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 53 

Abstract 54 

 55 

Background 56 

Some aspects of diagnostic elimination/challenge diets in food protein-induced allergic 57 

proctocolitis (FPIAP) are still poorly defined. 58 

 59 

Objective 60 

This study investigated the symptom spectrum, time required for resolution of each symptom, 61 

triggering foods, and risk factors for multiple food allergies (MFA) in FPIAP. 62 

 63 

Methods  64 

Infants referred with visible blood in stool were enrolled after etiologies other than FPIAP had 65 

been excluded. Laboratory evaluation, clinical features and elimination/challenge steps were 66 

performed prospectively during diagnostic management.  67 

 68 

Results 69 

Ninety-one out of 102 infants (53 boys) were diagnosed with FPIAP. Eleven children did not 70 

bleed during challenges. Visible blood in stool began before two months of age in 63.6% of 71 

the infants not diagnosed with FPIAP, compared to 18.9% of the patients with FPIAP 72 

(p=0.003). Offending foods were identified as cow’s milk (94.5%), egg (37.4%), beef (10.9%), 73 

wheat (5.5%), and nuts (3.3%). MFA was determined in 42.9% of patients. Multivariate logistic 74 

regression analysis identified atopic dermatitis (AD) (OR 2.98, 95% CI 1.18-7.55, p=0.021) and 75 

an eosinophil count ≥300 cells/µL (OR 2.72, 95% CI 1.09-6.80, p=0.032) as independent risk 76 

factors for MFA. Blood and mucus in stool disappeared in a median three days (IQR: 1-14.5 77 

days) and 30 days (IQR: 8-75 days), respectively.  78 

 79 

Conclusions 80 
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A tendency to transient bleeding occurs in infants who present with bloody stool before two 81 

months of age. A two-week duration of elimination for blood in stool is sufficient to reach a 82 

judgment of suspected foods for FPIAP. Mucus in stool is the last symptom to disappear.  83 

Concurrent AD suggests a high probability of MFA in FPIAP. 84 

 85 

What is already known about this topic? 86 

Diagnosis of food protein-induced allergic proctocolitis (FPIAP) is based on symptom 87 

responses to sequential elimination/challenge diets.  88 

 89 

What does this article add to our knowledge? 90 

Prospectively structured diagnostic dietary steps identify a tendency to transient bleeding 91 

before two months of age, prolonged presence of mucus in stool even if blood disappears, 92 

recovery time with elimination for each symptom, and atopic dermatitis as a risk factor for 93 

multiple food allergies.  94 

 95 

How does this study impact current management guidelines? 96 

A two-week duration of elimination for blood in stool is sufficient to form a judgment of 97 

suspected foods. Concurrent atopic dermatitis suggests a high probability of multiple allergies. 98 

Mucus in stool is the last symptom to disappear and should not affect diagnostic decisions 99 

alone. 100 

 101 

Key words: 102 

Allergic proctocolitis; elimination diet; food allergy; multiple food allergies; atopic dermatitis; 103 

transient proctocolitis 104 

 105 

Abbreviations: 106 

 107 

AD: Atopic dermatitis 108 
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FPIAP: Food protein-induced allergic proctocolitis 109 

FPIES: Food protein-induced enterocolitis syndrome 110 

IQR: Interquartile range 111 

MFA: Multiple food allergies 112 

OFC: Oral food challenge 113 

OR: Odds ratio 114 

SCORAD: Scoring atopic dermatitis 115 

sIgE: Specific immunoglobulin E 116 

SPT: Skin prick test 117 

TC: Transient colitis 118 

 119 

 120 

 Introduction  121 

Food protein-induced allergic proctocolitis (FPIAP) is one of the most common 122 

manifestations of non–IgE‐mediated food allergies in infants1.  This benign condition involves 123 

bloody stools in a well-appearing infant. Onset is usually in the first few months of life, while 124 

recovery generally occurs within one year. Diagnosis is based on sequential elimination and 125 

challenge diets with the suspected triggering food2–4. 126 

Despite these well-known clinical features of FPIAP, some aspects of dietary 127 

management are still poorly described, especially in children with multiple food allergies (MFA). 128 

In most infants, elimination of the offending protein, most frequently cow’s milk, from the diet 129 

leads to a clinical resolution of bleeding within 72 to 96 h2. However, in case of infants whose 130 

symptoms do not resolve within that time frame, the clinician needs to know for how long the 131 

elimination diet should be applied, and how broad it should be, in order to identify infants with 132 

other triggering proteins or MFA, or those with no food allergy. In addition, some infants whose 133 

rectal bleeding disappears with a diagnostic elimination diet do not re-bleed with a challenge 134 

diet5.  135 
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 Although blood and mucus in stool are the principal manifestations of FPIAP, other 136 

symptoms have been identified in previous studies, such as diarrhea, colic, vomiting, and pain 137 

during defecation1,6. These reports are largely based on retrospective data. However, 138 

irritability, feeding difficulty, vomiting, and diarrhea were also reported in a very recent 139 

prospective birth cohort study7. Symptom severity and time to resolution of each symptom with 140 

an appropriate elimination diet are still unclear. As well as these additional symptoms, 141 

concurrent atopic dermatitis (AD) and a relationship with IgE sensitization has also been 142 

reported in recent years8.  143 

The purpose of this prospective study was to clarify the little-known clinical 144 

characteristics of FPIAP by identifying useful tools for structuring diagnostic elimination and 145 

challenge diets, especially in patients with MFA, via coexistence patterns of triggering foods, 146 

and risk factors for MFA. Another aim was to determine the time needed for the resolution of 147 

each symptom, to document the symptom spectrum in patients with FPIAP, to evaluate 148 

patients with no re-bleeding after an elimination diet followed by the food challenge test, and 149 

to investigate the relationship between FPIAP and IgE-mediated food allergies. 150 

Methods  151 

Study group 152 

This prospective cross-sectional study was conducted in a tertiary reference center, the 153 

Pediatric Allergy and Pediatric Gastroenterology Clinics of the Kocaeli University Medical 154 

Faculty, Turkey, between March 2019 and March 2020. All children under one year of age 155 

referred with visible blood in stool were enrolled consecutively in the absence of other 156 

conditions such as infections, anal fissure, necrotizing enterocolitis, inflammatory bowel 157 

diseases, coagulation defects, intussusception, volvulus and Hirschsprung disease. Etiologies 158 

other than FPIAP had been already ruled out by the Pediatric Gastroenterology Clinic. Patients 159 

referred with occult blood in stool were not included.  160 
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The study was approved by the Ethical Committee of the Medical Faculty (KÜ 161 

GOKAEK 2019/1), and written informed consent was obtained from the parents of participating 162 

patients.  163 

Diagnosis of FPIAP 164 

FPIAP was diagnosed according to the international guidelines with consecutive 165 

elimination and challenge diets 9,10. Symptom resolution achieved by elimination of offending 166 

foods, followed by reintroduction with symptom deterioration, confirmed the diagnosis. Cases 167 

whose symptoms did not recur during the challenge were regarded as transient colitis (TC).   168 

Study design 169 

Initial allergy evaluation with specific immunoglobulin E (sIgE) (cow’s milk, egg, beef, 170 

wheat, and peanut) and skin prick test (SPT) for cow’s milk, egg, wheat, hazelnut, peanut and 171 

walnut were performed in all cases on admission. Baseline symptoms and clinical 172 

characteristics (visible blood in stool, mucus in stool, vomiting, loose stools, painful flatus, 173 

persistent perianal erythema, persistent diaper dermatitis, infantile colic, feeding refusal, poor 174 

weight gain, AD, urticaria, age at symptom onset, and dietary status) were recorded. Symptom 175 

severity of blood and mucus in stool, vomiting, infantile colic, perianal erythema and persistent 176 

diaper dermatitis was graded on admission. The patients were followed up at two-week 177 

intervals, and time to improvement for each symptom was recorded. The same physician was 178 

in charge of the patient visits throughout the study. All parents were given the option to contact 179 

this physician by phone and to instantly report any symptom which resolved. 180 

Offending food has been described as the food that causes visible blood in stool for 181 

both single and multiple allergies. The detection of two or more offending foods causing FPIAP 182 

in the same patient was regarded as representing MFA. Foods causing either AD flare or IgE-183 

mediated reactions were not considered offending unless they caused visible blood in stool. 184 

Symptom severity grading and evaluation of sIgE and SPT are shown in the repository 185 

material.  186 
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Elimination procedure  187 

Maternal elimination diet was applied among infants who were exclusively breastfed. 188 

For formula-fed infants, the elimination diet was applied with amino acid-based formula. In 189 

case of infants consuming complementary foods, the offending foods were also strictly 190 

avoided. Cow’s milk was the first food eliminated from the diet. The first elimination diet also 191 

covered other foods accompanying visible blood in stool in the history. Since one of the aims 192 

of the present study was to investigate the relationship between FPIAP and IgE-mediated food 193 

allergies, we additionally eliminated those foods exhibiting positive sIgE and/or SPT during the 194 

first elimination diet as a methodology specific to this study. The other details are given in 195 

Figure 1. 196 

Challenge procedure  197 

Challenge protocols were implemented based on published guidelines11. Oral food 198 

challenges (OFCs) were performed in hospital in cases with IgE-mediated food allergies such 199 

as the presence of urticaria in the history accompanying FPIAP. In case of patients whose only 200 

symptom was visible blood in stool without food sIgE, OFCs were carried out at home.  201 

OFCs were performed four weeks after the disappearance of visible blood in stool12. 202 

Challenges were started with the last food to be eliminated (Figure 1).  For FPIAP, the OFC 203 

was considered positive if visible blood in stool re-appeared during the following two weeks. 204 

For IgE-mediated food allergies, the OFC was considered positive in the presence of skin 205 

reactions (urticaria, angioedema), gastrointestinal (vomiting), or respiratory 206 

(rhinoconjunctivitis, bronchospasm, cough, or dyspnea) manifestations within two hours of 207 

ingestion of the offending food. For AD flare, an increase of at least 10 SCORAD points within 208 

six hours following ingestion of the last dose was considered an immediate reaction13,14.    209 

The challenge was regarded as positive in cases with a history of visible blood in stools 210 

related to an incidental food intake. In cases of negative OFCs, regular dietary consumption of 211 

the offending food was performed for at least two consecutive weeks after OFC.   212 

Jo
urn

al 
Pre-

pro
of



 9 

Symptom resolution times 213 

The duration of a symptom from the onset of the diagnostic elimination diet to 214 

improvement was regarded as symptom resolution time. The elimination diet was considered 215 

"diagnostic" when visible blood in stool resolved by eliminating the suspected food. Each 216 

symptom was evaluated individually for improvement. Time elapsed from the first day of 217 

bleeding to resolution was considered symptom resolution time in the subjects with TC. 218 

Statistical analyses 219 

Statistical analyses were conducted on IBM SPSS v21.0 software (SPSS Inc., Chicago, 220 

IL, USA). The Kolmogorov-Smirnov test was used to evaluate the distribution of groups 221 

containing more than 50 cases, and the Shapiro Wilk test for groups with fewer than 50 cases. 222 

Continuous variables were expressed as median (interquartile range, IQR) and categorical 223 

variables as counts (percentages). The Chi-square test or Fisher’s exact test were used for 224 

assessing categorical variables. The non-parametric Mann-Whitney U test was used to 225 

compare continuous variables between two groups. A two-sided p value <0.05 was considered 226 

statistically significant. Logistic regression analysis was performed to determine the risk factors 227 

for MFA and concomitant IgE reactions. Multivariate analysis included p values of 0.20 and 228 

below identified at univariate analysis. The results were expressed as odds ratio and 95% 229 

confidence interval.  230 

Results 231 

One hundred and nine infants meeting the inclusion criteria were enrolled. However, 232 

seven patients were lost to follow-up, and the final study population thus consisted of 102 233 

infants (53 boys, 52%).  Ninety-one (89%) children were diagnosed with FPIAP. Eleven (11%) 234 

children did not bleed during the challenge and were identified as TC cases. Additionally, 16 235 

patients diagnosed with intussusception (n=12), Hirschsprung disease (n=2) and acute bloody 236 

diarrhea (n=4) among infants younger than 12 months admitted with visible bloody stools 237 

during the study period were excluded.  238 
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      239 

Clinical characteristics of FPIAP and TC 240 

The main clinical characteristics of the patients with FPIAP and those with TC in terms 241 

of age, sex, dietary status and concomitant atopic disorders are shown in Table 1. Age at onset 242 

of visible blood in stools was lower in the infants with TC compared to those with FPIAP 243 

(median 1.5 months [IQR 0.5-3.5 months] versus median 3.0 months [IQR 2.0–4.0 months], 244 

respectively; p = 0.036). Analysis showed that visible blood in stool began before two months 245 

of age in 63.6% of the infants with TC, compared to 18.9% of the patients with FPIAP 246 

(p=0.003).  247 

 All patients with FPIAP and TC had visible blood and mucus in stool. Colic (n:41, 248 

45.1%) and painful flatus (n:52, 57.1%) were the most frequent accompanying complaints in 249 

patients with FPIAP. Vomiting, loose stools and persistent perianal erythema were also 250 

observed to some extent (Table 2). Only four patients had no symptoms accompanying blood 251 

and mucus in stool. 252 

Offending foods  253 

 The most common offending foods were cow’s milk 94.5% (n:86), egg 37.4% (n:34) 254 

and beef 11% (n:10) (Table 3). FPIAP was also caused by wheat and nuts in 5.5% (n:5) and 255 

3.3% (n:3, all hazelnut) of patients, respectively. 256 

Fifty-seven percent (n:52) of the patients with FPIAP reacted to a single food (49 to 257 

cow’s milk, three to hen’s egg). Beef allergy and wheat allergy were never observed alone. 258 

MFA was determined in 42.9% (n:39) of patients (Table 3). The two most common offending 259 

foods documented together in the same individual among the patients with MFA were cow’s 260 

milk and egg 32.9% (n:30). Univariate analysis identified concurrent AD as a risk factor for 261 

allergies of cow’s milk and egg in the same patient (OR 2.74, 95% CI 3.09-6.87, p=0.032).   262 
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Risk factors for multiple food allergies  263 

The median (IQR) absolute eosinophil counts (cells/µL) in patients with multiple and 264 

single allergies were 313 (218-460) versus 211 (100-328) (p=0.013). AD and an absolute 265 

eosinophil count of 300 cells/µL or greater were determined in 51.3% (20/39) and 53.8% 266 

(21/39) of the patients with MFA, versus 28.8% (15/52) and 32.7% (17/52) of the patients with 267 

single allergy (p= 0.029 and p=0.043, respectively) (Table 4).  268 

Multivariate logistic regression analysis identified concurrent AD [OR 2.98, 95% CI 269 

1.18-7.55, p=0.021] and an absolute eosinophil count ≥300 cells/µL  [OR 2.72, 95% CI 1.09-270 

6.80, p=0.032] as independent risk factors for MFA (Table 5).  271 

Concomitant IgE-mediated reactions 272 

Positive sIgE and/or SPT values (Eight egg sIgE and three cow’s milk sIgE values 273 

>0.35 kU/L; seven egg-SPT and three cow’s milk-SPT ≥3 mm) were obtained in nine patients 274 

with FPIAP. IgE-mediated reactions alongside visible blood in stool were observed in eight of 275 

these nine patients. Symptoms in patients with positive challenges included vomiting (n:1), AD 276 

flare (n:3), vomiting and AD flare (n:2), vomiting and urticaria (n:1), and vomiting, urticaria and 277 

AD flare (n:1). No anaphylaxis was observed in any patient.    278 

The frequency of moderate-to-severe AD was higher in patients with IgE-mediated food 279 

allergy compared to those without such allergy (62.5% (5/8) vs. 18.1% (15/83), respectively, 280 

p=0.012). The frequency of vomiting and urticaria were also higher in patients with IgE-281 

mediated food allergy (p=0.02 and p=0.02, respectively). Characteristics of the patients with 282 

food protein-induced allergic proctocolitis with and without IgE-mediated food allergy are given 283 

in the repository material (Table E1). Multivariate analysis identified moderate-to-severe AD 284 

as a risk factor for IgE-mediated food allergy (OR 6.85, 95% CI 1.27-37.03, p=0.025) (Table 285 

6).   286 

 287 

Symptom resolution times 288 
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The median duration of individual symptoms from the onset of the diagnostic 289 

elimination diet to symptom improvement, together with symptom scores, are shown in Table 290 

2. Visible blood in stool disappeared within a median time of three days (IQR: 1-14.5 days) 291 

with the diagnostic elimination diet. Resolution of visible blood in stool occurred within 15 days 292 

in 86% (79/91) of patients, within three days in 55% (50/91), and within one day in 38% (35/91). 293 

The median duration of visible blood in stool was one day (IQR:1-6 days) in subjects with TC. 294 

Visible blood in stool was observed for one day in 72% (8/11) of the patients with TC. The 295 

duration of visible blood in stool was 10 days in two patients and 30 days in one patient among 296 

the infants with TC.    297 

Mucus in stool improved in a median of 30 days (IQR: 8-75 days), and was the last 298 

symptom to resolve. Disappearance of mucus was observed after the onset of complementary 299 

feeding in 64.8% (59/91) of patients. The longest median time to resolution after mucus was 300 

observed with painful flatus. Three-quarters of feeding refusal, poor weight gain, loose stools 301 

and persistent perianal erythema improved within 30 days. Poor weight gain and loose stools 302 

improved in all subjects within 60 days. Resolutions of AD and vomiting occurred in three-303 

quarters of cases within approximately two weeks.  304 

 305 

Discussion 306 

The present study was conducted to clarify the clinical characteristics of FPIAP in order 307 

to augment the diagnostic strategies employed in daily practice. The prospective design, in 308 

contrast to previous studies, made it possible to document the age group in which TC clustered 309 

most, and to evaluate the time to improvement with elimination diet for each individual 310 

symptom and risk factors for MFA. Visible blood in stool disappeared within a median time of 311 

three days with the diagnostic elimination diet. Resolution of visible blood in stool occurred 312 

within 15 days in 86.3% of patients. Mucus was the last symptom to disappear. Some less 313 

prominent additional symptoms such as loose stools, colic, vomiting, painful flatus, feeding 314 

refusal, transient poor weight gain, and perianal erythema were also documented. Cow’s milk 315 

and egg were the most common triggering foods. MFA was determined in 42% of the patients. 316 
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AD was a risk factor for MFA specifically to cow’s milk and egg. Additionally, moderate-to-317 

severe AD was identified as a risk factor for concomitant IgE-mediated food allergy.   318 

Several studies in recent years have reported that visible bright red rectal bleeding with 319 

eosinophilic infiltration in the rectosigmoid mucosa in non-sick neonates can disappear 320 

spontaneously5,15. The reported age range at symptom onset is between one and 43 days, the 321 

majority of cases occurring soon after birth5,15,16. Although this condition, known as neonatal 322 

transient eosinophilic colitis, is reported as a distinct entity from FPIAP, distinguishing between 323 

neonatal transient eosinophilic colitis and FPIAP is problematic15. Although there are some 324 

differences in the clinical manifestations of these two conditions, they likely represent the 325 

spectrum of the same clinical entity. Both are known to be self-limited conditions. Our 326 

observations suggested that there is a high probability of visible blood in stool in a healthy-327 

appearing infant under two months  of age being transient in nature. No bleeding was observed 328 

with reintroduction of the offending food in 11% of our patients. Nearly two-thirds of these were 329 

under two months of age. Such a presentation may be due to an ultra-short natural history of 330 

allergic mechanism. A one-month ‘watch and wait’ approach before an elimination diet has 331 

recently been proposed for monitoring whether spontaneous resolution occurs in some 332 

patients17. Due to the transient nature of bloody stools before two months of age in the present 333 

study, this approach may indeed be appropriate, especially during this period. Moreover, our 334 

results emphasize the importance of the challenge steps of the diagnostic process following 335 

elimination.  336 

In order to accurately manage the dietary steps in FPIAP, it is important to know the 337 

time to resolution of the symptoms with appropriate elimination. Current guidelines recommend 338 

that the diagnostic elimination diet for FPIAP be maintained for two to four weeks6,9,10,18,19. 339 

However, prospective data supporting these recommendations are lacking, except for one 340 

recent prospective observational study which addressed that point and found that almost all 341 

children with non-IgE mediated gastrointestinal food allergies improved within four weeks 342 

following a diagnostic elimination diet12. However, the time required to improvement was not 343 
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evaluated separately for each symptom, and the median age of the patients was above the 344 

classic period for FPIAP. The present study was therefore designed to investigate the 345 

disappearance of each symptom in FPIAP using structured elimination and challenge steps in 346 

a prospective manner. Visible blood in stool, the main symptom of FPIAP, resolved in a median 347 

three days with elimination. Resolution occurred within 15 days in 86.3% of patients. Three 348 

quarters of AD and vomiting in patients with FPIAP also improved within nearly two weeks. 349 

These data support the idea that two weeks are sufficient to confirm the resolution of visible 350 

blood in stool, AD and vomiting in a patient with suspected FPIAP or else to proceed with 351 

elimination with another food.  352 

The presence of mucus in stool is one of the common symptoms of FPIAP. For this 353 

reason, clinicians may sometimes over-diagnose FPIAP in infants without blood in stool, or 354 

may over-extend the elimination diets according to the mucus itself. Mucus in stool was present 355 

in all of our patients, and the prospective follow-up of mucus in stool showed that it was the 356 

last symptom to disappear in FPIAP.  Resolution of this symptom took place within a median 357 

30 days and was not observed until complementary feeding in approximately 65% of patients. 358 

This observation supports the idea that elimination diet should not be extended on the basis 359 

of the mucus itself in cases in which blood has already disappeared. Otherwise the persistence 360 

of isolated mucus in stool may lead to unnecessary elimination diets. Additionally, three-361 

quarters of feeding refusal, poor weight gain, loose stools and persistent perianal erythema in 362 

patients with FPIAP improved within 30 days. The symptom resolution periods documented in 363 

the present study, in line with the findings of Lozinsky et al., indicate that 30 days are needed 364 

to evaluate the resolution of the symptoms mentioned above by eliminating the suspected 365 

food12.  366 

Although cow’s milk is the most common inciting food in FPIAP, other food allergens, such 367 

as egg, wheat, beef, and nuts, can also be involved2,4,20 . Soy and egg are among the second 368 

most commonly reported foods, worldwide2,20 . Offending foods are known to vary by 369 

geographic regions, and depending on dietary habits and genetic background. In Turkey, 370 
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traditional complementary foods do not contain soy, and there is no commercially available 371 

soy-based infant formula. Studies from Turkey have only very rarely reported soy as an 372 

offending food in FPIAP 3,21-25. Soy was also not reported in the food-related symptom histories 373 

of the patients in the present study. No patients also failed to improve, and soy was not 374 

therefore included in this study.  375 

Varying rates of MFA in FPIAP between 5% and 35% have been reported in previous 376 

studies2,3,21–25. Forty-two percent of the patients in the present study were affected by two or 377 

more food allergens. The two foods most commonly identified together in patients with MFA 378 

were cow’s milk and egg, in agreement with other studies from Turkey3,21–25. Three or more 379 

food allergies were found in approximately 9% of our patients. Different clinical practices are 380 

observed among pediatricians, such as starting the diagnostic process with a wide elimination 381 

diet that covers all of the most common allergenic foods in the first step. The low prevalence 382 

of three or more offending foods in the present study represent evidence against this practice. 383 

The management of diagnostic elimination steps may sometimes be confusing. Since 384 

cow’s milk is the most common trigger, elimination of this alone is sufficient in most patients. 385 

However, in infants with MFA, symptoms do not resolve until all offending foods have been 386 

eliminated. Under such conditions, a prior knowledge of risk factors for MFA will be a useful 387 

guide for the clinician. AD and an absolute eosinophil count ≥300 cells/µL were identified as 388 

independent risk factors for MFA in the present study. For these reasons, elimination may be 389 

started with the two most likely foods, cow’s milk and egg, in infants with these risk factors. 390 

Similarly, Vandenplus et al. proposed starting diagnostic elimination with cow’s milk and egg 391 

in infants with concomitant moderate-to-severe AD 18. In patients with no risk of MFA a linear 392 

order of elimination, step by step according to the frequency of the offending foods, represent 393 

a reasonable approach. When evaluated from this perspective, the frequency of offending 394 

foods in our study is compatible with general application of elimination order.  395 

An association between non-IgE mediated allergies and atopic co-morbidities has been 396 

highlighted in recent years8. Meyer et al. reported 41.5% AD and 29.9% sIgE positivity in a 397 
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large retrospective study of children with food-induced gastrointestinal allergies26. Conversely, 398 

some previous studies have reported gastrointestinal co-morbidities in patients with AD27. 399 

Approximately 30% of infants with food protein-induced enterocolitis syndrome (FPIES), 400 

another non-IgE mediated food allergy, develop atopic diseases, 24% of cases have positive 401 

sIgE levels to the food triggering FPIES, and up to 40% may exhibit evidence of IgE positivity 402 

to other foods4,28. The presence of IgE antibodies has been shown to indicate a persistent 403 

disease4. Such a relationship with IgE sensitization is also being investigated for FPIAP, and 404 

AD has been documented as a common allergic comorbidity8,23,24. One recent study reported 405 

a positive IgE reactive rate of 23%, while IgE sensitization and MFA were identified as risk 406 

factors for a persistent course in FPIAP24. AD was more common among children in the MFA 407 

group in that research compared to the single food allergy group24. Another study reported that 408 

infants with MFA had a higher frequency of positive sIgE and/or positive SPT results than those 409 

with a single food allergy23. Approximately 10% of the patients with FPIAP in the present study 410 

exhibited sIgE positivity, and AD was a widely seen allergic comorbidity, with a frequency of 411 

40%. AD was also found to be a risk factor for MFA in FPIAP. Moreover, moderate-to-severe 412 

AD was associated with an increased risk of IgE-mediated food allergy. Although laboratory 413 

methods have no place in the diagnosis of FPIAP, our data and other recent reports concerning 414 

concomitant IgE reactions suggest that performing sIgEs in FPIAP patients with moderate-to-415 

severe AD may be a rational strategy. Our data support the idea that FPIAP may be involved 416 

in the early stages of non-IgE allergic march and indicate atopic comorbidities7,8. The spectrum 417 

of documented symptoms and clinical manifestations of FPIAP indicates an ongoing need for 418 

collaboration between pediatric gastroenterologists and allergists.  419 

In addition to these reports of coexistence patterns of IgE positivity and FPIAP, one recent 420 

large healthy-infant cohort study reported that children with FPIAP were at increased risk of 421 

developing IgE-mediated food allergies. Eleven percent of children with FPIAP were reported 422 

to develop IgE-mediated food allergy compared to 5% of children without FPIAP29. The early 423 

introduction of allergenic foods is known to be capable of reducing the risk of IgE-mediated 424 
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food allergy30. The authors of the cohort study hypothesized that the antigen elimination diet 425 

used to treat FPIAP in the first year of life may have increased the risk of IgE allergy29. A shared 426 

immunopathogenic food allergy response in both FPIAP and IgE-mediated food allergy also 427 

has been postulated as a second potential mechanism29. Other studies have also revealed a 428 

significant risk of developing an acute IgE-mediated reaction to food after elimination in 429 

children with AD with food sensitization31. Given the association between elimination diets and 430 

developing IgE-mediated reactions, it is crucial to manage the diagnostic steps in line with the 431 

international guidelines with consecutive elimination and challenge diets, and to avoid 432 

unnecessary extended elimination diets in the follow-up period.   433 

Clinicians are aware that visible blood in stools in a well-appearing infant suggest FPIAP. 434 

However, less prominent additional symptoms such as loose stools, colic, vomiting, pain during 435 

defecation, feeding refusal, poor weight gain, and perianal erythema may also be seen1,2,6,7. 436 

Lake observed painful defecation in 22% of patients with FPIAP2. This finding was later 437 

described as “colicky behavior with pain on defecation”1. We also observed prospectively that 438 

painful flatus with loose stools in a crying baby is a frequent complaint in FPIAP, at a rate of 439 

up to 60%. Perianal erythema was another accompanying finding in 30% of our patients. Our 440 

data highlight the coexistence of AD and other symptoms in FPIAP, with a prospective design 441 

contrast to previous studies3,23.   442 

One particular strength of the present study lies in its prospective design. The structured 443 

elimination and challenge steps also permitted reliable documentation of the time required for 444 

recovery for each symptom and uncovering the whole symptom spectrum. The frequency of a 445 

positive sIgE response in a patient with FPIAP is low. These patients constituted only a small 446 

proportion of our patients. Similarly, the number of patients who recovered with the first 447 

elimination and who did not bleed with challenge was also naturally limited. The small sample 448 

size of these patients also makes the interpretation of these results problematic. Since we did 449 

not perform colonoscopy in these cases, we were unable to provide any discussion based on 450 

eosinophilic infiltration with which to compare these patients with neonatal transient 451 
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eosinophilic colitis cases. Finally, since this study was conducted in a tertiary reference center, 452 

it did not reflect the general population.   453 

In summary, cow's milk and egg are the most common foods found together in patients 454 

with FPIAP with MFA. AD is a common allergic comorbidity and a risk factor for MFA in FPIAP 455 

patients. Given these data, it may be a reasonable strategy to simultaneously perform cow's 456 

milk and egg elimination in the first step of the diagnostic elimination diet in the presence of 457 

accompanying AD in FPIAP patients. Moreover, there is a high probability that moderate-to-458 

severe AD will exhibit IgE-mediated reactions. These issues should now be evaluated in further 459 

studies. Visible blood in stool, the main symptom of FPIAP, resolves in a median three days 460 

with elimination and resolution occurs within 15 days in most patients. A two-week duration of 461 

elimination for blood in stool is sufficient to arrive at a judgment of suspected foods for FPIAP.  462 

Mucus in stool is a long-lasting symptom even if blood disappears. It should not therefore be 463 

considered a follow-up criterion that is directly related to the recovery or persistency of FPIAP. 464 

There is a tendency for re-bleeding not to occur with challenge in infants presenting before two 465 

months of age. This predisposition needs to be investigated in further prospective studies.   466 

 467 

 468 

 469 
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 564 

 565 

Figure 1. Structured elimination and challenge steps of diagnostic diet in food protein induced 566 

allergic proctocolitis. OFC; oral food challenge. 567 
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*Since one of the aims of our study was to investigate the relationship between FPIAP and 568 

IgE-mediated food allergies, we additionally eliminated the foods exhibiting positive sIgE 569 

and/or SPT during the first elimination diet as a methodology specific to this study. 570 

 571 
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 586 

 587 

 588 

 589 

 590 

Table 1. Characteristics of patients with food protein-induced proctocolitis and those with 591 
transient proctocolitis 592 
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 Patients with food 
protein-induced 

proctocolitis 
(n=91) 

Patients with 
transient 

proctocolitis 
(n=11) 

p 

Age at admission (months), median 
(IQR) 

5.0 (4.0-6.0) 
 

4.0 (1.7-4.8) 
 

 0.020 

Age of onset of visible blood in stool 
(months), median (IQR), [minimum-
maximum] 

3 (2-4) 
[0.5-6.5] 

1.5 (0.5-3.5)  
[0.5-5] 

0.036 

Patients with onset of visible blood in 
stool < 2 months, n (%)  

17/91 (18.9%) 7/11 (63.6) 0.003 

Male sex, n (%)  48/91 (53%)  5/11 (45%) 0.647 

Dietary status at time of onset of 
symptoms, n, (%)  

  0.811 

 Exclusively breast-fed  70/91 (75%) 
 

8/11 (%73) 
 

 

 Breast-fed and formula-fed  13/91 (13%) 
 

3/11 (%27) 
 

 

 Exclusively formula-fed 1/91 (1%) 
 

0  

 Complementary food 7/91 (11%) 0  

Concomitant atopic/allergic 
diseases/conditions 

   

 Atopic dermatitis 37/91 (40.7%) 2/11 (18.2%) 0.198 

 Urticaria 3/91 (3.3%) 0 1.000 

Absolute eosinophil count 
(cells/microliter), median (IQR) 

250 (182-404) 285 (231-413) 
 

0.566 

Eosinophil %, median (IQR) 2.9 (1.9-4.5) 3 (2.5-4) 0.955 

IQR, interquartile range 593 
 594 
 595 
 596 
 597 
 598 
 599 
 600 
 601 
 602 
 603 
 604 
 605 
 606 
 607 
 608 
 609 
Table 2. Symptoms on admission, age at onset, and resolution times of individual symptoms 610 
in response to diagnostic elimination diet, and symptom severity scoring in patients with food 611 
protein-induced allergic proctocolitis 612 
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 Symptoms on 
admission 

n, (%) 

Age at onset of 
symptoms (months), 

Median (IQR) 

Scoring Time to symptom 
resolution (days), 

Median (IQR), 
[minimum-maximum] 

Visible blood in 
stool 

91 (100) 3 (2-4) 2 (2-5) 3 (1-14.5) 
[1-105] 

Mucus in stool 91 (100) 2 (1-3)  30 (8-75) 
[1-240] 

 frequency   3 (3-3)  
 Density   3 (2-3)  
Colic  41 (45.1) 1 (0.5-2) 4 (3-6) 7 (7-45) 

[1-90] 
Vomiting 25 (27.5) 1 (0.5-2) 6 (2-6) 7 (1-15) 

[1-30] 
Persistent perianal 
erythema 

29 (31.9) 1 (0.5-2.5) 1 (1-2.5) 7 (7-30) 

Persistent diaper 
dermatitis 

5 (5.5) 4 (0.9-5.9) 2 (1.5-3) 7 (7-7) 

Atopic dermatitis 37 (40.7) 2 (1-3.6) 28 (18-35)* 7 (3-16.5) 
[1-120] 

Loose stools 32 (35.2) 1.5 (0.5-3) - 10 (7-30) 
Painful flatus 52 (57) 1 (0.5-2) - 21 (7-60) 
Feeding refusal 20 (22) 2 (0.8-3) - 18.5 (3.5-30) 
Poor weight gain 17 (18.7) 3 (1.8-5.1) - 15 (7-30) 

*Scoring atopic dermatitis (SCORAD) scores were used to assess the severity of atopic 613 
dermatitis. IQR, interquartile range 614 
Loose stools, painful flatus, feeding refusal and poor weight gain were not graded. 615 
 616 
 617 
 618 
 619 
 620 
 621 
 622 
 623 
 624 
 625 
 626 
 627 
 628 
 629 
 630 
 631 
 632 
 633 
 634 
 635 
 636 
 637 
 638 
 639 
 640 
 641 
Table 3. Offending foods in patients with food protein-induced allergic proctocolitis 642 
Offending foods Frequency n (%)  
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 Cow’s milk  86/91 (94%)    
 Egg 34/91 (37.4%)  
 Beef 10/91 (11%)  
 Wheat  5/91 (5.5 %)  
 Nuts 3/91 (3.3%)  
 Single food 52/91 (57.1%) 49 CM 

3 egg 
 Two foods  31/91 (34.1%) 23 CM & egg  

5 CM & beef  
2 CM & wheat 
1 egg & nuts 

 Three foods 7/91 (7.7%) 3 CM, egg & beef 
2 CM, egg & wheat  
1 CM, egg & nuts 
1 CM, beef & wheat 

 Four foods 1/91 (1.1%) 1 CM, egg, beef & nuts 

CM, cow’s milk 643 
 644 
 645 
 646 
 647 
 648 
 649 
 650 
 651 
 652 
 653 
 654 
 655 
 656 
 657 
 658 
 659 
 660 
 661 
 662 
 663 
 664 
 665 
 666 
 667 
 668 
 669 
 670 
 671 
 672 
 673 
 674 
 675 
 676 
 677 
Table 4. Characteristics of FPIAP patients with single allergy and multiple food allergies 678 

 Patients with 
single allergy 

Patients with 
multiple allergies 

p 
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(n=52) (n=39) 

Age at admission (months), median 
(IQR) 

5.2 (4.1-6.0) 
 

4.8 (4-6.5) 
 

0.587 

Age of onset of visible blood in stool 
(months), median (IQR) 

3 (2-4) 
 

2.5 (1.5-4) 
 

0.122 

Male sex, n (%) 25 (48.1) 23 (59.0) 0.303 

Dietary status at time of onset of 
symptoms, n (%)  

  0.583 

 Exclusively breast-feeding  40 (76.9) 
 

32 (82.1) 
 

 

 Breast-feeding and formula  7 (13.5) 
 

6 (15.4) 
 

 

 Exclusively formula-feeding 1 (1.9) 
 

0  

 Complementary food  4 (7.7) 1 (2.6)  

Symptoms on admission n (%)  
 

  

 Visible blood in stool 52 (100) 39 (100)  
 Mucus in stool 52 (100) 39 (100)  
 Colic  20 (38.5) 21 (53.8) 0.144 
 Vomiting 13 (25.0) 12 (30.8) 0.542 
 Loose stools 17 (32.7) 15 (38.5) 0.568 
 Painful flatus 25 (48.1) 27 (69.2) 0.044 
 Feeding refusal 10 (19.2) 10 (25.6) 0.465 
 Poor weight gain 10 (19.2) 7 (17.9) 0.877 
  Persistent perianal erythema 13 (25.0) 16 (41.0) 0.104 
 Persistent diaper dermatitis 1 (1.9) 4 (10.3) 0.084 
Concomitant atopic/allergic 
diseases/conditions, n (%) 

   

 Atopic dermatitis 15 (28.8) 20 (51.3) 0.029 
 Urticaria 2 (3.8) 1 (2.6) 0.735 
Absolute eosinophil count (cells/μl)  
Median (IQR) 

204 (100-330) 300 (227-430) 
 

0.013 

Eosinophil %, median (IQR) 2.5 (1.7-3.9) 3.8 (2.4-5.4) 0.059 
Eosinophil count ≥300 (cells/ μl),n% 17 (32.7) 21 (53.8) 0.043 
Concomitant IgE-mediated reactions, n 
(%) 

2 (3.8) 6 (15.4) 0.070 

IQR, interquartile range 679 
 680 
 681 
 682 
 683 
 684 
 685 
 686 
 687 
 688 
Table 5. Risk factors for multiple food allergies in patients with food protein-induced allergic 689 
proctocolitis 690 
 691 

 Univariate Multivariate 
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 OR 95% CI p OR 95% CI p 

Age of onset of visible blood in stool 
(months) 

0.79 0.58-1.06 0.113    

Colic 1.87 0.80-4.33 0.146    

Painful flatus 2.43 0.98-5.81 0.056    

Persistent perianal erythema 2.09 0.85-5.11 0.107    

Persistent diaper dermatitis 
5.83 

0.63-
54.38 

0.122    

Atopic dermatitis 
2.60 1.09-6.19 0.031 2.98 

1.18-
7.55 

0.021 

Absolute eosinophil count (cells/μl)* 
1.002 

1.00-
1.004 

0.048    

Eosinophil % 1.00 1.00-1.00 0.083    
Eosinophil count ≥ 300 cells/µL 

2.40 1.02-5.65 0.045 2.72 
1.09-
6.80 

0.032 

Concomitant IgE-mediated reactions 
4.55 

0.87-
23.90 

0.074    

IgE, immunoglobulin E; OR, Odds ratio; CI, Confidence interval 692 
* Not included in multivariate analysis as it is highly correlated with “Eosinophil count ≥ 300 693 
cells/µL” 694 
 695 
 696 
 697 
 698 
 699 
 700 
 701 
 702 
 703 
 704 
 705 
 706 
 707 
 708 
 709 
 710 
 711 
 712 
 713 
 714 
 715 
 716 
 717 
 718 
 719 
 720 
 721 
 722 
 723 
 724 
 725 
 726 
Table 6. Risk factors for IgE-mediated food allergy in patients with food protein-induced 727 
allergic proctocolitis 728 
 729 
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 Univariate Multivariate 
 OR 95% CI p OR 95% CI p 

Age at admission (month) 1.10 0.94-1.30 0.247    
Age of onset of visible blood in 
stool (month) 

1.61 0.99-2.61 0.053    

Vomiting 5.25 1.15-23.94 0.032 4.00 0.67-23.75 0.127 

Atopic dermatitis 5.03 0.96-26.49 0.057    

Moderate-to-severe atopic 
dermatitis 

7.56 1.63-35.13 0.010 6.85 1.27-37.03 0.025 

Urticaria 
27.33 

2.16-
346.42 

0.011 6.91 
0.36-

133.81 
0.201 

CI, Confidence interval; OR, Odds ratio 730 
 731 
 732 
 733 
 734 
 735 
 736 
 737 
 738 
 739 
 740 
 741 
 742 
 743 
 744 
 745 
 746 
 747 
 748 
 749 
 750 
 751 
 752 
 753 
 754 
 755 
 756 
 757 
 758 
 759 
 760 
 761 

 762 
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Cow’s milk 

Egg 

Beef 

Wheat and nuts 

Cow’s milk was the first food eliminated from diet.* 

 

In patients with no resolution of visible blood in stool within 

two weeks with cow’s milk elimination, egg and beef were 

sequentially added to the elimination diet at two-week 

intervals.   

 

If visible blood in stool persisted after beef elimination in the 

subsequent two weeks, wheat and nuts were eliminated 

together, in order to shorten the elimination period, which 

might otherwise be stressful for the family.      

Challenges were started with the food which was eliminated 

last. If elimination diets were extended to wheat and nuts, 

these foods were challenged separately:  

a) If visible blood in stool recurred, the relevant food was re-

eliminated, and two weeks after symptom resolution, the 

challenge step was continued with the other foods in line.  

b) If visible blood in stool did not recur, the patient continued 

to consume that food regularly and the OFC was performed 

after two weeks with the other foods in line.   

 

 

Challenge  

steps 

Elimination 

steps 

OFCs were performed four weeks after disappearance of blood in stool. In patients with atopic dermatitis, the elimination diet, moisturizer 
and topical steroids were applied first. Topical steroids were prescribed for seven days. A decrease of 10 scoring atopic dermatitis (SCORAD) 

points was considered to represent remission. After cessation of topical steroids, the OFCs were performed in patients who were able to 

maintain a 10-point reduction for 30 days while continuing the elimination diet and moisturizer application.   

     

Nuts 

Wheat 

Beef 

Egg 

Cow’s milk 
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