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Abstract
Background: Food Protein-Induced Enterocolitis Syndrome (FPIES) is a clinically well-character-
ised, non-Immunoglobulin E (IgE)-mediated food allergy syndrome, yet its rare atypical presen-
tation remains poorly understood.
Objective: Aim of this study was to present the 10-year experience of a referral centre high-
lighting the atypical FPIES cases and their long-term outcome.
Methods: FPIES cases were prospectively evaluated longitudinally in respect of food outgrowth 
and developing other allergic diseases with or without concomitant IgE sensitisation.
Results: One hundred subjects out of a total of 14,188 referrals (0.7%) were identified. At pre-
sentation, 15 patients were found sensitised to the offending food. Fish was the most frequent 
eliciting food, followed by cow’s milk and egg. Tolerance acquisition was earlier for cow’s milk, 
followed by egg and fish, while found not to be protracted in atypical cases. Resolution was 
not achieved in half of the fish subjects during the 10-year follow-up time. Sensitisation to food 
was not related to infantile eczema or culprit food, but was related to sensitisation to aeroal-
lergens. In the long-term evaluation, persistence of the FPIES or aeroallergen sensitisation was 
significantly associated with an increased hazard risk of developing early asthma symptoms.
Conclusion: Sensitisation to food was related neither to eczema or culprit food nor to toler-
ance acquisition but rather to the development of allergic asthma through aeroallergen sen-
sitisation. In addition to an IgE profile at an early age, FPIES persistence may also trigger 
mechanisms switching FPIES cases to a T-helper 2 cells immune response later in life, predis-
posing to atopic respiratory symptoms; albeit further research is required.
© 2021 Codon Publications. Published by Codon Publications.
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Pharmacia Diagnostics AB, Uppsala, Sweden). SPTs included 
cow’s milk, egg (yolk and white), fish, nuts, cereals and 
molluscs. A serum-specific IgE value higher than 0.35 KU/L 
or an SPT wheal diameter of >3 mm was considered posi-
tive. Oral food challenge (OFC) was performed to confirm 
the diagnosis in inconclusive FPIES cases and to evalu-
ate tolerance according to the consensus protocol.2 OFC-
related data were collected.

Age of resolution andlong term follow up

All patients were followed up prospectively from presen-
tation to June 2019. Patients were evaluated at six-month 
intervals (clinical assessment, other atopic symptoms, 
accidental contact with the culprit food and possible reac-
tions). Consumption of dairy products or eggs (boiled or 
baked) was recorded. Age of tolerance was recorded by 
either self-resolution or OFC with full home re-introduc-
tion. Specific mention was made of cow’s milk, egg and fish 
resolution age in relation to IgE profile.

Moreover, all patients were followed up prospectively 
in terms of developing asthma. Current respiratory symp-
toms were considered if present during the last year’s 
follow-up evaluation. Spirometry, SPTs and specific IgE 
(sIgE) to aeroallergens (Dermatophagoides, Pteronyssinus, 
Dermatophagoides Farinae, Alternaria Alternata, Bermuda, 
Meadow Fescue and Timothy grass, Olive, Parietaria Judaica 
and Officinalis) were performed guided by symptomatology.

The study protocol was approved by the Institutional 
Review Board of our children’s hospital, and written 
informed consent was obtained from the guardians of all 
subjects.

Statistical Analysis

This is a prospective, descriptive, longitudinal study. As 
100 patients were finally evaluated, when referring to 
the total FPIES cases, real numbers were used that also 
represented the corresponding percentage; in all the 
other cases, percentages were applied. The normality of 
our data was assessed by the Kolmogorov–Smirnov test, 
and corresponding 95% confidence intervals (CI) were 
recorded. Descriptive analysis was used to calculate cen-
tral tendency and dispersion of continuous variable using 
the Mann–Whitney U test and the Kruskal–Wallis test for 
non-parametric independent samples, whereas Chi-square 
test and risk coefficients using Pearson’s r or Spearman’s 
ρ were used to compare nominal variables. Bivariate data 
were evaluated according to the type of clinical presen-
tation (acute or chronic) and the presence or absence of 
IgE mechanism and atopic comorbidities. The Kaplan–Meier 
survival analysis was applied as a time-to-event method to 
estimate the age probability of outgrowing FPIES in various 
foods and its relation to atopic background. Log-rank test 
was used to compare median time of tolerance in different 
clinical subgroups of FPIES cases. The Cox regression anal-
ysis was used to evaluate the proportionality of tolerance 
(PT) ratio (95% CI) between subjects with different foods 
or atopic history. If PT = 1, no relation between the factors 
was found; if PT > 1, a positive influence for earlier FPIES 

Introduction

Food Protein-Induced Enterocolitis Syndrome (FPIES) is a 
non-Immunoglobulin E (IgE)-mediated, clinically well-char-
acterised food allergy syndrome, yet its rare atypical 
presentations remain poorly understood even in recently 
published International consensus guidelines.1,2 The term 
‘atypical FPIES’ was first coined by Sicherer et al in 1998.3 
Nowadays, it is considered for subjects presenting with a 
clinical history consistent with FPIES, and also demonstrat-
ing allergic sensitisation to the offending food.4–6

Food protein-induced enterocolitis syndrome is mainly 
classified as a non-IgE-mediated disorder with underlying 
distinct pathophysiological, local and systemic immunolog-
ical reactions, characterised by an increased production 
of TNF-α, profound activation of innate immune cells and 
inadequate secretion of TGF-β and food-specific IgA.7–10 
Moreover, it has been shown that in cow’s milk FPIES, both 
humoral and cellular-specific immune responses were weak 
or absent.11,12 The authors reported significantly low total 
IgE, serum food-specific IgG4 and low secretion of regula-
tory cytokine IL-10. On the other hand, a single case was 
reported with high levels of IL-4 and IL-5 cytokines and a 
decrease expression in IFN-γ in peripheral T cells during 
acute non-IgE FPIES, implying a T-helper 2 cells (Th2)-
skewed response.13 Additionally, there were few patients 
reporting a typical association with an IgE-mediated mech-
anism against the culprit food linking it to a more pro-
tracted course of the disease.2,6,14–17 Moreover, it has been 
postulated that local production of mast cells could facili-
tate antigen uptake, promoting diffused colitis.18

It remains unknown whether or not the concomitant IgE 
sensitisation constitutes a diverse FPIES phenotype with 
distinct clinical characteristics and outcome pathways.6 
Moreover, it is not clear whether these subjects follow a 
similar pattern with other atopic diseases regarding the 
so-called Allergic March model, albeit a recent review high-
lighted observations linking persistent non‐IgE-mediated 
food allergy to the emergence of IgE-mediated comorbidi-
ties (rhinitis or asthma).19 This study was conducted aiming 
at assessing atypical clinical presentations and long-term 
outcomes of FPIES cases with or without concomitant 
IgE sensitisation and proposing a possible non-IgE allergy 
march process.

Materials and Methods

Patient identification and food challenge protocol

Acute and chronic FPIES are defined based on Nowak-
Węgrzyn et al criteria.2 FPIES patients, referred from 
central and southern Greece to the Allergology and 
Pulmonology Department, were enrolled during a 10-year 
period, from January 2008 to December 2017.

Patients’ data (age, gender, implicated food, disease 
onset, clinical presentation, self-reported atopic family 
history and eczema) were recorded at baseline. IgE food 
sensitisation was evaluated at diagnosis through skin prick 
tests (SPTs) and specific IgE determination using commer-
cial extracts (ALK-Abello, Horsholm, Denmark and RAST, 
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(OR, 95% CI: 2.75, 1.11–6.80). The mean age at appearance 
of symptoms was 9.8 ± 7.4 months, depending on feeding 
practices and the culprit food. Thus, the mean age for 
cow’smilk, egg and fish FPIES cases was 2.8 ± 2.4, 11 ± 5.9 
and 13 ± 6.7 months, respectively.

IgE sensitisation to offending food was observed in 15 
of the total 100 FPIES cases (15%). In all, 16.12% of fish 
FPIES and 17.8% of cow’s milk FPIES cases were sensitised. 
There was no significant relation between food sensitisa-
tion and type of FPIES (acute or chronic) (OR, 95% CI: 1.19, 
0.23–6.18). Neither history of eczema (OR, 95% CI: 2.50, 
0.68–9.68) nor atopy in the family (OR, 95% CI: 1.0, 0.59–
1.59) was related to sensitisation.

FPIES outcome

The mean follow-up period was 92 ± 54.4 months, ranging 
from 24 to 144 months. Six fish FPIES patients denied chal-
lenge, expressing fear, and four others were lost to fol-
low-up. There was no significant difference in clinical and 
laboratory characteristics of these patients compared with 
other patients. Finally, OFC was performed in 82 patients to 
confirm or refute tolerance acquisition, while eight subjects 
self-reported resolution. No patient aged less than 12 months 
was challenged. A total of 55 patients acquired tolerance to 
the offending food, while OFC was positive in 35 patients. 
The median age of tolerance acquisition for all patients was 
78 months (62–93 months). For the total number of subjects, 
tolerance rate was 44% and 69% at 5 and 10 years of fol-
low-up, respectively (Figure 2a). Proportionality of tolerance 
was not correlated to the presence of eczema or family his-
tory of atopy (Table 1). Moreover, PT was not related to IgE 
sensitisation of the offending food (Table 1, Figure 2b).

Milk

All patients with cow’s milk FPIES have successfully tol-
erated milk at a median age of 20 months (Figure 2c). 
Interestingly, three non-IgE subjects had a positive 

outgrowth was detected; and if PT < 1, a negative effect 
was reported. IgE sensitisation to food or aeroallergens 
was further analysed using multiple regression to study 
correlation with respiratory allergic symptoms. Moreover, 
the Kaplan–Meier analysis and hazard function were also 
applied to evaluate the longitudinal effect of sensitisation 
on the development of respiratory symptoms. Statistical 
significance was set at P < 0.05. SPSS v20.0 (IBM, Chicago, 
IL, USA) was used for statistical analysis.

Results

FPIES overview and atopy signs at presentation

Overall, 100 confirmed FPIES cases (0.7%) out of a total of 
14,888 referred for various atopic conditions were included. 
Nine more subjects were excluded, given the inability 
to confirm the diagnosis or a shorter than 24-month fol-
low-up (Figure 1a). No significant gender predominance was 
observed (55 males). Fish was the most frequently trigger-
ing food, followed by cow’s milk, egg, chicken and shrimp. 
The most common fish involved was cod, while perch, sar-
dine, tope and sea bream were responsible for one case 
each. Among FPIES cases related to egg, one was caused 
exclusively by egg yolk. The vast majority of patients were 
acute (89 cases). Eleven patients were chronic, all react-
ing to cow’s milk. Vomiting was the predominant symptom 
in 90 FPIES patients (Figure 1b). Chronic patients mainly 
presented with diarrhoea and moderate to severe gastro-
esophageal reflux. Vomiting was not the main presenting 
symptom in these patients. Only two patients showed fail-
ure to thrive whose diagnosis was delayed. Two infants 
presented with episodes of acute urticaria after consuming 
cow’s milk during the breastfeeding period, yet having no 
IgE positive test. All these patients with inconclusive his-
tory had late onset of vomiting when OFC was performed 
to confirm the diagnosis. Among acute FPIES cases, 33 
required admission, mainly for fluid resuscitation or leth-
argy. Milk FPIES was significantly related to hospitalisation 

Figure 1  (a) Flow-chart of study population. (b) Presenting symptoms in food protein-induced enterocolitis syndrome (FPIES) cases.

(a) (b)
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milk-sensitised FPIES patients (P = 0.64 and 0.89, respec-
tively; Figure 2d).

Fish

Fish FPIES patients showed a significant delay in resolu-
tion compared to other FPIES cases (Table 1). Only 11% and 
48% of patients successfully passed the OFC by 5 and 10 
years, respectively (Figure 2c). The median age of a suc-
cessful fish OFC was estimated to be 115 months. Although 
there was a difference in achieving tolerance in the first 
six years, no significant difference was found in the median 
age of tolerance acquisition between food-sensitised and 
food non-sensitised patients for the total follow-up time 
(P = 0.43, Figure 2d).

Egg

Seven (all) patients with egg FPIES completed an OFC, five 
of these uneventfully. The median age of a successful egg 

Table 1  The cox regression proportional model analysing 
the proportional tolerance (PT) ratio in FPIES cases in 
terms of different parameters (listed in the first row).

Coefficient PT 95% CI P

Family  history of atopy −0.45 0.63 0.32−1.24 0.18
Ever eczema −0.65 0.51 0.20−1.33 0.17
Sensitisation to food 0.23 1.26 0.52−3.06 0.59
Sensitisation to  

aeroallergens
0.09 0.88 1.09−0.31 0.88

Offending food (fish) −1.56 0.20 0.12−0.35 0.001

FPIES: food protein-induced enterocolitis syndrome.

challenge to raw milk but were able to consume other milk 
products, such as yogurt or cheese, uneventfully. These 
patients were considered to have outgrown FPIES as they 
could consume processed milk products. No significant dif-
ference in median tolerance time was recorded neither 
between chronic and acute nor between IgE and non-IgE 

Figure 2  The Kaplan–Meier functions showing the persistence of food protein-induced enterocolitis syndrome (FPIES) according 
to (a) total cases, (b) IgE to food, (c) the culprit food and (d) culprit food and IgE to food.

(a)

(c)

(b)

(d)
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allergy centres of our country. The lengthy follow-up period 
allowed a reliable clinical assessment that included the 
recognition of atypical cases, confirmation of persistency 
or tolerance in relation to IgE sensitisation and emergence 
of delayed atopic symptoms.

The majority of patients with FPIES have undetectable 
food IgE to the suspected food. Although testing for IgE 
sensitisation is not recommended in routine for patients 
with FPIES, 2–20% subjects were sensitised to the offending 
FPIES-related food.19–21 Previous studies have shown that IgE 
sensitisation to the offending food was associated with per-
sistent allergy to the involved antigen, while sensitisation 
to other food proteins did not appear to delay tolerance 
acquisition.2,14,15,22,23 This was not the case with our study as 
no significant correlation between IgE sensitisation to the 
offending food and tolerance acquisition was encountered.

Food protein-induced enterocolitis syndrome is a patho-
physiologically, non-IgE-mediated disorder, yet atopic dis-
ease and a family history of allergy coexist frequently.19–23 
Globally, eczema is the most common concomitant atopic 
disorder at diagnosis. Evaluation of eczema existence and 
family history of atopy varies between studies, with higher 
rate of existence often reported in the studies from the 
United States and Australia compared to those from Israel 
and Italy. In our study, eczema and family history of atopy 
in FPIES cases at baseline were compatible with data 
reporting lower rates. History of eczema was not signifi-
cantly correlated neither to IgE sensitisation to food nor 
to aeroallergens. Therefore, one could assume that in our 
patients IgE sensitisation didn’t occur through a severe 
impaired skin barrier.

Other atopic diseases, including asthma and allergic 
rhinitis, were reported in a recent study highlighting that 
there was no direct causation between FPIES and atopic 
comorbidities.20 Similarly, in our study, comorbid atopic 
symptoms were found in accordance with the general pop-
ulation prevalence.24 However, patients with FPIES and 
food IgE sensitisation were two times at a higher risk of 

challenge was 38.2 (29–48) months. By the end of the study 
period, 28.5% of the patients with egg FPIES remained aller-
gic to raw egg (Figure 2c), yet could consume baked egg. 
These subjects were not able to tolerate egg freely. In our 
study, there were no egg FPIES patients with IgE sensitisation.

Long-term respiratory atopic manifestations

During the study period (92 ± 54.4 months), 25 patients had 
asthma symptoms, 14 of these (56%) had IgE sensitisation 
to aeroallergens during the study period (Table 2). FPIES 
patients with IgE sensitisation to food had a statistically 
significant higher risk of additional sensitisation to aeroal-
lergens. In turn, sensitisation was positively correlated 
with family history of atopy and respiratory symptoms as 
opposed to the history of eczema. Moreover, respiratory 
symptoms were significantly associated with fish FPIES 
cases (Table 2). These findings were also confirmed by the 
multiple regression analysis, while probability function 
revealed the longitudinal effect of sensitisation on respira-
tory symptoms. All patients with aeroallergen sensitisation 
developed asthma at a much earlier time than non-sensi-
tised patients (Figure 3a). In addition, the cumulative haz-
ard ratio for developing asthma symptoms over time was 
significantly higher in patients with sensitisation to aeroal-
lergens compared to those without sensitisation or with 
sensitisation to food only (Figure 3b). Moreover, the time at 
which tolerance was achieved, regardless of the offending 
food, was found to be a significant factor for the develop-
ment of respiratory symptoms. The longer the allergy per-
sistence, the higher the hazards risk (Figure 3c).

Discussion

We present one of the largest European series of FPIES 
patients published to date from one of the major referral 

Table 2  P-values and OR (95% CI) comparing atopy syndromes with the offending food, IgE sensitisation and family history of 
atopy in FPIES cases. Sensitisation to food allergens was related with sensitisation to aeroallergens. Family history of atopy and 
fish FPIES were related with asthma and sensitisation to aeroallergens. Statistical significance was set at P < 0.05.

Eczema Ever asthma IgE to food IgE to aeroallergens

Offending food
  All 16 25 15 14
  Fish 13 22 10 13
  Milk 3 2 5 1
  Egg 0 1 0 0
P 0.15 0.004 0.64 0.03
OR (95% CI) 2.85 (0.74–10.9) 1.12 (1.43–6.58) 1.38 (0.48–1.56) 1.15 (1.07–9.17)
IgE to food 4 7 _ 7
P 0.16 0.37 0.007
OR (95% CI) 2.5 (0.68–9.68) 1.04 (0.03–3.56) 1.90 (1.68–26.6)
IgE to aerollergens 2 12 7 _
P 0.47 0.008 0.007
OR (95% CI) 0.48 (0.08–2.60) 6.30 (1.60–24.0) 1.90 (1.68–26.6)
Family history of atopy 6 16 6 12
P 0.58 0.04 0.97 0.02
OR (95% CI) 0.65 (0.21–1.57) 2.66 (1.05–7.00) 1.0 (0.59–1.59) 1.68 (1.22–23.3)

FPIES: food protein-induced enterocolitis syndrome.
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Egg was the next in frequency of culprit foods recorded. 
One egg FPIES case was caused exclusively by egg yolk. 
Difference in the antigenicity resulting in FPIES symptoms 
between egg white and egg yolk has been described previ-
ously in few cases.33 Chicken serum albumin (Gal d 5) and 
YGP42 (Gal d 6) were suggested to be the major allergens 
of IgE-mediated egg yolk allergy.34,35 However, the compo-
nents of egg yolk inducing gastrointestinal symptoms in 
FPIES cases remain to be elucidated.

The median age of tolerance acquisition varied 
according to the offending food and paralleled the age of 
onset. Resolution of milk FPIES was achieved at a younger 
age, followed by egg. Tolerance to fish was clearly 
delayed, although almost half of fish FPIES and one-third 
egg FPIES subjects had not outgrown FPIES until the end 
of the study period. Remarkably, as reported previously, 
fish FPIES presented with severe clinical manifestations, 
a fact that may have delayed or restrained patients 
from proceeding to OFC.31,36 In addition, a previous study 
showed that the consumption of fish by Greek children 
was relatively low, implying that fish was not widely con-
sidered an important nutritive food.37 These two points 
might explain the fact that few fish cases were lost to 
follow-up or refused OFC.

It is worth mentioning that there were some FPIES 
cases that reacted differently when the offending food 
was cooked or modified. Three cow’s milk FPIES patients 
reacted to raw milk but were able to consume yogurt or 
cheese. Even though none of these patients had an IgE 
allergy profile, a similar phenomenon was reported in 
patients with a specific IgE against β-lactoglobulin gastro-
intestinal phenotype. These patients also benefited from a 
diet with other dairy products.38 Moreover, two egg FPIES 
patients could consume baked egg. Tolerance to small 
amount of cooked offending food that has been described 
recently could be due to the fact that FPIES reaction is 
dose-dependent.39 Yet, degradation of responsible confor-
mational epitope could help some FPIES phenotypes tol-
erate the offending food if cooked well. Alternatively, the 
glycοsylation of ovalbumin with monosaccharides (i.e. man-
nose) affected differently specific dendritic cell receptors 
integration, MHC antigen presentation and antigen-spe-
cific T cell activation, resulting in an attenuated allergic 
response to egg allergy.40

Based on the described endoscopic and immunological 
findings in infants with FPIES, several underlying potential 
mechanisms have been suggested8–13,17,18 Trying to incor-
porate various immunological interactions and clinical 
presentations involved in the pathophysiology of FPIES, 
a potential schematic illustration is depicted in Figure 4. 
Although the cell ultimately responsible for antigen recog-
nition and initiation of reaction in FPIES remains unknown, 
it is recognised that children presenting with FPIES produce 
high levels of TNF-α and have substantially low levels of 
TGF-β. Therefore, in acute FPIES, it is believed that a form 
of antigen presentation activates Th1 cells producing TNF-
α. In the absence of the regulatory role of TGF-β, a local 
inflammatory reaction takes place with the accumulation 
and activation of neutrophils and eosinophils with enhance-
ment of their cytotoxicity. TNF-α also acts on the epithe-
lium, increasing its permeability and altering the intestinal 
tight junction barrier. Besides, TNF-α directly acts on the 

developing IgE sensitisation to aeroallergens independent 
of other factors. In turn, in the majority of cases, aeroal-
lergen sensitisation was the leading factor for developing 
respiratory symptoms during preschool years. Conversely, 
food sensitisation, if not followed by aeroallergen sensiti-
sation, did not constitute a risk factor. The above obser-
vations have been described previously in other reports, 
highlighting that sensitisation to food in infancy is a marker 
of increased risk of sensitisation to inhaled allergens and 
consequently asthma symptoms later in life.25,26 Therefore, 
based on our data, IgE sensitisation may not necessarily 
affect FPIES outcome but may predispose to asthma later 
in life.

Fish FPIES was associated with an increased hazard of 
developing sensitisation to aeroallergens and asthma during 
infancy. An explanation for this might be the fact that the 
majority of our FPIES patients were fish-driven; this possi-
bly might have biased our results. On the other hand, tol-
erance to fish FPIES, if ever achieved, is generally delayed, 
driving inflammatory molecular mechanisms towards an IgE 
switching. We believe that the emergence of an IgE-allergic 
mechanism is not specific to the allergen but rather driven 
by the persistent allergic response. This was supported by 
the fact that the delay or absence of tolerance was also 
related to an increased hazard of developing aeroallergen 
sensitisation and subsequent respiratory symptoms regard-
less of the offending food. In a recent report by Meyer et 
al., the authors proposed an integrated non-IgE- and IgE-
mediated allergic march. In this model, we observe that a 
delayed-resolving FPIES coincides with the emergence of 
an IgE comorbidity, namely rhinitis and asthma.19 We pro-
pose an explanatory underlying mechanism whereby the 
persistent non-IgE allergy in predisposed individuals results 
in increased production of TNFα, disrupted epithelial bar-
rier and subsequent sensitisation with aeroallergens with 
ultimate development of rhinitis and asthma.

In our study, fish was the most commonly reported trig-
gering food. Similar results have been reported previously 
in Mediterranean countries14,22,27,28 in contrast to the data 
from the United States and Sweden.22,28 Concerning the 
type of offending fish, our finding that five subjects toler-
ated a type of fish other than the culprit one, has strength-
ened previous data from Italy.30 The immunopathology 
behind these observations remains foggy. Perhaps, there 
are species-specific parvalbumin epitopes associated with 
an increase in TNF-α and human leukocyte antigen-DR iso-
type (HLA-DR) marker.31

Cow milk was the second most common triggering food 
in our study, although it is the most commonly reported 
food throughout the world.1–4,23,28 Failure to thrive was the 
main clinical finding in a minority of subjects, most likely 
because of prompt diagnosis. Thus, awareness of the dis-
ease and early diagnosis ensured adequate infantile growth 
in chronic FPIES cases. Notably, two patients were admitted 
due to urticaria after milk consumption, yet non-IgE sensi-
tisation was found. Urticaria is primarily an IgE-mediated 
disease; however, it occasionally occurs through non–IgE-
mediated mechanisms, namely by degranulation of mast 
cells and basophils with subsequent histamine and release 
of other inflammatory mediators.32 Therefore, cell-medi-
ated mechanisms shared in common with both urticaria 
and FPIES may explain the coexistence of both entities.
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Certain limitations have to be taken into consider-
ation. The narrow range of offending foods in the present 
study might not be a representative of the whole allergens 
responsible in the community. Moreover, as egg was the 
culprit allergen in a minority of our patients, safe conclu-
sions cannot be drawn concerning the long-term outcome 
in relation to IgE sensitisation. In addition, the precise 
time of tolerance cannot be reliably determined as it 
was bounded by predefined time intervals of prospective 
evaluation. Even though FPIES cases were prospectively 
and consistently recorded by specialised personnel for a 
lengthy time period, higher numbers of IgE FPIES cases 
are definitely needed to extrapolate robust correlations. 
However, the main results were repeatedly confirmed by 
many statistical approaches, enhancing the reliability of 
our findings.

hypothalamus, increasing the body temperature, and the 
liver, promoting the production of acute-phase proteins 
(i.e. C-reactive protein [CRP]), resulting in systemic inflam-
mation. The inflammatory process is further enhanced by 
the absence of the regulatory role of TGF-β. In distinct 
cases, a Th2-skewed response may be involved, implying an 
increase in IL-4 and IL-5 and a decrease in IFN-γ expression 
by peripheral T cells.13 This consecutively switches B cells, 
in predisposed individuals, towards the production of spe-
cific IgE to food and/or aeroallergens, eventually leading to 
a classic IgE-mediated reaction. Additionally, in persistent 
FPIES cases (i.e. fish or egg), the prolonged immune-de-
viation described above leads to persistent inflammation 
of the intestinal mucosa, increasing its permeability to 
aeroallergens, predisposing to respiratory atopic symptoms 
(Figure 4).

Figure 4  A schematic representation of the possible immunological pathways resulting in food protein-induced enterocolitis 
syndrome’s (FPIES) clinical symptoms and Th2 skewing. Following antigen presentation, in the absence of a regulatory role of 
TGF-β, TNF-α alters the intestinal tight junction barrier. As a result, a local cytotoxic inflammatory response is produced with 
profound local enhancement of neutrophils and eosinophils. Systemic action of TNF-α on the liver induces the production of acute-
phase proteins, and on the hypothalamus increases body temperature. In distinct cases, a Th2-skewed response may be involved 
implying an increase in IL-4 and IL-5 and a decrease in IFN-γ expression by peripheral T cells. This consecutively switches B cells 
in predisposed individuals towards the production of specific IgE to food and/or aeroallergens, eventually leading to a classic IgE-
mediated reaction. Additionally, in persistent FPIES cases (i.e. fish or egg), the above-mentioned prolonged immune deviation 
leads to persistent inflammation of the intestinal mucosa, thereby increasing its permeability to aeroallergens predisposing to 
respiratory atopic symptom.
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Conclusion

In the majority of FPIES subjects presented with acute 
form of the disease, the most common offending food in 
our Greek cohort was fish. Food IgE sensitisation was not 
the cause of an underlying impaired skin barrier and did 
not affect tolerance but was rather linked to IgE aeroaller-
gens sensitisation, which predisposed to asthma. Moreover, 
delay in tolerance acquisition may also lead to prolonged 
and consistent Th2 immune activation, predisposed to 
respiratory symptoms. Larger population studies and longer 
follow-up periods and assessments of the underlying immu-
nological mechanisms are required to shed light on the 
relation between FPIES, atopy and IgE sensitisation.
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