19)

* Defined as asthma, eczema, IgE-mediated food allergy or allergic rhinitis reported in parent or sibling

OFC = oral food challenge
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TABLE II.Trigger foods in 113 children with FPIES

Trigger food No. %

Cow's milk 29 26

Grain 33 29

Oat 25 22

Rice 9 8

Corn 4 4

Wheat 1 1

Mixed grains 1 1

Fish 28 25

Soy 7 6

Egg 7 6

Poultry 7 6

Chicken 7 6

Turkey 3 3

Vegetable 7 6

Potato 3 3

Sweet potato 3 3

Green pea 1 1

Bean 1 1

Fruit 2 2

Banana 1 1

Kiwi 1 1

Shellfish 2 2

Meat 1 1

Beef 1 1

Pork 1 1

Quorn 1 1

Guar gum 1 1

Unclear allergen 2 2
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TABLE III.Trigger foods in 17 children with multiple FPIES

No.* Food 1 Food 2 Food 3 Food 4

1 Cow's milk Egg

1 Cow's milk Guar gum

1 Cow's milk Soy

1 Cow's milk Soy Green pea

1 Kiwifruit Unclear allergen

1 Oat Potato

3 Oat Rice

1 Oat Rice Egg

1 Oat Rice Soy

1 Oat Rice Fish Unclear allergen

1 Oat Soy

1 Oat Wheat

1 Potato Sweet potato

1 Pork Beef Chicken

1 Soy Fish

17

*Number of patients

TABLE IV. Acute symptoms in 113 children with FPIES

Acute symptoms No. %

Vomiting 113 100%

Lethargy 97 86%

Pallor 69 61%

Diarrhea 45 40%

Floppiness 24 21%

Abdominal pain 16 14%

Cyanosis 9 8%

Bloody stools 3 3%

Fever 3 3%

Hypothermia 2 2%

Hypotonia 2 2%A
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TABLE V.Reported chronic symptom(s) from regular ingestion of trigger food (n = 15)

Food Reaction through

breast milk

Reported symptom(s) Hospitalization for

acute FPIES episode

Cow's milk No Infantile colic No

Cow's milk No Abdominal pain Yes

Cow's milk No Flatulence, crying, bad sleep No

Cow's milk No Diarrhea, abdominal pain, failure to thrive, crying Yes

Cow's milk Yes Vomiting, diarrhea No

Cow's milk Yes Vomiting, abdominal pain Yes

Cow's milk Yes Vomiting, diarrhea, crying No

Cow's milk Yes Vomiting, diarrhea, flatulence, eczema, runny nose No

Cow's milk Yes Infantile colic Yes

Cow's milk Yes Bloody stools Yes

Cow's milk Yes Impaired general condition No

Oat and rice Yes Vomiting, diarrhea No

Oat and rice Yes Bloody stools, Vomiting, diarrhea, abdominal pain No

Soy No Vomiting No

Soy No Abdominal pain, eczema Yes

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

FIGURE LEGENDS

FIGURE 1.Number of trigger foods per patient reported as a percentage of patients.
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TABLE VI. Characteristics of patients with atypical FPIES (n = 4) 

 

Patient 1 2 3 4 

Age at initial reaction 2.0 months 3.7 years 2.6 months 4.0 months 

Initial cow's milk S-IgE (kU/L) <0.35 1.13 0.36 <0.35 

Cow's milk S-IgE at follow-up (kU/L) 0.61 <0.35 <0.35 1.5 

Initial cow's milk SPT Negative Negative Negative Positive 

Cow's milk SPT at follow up 

 

 

  

Positive, but negative 6 months 

later 

Negative 

 

 

IgE-mediated symptoms from cow's milk 

 

 

 

None 

 

 

 

None 

 

 

 

None 

 

 

 

Rash and pruritus after 

reintroduction of cow's milk, 

resolved by age 3 years 

Concomittant atopic disease 

 

 

 

Asthma, allergic 

rhinoconjunctivitis, eczema 

 

 

IgE-mediated egg allergy, 

allergic rhinoconjuncitvitis, 

eczema 

Asthma 

 

 

 

None 

 

 

 

Age of tolerance to cow's milk 

 

 

23.3 months 

 

 

Not tolerant at last follow-up 

2 years after initial reaction 

23.7 months 

 

 

15.3 months 

 

 

 

FPIES = food protein-induced enterocolitis syndrome, IgE = immunoglobulin E, SPT = skin prick test.  A
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