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ABSTRACT 

 Non-IgE-mediated gastrointestinal food allergic disorders (non-IgE-GI-FA) including food protein-

induced enterocolitis syndrome (FPIES), food protein-induced enteropathy (FPE) and food protein-

induced allergic proctocolitis (FPIAP) are relatively uncommon in infants and young children, but are 

likely under-diagnosed. Non-IgE-GI-FA have a favorable prognosis, with majority resolving by age 3-5 

years.  Diagnosis relies on the recognition of symptoms pattern in FPIAP and FPIES and biopsy in FPE. 

Further studies are needed for a better understanding of the pathomechanism, which will lead 

eventually to the development of diagnostic tests and treatments. Limited evidence supports the 

role of food allergens in subsets of constipation, gastroesophageal reflux disease, irritable bowel 

syndrome, and colic. The immunologic pathomechanism is not fully understood and empiric 

prolonged avoidance of food allergens should be limited to minimize nutrient deficiency and feeding 

disorders/food aversions in infants. 

 

KEY WORDS: food allergy, gastrointestinal food allergy, food protein-induced enterocolitis 

syndrome, FPIES, allergic proctocolitis, FPIAP, food protein induced enteropathy, FPE, celiac disease, 

irritable bowel syndrome, FODMAP, gastroesophageal reflux, GER, gstroesophageal reflux disease, 

GERD, consitipation 

 

Abbreviations 

non-IgE-GI-FA Non-IgE-mediated gastrointestinal food allergic disorders  FPIES   

 food protein-induced enterocolitis syndrome 

FPE    food protein-induced enteropathy  

FPIAP    food protein-induced allergic proctocolitis  

CM   Cow milk 

IBS   irritable bowel syndrome 

GER   gastroesophageal reflux 
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GERD   gastroesophageal reflux disease 

FODMAPs  fermentable oligosaccharides, disaccharides, monosaccharides and polyols

   

FTT   failure to thrive 

IgE   immunoglobulin E 

 

INTRODUCTION   

Disorders involving the gastrointestinal tract constitute one of the main causes of pediatric 

consultations and a subset of these disorders has been attributed to immunological reactions to 

foods. In contrast to IgE-mediated reactions, non-IgE-mediated gastrointestinal food allergic 

disorders (non-IgE-GI-FA) are characterized by subacute and/or chronic symptoms, and classically 

include food protein-induced enterocolitis syndrome (FPIES), food protein-induced allergic 

proctocolitis (FPIAP), food protein- induced enteropathy (FPE), celiac disease, and cow milk (CM)-

induced iron deficiency anemia (1-3). In this review,  pathomechanism, clinical characteristics, 

diagnosis and management of classical non-IgE-GI-FA will be discussed. 

 In addition, food allergens are suggested to play a role in a subset of children with 

gastroesophageal reflux disease (GERD), colic, and constipation (4-21).  According to the current 

classification, an allergy is by definition an immune-mediated adverse food reaction (22). Although a 

specific immunological mechanism has not been clearly demonstrated in these functional disorders, 

symptoms improvement after food elimination diet and recurrence on re-exposure have been 

demonstrated in a subgroup of children, implying a role for food allergy in these conditions.  

Similarly, non-coeliac gluten sensitivity has been described, where gastrointestinal and extra-

intestinal symptoms respond to a gluten free diet (23). Although these disorders are not classified as 

the non-IgE–GI-FA and do not strictly fulfill the current criteria for food allergy, we will review and 

discuss the possible role of food allergens in GERD, colic, IBS and constipation, as it constitutes a 

major issue in clinical practice for pediatricians and allergists.   
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Classical non-IgE-mediated gastrointestinal food allergies 

Non-IgE-GI-FA can affect any part of the gastrointestinal tract and ranges from benign proctitis to 

severe enterocolitis and enteropathy (Table 1) (1). The prevalence of non-IgE-GI-FA remains largely 

unknown. An Israeli study reported 0.34% prevalence of CM-FPIES compared with 0.5% of IgE-

mediated CM-allergy in a population-based birth cohort (24). FPIAP prevalence estimates range 

widely from 0.16% to 64% of isolated rectal bleeding in infants. (25-27). Prevalence of FPE is not 

clearly defined. In the seventies, in Finland, a prevalence of 3 patients per year has been reported, 

with a gradual decrease since then (28). 

 

Clinical manifestations 

Although non-IgE-GI-FA have overlapping clinical features, they can be distinguished by 

gastrointestinal symptoms that differ in regards to temporal relationship to food ingestion, severity, 

and natural history (Table 1). FPIAP represents the milder end of the spectrum, characterized by 

intermittent bloody stools in otherwise healthy, thriving infants (1, 25, 29-31). Symptoms usually 

start gradually at 2 to 8 weeks of age, although presentation as early as first week has been 

described (32). Moderate to severe bloody stools can also be seen in chronic-FPIES, but are usually 

associated with chronic diarrhea and/or vomiting when the patient is continuously ingesting the 

offending food. In the most severe form of FPIES, nutritional deficiencies and failure to thrive (FTT) 

are observed. Acute-FPIES is characterized by profuse vomiting, pallor, and/or lethargy occurring 1 

to 4 hours after food ingestion (3). Diarrhea may follow within 5-10 hours after ingestion, 

particularly in young infants with a more severe phenotype (i.e. less than 30% of children older than 

1 year) (24, 33, 34). The acute-FPIES can be the initial presentation of FPIES or may occur if the food 

is reintroduced after a period of exclusion in patients with chronic-FPIES (i.e., acute-on-chronic form 

of FPIES). While occurring usually in infants, FPIES has been described in older children and even in 
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adults, usually caused by fish or shellfish (35). Chronic-FPIES shares clinical features with FPE, 

characterized by malabsorption, FTT, anemia, diarrhea and vomiting, occurring usually prior 9 

months of age (36-40). However in FPE, chronic diarrhea is the most prominent feature and does not 

lead to severe dehydration or metabolic de-arrangements that are seen in chronic-FPIES. 

 

Foods involved 

While infants suffering from FPIAP may react to CM, soy, egg and/or wheat in maternal diet through 

breast milk, CM- or soy-based infant formula can also cause FPIAP (26, 31, 41-43). In less than 10% 

of the cases, extensively hydrolyzed formulas may lead to FPIAP symptoms. Older children and 

adults with allergic colitis to CM, egg and wheat have been rarely described (44, 45). In FPE, CM is 

the most common isolated trigger, while egg, soy and wheat may cause FPE in children with multiple 

food allergies (36, 46).  

In contrast to FPIAP, acute- and chronic-FPIES are rarely described in exclusively breastfed infants 

(47, 48). CM, soy and rice are the most common triggers of FPIES in the US; rice is the most 

frequently incriminated food in Australia (33, 34). In addition to grains (rice, oat, barley, wheat), 

variety of other solid foods have been reported as triggers, including white and sweet potatoes, egg, 

chicken, vegetables, fruits, mushrooms, shellfish, fish, nuts, and peanut (33-35, 49-61). Solid-FPIES 

typically occurs later than CM/soy-FPIES, probably reflecting the timing of introduction of solids into 

the infants’ diet (34, 51). The majority of FPIES patients react to a single food (65% to 80%), usually 

CM or soy (3).  However, patients with CM- and/or soy-FPIES may react to solids. In reports from the 

US, up to 50% of patients with CM/soy-FPIES react to both foods (49, 62, 63) and around one third of 

patients with CM/ or soy-FPIES react to solids (64). Sixty-five percent of patients with solid-FPIES are 

previously diagnosed with CM/soy-FPIES (51). The majority of children with solid-FPIES react to 

multiple foods. Particularly those with FPIES to rice, oat or barley often experience symptoms with 
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other grains (34, 51). However, patients with multiple foods-FPIES are less common in Japan, 

Australia and Italy (24, 33, 50). These differences may reflect country-specific dietary habits.  This 

hypothesis is supported by recent data showing that early introduction of CM or soy formula is a risk 

factor for development of CM/soy-FPIES, and that solid-FPIES occurs at a later age. (34). These 

differences might also be explained by different phenotypes of disease identified from unselected 

population-based birth cohort versus tertiary center with more severe cases and or genetic 

predisposition (24, 34).  

 

Pathogenesis 

The pathogenesis of non-IgE-GI-FA is poorly understood, mainly due to the fact that endoscopy 

and biopsies are not routinely performed. These diseases with overlapping clinical features 

share eosinophils dominated inflammation and more work needs to be done to determine 

whether they are pathophysiologically distinct or represent a spectrum of the same disease 

process.  

Among non-IgE-GI-FA, FPIES has been most actively investigated. Several studies have 

suggested a key role of T-cells, with the secretion of pro-inflammatory cytokines that may 

influence intestinal permeability (65-76). However, the role of T cells has been questioned in 

several studies and further studies are needed (62, 65, 70-74, 77). Antigen-specific CD4+CD25+ 

regulatory -T cells may be involved in the pathomechanims of tolerance acquisition in FPIES, 

particularly by the secretion of TGF-β and IL-10 (73, 76). Neuroendocrine pathways may play a 

role in the FPIES pathogenesis (78), based on efficacy of ondansetron, a serotonin 5-HT3 

receptor antagonist, in managing acute FPIES reaction (78-80).  Although neutrophilia and 

thrombocytosis are classically found in FPIES patients, the role of these cells in the 

pathomechanism is not clear (33, 63, 81-83).  
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A paucity of humoral responses in FPIES has been found (47, 67, 70, 84-86). Although specific-

IgEs to the causal food are typically not detected in FPIES, a subset of children may have detectable 

specific-IgE to the incriminated food either at presentation or during follow-up (atypical FPIES) (24, 

34, 62, 64). These patients tend to experience a more prolonged course and, in some cases, 

progression to IgE-mediated allergy (51, 64). In one study, up to 35% of patients with CM-FPIES and 

positive CM- IgE progressed to the IgE-mediated CM allergy phenotype (34). In addition, high rates 

of atopic diseases have been found in FPIES patients (34, 51). A recent report described a patient 

with a shift from IgE-mediated CM allergy to CM-FPIES (87).   

 

Histological findings similar to those found in patients with celiac disease have been found in 

endoscopic biopsies from patients with FPE, particularly damage to the villous architecture 

(88). Eosinophils and CM-specific T-helper 2 lymphocytes have been incriminated (67, 89). 

Localized production of IgE in the mucosa of the small intestine and absence of systemic food-

specific IgE suggested that local IgE might be involved (90). Pathomechanism of FPIAP remains 

largely unknown due to lack of data, probably due to benign nature of the disease. Eosinophils 

above 10/hpf and increased intraepithelial CD8+ lymphocytes are typically found (41, 91).  

 

Diagnosis 

Diagnosis of non-IgE-GI-FA is based on the recognition of a symptom pattern. Differential diagnosis is 

broad, as described in Table 2. Lack of definitive diagnostic tests contributes to frequently delayed 

diagnosis (33).  In addition, distinction between the various disorders currently classified as non-IgE-

GI-FA is difficult due to a large overlap (60). Biopsies are rarely performed in patients with FPIES or 

FPIAP, but may be useful to confirm the diagnosis of FPE.  
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Specific diagnostic criteria for these disorders have been proposed and are summarized in Table 3.  A 

trial of elimination diet is part of the diagnostic criteria of non-IgE-GI-FA to determine if 

gastrointestinal symptoms are responsive to dietary elimination. One approach would consist of 

avoidance of a wide variety of foods (or rarely an elemental diet), followed by sequential 

reintroduction of foods (‘top-down approach’). In another approach, one or few foods are removed 

initially, followed by an expanded elimination diet according to the clinical response ( “bottom-up 

approach”) (92). The choice of the approach is predominantly based on the severity of the initial 

symptoms, particularly FTT and/or dehydration (92).  The timing of symptom resolution varies 

between few hours for acute FPIES to several weeks for FPE (28, 31, 41, 81, 82).  

The OFC remains the gold standard to confirm the diagnosis after resolution of the symptoms under 

an elimination diet or to assess tolerance acquisition. In FPIAP and FPE, reintroduction of the 

suspected food after 4 to 8 weeks of elimination can be performed usually at home and documented 

with a symptom diary. Of note, Ravelli et al. found that milk allergy was involved in only 18% of 

cases of rectal bleeding as confirmed by means of endoscopy and biopsy (44) . In order to reduce the 

number of false positive diagnosis of FPIAP that is associated with significant medical cost and 

parental anxiety, an accurate diagnosis based on re-challenge following a trial of an elimination diet 

is recommended in those children (93).  In FPIES, physician-supervised OFC needs to be performed in 

an appropriate monitored setting. The decision to secure IV access is based on clinician judgment 

and is usually recommended for patients with severe initial reactions or in patients in whom 

emergency vascular access may be difficult, such as young infants (3). Criteria for positive OFC in 

FPIES have been initially proposed by Powell in 1986 and recently modified (Table 3) (34, 94, 95). It 

has been proposed to emphasize clinical manifestations (emesis, pallor, and lethargy) and blood 

testing (leukocytosis with left shift and thrombocytosis) over stool analysis, as only 30% of patients 

have lower digestive symptoms during an acute-FPIES reaction (24, 33, 34). OFC is not required to 

confirm FPIES diagnosis in patients with two or more typical reactions over a 6-month period (95).  
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Four to 30% of FPIES patients develop specific IgE to the incriminated food over time (24, 33, 34, 62, 

96). Thus, skin tests and/or specific IgE are recommended before OFC in order to adapt the protocol 

(i.e. gradual increase of the administered doses).  The diagnostic value of patch tests is controversial; 

due to the lack of validation patch tests are not recommended for routine diagnosis (1, 2, 57, 69, 

77). Neither patch test nor specific IgE/prick test are useful in the diagnosis of FPIAP and FPE (1, 2). 

   

Management and natural history 

The management of non-IgE-GI-FA is empiric due to limited evidence and remains controversial in 

many areas. Elimination of the offending food constitutes the cornerstone of the management. In 

FPIES, breastfeeding can be continued unless maternal ingestion of a non identified allergen triggers 

acute- or chronic-FPIES. Extensively hydrolyzed formula is usually well tolerated, although up to 20% 

patients may need an amino acid-based formula (34, 51). It is usually not necessary to avoid 

products with precautionary labeling “contain traces of “.(3, 97). In FPIAP, elimination of food from 

the maternal diet is usually sufficient. Identification of the causing factor may be difficult 

occasionally. An extensively hydrolyzed or amino acid-based formula might be necessary if 

breastfeeding is not an option, or if blood in stools becomes severe. Involvement of dietitian in the 

management of FPIES is important, especially in patients reacting to multiple foods (3, 92). 

In addition to food avoidance, treatment of acute-FPIES is usually mainly based on aggressive fluid 

resuscitation (e.g. 10-20 ml/kg boluses of normal saline), empiric administration of a single dose of 

intravenous methylprednisolone (1 mg/kg, with a maximum of 60 to 80 mg). Intravenous and 

intramuscular ondansetron has been reported efficacious in treatment of acute-FPIES reaction 

during an OFC in small case series from the US and Italy (79, 80).  
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Another common dilemma in the management of patients with non-IgE-GI-FA concerns introduction 

of new foods due to potential cross-reactivity and/or development of multiple food allergies during 

a period of vulnerability.  The risk is higher in patients developing symptoms during the first few 

months of life, and in this case breastfeeding or hypoallergenic formula until one year of age may be 

advisable. In CM-FPIES occurring after the first month of life, soy formula can be proposed as an 

alternative; although a physician-supervised OFC is generally recommended for introduction (3). 

Regarding solid-FPIES, it remains unclear if delaying introduction of other foods, particularly grains, 

could prevent development of multiple food-FPIES. Avoidance of foods from the same category (eg, 

grains, poultry or legumes) or those often associated with multiple food-FPIES can be considered 

and it is left at the discretion of the treating physician. considering both risk and benefit of delayed 

food introduction (92). In patients with FPIAP and FPE, food diversification can be performed 

following usual recommendations, without any restrictions.  

 

Most of the non-IgE-GI-FA are transient and resolve in early childhood. Thus, the majority of FPIAP 

patients achieve tolerance before 1 year of age (98). It has been shown that up to 20% of breastfed 

infants have spontaneous resolution of bleeding without changes in the maternal diet (26, 99). 

Infantile FPE resolves usually by age 1 to 2 years (38, 100). The natural course of FPIES has been 

investigated in several studies (24, 33, 34, 51, 57, 62, 101, 102), but there are major methodological 

differences between the studies making comparison difficult. The age of resolution differs by the 

food implicated, the sequence of food introduction as well as the characteristics of the population 

studied, particularly the atopic status. For example, CM-FPIES was reported to resolve in 20 % by age 

3 years in a US cohort, 90% by age 3 years in an Israeli cohort, and 64% by age 10 months in a 

Korean cohort (24, 34, 51, 102). Similar data are available for soy-FPIES (33, 34, 51, 102). Less robust 

data regard resolution of solid foods-FPIES, which tends to occur at a later age than CM/soy-FPIES 

(i.e. resolution by 5 years of age in only  65.5%, 50% and 0% of patients with FPIES to grains, meat 
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and fish/shellfish, respectively) (34). It is generally recommended to perform an OFC every 12 to 18 

months to assess tolerance acquisition (3). Timing of the OFC can be modified by the patient’s 

history, food-IgE positivity, dietary and/or social importance of the food and is ultimately best left at 

the discretion of the treating physician. 

 

Celiac disease 

Celiac disease is an immune-mediated systemic disorder elicited by the consumption of gluten 

and related prolamines in genetically susceptible individuals. The disease is characterized by 

the presence of a variable combination of gluten-dependent clinical manifestations, celiac 

disease-specific antibodies, HLA-DQ2 or HLA-DQ8 haplotypes, and enteropathy (5). The factors 

leading to the breakdown of tolerance to gluten are not known. As the majority of individuals 

with a genetic predisposition do not develop celiac disease, and the concordance between 

monozygotic twins is 75%, additional environmental as well as genetic factors may play a role 

(103). The prevalence of celiac disease in the general population varies considerably. It does not 

exist in populations lacking the HLA-DQ2 or HLA-DQ8 haplotypes, and the prevalence ranges 

from <0.25% to >1% (104), but may be as high as 3% (105, 106).  

Although celiac disease is mainly an enteropathy elicited by the consumption of gluten, other 

clinical manifestations (i.e. FTT, diarrhea, abdominal distention, muscle wasting, anorexia, and 

irritability) are commonly seen (5, 107). However, currently, non-classic and asymptomatic 

presentations (positive serology without symptoms) are common.  

In 2012, the European Society for Paediatric Gastroenterology, Hepatology and Nutrition 

updated their guidelines for the diagnosis of celiac disease (5). Two groups of patients were 

identified with different diagnostic approaches. In symptomatic children, in whom antibodies to 

tissue transglutaminase type 2 (IgA-TG2) are high (>10 times the upper limit of normal), 

endomysial antibodies (EMA) are present in a separately obtained blood sample, and HLA-DQ2 
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or HLA-DQ8 is positive, a duodenal biopsy is optional. This is a change from previous guidelines 

in Europe recommending duodenal biopsy in all cases. Also, the diagnostic algorithm requires 

the absence of IgA deficiency. In cases of IgA deficiency, testing for deamidated gliadin peptide 

IgG antibodies is done. In asymptomatic children at increased risk for celiac disease, the 

diagnosis is based on positive serology and duodenal biopsy findings. The typical 

histopathological findings include increased intraepithelial lymphocytes, crypt hyperplasia, and 

reduced villous height up to complete villous atrophy. The diagnostic procedure must be done 

in subjects currently consuming a gluten-containing diet, as eliminating gluten from the diet 

prior to testing may result in low-to-normal serology and inconclusive histopathology. 

Furthermore, serology must be done with a linear kit with established performance, and the 

biopsy specimen should be evaluated only with proper orientation of the sample and the 

evaluation done by a pathologist familiar with the pitfalls of the evaluation procedure (5). The 

only currently available treatment is a lifelong gluten-free diet, i.e., dietary exclusion of wheat, 

rye, and barley (108).  

The role of food allergy in other common infantile gastrointestinal disorders 

Gastroesophageal reflux disease (GERD), colic, irritable bowel syndrome (IBS) and constipation are 

among the most common pediatric ailments, and food allergy may play a role in their pathogenesis 

(109). Symptoms of these disorders are classical manifestations of digestive motility dysfunction, that 

may be due to due to food allergen-induced mediators (7, 109-112). Thus, a direct interaction 

between the enteric nervous system and inflammatory cells (i.e. mast cells, eosinophils) and 

pro-inflammatory cytokines secretion has been suggested (8, 109, 113-117). Stimulation of 

afferent nerve circuits via the brainstem during allergic reaction may influence sphincter tone 

and trigger gastrointestinal symptoms (118). Further studies are needed for a better 

understanding of the underlying pathomechanism by which food play a role in these diseases, 

such as increased intestinal permeability, induction of inflammation and changes in gut 

microbiota to name a few..  
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Gastroesophageal reflux disease  

GER is the physiological phenomenon of gastric contents moving into the esophagus, that may cause 

symptoms such as  intermittent vomiting, effortless spitting up, coughing, crying and/or food refusal 

(14). GER disease (GERD) is GER that is associated with complications, including esophagitis, FTT, 

esophageal peptic strictures, Barrett’s esophagus, pulmonary diseases or even apparent life 

threatening events (119-121). GER pathomechanism is multi-factorial; the predominant mechanism 

is attributed to transient lower esophageal sphincter relaxation. The vast majority of patients with 

GER do not require treatment and symptoms resolve around 12 months of age (122). The role of 

food allergens, particularly CM, in the pathophysiology of GER has been long entertained (16, 123-

126). Based on CM-free diet and OFC, Iacono et al. found that CM may play a role in 41% of infantile 

GERD (123). CM-allergy may be more relevant in a subset of infants with severe and persistent 

regurgitations, food aversion and FTT (127-129), as well as associated atopic dermatitis. Distinction 

between infantile eosinophilic esophagitis (EoE) and GERD may be particularly difficult, and requires 

endoscopy and esophageal biopsies (13).. Classic GER/GERD are typically characterized by 

eosinophils below 5/hpf (130), while the diagnosis of EoE requires more than 15 eosinophils/hpf 

with other distinctive features. The existence of  PPI-responsive esophageal eosinophilia leads to 

more confusion and controversy regarding the distinction of EoE from GERD (131). It has been 

suggested that feeding with CM causes gastric dysrhythmia, delayed gastric emptying, prolonged 

gastric distension and increased reflux episodes (6, 7). There is no convincing evidence supporting 

immunologically-mediated mechanism for GERD; the clinical response to hydrolysates in infants with 

GER may be due to an effect of more rapid gastric emptying with an extensive hydrolysate than with 

native proteins (13, 132).  
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Colic 

Infantile colic is characterized by unexplained inconsolable crying episodes during the early 

weeks of life (133, 134). Although the term colic suggests involvement of the gastrointestinal 

tract, the etiology of infantile colic is likely multifactorial (109). Several gastrointestinal factors 

have been incriminated; particularly intestinal immaturity, hypermotility secondary to a 

presumed autonomic imbalance and alterations in fecal microbiome (135). Faulty feeding 

techniques (i.e. underfeeding, overfeeding and/or swallowing air) may also contribute to colic 

development (135). Food allergens may be relevant in a subset of patients with severe colic 

(132) and those with atopic dermatitis. Systematic reviews confirmed the benefit of 

hypoallergenic hydrolyzed or soy formula as well as low-allergenic maternal diet in exclusively 

breastfed colicky infants (17, 18, 20, 132, 136-143). However, these studies have 

methodological limitations and the fact that colic is a transient disorder resolving within few 

weeks, renders investigations of the effect of restrictive diet particularly difficult (144). 

Considering that spontaneous improvement of colic usually occurs by 3 months of age, the 

duration of a proper diagnostic elimination diet would exceed the duration of symptoms in the 

majority of the affected infants (20, 132, 144). In addition, rapid maturation of the gut within the 

first months of life constitutes a significant bias for long-term studies (145).  

 

Irritable bowel syndrome 

IBS is a common functional disorder, characterized by abdominal pain, discomfort and altered bowel 

habits (146). Adverse food reactions may play an important role in IBS, as up to 71% of patients 

report symptoms improvement with exclusion diet and exacerbations following food ingestion (147, 

148). Although different foods have been incriminated (147), major interest has recently focused on 

wheat (149-154).  Well-conducted studies demonstrated that patients with IBS-like symptoms but 

negative key criteria for celiac disease (CD) or IgE-mediated wheat allergy, experienced symptom 
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improvement following wheat elimination and recurrence upon reintroduction of wheat (149-154). 

“Non-celiac wheat (or gluten) sensitivity” is the term proposed to describe these patients (155). 

There is a reasonable overlap between non-celiac wheat (or gluten) sensitivity and IBS, and the 

current classification probably needs revision (148). Although gluten has been initially incriminated, 

the effect of wheat-free diet may also be due to other wheat components, i.e. gliadin, amylase-

trypsin inhibitors (ATI) or poorly absorbed short chain carbohydrates (146, 148, 149).  

The role of fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) 

has been explored (156-159). In addition to wheat, these short-chain, poorly absorbed 

carbohydrates are found in a large variety of foods including some fruits and vegetables, onion, 

sorbitol and some dairy products (146). While FODMAPs do not cause gastrointestinal symptoms in 

healthy adults aside from increased flatulence, FODMAPs are important IBS symptom triggers (160, 

161).  Thus, FODMAP’s effect is probably a consequence of underlying abnormalities in gut 

physiology leading to increased motility and gas production. The role of FODMAPs in functional 

abdominal pain and IBS in children is poorly studied. A randomized clinical trial showed 

improvement in gastrointestinal symptoms and decreased breath hydrogen production in children 

on a low FODMAP diet (162-164). Additional pediatric studies are necessary before a low FODMAP 

diet can be recommended in children with IBS.  

Based on data showing an increased prevalence of atopic diseases among patients with IBS and 

improvement of symptoms after treatment with cromoglycate, food allergies were suggested to play 

a role in the IBS pathogenesis (165-167). Localized IgE-mediated reaction limited to the intestinal 

mucosa could be responsible for the symptoms (168).  However, further studies are needed to 

investigate the exact role of food allergy in IBS patients.  

   

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Constipation 

Up to 30% of children are affected by constipation, with an estimated of 3 to 5 percent of all 

pediatric office visits (169). The role of diet in the pathogenesis is well known; ingestion of large 

amounts of highly processed foods at the expense of fiber is one of the leading causes of 

constipation (170-172). Cereal grains may increase stool consistency, and may trigger constipation 

(173). The role of CM in constipation is controversial (174). Transition from breast milk to CM-

formula is often associated with mild constipation and CM-formula has been associated with greater 

stool hardness (132, 175). Beneficial effect of CM-free diet was found in 28% to 78% of children with 

chronic constipation in prospective clinical trials (8, 9, 176-184). Patients with chronic constipation 

responding to CM-free diet are more likely to be atopic (8, 9). Inflammation of the rectal mucosa and 

anal fissures suggest that a non-IgE mediated mechanisms similar to FPIAP or FPIES may be involved 

(21, 176). Allergic inflammation may lead to increased anal pressure at rest and predispose to fecal 

retention (180). However, the potential effect of CM could also be explained by nonspecific 

mechanisms that lead to change in stool consistency. (9, 185) 

 

Diagnosis and management of potentially food related GI disorders (GERD, colic, IBS, 

constipation, and non-celiac wheat sensitivity) 

 As for other non-IgE-GI-FA, no biomarkers are available to confirm the involvement of foods in 

these disorders, and the diagnosis is based on elimination diet followed by food reintroduction. 

Elimination of the potentially incriminated food (mainly CM) should be implemented for at least 

2-4 weeks and the diagnosis needs to be confirmed by subsequent food reintroduction to avoid 

unnecessary dietary restrictions for the mother or the child.  
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Elimination diets are associated with the risk of nutrient deficiency with major consequences, 

particularly in infants and the FODMAP-free diet as FODMAPs are ubiquitous in foods essential to a 

well-balanced diet (186). Involvement of a dietitian is of major importance, especially in severe cases 

and a periodic reevaluation of the benefits of diet is warranted. In most cases, reintroduction of 

the incriminated food can be performed at home, without the need for a physician-supervised 

OFC. However, skin prick test and/or specific-IgE have been shown to be positive in subset of 

patients. Thus, it is recommended to perform those tests before food reintroduction, and if 

positive, an OFC should be performed with an adapted protocol (3).  

 

CONCLUSIONS 

Non-IgE-GI-FA including FPIES, FPE and FPIAP are relatively common in infants and young children, 

but are likely under-diagnosed. Further studies are needed for a better understanding of the 

pathomechanism, which will lead eventually to the development of diagnostic tests and treatment 

modalities. Limited evidence supports the role of food allergens in subsets of constipation, GERD, IBS 

and colic but the immunologic pathomechanism is not fully understood. From a clinical point of 

view, the potential side effects of a long-term elimination diet should be taken into account, 

particularly to avoid nutrient deficiency and feeding disorders/food aversions in infants. 
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Table 1. Clinical characteristics of non-IgE-mediated gastrointestinal food allergies  

 

 FPIES FPIAP FPE 

Typical age of onset Days to 1 year Days to 6 months 2 to 24 months 

Symptoms 

    Emesis 

    Diarrhea 

    Bloody stools 

    Edema 

    Shock 

    Failure to thrive 

 

Prominent  

Severe 

Severe 

Acute, severe 

15-20% 

Moderate 

 

No 

No 

Moderate 

No 

No 

No 

 

Intermittent  

Moderate 

Rare 

Moderate 

No 

Moderate 

Allergy evaluation 

    Food prick skin test 

    Serum food-specific IgE 

    Total IgE 

    Peripheral blood eosinophilia 

 

Negative* 

Negative* 

Normal 

No 

 

Negative 

Negative 

Normal 

Occasional 

 

Negative 

Negative 

Normal 

No 

Biopsy findings 

    Villous injury 

    Colitis 

    Mucosal erosions 

    Lymph nodular hyperplasia 

    Eosinophils 

 

Patchy, variable 

Prominent 

Occasional 

No 

Prominent 

 

No  

Focal 

Occasional, linear 

Common 

Prominent 

 

Variable, crypt length 

No 

No 

No 

Few 

Food challenge Vomiting in 4-6 h; 

diarrhea in 5-8 h 

Rectal bleeding in 6-72h Vomiting, diarrhea, or both 

in 40-72h 
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FPIES, food protein induced enterocolitis syndrome; FPIAP, food protein-induced allergic proctocolitis; FPE, food protein-induced enteropathy 

* Positive prick test and/or specific IgE may be present at initial diagnosis or at follow-up (atypical FPIES) 

 

Table 2. Differential diagnosis of non-IgE-mediated gastrointestinal food allergies  

 

FPIES FPIAP FPE 

Infections Infections Infections 

- Viral gastroenteritis                                                                           

- Sepsis 

- Bacterial enteritis (Salmonella, 

Shigella, Campylobacter, Yersinia) 

- Parasites 

- Viral gastroenteritis                                                                            

- Bacterial enteritis (Salmonella, 

Shigella, Campylobacter, Yersinia) 

- Parasites 

- Viral gastroenteritis                                                                           

- Sepsis 

- Bacterial enteritis (Salmonella, 

Shigella, Campylobacter, Yersinia) 

- Parasites 

Allergic disorders Allergic disorders Allergic disorders 

- Other non-IgE-mediated 

gastrointestinal food allergy disorders 

(FPE and eosinophilic gastrointestinal 

disorders) 

- Other non-IgE-mediated 

gastrointestinal food allergy disorders 

(i.e. mainly FPIES) 

- Other non-IgE-mediated 

gastrointestinal food allergy disorders 

(i.e. mainly chronic FPIES) 

-Eosinophilic gastroenteropathy 

- Acute IgE mediated allergy 

(anaphylaxis)  

 

   

Gastrointestinal disorders Gastrointestinal disorders Gastrointestinal disorders 

- Gastroesophageal reflux disease - Anal fissure 

 

- Celiac disease 

-Autoimmune enteropathy 

-Protein losing gastroenteropathy  

-Pancreatic insufficiency  

-Primary immunodeficiency 

- Hirschsprung disease 

- Intussusception  

- Volvulus 

- Pyloric stenosis 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

FPIES, food protein-induced enterocolitis syndrome; FPIAP, food protein-induced allergic proctocolitis; FPE, food protein-induced enteropathy 

 

 

 

 

 

 

 

 

 

- Celiac disease 

-Meckel’s diverticulum 

-Lymphangiectasia 

-Inherited epithelial defects (e.g., 

microvillus inclusion disease) - Necrotizing enterocolitis 

 

Others Others Others 

- Neurologic disorders (i.e. seizure, 

encephalopathy or bleeding) 

- Heart defects (i.e. congenital heart 

disease, cardiomyopathy or 

arrhythmia) 

- Congenital methemoglobinemia 

- Intoxication 

- Metabolic disorders 

 

- Swallowed maternal blood 

  

- Neurologic disorders (i.e. seizure, 

encephalopathy or bleeding) 

- Intoxication 

- Metabolic disorders  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

Table 3. Currently used diagnostic criteria of non-IgE-mediated gastrointestinal food allergies  

FPIES*
 

FPIAP** FPE**
 

1. Less than 2 years of age at first presentation (frequent 

feature but not mandatory) 

1. Small amount of rectal bleeding in an 

otherwise healthy infant 

1. Less than 9 months of age at initial diagnosis 

2. Exposure to the incriminated food elicits repetitive and 

projectile vomiting, pallor, lethargy within 2–4 hours.  

The symptoms last a few hours, usually resolve within 6 

hours 

Diarrhea may be present, much less frequently and later 

(5-10 hours).  

2. Disappearance of the symptoms after all 

antigens are removed from diet 

2. Repeated exposure to causative food elicits gastro-

intestinal symptoms without alternative cause, 

predominantly vomiting and failure to thrive 

3. Absence of symptoms that may suggest an IgE-

mediated reaction 

3. Exclusion of other cause of rectal bleeding 3. Confirmation of the diagnosis by small bowel biopsy 

in a symptomatic child, showing villous injury, crypts 

hyperplasia, and inflammation 

4. Avoidance of the offending protein from the diet 

results in resolution of symptoms 

 4. Removal of causative food results in resolution of 

symptoms within several weeks, although the complete 

healing of villus injury may take several months 

5. Re-exposure or oral food challenge elicits typical 

symptoms within 2−4 hours. Two typical episodes are 

needed to establish the definitive diagnosis without the 

need to perform an oral food challenge. 

       

FPIES, food protein-induced enterocolitis syndrome; FPIAP, food protein-induced allergic 

proctocolitis; FPE, food protein-induced enteropathy 

* Modified Powell’s diagnostic criteria (Sopo et al, 2013) 

** There is no defined diagnostic criteria in the literature. Those are criteria generally used to 

diagnose FPIAP or FPE in clinical practice. 

   




