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Abstract

Gastroesophageal reflux disease (GERD) is currently listed by the European Academy 
for Allergy and Clinical Immunology, the European Society for Pediatric 
Gastroenterology Hepatology and Nutrition and other food allergy associations as a 
possible non-Immunoglobulin E (IgE) mediated food allergic disorder. Published stud-
ies have indicated that in up to around 40% of children, this may be associated with 
cow’s milk allergy (CMA). However, the challenge is not only distinguishing between 
food protein and non-food protein driven GERD, as both exhibit the same symptoms, 
but also to be able to distinguish between acute vomiting as a result of an IgE-mediated 
reaction or Food Protein- Induced Enterocolitis Syndrome (FPIES). The elimination of 
cow’s milk and its derivatives should only be considered once standard treatment, 
which includes avoiding overfeeding and thickening of feed, has been trialled, and/or 
when atopic co- morbidities and/or other symptoms associated with non-IgE-mediated 
allergies are present. A 2–4 week elimination of cow’s milk, which may entail a mater-
nal elimination in breastfed infants or suitable formula with proven hypoallergenicity 
with complementary food free-from cow’s milk protein (CMP). The reintroduction of 
cow’s milk, with re-appearance of symptoms, is a critical step for the confirmation of 
the diagnosis and to avoid the unwarranted elimination. Mother and child should be 
supported with optimal dietetic support, including vitamin (i.e., vitamin D) and mineral 
supplements (i.e., calcium) to avoid excessive weight loss for the mother and ongoing 
growth and development for the child. The prognosis of cow’s milk allergy-associated 
GERD is good with most children becoming tolerant between 1 and 3 years of age.
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 Introduction

Food allergy is defined as a reproducible immune-mediated reaction towards a food 
allergen and can be either Immunoglobulin E (IgE) or non-IgE mediated [1]. IgE- 
mediated allergies, typically occur immediately and up to 2 h after the ingestion of 
the trigger foods and common symptoms include urticaria, angioedema, hives, 
eczema, respiratory symptoms (i.e., wheezing), acute vomiting and in severe cases 
anaphylaxis [2]. Non-IgE-mediated allergies are delayed in the presentation of 
symptoms, usually occurring >1 h to 48 h after ingestion of the trigger food [3]. 
Symptoms typically affect the skin (i.e., eczema) and/or gastrointestinal tract, 
including acute (within 1–4 h after exposure), severe vomiting (i.e., food protein- 
induced enterocolitis syndrome (FPIES)) [4], persistent vomiting, diarrhea with/
without blood in the stools, abdominal pain, vomiting (acute and chronic) and these 
symptoms may be associated with faltering growth [3].

There is a wide range in challenge proven prevalence of food allergies in children 
<5 years of age, ranging from <1% in Turkey to 10% in Australia [5, 6]. The most 
common trigger foods in pediatric IgE and non-IgE-mediated food allergy includes 
cow’s milk, hen’s egg, soya, wheat, peanuts, tree nuts, fish, and shellfish [7]. Cow’s 
milk allergy (CMA) [8], one of the most common food allergies <1 year of age, has 
a challenge proven incidence of <1% in Europe, according to the EuroPrevall study, 
but great variation was seen between countries [9]. This study is to date, the only 
population- based study that has assessed through a double-blind food challenge 
both IgE and non-IgE-mediated CMA and found that the latter had a prevalence 
ranging from 0.13% to 0.72%, with the UK having more children with non-IgE- 
than IgE- mediated CMA [9]. Methodological concerns have been highlighted in 
particular related to the recognition of symptoms of non-IgE-mediated allergies, so 
it is likely that the incidence of this delayed allergy is much higher.

Gastroesophageal reflux disease (GERD) is currently listed by the European 
Academy for Allergy and Clinical Immunology (EAACI) [10], the European 
Society for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) [11] 
and other food allergy associations as a possible non-IgE-mediated food allergic 
disorder [2, 12]. However, the role of food allergens as a cause of GERD remains 
controversial [13].

 The Role of Cow’s Milk Protein (CMP) in GERD

The joint ESPGHAN-North American Society for Pediatric Gastroenterology 
Hepatology and Nutrition (NASPGHAN) guidelines on GERD from 2009 already 
recognized the possible role of CMA [8, 14] and has further increased in 
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prominence in the treatment pathway in the updated guidelines from 2018, with 
the consideration of a cow’s milk elimination diet prior to the use of medication 
in infants <1 year of age [15]. Cavataio et al. published a study in the year 2000 
on 204 prospectively recruited infants <1 year of age with the diagnosis of GERD 
and found that 41.8% of these patients had challenge proven CMA [16]. In addi-
tion to this study, Borrelli et al. [17] found through 48-h multichannel intralumi-
nal impedance- pH monitoring that children with proven CMA had more total 
reflux and weakly acidic reflux episodes during CMP challenge. A recent study by 
Omari et  al. [18], found that the elimination of CMP significantly improved 
GERD symptoms in infants with non-IgE-mediated CMA when compared with 
controls. That study also showed improved esophageal peristaltic function and 
mucosal integrity, increased acid clearance and esophageal mucosal impedance 
[18]. Several further studies have also found a high prevalence of CMA in chil-
dren with GERD, in particular those resistant to standard treatment [17, 19–21]. 
The challenge, however, highlighted by all publications is the difficulty in not 
only distinguishing between food protein and non-food protein driven GERD as 
both exhibit the same symptoms, but also to be able to distinguish between acute 
vomiting as a result of an IgE-mediated reaction or Food Protein-Induced 
Enterocolitis Syndrome [3]. From the published studies, CMA may be more rel-
evant in infants with severe and persistent GERD with associated food aversion, 
faltering growth and other gastrointestinal symptoms commonly associated with 
non-IgE-mediated allergies, but also atopic manifestations including atopic der-
matitis and/or urticaria and rhinitis [17, 22].

 Diagnosis

As CMP-associated GERD is recognized as a possible non-IgE-mediated food 
allergy [23, 24]. A small number of studies have assessed the role of skin prick test-
ing, patch testing, serum IgE measurement, IgG and IgG4 for the diagnosis of non- 
IgE- mediated food allergy per se, but none have yielded results supporting their 
routine use for the diagnosis of CMP-associated GERD or any other non-IgE- 
mediated condition [25, 26]. However, if the infant exhibits symptoms of an IgE-
mediated food allergy and/or has eczema, the use of specific IgE testing and/or skin 
prick test as part of a food allergy focused history may be indicated to support a 
diagnosis [2, 27]. The role of endoscopy, pH-manometry, and other tests are dis-
cussed in Chap. 3 and should be considered where applicable as part of the diagnos-
tic work-up, in particular with the overlapping symptoms of GERD (food protein 
and non- protein induced) and eosinophilic esophagitis (EoE). See Table 11.1.

The primary diagnostic tool therefore for CMP-associated (and other food pro-
tein) GERD is a trial elimination diet, with symptom improvement, followed by the 
reintroduction of CMP with symptom deterioration [11, 24, 28, 29]. This elimina-
tion diet should only be considered for children with GERD, who have failed stan-
dard treatment, which includes avoiding overfeeding and thickening of feed, as per 
ESPGHAN/NASPGHAN guidelines and/or have atopic co-morbidities and/or other 
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symptoms associated with non-IgE-mediated allergies [15, 27, 30, 31]. Studies on 
the length of diagnostic elimination diets vary between 24 hours to 4 months [32]. 
Three review publications [20, 32, 33] recommended a 2–6 weeks avoidance period 
of cow’s milk, and two guideline papers [34, 35] recommend a 2–4 week period of 
CMP avoidance in GERD. Although the publication by Lozinsky et al. [36] was not 
specifically aimed at infants with GERD, it collected data on a cohort with non-IgE- 
mediated allergies, including food protein-induced GERD and found that 98% had 
symptom improvement after a 4 week elimination diet, although complete resolu-
tion of symptoms may require a longer and full resolution of symptoms may not 
occur in all infants. This implies that a minimum of 2 weeks is required to start 
seeing symptom improvement, but symptom resolution may only occur in some 
after 6 weeks, in particular, if symptoms are severe. It is, however, important to 
individualize the length of elimination and use clinical judgement when suggesting 
a diagnostic elimination diet as this may be influenced by the following factors:

 1. Severity of symptoms
 2. Breastfed/bottle fed
 3. Whether complementary food has been introduced
 4. Nutritional status (growth and vitamin and mineral status) of the mother/infant
 5. Psychological well-being of the family

While the elimination and reintroduction diagnostic approach is highlighted in 
all current guideline papers, specific guidance on how to reintroduce CMP is scarce. 
A double-blind supervised challenge remains the gold standard also for the diagno-
sis of CMP-associated GERD, however, this is not practical for many healthcare 
systems, as reactions may take days to occur, which has a significant fiscal burden 
to either parents or healthcare system. Studies have shown that reintroduction of 
CMP (and other offending food allergens) can be performed safely at home, if IgE-
mediated symptoms or FPIES are absent, but this requires sufficient time for moni-
toring symptoms, guidance on how to reintroduce and most importantly how parents 
should assess reactions [34, 37].

Publications have varied greatly in the method for CMP reintroduction for diag-
nostic purposes, and to date, no standard approach exists, as with IgE-mediated 

Table 11.1 Diagnostic work-up for cow’s milk-induced GERD

General symptoms
Atopic 
co-morbidities

Food allergy focused 
history Allergy test

Vomiting with 
discomfort
Faltering growth
Epigastric pain
Excessive crying
Feeding difficulties
Back arching during 
feed
Poor sleep

Atopic dermatitis
Existing IgE-
mediated allergies
Other non-IgE- 
mediated allergies 
(i.e., rectal bleeding, 
diarrhea)
Recurrent wheezing

When did symptoms 
appear in relation to 
breast/bottle feeding 
and complementary 
foods?
Specific foods 
involved?

Skin prick/specific 
IgE test only required 
if symptoms of 
IgE- mediated allergy 
present and/or eczema
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allergies. The iMAP allergy guidelines specific for mild to moderate non-IgE- 
mediated CMA have suggested that breastfeeding mothers should reintroduce cow’s 
milk and its derivates over 1 week back in their diet and monitor symptoms. For 
formula-fed infants, a 1 week reintroduction regime has also been suggested, end-
ing with at least 210 mL of CMP-based formula per day [24]. While these sugges-
tions are not evidence based, there seems to be consensuses amongst healthcare 
professionals that one should at least aim for a “normal portion” of CMP according 
to the child’s age to confirm or refute the diagnosis. For cow’s milk, a normal por-
tion is considered 120–240 mL of infant formula or cow’s milk for toddlers [38].

 Dietary Management in Proven CMP-Induced GERD

Cow’s milk and its derivatives is a primary source of nutrition for the breastfeeding 
mother as well as for the non-breastfed infant and during complementary feeding 
[11, 39, 40]. The elimination of CMP increases the risk of growth faltering/exces-
sive weight loss post-pregnancy and vitamin and mineral deficiencies for both the 
infant and breastfeeding mother are well-reported [39, 41]. It may also be that the 
infant/breastfeeding mother is not only eliminating cow’s milk but soya and other 
food allergens. Soya is commonly reported as concomitated allergen in particular in 
non-IgE-mediated cow’s milk allergy [36, 42, 43]. However, data differs between 
countries. It is therefore crucial that parents receive dietary advice, ideally from a 
registered dietitian/nutritionist, not only on what to avoid, but how to replace the 
macro and micronutrients from cow’s milk and other allergens (Table 11.2), as this 
has shown to improve growth and micronutrient status [44].

 Breastmilk in the Management of GERD

Limited data exists on the presence of CMA in breastfed infants. However, in a 
prospectively recruited cohort of breastfed children by Høst et al. [45] 0.5% of the 
2.2% children diagnosed with an IgE-mediated CMA presented while being exclu-
sively breastfed. There is paucity of data on the incidence and severity of GERD in 
breastfed infants, but it is estimated that about 25% of infants (both breastfed and 
bottlefed) suffer from troublesome regurgitation [46].

Cow’s/goats and/or sheep milk protein can transfer through human milk in the 
form of β-lactoglobulin (levels range from 0.9 to 150 μg/L), which is unique to most 
mammalian milks and can elicit symptoms of CMA and may therefore also be 
involved in CMP-associated GERD [24, 47–49]. Breastfeeding is strongly sup-
ported by EAACI, ESPGHAN/NASPGHAN and other food allergy guidelines as 
the best source of nutrition to support growth, development, and the immune system 
[11, 24, 28, 49, 50]. In 2019, the EAACI position statement outlining the manage-
ment and diagnosis of non-IgE-mediated allergies in breastfed infants was pub-
lished highlighting the importance of supporting breastfeeding, ideally in line with 
the World Health Organization (WHO) of exclusive breastfeeding until 6 months of 
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age [51, 52]. Breastfeeding mothers should receive support to maintain breastfeed-
ing and their dietary adequacy needs to be considered at all time, which may include 
the supplementation of calcium, vitamin D, iodine, and other micronutrient as 
appropriate to their elimination diet and their nutritional status [48, 53]. An unwar-
ranted elimination diet should always be avoided as this poses a nutritional risk to 
the mother and may impact on the quantity and quality of the breastmilk [54].

 Formulas for CMA in the Management of GERD

Many guidelines on the diagnosis and management of CMA, include suggested 
formulas suitable for the management of CMA, when breastmilk is insufficient or 
not available [2, 28, 49, 50]. All formulas that are being used for the management of 
CMA should be tested and conform to current guidelines on hypoallergenicity, 
which requires a product to be tolerated by 90% of children with a challenge proven 
CMA at 95 confidence interval and support normal growth [55, 56]. All guidelines 
suggest an extensively hydrolyzed formula [EHF] based on either casein, whey or 
rice, as first-line treatment for CMP-associated GERD (Table 11.3) [57]. However, 
the impact of growth faltering on formula choice should also be taken into account 
and is discussed in some of the guidelines. Several studies have shown improved 
catch-up growth, in particular, longitudinal growth with amino acid formulas (AAF) 
possibly related to the resolution of mild ongoing gastrointestinal inflammation [58, 
59]. In addition, the involvement of multiple organ systems and multiple food aller-
gies may also require the consideration of an AAF as first-line formula [60, 61].

In recent years, studies have been published using formulas that have specifically 
been designed for CMP-associated GERD. There are now thickened EHF casein, 

Table 11.2 Cow’s milk sources its nutritional contribution and possible alternatives

Potential sourcesa Macro- and micronutrients Food alternatives
Cow’s milk (fresh, UHT, 
evaporated, condensed, dried) 
butter, butter oil, buttermilk
Cream
Cheese
Yogurt, fromage-frais
Casein, caseinates, hydrolyzed 
casein, sodium caseinate
Curd
Ghee
Lactoglobulin
Lactose—(food grade)
Milk solids, non-fat milk 
solids
Whey, hydrolyzed whey, whey 
powder, whey syrup sweetener

Protein, energy, vitamins A, D, 
and B12, riboflavin, pantothenic 
acid, calcium, phosphorus

Dairy free spreads, olive/
sunflower/coconut/canola 
oil
Fortified coconut/pea/nut/ 
soyab based yoghurts/
cheese
Plant-based fortified 
drinks (see guidance 
below on milk 
alternatives)
Baked goods without 
butter/milk/cheese/cream

a This list is not exhaustive and may differ between countries
b Soya may also be eliminated in some infants
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rice and AAF formulas with proven hypoallergenicity suitable for this population 
[62–65]. The studies by Dupont et  al. [64, 66] and Vandenplas et  al. [63] also 
assessed regurgitation episodes, crying and sleeping time. In children that had chal-
lenge proven CMA, both thickened and un-thickened extensive hydrolysates were 
equally effective in the resolution of symptoms and supported growth. In the study 
by Dupont et al. [64] significantly more children had better quality of sleep and less 
irritability with a thickened AAF and several studies have shown improved stool 
frequency and consistency [64] [63]. These formulas are not yet included in any of 
the CMA guidelines.

As mentioned above, soy is a commonly reported concomitant allergen in chil-
dren with non-IgE-mediated CMA. While some data indicates that up to 50% have 
a concomitant allergy to soy in non-IgE-mediated CMA [42, 43], this is not the 
same in other studies and very limited data exists on soy being a culprit food in 
GERD [67, 68]. While all European, Australasian, and American guidelines do not 
recommend the use of soy-based formulas below 6 months of age for any CMA 
(Table 11.3) [11, 24, 49, 57], careful consideration in regards to local resources and 
the cost to families and healthcare system needs to be taken into account when con-
sidering soy-based formula as an option for a non-breastfed infant with CMP- 
associated GERD [12, 69].

 Complementary Feeding in Infants with GERD

Complementary food should ideally be introduced, as per WHO guidelines, around 
6 months of age. It is acknowledged in all of the allergy prevention guidelines, that 
outside of the culprit food, the introduction of other food allergens, including egg, 
wheat, soy (if not eliminated), peanut, tree nuts and fish, should not be delayed 
beyond 6 months of age [70–72]. In fact, when eczema and/or IgE-mediated egg 
allergy is present, the early introduction of peanuts, in countries where peanut 
allergy is prevalent is recommended [71, 73].

Furthermore, studies have also indicated that increasing the diversity of foods, 
may also have a positive impact on the further prevention of food allergies, pos-
sibly through improving the gut microbiome [74–76]. The expansion of comple-
mentary foods does not only play a role in the contribution of nutrients and the 

Table 11.3 Summary of guidelines for first-line formulas for GERD

DRACMA 
(2010) ESPGHAN (2012)

Australian 
Guidelines (2009) BSACI (2014)

iMAP 
(2017

EHFa No specific mention for GERD 
but EHF is recommended as 
first-line formula for most 
presentation of CMA

EHF if <6 months
Soy if >6 months
EHF if >6 months 
if also presenting 
with faltering 
growth

EHF (unless 
faltering 
growth then 
AAF)

EHF

a When hydrolyzed rice formulas are available, these can also be considered as first-line formulas 
for GERD
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microbiome, but also in the development of oral motors kills and the prevention 
of feeding difficulties [77]. Feeding difficulties are commonly reported in infants 
with GERD, ranging from breast to bottle aversion to texture hypersensitivity 
[78]. In a study published by Rommel et al. [79], who assessed the underlying 
diagnosis of 700 children with feeding difficulties, 60% presented with GERD as 
an underlying diagnosis. While this is well-recognized in GERD, limited data is 
available on feeding difficulties in children with CMP- associated GERD. To date, 
only one retrospective study has been published on feeding difficulties in the 
whole spectrum of non-IgE-mediated FA diagnoses, including GERD [80]. In that 
study, 30% of children had feeding difficulties, as noted by clinicians in the medi-
cal notes, with the most commonly reported being a texture hypersensitivity 
(Table 11.4). More data exists in EoE, where similar symptoms are present, in 
particular in the infants with early onset of EoE compared to CMP-associated 
GERD [81]. In the publication on EoE up to 90% of children have maladaptive 
feeding behavior [82, 83].

Many parents will report worsening of their infant’s GERD to other foods, 
including fruit and vegetables that have traditionally been classified as “hypoaller-
genic.” There is paucity on data on other trigger foods outside of CMP and other 
common allergens. However, many alternative practitioners and websites may 
advocate for the elimination of various foods (i.e., acidic fruit and vegetables), 
which may limit the infants’ complementary diet significantly, increasing the risk 
for nutritional deficiencies. While, hypersensitivity reactions may occur to other 
foods, healthcare professionals should guard against unwarranted dietary elimina-
tion and understand the impact of food characteristics (i.e., protein content, osmo-
lality, fat content and particle size) on gastric emptying to recognize patterns and 
therefore possible trigger foods. Any elimination of complementary foods outside 
of CMP should always be followed up by a timely reintroduction.

 Natural History of CMP-Induced GERD

The prognosis of CMP-induced GERD is poorly described and difficult to establish; 
however, it is assumed that tolerance occurs at least within the age range previously 
described for other non-IgE-mediated allergies, which can be as early as 1 year of 
age, according to the EuroPrevall study on both IgE- and non-IgE- mediated allergy 
but may be as late as 3 years of age for some [9, 84].

Feeding difficulties reported in infancy

Breastfeed or bottle refusal/aversion
Gagging on textured foods
Sealing of mouth and pushing spoon away
Crying when seeing the spoon
Extended mealtimes

Table 11.4 Feeding 
difficulties commonly 
seen in infants with 
GERD [80]
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The DRACMA Guidelines [28], ESPGHAN [11], and iMAP guidelines [34] 
suggest that after a period of avoidance, usually between 6 and 12 months, periodic 
reintroductions of cow’s milk should occur to determine if tolerance has developed 
and this should also occur for CMP-associated GERD. There is currently no con-
sensus on how reintroductions should occur in children with confirmed CMP- 
associated GERD. Several countries have adopted a milk ladder approach, which 
introduces milk proteins in a very gradual manner, starting from lower doses of less 
allergenic forms of milk, such as baked goods and advances slowly, as tolerated. 
While the efficacy of milk ladders has yet to be established, it has the potential of 
improvement in quality of life using this method of reintroduction has been recog-
nized [69, 85]. Meyer et al. [37] has recently published their experience with using 
the ladder approach for the common allergens in a cohort of children with non-IgE- 
mediated allergy, including CMP-associated GERD. That study indicated that many 
children needed 2–5 attempts at the milk ladder due to ambiguous results, because 
of concomitated illness and/or teething impacting on the outcome. Whatever method 
is used for reintroduction, it is important that this is not delayed and that parents are 
adequately supported with reintroductions to not delay the process and also provide 
an accurate answer on tolerance.

 Conclusion

CMP-associated GERD is a recognized non-IgE-mediated condition that is difficult 
to distinguish from GERD not associated with a food allergy. It is therefore impor-
tant when an elimination diet is commenced to already discuss the reintroduction of 
CMP with the parents as an essential diagnostic step. GERD has a significant impact 
on the quality of life of parents and the further elimination of CMP may compound 
this impact [86]. At all times, the nutritional status of the breastfeeding mother and 
infant should be at the center of the management of CMP-associated GERD.

References

 1. Johansson SG, et al. Revised nomenclature for allergy for global use: report of the nomen-
clature review Committee of the World Allergy Organization, October 2003. J Allergy Clin 
Immunol. 2004;113:832–6.

 2. Muraro A, et al. EAACI food allergy and anaphylaxis guidelines: diagnosis and management 
of food allergy. Allergy. 2014;69:1008–25.

 3. Caubet JC, Szajewska H, Shamir R, Nowak-Wegrzyn A. Non-IgE-mediated gastrointestinal 
food allergies in children. Pediatr Allergy Immunol. 2017;28:6–17. https://doi.org/10.1111/
pai.12659.

 4. Nowak-Wegrzyn A, et al. International consensus guidelines for the diagnosis and manage-
ment of food protein-induced enterocolitis syndrome: workgroup report of the adverse reac-
tions to foods committee, American Academy of allergy, asthma, and immunology. J Allergy 
Clin Immunol. 2017;139:1111–26. https://doi.org/10.1016/j.jaci.2016.12.966.

 5. Prescott SL, et al. A global survey of changing patterns of food allergy burden in children. 
World Allergy Organ J. 2013;6:21.

11 GERD and Cow’s Milk Allergy

https://doi.org/10.1111/pai.12659
https://doi.org/10.1111/pai.12659
https://doi.org/10.1016/j.jaci.2016.12.966


148

 6. Peters RL, et  al. The prevalence of food allergy and other allergic diseases in early child-
hood in a population-based study: HealthNuts age 4-year follow-up. J Allergy Clin Immunol. 
2017;140:145–153 e148. https://doi.org/10.1016/j.jaci.2017.02.019.

 7. Loh W, Tang MLK. The epidemiology of food allergy in the global context. Int J Environ Res 
Public Health. 2018;15:2043. https://doi.org/10.3390/ijerph15092043.

 8. Zheng J, et al. A taxonomic note on the genus lactobacillus: description of 23 novel genera, 
emended description of the genus lactobacillus Beijerinck 1901, and union of Lactobacillaceae 
and Leuconostocaceae. Int J Syst Evol Microbiol. 2020;70:2782–858. https://doi.org/10.1099/
ijsem.0.004107.

 9. Schoemaker AA, et al. Incidence and natural history of challenge-proven cow’s milk allergy in 
European children--EuroPrevall birth cohort. Allergy. 2015;70:963–72.

 10. Nwaru BI, et  al. Prevalence of common food allergies in Europe: a systematic review and 
meta-analysis. Allergy. 2014;69:992–1007. https://doi.org/10.1111/all.12423.

 11. Koletzko S, et  al. Diagnostic approach and management of cow’s-milk protein allergy in 
infants and children: ESPGHAN GI committee practical guidelines. J Pediatr Gastroenterol 
Nutr. 2012;55:221–9.

 12. Kemp AS, et al. Guidelines for the use of infant formulas to treat cows milk protein allergy: an 
Australian consensus panel opinion. MedJ Aust. 2008;188:109–12.

 13. Singendonk M, et  al. Prevalence of gastroesophageal reflux disease symptoms in infants 
and children: a systematic review. J Pediatr Gastroenterol Nutr. 2019;68:811–7. https://doi.
org/10.1097/MPG.0000000000002280.

 14. Vandenplas Y, et al. Pediatric gastroesophageal reflux clinical practice guidelines: joint rec-
ommendations of the North American Society for Pediatric Gastroenterology, Hepatology, 
and Nutrition (NASPGHAN) and the European Society for Pediatric Gastroenterology, 
Hepatology, and nutrition (ESPGHAN). J Pediatr GastroenterolNutr. 2009;49:498–547.

 15. Rosen R, et  al. Pediatric gastroesophageal reflux clinical practice guidelines: joint recom-
mendations of the North American Society for Pediatric Gastroenterology, Hepatology, 
and Nutrition (NASPGHAN) and the European Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (ESPGHAN). J Pediatr Gastroenterol Nutr. 2018;66:516–54. 
https://doi.org/10.1097/MPG.0000000000001889.

 16. Cavataio F, Carroccio A, Iacono G. Milk-induced reflux in infants less than one year of age. J 
Pediatr Gastroenterol Nutr. 2000;30(Suppl):S36–44.

 17. Borrelli O, et al. Cow’s milk challenge increases weakly acidic reflux in children with cow’s 
milk allergy and gastroesophageal reflux disease. J Pediatr. 2012;161:476–81.

 18. Omari T, et al. Characterization of upper gastrointestinal motility in infants with persistent 
distress and non-IgE-mediated cow’s milk protein allergy. J Pediatr Gastroenterol Nutr. 
2020;70:489–96. https://doi.org/10.1097/MPG.0000000000002600.

 19. Yukselen A, Celtik C. Food allergy in children with refractory gastroesophageal reflux disease. 
Pediatr Int. 2016;58:254–8.

 20. Vandenplas Y, et al. Gastrointestinal manifestations of cow’s milk protein allergy and gastro-
intestinal motility. Acta Paediatr. 2012;101:1105–9. https://doi.org/10.1111/j.1651- 2227.2012
.02808.x.

 21. Nielsen RG, Bindslev-Jensen C, Kruse-Andersen S, Husby S. Severe gastroesophageal reflux 
disease and cow milk hypersensitivity in infants and children: disease association and evalua-
tion of a new challenge procedure. J Pediatr Gastroenterol Nutr. 2004;39:383–91.

 22. Cavataio F, et al. Clinical and pH-metric characteristics of gastro-oesophageal reflux second-
ary to cows’ milk protein allergy. Arch Dis Child. 1996;75:51–6. https://doi.org/10.1136/
adc.75.1.51.

 23. Salvatore S, et  al. Cow’s milk allergy or gastroesophageal reflux disease-can we solve the 
dilemma in infants? Nutrients. 2021;13:297. https://doi.org/10.3390/nu13020297.

 24. Venter C, et al. Better recognition, diagnosis and management of non-IgE-mediated cow’s milk 
allergy in infancy: iMAP-an international interpretation of the MAP (Milk allergy in primary 
care) guideline. Clin Transl Allergy. 2017;7:26. https://doi.org/10.1186/s13601- 017- 0162- y.

R. Meyer

https://doi.org/10.1016/j.jaci.2017.02.019
https://doi.org/10.3390/ijerph15092043
https://doi.org/10.1099/ijsem.0.004107
https://doi.org/10.1099/ijsem.0.004107
https://doi.org/10.1111/all.12423
https://doi.org/10.1097/MPG.0000000000002280
https://doi.org/10.1097/MPG.0000000000002280
https://doi.org/10.1097/MPG.0000000000001889
https://doi.org/10.1097/MPG.0000000000002600
https://doi.org/10.1111/j.1651-2227.2012.02808.x
https://doi.org/10.1111/j.1651-2227.2012.02808.x
https://doi.org/10.1136/adc.75.1.51
https://doi.org/10.1136/adc.75.1.51
https://doi.org/10.3390/nu13020297
https://doi.org/10.1186/s13601-017-0162-y


149

 25. Mehl A, et al. The atopy patch test in the diagnostic workup of suspected food-related symp-
toms in children. J Allergy Clin Immunol. 2006;118:923–9.

 26. Turjanmaa K, et al. EAACI/GA2LEN position paper: present status of the atopy patch test. 
Allergy. 2006;61:1377–84.

 27. Skypala IJ, et al. The development of a standardised diet history tool to support the diagnosis 
of food allergy. Clin Transl Allergy. 2015;5:7.

 28. Fiocchi A, et  al. World Allergy Organization (WAO) Diagnosis and Rationale for Action 
against Cow’s Milk Allergy (DRACMA) guidelines. Pediatr Allergy Immunol. 2010;21(Suppl 
21):1–125. https://doi.org/10.1111/j.1399- 3038.2010.01068.x.

 29. Boyce JA, et al. Guidelines for the diagnosis and management of food allergy in the United 
States: report of the NIAID-sponsored expert panel. J Allergy Clin Immunol. 2010;126:S1–58.

 30. Tsakok T, et al. Does atopic dermatitis cause food allergy? A systematic review. J Allergy Clin 
Immunol. 2016;137:1071–8. https://doi.org/10.1016/j.jaci.2015.10.049.

 31. Meyer R, Fox AT, Chebar Lozinsky A, Michaelis LJ, Shah N. Non-IgE-mediated gastroin-
testinal allergies - do they have a place in a new model of the allergic march. Pediatr Allergy 
Immunol. 2019;30:149–58. https://doi.org/10.1111/pai.13000.

 32. Dupont C. Diagnosis of cow’s milk allergy in children: determining the gold standard? Expert 
Rev Clin Immunol. 2014;10:257–67. https://doi.org/10.1586/1744666X.2014.874946.

 33. Heine RG.  Gastroesophageal reflux disease, colic and constipation in infants with food 
allergy. Curr Opin Allergy Clin Immunol. 2006;6:220–5. https://doi.org/10.1097/01.
all.0000225164.06016.5d.

 34. Fox A, et al. An update to the Milk allergy in primary care guideline. Clin Transl Allergy. 
2019;9:40. https://doi.org/10.1186/s13601- 019- 0281- 8.

 35. Rosen R, et al. Pediatric gastroesophageal reflux clinical practice guidelines: joint recommenda-
tions of the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition 
and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr 
Gastroenterol Nutr. 2018;66:516–54. https://doi.org/10.1097/MPG.0000000000001889.

 36. Chebar Lozinsky A, et al. Time to symptom improvement using elimination diets in non-IgE 
mediated gastrointestinal food allergies. Pediatr Allergy Immunol. 2015;2:317–29.

 37. Meyer R, et al. The challenge of home allergen re-introductions using the ladder approach in 
children with non-IgE mediated gastrointestinal food allergy. Front Allergy. 2021;2:721686.

 38. Bird JA, et al. Conducting an oral food challenge: an update to the 2009 adverse reactions to 
foods committee work group report. J Allergy Clin Immunol Pract. 2020;8:75–90 e17. https://
doi.org/10.1016/j.jaip.2019.09.029.

 39. Meyer R.  Nutritional disorders resulting from food allergy in children. Pediatr Allergy 
Immunol. 2018;29:689–704. https://doi.org/10.1111/pai.12960.

 40. Venter C, Meyer R. Session 1: allergic disease: the challenges of managing food hypersensitiv-
ity. Proc Nutr Soc. 2010;69:11–24.

 41. Meyer R, et al. International survey on growth indices and impacting factors in children with 
food allergies. J Hum Nutr Diet. 2019;32:175–84. https://doi.org/10.1111/jhn.12610.

 42. Meyer R, et al. Manifestations of food protein induced gastrointestinal allergies presenting to 
a single tertiary paediatric gastroenterology unit. World Allergy Organ J. 2013;6:13.

 43. Agostoni C, et al. Soy protein infant formulae and follow-on formulae: a commentary by the 
ESPGHAN committee on nutrition. J Pediatr Gastroenterol Nutr. 2006;42:352–61.

 44. Canani RB, et al. The effects of dietary counseling on children with food allergy: a prospec-
tive, multicenter intervention study. J Acad Nutr Diet. 2014;114:1432–9.

 45. Host A, Husby S, Osterballe O.  A prospective study of cow’s milk allergy in exclusively 
breast-fed infants. Incidence, pathogenetic role of early inadvertent exposure to cow’s milk 
formula, and characterization of bovine milk protein in human milk. Acta Paediatr Scand. 
1988;77:663–70.

 46. Vandenplas Y, et al. Prevalence and health outcomes of functional gastrointestinal symptoms 
in infants from birth to 12 months of age. J Pediatr Gastroenterol Nutr. 2015;61:531–7. https://
doi.org/10.1097/MPG.0000000000000949.

11 GERD and Cow’s Milk Allergy

https://doi.org/10.1111/j.1399-3038.2010.01068.x
https://doi.org/10.1016/j.jaci.2015.10.049
https://doi.org/10.1111/pai.13000
https://doi.org/10.1586/1744666X.2014.874946
https://doi.org/10.1097/01.all.0000225164.06016.5d
https://doi.org/10.1097/01.all.0000225164.06016.5d
https://doi.org/10.1186/s13601-019-0281-8
https://doi.org/10.1097/MPG.0000000000001889
https://doi.org/10.1016/j.jaip.2019.09.029
https://doi.org/10.1016/j.jaip.2019.09.029
https://doi.org/10.1111/pai.12960
https://doi.org/10.1111/jhn.12610
https://doi.org/10.1097/MPG.0000000000000949
https://doi.org/10.1097/MPG.0000000000000949


150

 47. Sorva R, Makinen-Kiljunen S, Juntunen-Backman K. Beta-lactoglobulin secretion in human 
milk varies widely after cow’s milk ingestion in mothers of infants with cow’s milk allergy. J 
Allergy Clin Immunol. 1994;93:787–92.

 48. Rajani PS, Martin H, Groetch M, Jarvinen KM. Presentation and management of food allergy 
in breastfed infants and risks of maternal elimination diets. J Allergy Clin Immunol Pract. 
2020;8:52–67. https://doi.org/10.1016/j.jaip.2019.11.007.

 49. Luyt D, et al. BSACI guideline for the diagnosis and management of cow’s milk allergy. Clin 
Exp Allergy. 2014;44:642–72.

 50. Allen CJ, et al. Management of cow’s milk protein allergy in infants and young children: an 
expert panel perspective. J Paediatr Child Health. 2009;45:481–6.

 51. Meyer R, et al. Diagnosis and management of non-IgE gastrointestinal allergies in breastfed 
infants-an EAACI position paper. Allergy. 2020;75:14–32. https://doi.org/10.1111/all.13947.

 52. World Health Organization. The WHO: Guiding principles for complementary feeding of the 
breastfed child. 2002. https://whqlibdoc.who.int/publications/2002/924154614X.pdf

 53. Thomassen RA, et al. Iodine status and growth in 0-2-year-old infants with Cow’s Milk protein 
allergy. J Pediatr GastroenterolNutr. 2016;64(5):806–11.

 54. Mannion CA, Gray-Donald K, Johnson-Down L, Koski KG. Lactating women restricting milk 
are low on select nutrients. J Am Coll Nutr. 2007;26:149–55. https://doi.org/10.1080/0731572
4.2007.10719596.

 55. Host A, et al. Dietary products used in infants for treatment and prevention of food allergy. 
Joint statement of the European Society for Paediatric Allergology and Clinical Immunology 
(ESPACI) committee on hypoallergenic formulas and the European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition (ESPGHAN) committee on nutrition. Arch Dis 
Child. 1999;81:80–4.

 56. Pediatrics A. A. f. hypoallergenic infant formulas. Pediatrics. 2000;106:346–9.
 57. Fiocchi A, et  al. World Allergy Organization (WAO) Diagnosis and Rationale for Action 

against Cow’s Milk Allergy (DRACMA) guidelines. PediatrAllergy Immunol. 2010;21(Suppl 
21):1–125.

 58. Niggemann B, et al. Prospective, controlled, multi-center study on the effect of an amino-acid- 
based formula in infants with cow’s milk allergy/intolerance and atopic dermatitis. Pediatr 
Allergy Immunol. 2001;12:78–82.

 59. Isolauri E, et al. Efficacy and safety of hydrolyzed cow milk and amino acid-derived formulas 
in infants with cow milk allergy. J Pediatr. 1995;127:550–7.

 60. Meyer R, Groetch M, Venter C. When should infants with cow’s milk protein allergy use an 
amino acid formula? A practical guide. J Allergy Clin Immunol Pract. 2018;6:383–99. https://
doi.org/10.1016/j.jaip.2017.09.003.

 61. Hill DJ, Murch SH, Rafferty K, Wallis P, Green CJ. The efficacy of amino acid-based formu-
las in relieving the symptoms of cow’s milk allergy: a systematic review. Clin Exp Allergy. 
2007;37:808–22.

 62. Dupont C, Bradatan E, Soulaines P, Nocerino R, Berni-Canani R. Tolerance and growth in 
children with cow’s milk allergy fed a thickened extensively hydrolyzed casein-based formula. 
BMC Pediatr. 2016;16:96.

 63. Vandenplas Y, et  al. Safety of a thickened extensive casein hydrolysate formula. Nutrition. 
2016;32:206–12. https://doi.org/10.1016/j.nut.2015.08.008.

 64. Dupont C, et al. Safety of a new amino acid formula in infants allergic to cow’s milk and intol-
erant to hydrolysates. J Pediatr Gastroenterol Nutr. 2015;61:456–63.

 65. Rossetti D, Cucchiara S, Morace A, Leter B, Oliva S. Hypoallergenicity of a thickened hydro-
lyzed formula in children with cow’s milk allergy. World J Clin Cases. 2019;7:2256–68. 
https://doi.org/10.12998/wjcc.v7.i16.2256.

 66. Dupont C, Hol J, Nieuwenhuis EE. Cow’s milk allergy modified by, E. & lactobacilli study, g. 
an extensively hydrolysed casein-based formula for infants with cows’ milk protein allergy: 
tolerance/hypo-allergenicity and growth catch-up. Br J Nutr. 2015;113:1102–12. https://doi.
org/10.1017/S000711451500015X.

R. Meyer

https://doi.org/10.1016/j.jaip.2019.11.007
https://doi.org/10.1111/all.13947
https://whqlibdoc.who.int/publications/2002/924154614X.pdf
https://doi.org/10.1080/07315724.2007.10719596
https://doi.org/10.1080/07315724.2007.10719596
https://doi.org/10.1016/j.jaip.2017.09.003
https://doi.org/10.1016/j.jaip.2017.09.003
https://doi.org/10.1016/j.nut.2015.08.008
https://doi.org/10.12998/wjcc.v7.i16.2256
https://doi.org/10.1017/S000711451500015X
https://doi.org/10.1017/S000711451500015X


151

 67. Katz Y, Goldberg MR. Natural history of food protein-induced enterocolitis syndrome. Curr 
Opin Allergy Clin Immunol. 2014;14:229–39.

 68. Katz Y, et al. A comprehensive review of sensitization and allergy to soy-based products. Clin 
Rev Allergy Immunol. 2014;46:272–81.

 69. Lang AC, et al. Elimination diets and dietary interventions for the management of food aller-
gies. S Afr Med J. 2014;105:71–2.

 70. Halken S, et  al. EAACI guideline: preventing the development of food allergy in infants 
and young children (2020 update). Pediatr Allergy Immunol. 2021;32:843–58. https://doi.
org/10.1111/pai.13496.

 71. Fleischer DM, et  al. A consensus approach to the primary prevention of food allergy 
through nutrition: guidance from the American Academy of allergy, asthma, and immunol-
ogy; American College of Allergy, asthma, and immunology; and the Canadian society for 
allergy and clinical immunology. J Allergy Clin Immunol Pract. 2021;9:22–43 e24. https://doi.
org/10.1016/j.jaip.2020.11.002.

 72. Joshi PA, Smith J, Vale S, Campbell DE. The Australasian society of clinical immunology and 
allergy infant feeding for allergy prevention guidelines. Med J Aust. 2019;210:89–93. https://
doi.org/10.5694/mja2.12102.

 73. Fleischer DM, et al. Consensus communication on early Peanut introduction and prevention of 
Peanut allergy in high-risk infants. Pediatr Dermatol. 2016;33:103–6.

 74. Venter C, et al. EAACI position paper on diet diversity in pregnancy, infancy and childhood: 
novel concepts and implications for studies in allergy and asthma. Allergy. 2019;75(3):497–523. 
https://doi.org/10.1111/all.14051.

 75. Roduit C, et al. Increased food diversity in the first year of life is inversely associated with 
allergic diseases. J Allergy Clin Immunol. 2014;133:1056–64. https://doi.org/10.1016/j.
jaci.2013.12.1044.

 76. Nwaru BI, et al. Food diversity in infancy and the risk of childhood asthma and allergies. J 
Allergy Clin Immunol. 2014;133:1084–91. https://doi.org/10.1016/j.jaci.2013.12.1069.

 77. Harris G. Development of taste and food preferences in children. Curr Opin Clin Nutr Metab 
Care. 2008;11:315–9.

 78. Rivera-Nieves D, et  al. Gastrointestinal conditions in children with severe feeding dif-
ficulties. Glob Pediatr Health. 2019;6:2333794X19838536. https://doi.org/10.117
7/2333794X19838536.

 79. Rommel N, De Meyer A, Feenstra L, Veereman-Wauters G.  The complexity of feed-
ing problems in 700 infants and young children presenting to a tertiary care institution. 
JPGN. 2003;37:75–84.

 80. Meyer R, et al. Feeding difficulties in children with food protein-induced gastrointestinal aller-
gies. J Gastroenterol Hepatol. 2014;29:1764–9.

 81. Lyles JL, et  al. Very early onset eosinophilic esophagitis is common, responds to standard 
therapy, and demonstrates enrichment for CAPN14 genetic variants. J Allergy Clin Immunol. 
2021;147:244–254 e246. https://doi.org/10.1016/j.jaci.2020.10.017.

 82. Mehta P, et al. Nutritional state and feeding behaviors of children with Eosinophilic esophagi-
tis and gastroesophageal reflux disease. J Pediatr Gastroenterol Nutr. 2018;66:603–8. https://
doi.org/10.1097/MPG.0000000000001741.

 83. Mukkada VA, et  al. Feeding dysfunction in children with eosinophilic gastrointestinal dis-
eases. Pediatrics. 2011;126:e672–7.

 84. Vanto T, et al. Prediction of the development of tolerance to milk in children with cow’s milk 
hypersensitivity. J Pediatr. 2004;144:218–22.

 85. Athanasopoulou P, Deligianni E, Dean T, Dewey A, Venter C. Use of baked milk challenges 
and milk ladders in clinical practice: a worldwide survey of healthcare professionals. Clin Exp 
Allergy. 2017;47:135–43.

 86. Abrams EM, Kim H, Gerdts J, Protudjer JLP.  Milk allergy most burdensome in multi- 
food allergic children. Pediatr Allergy Immunol. 2020;31:827–34. https://doi.org/10.1111/
pai.13274.

11 GERD and Cow’s Milk Allergy

https://doi.org/10.1111/pai.13496
https://doi.org/10.1111/pai.13496
https://doi.org/10.1016/j.jaip.2020.11.002
https://doi.org/10.1016/j.jaip.2020.11.002
https://doi.org/10.5694/mja2.12102
https://doi.org/10.5694/mja2.12102
https://doi.org/10.1111/all.14051
https://doi.org/10.1016/j.jaci.2013.12.1044
https://doi.org/10.1016/j.jaci.2013.12.1044
https://doi.org/10.1016/j.jaci.2013.12.1069
https://doi.org/10.1177/2333794X19838536
https://doi.org/10.1177/2333794X19838536
https://doi.org/10.1016/j.jaci.2020.10.017
https://doi.org/10.1097/MPG.0000000000001741
https://doi.org/10.1097/MPG.0000000000001741
https://doi.org/10.1111/pai.13274
https://doi.org/10.1111/pai.13274

	11: GERD and Cow’s Milk Allergy
	Introduction
	The Role of Cow’s Milk Protein (CMP) in GERD
	Diagnosis
	Dietary Management in Proven CMP-Induced GERD
	Breastmilk in the Management of GERD
	Formulas for CMA in the Management of GERD
	Complementary Feeding in Infants with GERD

	Natural History of CMP-Induced GERD
	Conclusion
	References


