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Constipation is a very common disorder, mostly functional in nature, that may persist for years in up to 35-52% of
children. Food allergy prevalence, severity and persistence are increasing over time, and cows’ milk protein is the
commonest food allergen recognised to affect gastrointestinal motility in children. There is mounting evidence of the role
of cows’ milk (CM) allergy (CMA) in children with constipation.
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| 1. Diagnostic Work-Up

Despite the ongoing debate within the paediatric gastroenterology community, constipation is listed as a ‘common’
gastrointestinal symptom of CMA in some recent national guidelines W[2, All major European and international allergy and
paediatric gastrointestinal guidelines (BSACI, DRACMA, EACI, ESPGHAN) mention constipation as a possible allergic
manifestation LIERIAEIEIAE However, the pleomorphic nature of CMA and the heterogeneity of the studied populations
accentuate the lack of a specific phenotype of patients with FA-constipation.

Constipation is a considered to be non-IgE mediated manifestation of food allergy. Therefore, testing for antigen specific
IgE using skin prick, RAST or immune-CAP is not informative or recommended {lrastorza, 2010 #23169;Dehghani, 2012
#15935} Allergy tests are not indicated. {Tabbers, 2014 #93929}. A variety of invasive and non-invasive tests have been
evaluated; however, none have proven accurate to detect children with FA-C.

In the absence of inflammatory bowel disease, ileal and colon lymphoid nodular hyperplasia has been associated with FA
in children @19 However, LNH is absent in a significant proportion of cases with FA-C [EIZ9 Similarly, mucosal
eosinophilia has been found in FA-C EIIEIIL2 Kyt it is not present universally. Both findings improve on elimination diet in
children with GI symptoms due to FA 2, Nevertheless, invasive tests such as sigmoidoscopy or colonoscopy are
unsuitable as diagnostic tests for food allergy in constipated children (131,

Faecal calprotectin is a non-invasive marker of gastrointestinal inflammation as it correlates with the level of mucosal
inflammation 14115116 |t is widely used in inflammatory bowel disease. However, it has not proved to be useful in FA. A
recent review concluded that despite elevation of faecal calprotectin levels in some infants 18 and older children 19
with CMA, there was no significant change in faecal calprotectin levels after challenge, and the specific cut-off values for
allergic disease and FA-C remained indefinable 29,

Similarly, faecal biomarkers derived from eosinophils, such as eosinophil derived neurotoxin (EDN) and eosinophilic
cationic protein (ECP), have been evaluated as possible biomarkers of non-IgE mediated food allergy but very limited
data support their role in populations with gastrointestinal disorders (212223 |ncreased baseline mRNA levels of some
cytokines (IL-13 and IL-10) in combination with faecal calprotectin and EDN have been reported as predictive of a positive
food challenge outcome in a small study of children with both IgE and non-IgE mediated reactions. These markers have
also been proposed as prognostic markers for symptomatic, IgE-mediated food allergy, but they need further validation
in a larger patient cohort (23],

The atopy patch test (APT) has been evaluated for the diagnosis of non-IgE mediated food allergy and late phase
reactions mediated by T lymphocytes 24, Syrigou et al. applied APT in children with constipation, showing a positive
correlation with a clinical response to dietary eliminations. Interestingly, wheat was found to be the main allergen
diagnosed using APT in chronic constipation, followed by egg and milk 23, However, these results have not been
reproduced, and APT has fallen out of favour in some studies due to poor sensitivity. A recent meta-analysis found a
pooled sensitivity of 44.2% and 86.9% specificity of APT for detection of CMA in children 28, Studies focusing on
gastrointestinal disorders, including constipation, have reported even lower sensitivity values 4. As such, the role of APT
in clinical practice remains controversial [22127[28]129][301[31] ' and they are not currently recommended 4321,



The allergen-specific lymphocyte stimulation test (ALST) is a promising tool in paediatric populations with non-IgE-
mediated food allergies 23!, However, prolonged incubation times (up to 5 days) and large blood sample volumes limit its
utility in children 22341 Although recently developed variation on traditional ALST allows shorter incubation times and
lower blood sample volumes, this test still requires validation for the diagnosis of non-IgE mediated FA in children 2],

In the absence of reliable laboratory tests, an allergy-focused history and elimination with open food challenge remain the
recommended diagnostic steps for dairy allergic constipation 8. The UK NICE guidelines recommend this approach in all
children with chronic GI symptoms, including constipation B2 and have used this strategy as a health care quality
indicator since 2016 28],

The Cows’ Milk-Related Symptom Score (CoMiSS) has been recently developed as an awareness tool in infants. It is
based on quantification of crying, regurgitation, respiratory and skin symptoms, and stool consistency according to the
Bristol scale, creating a combined score from 0 to 33. The authors’ ambition was to create an easy and an accurate tool
that would help in the early recognition of CMA and, possibly, the evolution of symptoms during a diet intervention B2I49],
The original proposed cut-off of 12 was found to be highly predictive of the response to CMP elimination diet and the
reaction at challenge in a number of studies, and it clearly discriminated symptomatic infants from controls #1142
Recently, Calvani et al. reviewed the current literature on CoMiSS and concluded that although it can already be
considered a useful screening tool, it is not a substitute for elimination diet and food challenge for the diagnosis of CMA.
This score requires further validation in different target populations, and optimal cut-offs need to be identified 22,

Families of older children with CMA constipation often describe a history of multiple symptoms in infancy and early
childhood 1312411451 including irritability, formula intolerance, colic and regurgitation, similar to those listed in the CoMiSS
for infants 8451471 As such, questions about the child’s health in infancy are an important component of the allergy-
focused history in a child with constipation. A clinician’s guide to allergy-focused history has been proposed by the Royal
College of Paediatrics and Child Health in the UK 8. |t contains different modules for allergy screening of children as well
as questions for children with suspected food allergy, focusing particularly on clinical manifestations rather than
established diagnoses (e.qg., itchy rash in skin creases rather than eczema).

The ESPGHAN diagnostic and therapeutic guidelines do not recommend routine testing for CMA in children with

functional constipation ##! byt the constipation guidelines suggest consideration of a CMP elimination trial for 2—4
weeks after failure of first line therapy (diary, education, toilet training, oral medication) and after excluding other
underlying organic causes of constipation “2. No guidance is given on how to select children for CMP elimination diet and
there is no compulsion to implement it. A missed opportunity to diagnose CMA at this point poses a significant risk of
inappropriate tests and treatments. These may involve biopsies, ionizing radiation, bowel preparation, colonoscopy,
manometry and stoma surgery or resection 24, Traditionally, CMP elimination diet has been offered to children based on
high-risk features in the history, such as a personal history of prior food allergy, atopy or a family history of allergy EAE152]
B3 However, some children with CMA constipation lack any such risk factors. Therefore, given the high pre-test
probability of CMA in children with chronic constipation, some have advocated for the consideration of elimination diet trial
in all children with chronic B4 or medication-resistant constipation B3IB8IRIL7MASIIS8]  Most trials have used a four-week
elimination diet RIL2IL5]B8ISEIL9E0ASABL |mprovement of constipation has been reported within days of CM elimination,
regardless the presence of specific IgE towards cows’ milk proteins. Similarly, relapse usually occurs after 1-2 weeks of
reintroduction of dairy product. Thus, avoidance of cows’ milk protein for a minimum of two to four weeks must be
considered in children with chronic intractable constipation “2I621(63]

Taking all of the evidence into account, a 4-week CMP elimination diet could be considered not only in constipated
children at high-risk of CMA (based on a personal history of atopy, prior food allergy or a family history of allergy), but also
in all children with chronic constipation and/or unexplained outlet obstruction resistant to conventional treatment, absent
any alarm sign/symptoms, before performing other diagnostic investigations (such as transit studies).

As with the other non-IgE mediated FA, a formal diagnosis of CMA constipation is made by CM elimination and challenge.
If the symptoms disappear during CMP elimination diet and reappear with reintroduction, a causal link can then be
established B84 Dairy elimination can therefore be done for diagnostic or therapeutic purposes. Improvement and
relapse of symptoms is usually within days of elimination and challenge E8I56I6S] However, symptom onset can be
delayed by two to four weeks 2431 Due to the delayed onset of constipation symptoms, an in clinic/hospital challenge is
not required in most cases. However, a challenge may be initiated in hospital if there is high risk of severe acute reaction.
After confirming CMA as the cause of constipation with the 4-week CMP elimination diet and challenge, the CM can be
eliminated for therapeutic purposes and then gradually reintroduced as tolerated L8],



| 2. Food Allergy-Associated Constipation Management

Current guidelines for constipation recommend education, behaviour modifications, adequate physical activity, a normal-
for-age intake of fibre and fluids, progressing if needed to pharmacological treatments 42, Elimination diet is commonly
used as an add on treatment to conventional laxative and behavioural therapies [20,27,29,30,31,32], although CM

avoidance diet solely may lead to symptom relief, especially in younger infants.

Overall, the quality of evidence for the efficacy of laxative therapy in children is low, due to sparse data, a high risk of bias,
the clinical heterogeneity of subjects and treatment and a short follow up in the available studies [67[68] Nevertheless, the
use of laxatives in clinical paediatric practice is well established 89, both for initial faecal disimpaction, if required, and
subsequently for maintenance therapy 9. Unfortunately, paediatric constipation often requires prolonged laxative
treatment LA including regular use of high-dose osmotic laxatives and intermittent use as rescue therapy of stimulant
laxatives as part of the conventional therapy for functional constipation.

Of children seen in tertiary clinics for functional constipation, approximately 70% experience symptom control on laxatives,
leaving 30% medication-resistant 473, Using figures from the DBPCFC studies showing response to CMP elimination
diet in medication-resistant cases, a further 47% of children achieved treatment response while dairy free [11[12]59][51][74]
An expanded elimination diet, removing soy and egg in addition to dairy detected 12% with non-dairy allergies B, These
outcomes are illustrated in Figure 1.

Children with chronic constipation in tertiary clinics

Respond to laxatives &
behavioural management

Respond to dairy elimination
Respond to multiple food elimination

Require additional tests & treatment

Figure 1. Schematic showing proportions of children in tertiary clinics responding to initial phases of management for
chronic constipation.

For infants requiring CM elimination, all guidelines on the management of CMA recommend continued breast feeding, with
the mother avoiding all dairy products, as the ideal nutrition I2RBI4IGI7IBISGI7SI7EI77[78] A maternal CMP elimination diet
during breast feeding requires close supervision and support to protect the nutritional safety of both mother and baby, in
accordance with published guidelines 5. When human milk is not available or it is insufficient, extensively hydrolysed CM

formula, rice hydrolysate or amino acid formula are recommended for the management of CMA [38]. Hypoallergenic
formulas may vary for protein source and content, method and degree of hydrolysis and additional components, which
affect tolerance and efficacy B879. |n formula-fed infants with food-allergic motility disorders, the use of extensively
hydrolysed formulas has been shown to be effective 2. Amino acid-based formula can be used if symptoms persist on
extensively hydrolysed cow’s milk protein-based formula or if GI symptoms are associated with malabsorption and
faltering growth B9, This may also be required in infants whose symptoms were present while breastfed, if feeding with
hydrolysed formula failed L. In the countries where soy formula is available, it may be considered for infants with CMA



older than 6 months [IEIAIEIIEABSEA]  However, soy may exacerbate Gl manifestations, as concomitant allergy with
CMA has been reported in 10-15% of cases 2. Rice hydrolysate formula is also a suitable alternative to CM-based
hydrolysed formulas. Other plant-based milk alternatives are not nutritionally complete, and they are contraindicated as
cows’ milk substitutes in infants [281122,

The direct effect of hydrolysed proteins on gastrointestinal motility has been considered. A number of studies indicated
that source protein (casein vs. whey) and degree of hydrolysis (intact protein vs. partial or extensively hydrolysed protein)
may influence gastric emptying time {2881 Conversely, very limited data have been published on the effect of different
proteins on intestinal motility. The modulatory effects on colonic motility of bovine whey and casein milk protein
hydrolysates were tested in an ex vivo rat model (4. Intestinal propagation frequency was decreased by casein protein

hydrolysate, increased by a combination of 60% whey to 40% casein hydrolysate and unaffected by intact whey proteins
u)

No difference in stool consistency and frequency was found when a partially hydrolysed CM formula (hydrolysed
whey/intact casein = 63/37) was used in healthy term infants (8 compared to an intact CMP formula (whey/casein =
61/39). Both groups of formula-fed infants had significantly fewer evacuations per day than breastfed infants. The colour
and the volume of the stools of infants fed the hydrolysed formula resembled those of breastfed infants [E8l,

Most children with FA-C respond to elimination of CMP alone. Step up to oligoantigenic diet only benefits a minority. Step
up to multiple food elimination may be considered in non-responders to CMP elimination, if justified by the severity or
persistence of symptoms, particularly in young children with atopic comorbidities. A multiple food elimination diet requires
close medical and dietetic support to optimize adherence and nutrition B9,

In addition to relieving current symptoms, the identification and the treatment of CMA may be related to long-term
outcomes. A number of studies suggest a possible role of CMA in the development of functional gastrointestinal disorders
(FGID) later in life RUIR2I93I941[95]196] The nature of this association remains to be evaluated.

Interestingly, Nocerino et al. found that dietary intervention with an extensively hydrolysed casein-based (EHCF) formula
enriched with LGG in infants with CMA could influence the subsequent development of FGID at preschool age. A
significant difference between the EHCF and the EHCF+LGG groups was observed for the rate of functional dyspepsia,
abdominal pain and constipation (incidence rate ratio 0.44, 95% CI, 0.17-1.06; p = 0.07). The authors suggested that
specific strain of probiotics may induce a beneficial epigenetic regulation of immune and non-immune gene expression of
gut microbiota structure and function with increased production of the short-chain fatty acid butyrate 24, In addition to
accelerating the rate of resolution of CMA [B8I831001  this molecule may regulate gastrointestinal motility and pain
perception, which are pivotal factors for the development of FGIDs £,

Families should be advised that CMA tends to remit with time in most cases EI625] | children with multiple foods
contributing to constipation, each should be challenged separately 25, In most cases, FA-C improves after 6-24
months U251 However, occasionally it persists into adult life 2011,

Ideally all diets should be monitored and implemented by trained dieticians. For diagnostic purposes simple, time-limited,
single food elimination diets in well-nourished children can be administered effectively from the paediatric
gastroenterology or allergology clinic, using appropriate verbal instruction and written patient information. However,
children who prove to have CMA and who require ongoing allergen elimination need supervision by an appropriately
qualified dietician to ensure adequate intake of micro and macronutrients, including calcium and protein [LIEI4][102][103][104]
(2051 A recent study suggested that compared to healthy controls, patients with FA who lack confidence in FA issues and
those following an uncontrolled, restrictive elimination diet are more prone to food aversion and eating disorders 1981,
Conversely, another recent study reported an increased risk of eating disorders in children who had a previous history of
chronic diarrhoea or constipation 1971, However, the possible relationship of the observed gastrointestinal symptoms to
food allergy was not explored. Eating disorders themselves are commonly associated with gastrointestinal problems,
including constipation [208] Therefore, elimination diets require careful implementation with nutritional counselling and
regular monitoring of growth and of compliance to ensure safety [LEI[41106]
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