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Abstract 

Soy milk formula has limited medical indications for infants feeding, although in 

several parts of the world it has been used as a source of nutrition in a large number of 

children. It used to be the main alternative feeding for infants allergic to cow’s milk 

that did not breastfed before the introduction of extensively hydrolyzed formulas. 

Although there is a debate, the fact that some children are allergic to soy or some 

children with cow’s milk allergy can present with concomitant soy allergy, restricted 

the use of soy formulas for treatment of infants allergic to cow’s milk. Other grain-

based formulas like the rice-based ones are promising in infants with cow’s milk 

allergy. Grain-based formulas could be an alternative and cheaper way of nutrition for 

infants allergic to cow’s milk than extensively hydrolyzed formulas. Further large 

scale longitudinal clinical studies are required to clarify the safety of soy and other 

grain-based formulas for treatment of cow’s milk allergy.  
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Introduction 

Among grain-based formulas, soy- and rice-based formulas are the only that have 

been extensively studied. These formulas could be an alternative source of feeding in 

infants who cannot tolerate cow’s milk. Breastfeeding is the optional choice of 

nutrition in infancy, but extensively hydrolyzed formulas (EHF) are suggested in 

infants with cow’s milk allergy who do not breastfeed [1, 2]. Taking into account the 

high cost of extensive hydrolysed formulas, there is a question whether grain-based 

formulas could be an alternative choice in the management of cow’s milk allergy 

(CMA). There is a debate, though, especially regarding the safety of soy formulas in 

children allergic to cow’s milk and data, as it will be discussed, are limited and have 

provided conflicting results. Since, among several grains, only soy and rice have been 

used as a vegan protein in the production of formulas that officially can be an 

alternative source of feeding in infancy, we analyze the data that concern these 

formulas and their relationship with CMA [1, 2, 3, 4]. So far, there are no other grain-

based formulas, i.e. almond-, oat- or coconut-based, which are recommended as 

nutritional supplements in infancy, and therefore we will refer only to all relevant 

information for soy- and rice-based formulas. The current review summarizes the 

composition and the allergenicity of soy- and rice-based formulas, and provides data 

from several studies which investigated the potential risk of allergy when grain-based 

formulas were used as a substitute in children with CMA.  
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Soy milk formulas 

CMA affects approximately 2-3 % of infants [5, 6, 7] and IgE-mediated allergic 

reactions are more frequently presented than non-IgE mediated [8, 9]. Current 

recommendations for CMA treatment are either breastfeeding with elimination of 

milk and milk products from mother’s diet or the use of EHF [1]. Soy and grain-based 

formulas can be an alternative source of nutrition in children who cannot tolerate 

cow’s milk. However, especially for soy milk formulas, there is a debate whether they 

can be used as substitutes of cow’s milk, since its components can act as allergens too 

[1, 2]. According to guidelines published in 2012 by the Nutrition Committees of the 

European Society of Paediatric Gastroenterology Hepatology and Nutrition 

(ESPGHAN) [1], soy milk formulas can be used only under specific circumstances. 

These include galactosemia, persistent lactose intolerance, and religious or other 

ethical considerations, whereas soy milk is contraindicated in preterm infants [10]. In 

infants with CMA, soy milk formulas can be used only after the age of 6 months, but 

first clinical challenge to soy protein should be performed. Position of the American 

Academy of Paediatrics is different, and recommends that soy milk formulas could be 

used for CMA treatment although the hypoallergenic milk formulas are preferred 

regardless of age [2].  

Soy milk formulas composition 

Soy protein biological value is lower to that of cow’s milk, due to the different amino 

acid pattern between them. Soy protein contains lower amounts of lysine, methionine 

and proline and higher amounts of glycine, arginine, aspartate and cysteine [11]. Only 

soy proteins should be used for the preparation of soy milk formulae, and they are 



6 

 

derived from soy flour in which carbohydrates, mineral salts and fat are eliminated 

[12]. According to ESPGHAN recommendations regarding soy milk formula 

composition, the minimum protein content should be 2.25 g/100 kcal which is higher 

than that of the cow milk formula (1.8 g/100kcal), and therefore is possible that the 

soy protein has lower bioavailability compared to that of cow’s milk. Furthermore, in 

order to be nutritionally adequate for infants growth, soy milk formula should be 

supplemented with L-carnitine, taurine and methionine (soy based products contain 

low amount of these amino acids). Soy phytates can impair the absorption of minerals 

and trace elements, and soy milk formulae are fortified with calcium, phosphorus, 

iron, zinc and iodine [13, 14]. It is also recommended that soy phytates in infant’s 

formulas should be effectively reduced by phytase treatment or with precipitation 

methods [15]. Fat content varies by manufacturer and it usually ranges from 5.02-

5.46g/100 kcal or 3.4-3.6g/100kcal. Supplementation with docosahexanoic and 

arachidonic acid is usual. Sucrose, corn syrup solids and corn maltodextrin are 

carbohydrate sources for soy milk formulae, and their content ranges 10.26-10.95 

g/100 kcal or 6.9-7.4 g/100 kcal according to manufacturer [2]. Bone density of 

infants fed a soy formula is comparable to the one of infants fed a cow’s milk one 

[15].  

Soy protein allergenicity 

Soy formula could be an alternative source of feeding for infants with CMA. 

However, soy allergy is also common, since soybeans are considered one of the eight 

most common food allergens [16]. Many soy proteins are binding IgE in patients 

allergic to soy, but only a few of them are considered to be immunodominant 

allergens (table 1). These are the birch pollen allergens Gly m 3, a profilin, and Gly m 
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4, a Bet v 1-related pathogenesis-related protein 10 which is the major allergen in 

patients with birch pollen and soy allergy [17]. Soy hull antigens, named Gly m 1 and 

gly m 2 are aeroallergens and they have been implicated in respiratory soy allergy 

[18, 19]. The proteins Gly m 5 (beta-conglycinin) and Gly m 6 (glycinin) have been 

implicated with severe allergic reactions to soy [20, 21]. A study conducted in 

Northern European children revealed that IgE-binding to Gly m 5 or Gly m 6 was 

found in 86% of children with anaphylaxis to soy, in 55% of children with moderate 

and only 33% of subjects with mild symptoms [20]. Another possibly major soy 

allergen is protein P34 (Gly m Bd 30K) and among soy products, soymilk presents the 

highest P34 antigenicity, ranging from 7 to 23 mg/g extracted protein [22]. On the 

other hand, sensitization to soy allergens does not always translate into clinical 

symptoms. The clinical and immunological basis of soy allergy seems to be complex, 

and this was revealed in a double-blind, placebo-controlled food challenge study, in 

which it was found that only 1% of patients with soy allergy react subjectively 

(symptoms referred by the patient) and objectively (symptoms observed by 

physicians) with 0.21 and 37.2 mg of soy protein, respectively [23]. About 50% of 

children allergic to soy protein become tolerant by age 7 years [24].  

Soy milk allergy clinical manifestations 

In children with soy milk allergy, non-IgE-mediated clinical manifestations are more 

frequent than IgE-mediated reactions. The frequency of adverse reactions to soy has 

been estimated to be <1% in children fed to soy milk formula [2], whereas the 

occurrence of allergy to cow’s milk has been found to be 3.4% in the general pediatric 

population [2]. Anaphylactic reactions due to soy are much rarer than those elicited by 

cow’s milk. Severe IgE-mediated reactions to soy are usually described in patients 
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with concomitant peanut and birch pollen allergy or in those with coexisting severe 

asthma [17]. Clinical studies regarding IgE-mediated allergic reactions to soy 

provided conflicting results, others showed severe allergic reactions in some patients 

allergic to soy [17, 25] whereas others claim the opposite [26].  

On the other hand, soy protein is a major causative factor, along with cow’s milk, of 

non-IgE-mediated reactions, like food protein induced enterocolitis syndrome 

(FPIES) and protein induced allergic enterocolitis, proctitis, proctocolitis syndrome 

[27, 28]. Several studies have documented that a high percentage of infants, ranging 

from 30 to 65%, with cow’s milk induced enterocolitis presented with concomitant 

soy allergy [29, 30]. The role of soy protein in other delayed non-IgE-mediated 

reactions like constipation or infantile colic is questioned, because clinical studies did 

not provide benefit from substitution of cow’s milk formulae with soy ones [31].  

Soy formula and cow’s milk allergy 

Before the introduction of hydrolyzed formulas for treatment of infants allergic to 

cow’s milk protein, soy milk was the only option used. Soy bean based formula for 

feeding infants was first introduced in the United States in the early 1900s [32, 33]. 

Since the 1960s, soy milk formulas composition improved with the addition of 

nutritional elements necessary for the normal growth and development of infants, as 

mentioned above. Soy milk is very popular in countries like the United States or Israel 

[34], whereas in European countries is much less frequently used for infant feeding 

[12, 35].   

Cross-reactivity between cow’s milk and milk derived from other mammals, like 

sheep or goat, exists since mammalian milk proteins share amino acid sequence 
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homology [36]. Therefore, these milks cannot be used as an alternative source of 

feeding in children with cow’s milk allergy. Although, cross-reactivity between soy 

and cow’s milk proteins has been found (e.g. in casein and A5-B3 glycinin molecule), 

clinical co-allergy between cow’s milk and soy has not been established [37, 38, 39].  

Current knowledge about infants with non-IgE-mediated gastrointestinal symptoms 

like enterocolitis or proctocolitis suggests that about half of them present with 

concomitant soy allergy [30, 40]. Therefore, the American Academy of Pediatrics 

recommended in 1998 that in infants with documented cow’s milk protein 

enteropathy soy formula should be avoided [41]. Recommendations about infants 

with IgE-mediated cow’s milk allergy have been a controversial issue, with different 

positioning from the American Academy of Pediatrics and the ESPGHAN Committee 

on Nutrition [1, 2]. Guidelines by ESPGHAN (2012) consider the use of soy milk 

after 6 months of age and only if tolerance to soy protein has been established by 

clinical challenge. On the other hand, recommendations published by the American 

Academy of Pediatrics in 2008 are less clear, although they propose the use of EHF 

for treatment of cow’s milk allergy regardless of age, they do not exclude the use of 

soy formulas.  

The reason for the above mentioned controversies are the very few number studies 

conducted (table 2). In a double blind placebo-controlled study of 93 infants with IgE-

mediated cow’s milk allergy, concomitant soy allergy was detected in 14% of the 

individuals studied [42]. In another prospective randomized study conducted in 170 

infants with cow’s milk allergy, adverse reactions were more frequent in soy formula 

compared to EHF [43] and these reactions were more frequent to infants less than 6 

months of age. A recent prospective study evaluated the effect of different dietary 
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managements in acquisition of tolerance in 260 children with cow’s milk allergy. 

EHF was found to be better in tolerance acquisition compared to soy protein formulas 

[44]. Another prospective study, though, showed the opposite; soy or rice formulas 

were better than EHF in acquisition of tolerance in children with CMA (45).  

As far as the prevention of atopic dermatitis is concerned, soy formulas should not be 

recommended [46], and this opinion was drawn after a meta-analysis of five 

randomized or quasi-randomized trials which all compared prolonged soy formula to 

cow's milk formula feeding in prevention of eczema, rhinitis and asthma in allergic 

infants. None of these studies compared soy formula with hydrolyzed ones regarding 

this topic. The conclusion was that there was no benefit from the use of soy formula 

in the prevention of atopic disease. Current recommendation from the American 

Academy of Pediatrics for the prevention of atopic diseases is exclusive breastfeeding 

for at least 4 months [47].  

Peanut and soy are both members of the legume family and soy bean storage proteins 

display significant homology with peanut allergens. As far as peanut allergy is 

concerned, regarding soy consumption and the risk of peanut allergy appearence, 

results from a limited number of studies are contradictory. The study from Klemola et 

al [48] showed that in children with CMA the use of soy formula during the first 2 yr 

of life did not increase the risk of development of peanut-specific immunoglobulin E 

antibodies or of clinical peanut allergy. Koplin J et al [49] did not find any causal 

relationship between soy milk consumption and peanut sensitization in infants with 

personal or family history of cow’s milk allergy. Only one study found association 

between feeding with soy milk and development of peanut allergy [50]. Further 

studies are required in order to clarify this topic. 
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Besides the limited and controversial medical indications of soy formulas in children 

with cow’s milk allergy, other reasons that could justify the use of soy milk could be 

economic, religious and philosophical [51]. EHF are far more expensive than soy ones 

and therefore soy formula can be an alternative choice for families with low income. 

As far as religious reasons are concerned, some religions exclude the use of 

hydrolysates because the enzymes used in some of them originate from pork pancreas 

[51]. Philosophical reason for the use of soy milk is the choice of vegan diet and the 

exclusion of foods that originate from animals.  

It should be taken into account though, that there are several other considerations, 

besides allergy, for the safety of soy milk in infancy. These include for instance 

phytoestrogens which, under certain conditions, they are bioactive. Concerns have 

been raised regarding their role in the reproductive system because they act as 

endogenous estrogens [52]. Phytates also interfere with iodine metabolism and despite 

the supplementation of soy formulas with iodine, the use of soy formulas in infants 

with congenital thyroid insufficiency is problematic because such cases when fed with 

soy milk need high doses of levothyroxine and close monitoring [53, 54, 55]. The 

higher amounts of aluminum in soy formulas are another major consideration, since 

aluminum is accumulated in bones and the central nervous system [56]. On the other 

hand, taking into account these above mentioned questions and especially the role of 

isoflavones in central nervous system development, a recent prospective study 

compared the development of infants (mental, psychomotor, language skills) among 

breastfed, infants fed with milk-based formula and infants with soy-protein formula 

during the first year of life. No differences were detected between the two groups of 
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bottle-fed infants, and only the breastfed infants had a higher Psychomotor 

Development Index Score [57].  

Rice-based formulas 

Rice (Oryza sativa) is one of the most common cereals produced and consists a major 

source of protein in many parts of the world. It accounts for as much as for half of the 

daily calories for half of the world’s population and is among the first solid foods fed 

to infants in many cultures [58].   

Rice based formula as a milk substitution for children with CMA is discussed for 

almost half a century [59, 60]. Rice is known to be a relatively low allergenic food 

[61] and there are few reports on immediate hypersensitivity reactions upon ingestion 

of rice in the West [62]. Considering that optimal management of CMA should 

include the use of safe, affordable and nutritionally adequate substitutes, milk formula 

oriented from rice protein appears as an appealing alternative in children with CMA.  

Rice as an allergen 

Rice allergy is not infrequent in Eastern Asia countries where rice is commonly eaten. 

Frequency of IgE mediated rice allergy reaches up to 10% in atopic subjects in Japan 

and India population [63]. Prevalence is much lower in Europe and the USA [62].  

In rice, proteins with molecular weight of 14-16, 26, 33, and 56 kDa have been 

demonstrated to be potentially allergenic. The majority of the allergic components are 

albumins with molecular weights between 14 and 16 kDa [64] (Table 3, 4). The 15.5, 

16, 19, 25, 50, 90 kDa rice protein has been reported to be a major allergen and 

responsible for cross-allergenicity between cereal grains (Poaceae family) [63]. Other 

allergens partially characterized have been designated RAP, RAG 1, RAG 2, RAG 5, 

RAG 14, and RAG 17 [64]. Raw rice is substantially more allergenic than cooked, 
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although some of the allergens are heat stable and resist proteolysis. Rice is known to 

contain a 9 kDa lipid transfer protein (LPT) [66]. LPTs are heat-stable proteins and 

may account for allergy to cooked rice. A yet unidentified 56 kDa glycoprotein was 

implicated at a case report of rice induced anaphylaxis [67]. To date, two rice 

allergens have been fully characterized: Ory s 1, a 35 kD beta-expansin homologous 

to grass pollen group 1 allergens and Ory s 12, a 14 kD profilin A, a food allergen 

[68].  

Rice is considered to be with relatively low allerginicity at least in the Western 

countries, although the incidence of rice allergy seems to be increasing. Lactoferrin 

form in rice is found to be 40-fold less immunogenic and at least 200-fold less 

allergenic than the one in native human milk [69]. Both forms are with identical 

amino acid sequences, but different glycosylation patterns. It is suggested that 

different glycosylation patterns may selectively inhibit IgE responses and impact on 

antigen uptake, processing and/or presentation, as well as the balance between Th1 

and Th2 responses [69].      

Sensitivity to rice proteins is found in 0.7-35% [65, 70] of patients with atopic 

diseases and up to 69% in cereal allergic patients [71]. Even though rice is considered 

of low allerginicity, several IgE-mediated symptoms have been reported in rice-

allergic individuals including anaphylaxis [72].  

No- IgE-mediated allergy to rice 

Non-IgE mediated symptoms can occur in consistence with rice consumption, 

particularly in the form of Food Protein Induced Enterocolitis Syndrome (FPIES). 

FPIES is a potentially severe non-IgE-mediated food hypersensitivity more usually to 

milk and soy, which has been recognized for decades but has received relatively little 
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attention. The presentation of this clinical entity varies from mild (mild emesis and/or 

diarrhea) to severe, repetitive emesis, diarrhea and systemic inflammatory response, 

with progression to dehydration and shock in 15–20% of patients [73]. Although 

much more work is needed to elucidate the immunologic basis of this disorder, it is 

hypothesized that local inflammation induced upon food allergen ingestion leads to 

increased intestinal permeability and fluid shift. A central role of T cells in the local 

intestinal inflammation has been implicated and humoral immune response may also 

be involved in the pathophysiology of FPIES [74].  

Rice is the single most common solid food that induces FPIES [75]. Interestingly, 

rice-induced FPIES has been referred to be more frequently associated with fluid 

resuscitation and a longer delay in diagnosis than FPIES associated with CMP and 

soy [76]. In a case report study of an infant with rice induced FPIES, a mixed TH1 

and TH2 immunologic response was demonstrated [77]. More specifically rice-

stimulated peripheral blood lymphocytes from the patient revealed increased IFN-γ, 

IL-5, TNF-α and IL-10 synthesis, while the patient’s duodenal lymphocytes 

stimulated with rice also showed elevated IFN-γ and IL-5 synthesis (but not IL-10, 

TNF-α, and TGF-β) synthesis, indicating all together elevated TH1 and TH2 cytokine 

synthesis.  

 

Rice protein-based infant formulas as a substitutive in CMA 

The simplest way to deal with CMA is avoidance of cow’s milk proteins. Before 

tolerance to CM proteins can be achieved, a CM substitute of adequate nutritional 

value is necessary. For nonbreastfed infants, available substitutes include extensively 

hydrolyzed cow’s milk whey and/or casein formula, soy formula, rice hydrolysates, 
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and amino acid-based formula. Current guidelines define a therapeutic formula as one 

that is tolerated by at least 90% of CMA infants [78]. These criteria are met by some 

extensively hydrolyzed cow’s milk whey and/or casein formula, soy and rice 

hydrolysates as well as by amino acid-based formula (AAF).  

In a study from Italy, the tolerance of hydrolysed rice protein formula (HRF) was 

examined in 116 children with CMA [79]. In the present series rice specific IgE was 

demonstrated at skin prick test (SPT) in 4.04% of subjects sensitive to cow’s milk.  

CAP and immunoblotting also showed a lower, although significant, level of 

sensitization to rice, without clinical relevance for patients who could all eat rice 

without undesirable effects. Specific rice IgE (SPTs, CAP and immunoblottings) 

appeared even more rarely with HRF (3%, 4,3% and 6,2% respectively). Moreover, 

immunoblottings with HRF were negative even in children sensitized to rice, 

suggesting that hydrolysis modifies rice protein antigenicity in as much as their IgE-

binding capability is abolished. It is noteworthy that all challenges with HRF were 

uneventful. The fact that the presence of specific IgE to rice did not generally 

translate into symptoms suggested that sensitivity to these allergens is associated with 

poor diagnostic predictivity. 

Another study examined the tolerance of HRF in 18 CMA children [61]. Sensitization 

to rice proteins (skin prick tests, Cap system) was found in 39% of CMA. Challenge 

with HRF was without consequences in all children. It was also shown that specific 

IgE for rice may not translate into clinical symptoms in most cases and is not a 

reliable index of suspicion for allergy manifestations.  

A recent study [3] including 92 children assessed the clinical tolerance of a partially 

HRF in infants with IgE-mediated cow milk allergy. All CMA infants showed 

negative results to the initial SPTs to rice extract and HRF, while determination of 
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specific IgE to rice in serum also proved negative. The HRF was well tolerated by 

infants with symptoms of IgE-mediated CMP allergy, similarly to a control group that 

was given an EHF. Children that developed CM tolerance during the course of the 

study (~ 24 months) were similar in both groups, confirming the adequacy of HRF 

when compared to EHF.   

The later matter of possible influence of the choice of different formulas on the rate of 

acquisition of tolerance in CMA patients has been addressed by other two studies. The 

first examined the rate of patients acquiring tolerance to CM after 12 months of 

exclusion diet with different formulas [EHF, EHF plus lactobacillus rhamnosus GG 

(LGG), HRF, soy formula(SF) and AAF] [44]. Only those receiving EHF containing 

LGG achieved tolerance more frequently than those receiving other formulas. The 

rate of patients acquiring tolerance at the end of the study period was similar for 

children receiving RHF compared with children receiving EHF alone, SF, or AAF. 

The second study compared EHF (casein or whey proteins), soy formula and RHF in 

CMA children [80]. Despite small numbers of patients in each group there were no 

differences between formula groups in the rate of acquisition of tolerance to CMP 

after 12 months.  

One major disadvantage of hypoallergenic formulas and the cause of frequent 

complaints by parents is rejection by children due to bad taste, which is related to the 

formation of bitter peptides during proteolysis. Peptides released by proteolysis have a 

bitter taste that depends on the size of the peptide and its hydrophobicity, as the 

alcohol soluble part is the most bitter. It has been shown that HRF substitutes are of 

adequate tolerance in CMA children. The palatability of several hydrosylate and other 

substitution formulas [a partially hydrolyzed formula, 2 casein hydrolysates, 2 whey 

hydrolysates, and 2 mixed casein-whey hydrolysates, soy formulas (hydrolyzed and 
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nonhydrolyzed) and a rice hydrolysate were included] were examined in a study a few 

years ago [81]. HRF (along soy formulas) were found to have the best taste scores and 

a satisfactory palatability as a whole.  

 

Nutritional value of rice protein based formula 

One major concern in using rice based formula as a milk substitution is whether it’s 

adoption as a basic nutrient source in daily diet interferes with adequate growth and 

nutritional sufficiency for children with CMA. This concern emanates from the fact 

that rice milk is extremely low in protein content. In a case series of four infants the 

use of rice milk formula (duration 5-13 months) resulted in severe malnutrition 

presenting with hypoalbuminemia and poor weight gain in three  cases, and multiple 

secondary infections in another one [82]. This was due to daily protein intake of only 

25% of the recommended dietary allowance.  

Several studies have addressed the matter of the nutritional value of a rice hydrolysate 

in infants diagnosed with CMA (Table 5) [3, 80, 83, 84, 85]. Even though most of the 

studies found no important deficits in growth parameters in children who adopted 

HRF, these findings are not consisted with another study that demonstrated growth 

impairment in a group of children with atopic dermatitis and CMA who received a 

HRF compared to another formula. The later finding creates an ambiguity about 

safety and uneventful use of HRF in children with CMA.    

 

Conclusions 

Soy-based formulas have limited medical indications and there are several concerns 

regarding their safety in infants with CMA. It is surprising the fact that studies 

investigating this topic are sparse and therefore additional studies should be 
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performed in large cohorts of children in order to clarify whether they could be a safe 

and cheap substitute in children with CMA or not.      

On the other hand, it has been well demonstrated that the HRF substitute is an 

interesting alternative option in children with CMA. First of all HRF fulfills current 

guidelines that define a therapeutic formula as one that is tolerated by at least 90% of 

infants with CMA. Also children with CMA may react to residual allergens in 

partially or extensively hydrosylate formulas. Cross reaction with soy formula can 

even be noticed at a small but not negligible percentage of such patients (10-14%). 

Taking into consideration that soy milk is not suggested in CMA infants < 6 months 

old, as well as low palatability of amino acid based formula, rice protein based 

formula constitutes a quite appealing substitute in certain CMA children.  

Another concern regarding rice-based formula is its nutritional sufficiency, mostly 

referring to low protein concentration. It has been suggested that the suitability for use 

in infant formula of other proteins sources and their adequate minimum and maximum 

amounts should be documented on a case-by-case basis. Long-term trials assessing 

growth parameters through various age groups could be helpful in confirming the 

nutritional adequacy of HRF across different age groups. 

Current guidelines from World Allergy Organization ESPGHAN Gastrointestinal 

Committee suggest HRF as a suitable substitution for children with CMA under 

certain conditions, such as failure of other alternative formulas (e.g allergic 

manifestations or uptake refusal), or vegan families, recommending that a hydrolyzed 

rice formula may be considered in a selected group of infants.   
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Abbreviations 

CMA                      Cow’s Milk Allergy 

CMP                       Cow Milk Protein 

EHF                        Extensively Hydrolyzed CMP Formula 

AAF                       Amino Acid-based Formula 

LPT                        Lipid Transfer Protein  

FPIES                    Food Protein Induced Enterocolitis Syndrome  

HRF                       Hydrolysed Rice Protein Formula  

 

 

Conflict of interest 

Authors declare no conflict of interest 

 

References 

1. Koletzko S, Niggemann B, Arato A, Dias JA, Heuschkel R, Husby S, Mearin 

ML, Papadopoulou A, Ruemmele FM, Staiano A, Schäppi MG, Vandenplas 

Y; European Society of Pediatric Gastroenterology, Hepatology, and 

Nutrition. (2012) Diagnostic approach and management of cow's-milk protein 

allergy in infants and children: ESPGHAN GI Committee practical guidelines. 

J Pediatr Gastroenterol Nutr, 55, 221-9. 

2. Bhatia J, Greer F; American Academy of Pediatrics Committee on Nutrition. 

(2008) Use of soy protein-based formulas in infant feeding. Pediatrics, 121, 

1062-8.  

3. Reche M, Pascual C, Fiandor A, Polanco I, Rivero-Urgell M, Chifre R, 

Johnston S, Martín-Esteban M. (2010) The effect of a partially hydrolysed 

http://www.ncbi.nlm.nih.gov/pubmed/22569527
http://www.ncbi.nlm.nih.gov/pubmed/22569527
http://www.ncbi.nlm.nih.gov/pubmed/18450914
http://www.ncbi.nlm.nih.gov/pubmed/20337976


20 

 

formula based on rice protein in the treatment of infants with cow's milk 

protein allergy. Pediatr Allergy Immunol, 21, 577-85. 

4. Fiocchi A, Restani P, Bernardini R, Lucarelli S, Lombardi G, Magazzù G, 

Marseglia GL, Pittschieler K, Tripodi S, Troncone R, Ranzini C. (2006) A 

hydrolysed rice-based formula is tolerated by children with cow's milk allergy: 

a multi-centre study. Clin Exp Allergy, 36, 311-6. 

5. Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, Sodergren E, 

Sigurdardottir ST, Lindner T, Goldhahn K, Dahlstrom J, McBride D, Madsen 

C. (2007) The prevalence of food allergy: a meta-analysis. J Allergy Clin 

Immunol, 120, 638-46. 

6. Schrander JJ, van den Bogart JP, Forget PP, Schrander-Stumpel CT, Kuijten 

RH, Kester AD. (1993) Cow's milk protein intolerance in infants under 1 year 

of age: a prospective epidemiological study. Eur J Pediatr, 152, 640-4. 

7. Høst A, Halken S. (1990) A prospective study of cow milk allergy in Danish 

infants during the first 3 years of life. Clinical course in relation to clinical and 

immunological type of hypersensitivity reaction. Allergy, 45, 587-96. 

8. Bock SA, Muñoz-Furlong A, Sampson HA. (2007) Further fatalities caused by 

anaphylactic reactions to food, 2001-2006. J Allergy Clin Immunol, 119, 

1016-8. 

9. Sicherer SH. (2005) Food protein-induced enterocolitis syndrome: case 

presentations and management lessons. J Allergy Clin Immunol, 115, 149-56. 

http://www.ncbi.nlm.nih.gov/pubmed/16499641
http://www.ncbi.nlm.nih.gov/pubmed/16499641
http://www.ncbi.nlm.nih.gov/pubmed/16499641
http://www.ncbi.nlm.nih.gov/pubmed/17628647
http://www.ncbi.nlm.nih.gov/pubmed/8404966
http://www.ncbi.nlm.nih.gov/pubmed/8404966
http://www.ncbi.nlm.nih.gov/pubmed/2288394
http://www.ncbi.nlm.nih.gov/pubmed/2288394
http://www.ncbi.nlm.nih.gov/pubmed/2288394
http://www.ncbi.nlm.nih.gov/pubmed/17306354
http://www.ncbi.nlm.nih.gov/pubmed/17306354
http://www.ncbi.nlm.nih.gov/pubmed/15637562
http://www.ncbi.nlm.nih.gov/pubmed/15637562


21 

 

10. Hall RT, Callenbach JC, Sheehan MB, Hall FK, Thibeault DW, Kurth CG, 

Bowen SK. (1984) Comparison of calcium- and phosphorus-supplemented soy 

isolate formula with whey-predominant premature formula in very low birth 

weight infants. J Pediatr Gastroenterol Nutr, 3, 571-6. 

11. Bos C, Metges CC, Gaudichon C, Petzke KJ, Pueyo ME, Morens C, 

Everwand J, Benamouzig R, Tomé D. (2003) Postprandial kinetics of dietary 

amino acids are the main determinant of their metabolism after soy or milk 

protein ingestion in humans. J Nutr, 133, 1308-15. 

12. Bocquet A, Bresson JL, Briend A, Chouraqui JP, Darmaun D, Dupont C, 

Frelut ML, Ghisolfi J, Goulet O, Putet G, Rieu D, Turck D, Vidailhet M; 

Comité de Nutrition de la Société Française de Pédiatrie. (2001) [Infant 

formulas and soy protein-based formulas: current data]. Arch Pediatr, 8, 1226-

33. 

13. Venkataraman PS, Luhar H, Neylan MJ. (1992) Bone mineral metabolism in 

full-term infants fed human milk, cow milk-based, and soy-based formulas. 

Am J Dis Child, 146, 1302-5. 

14. Erdman JW Jr, Fordyce EJ. (1989) Soy products and the human diet. Am J 

Clin Nutr, 49, 725-37. 

15. ESPGHAN Committee on Nutrition, Agostoni C, Axelsson I, Goulet O, 

Koletzko B, Michaelsen KF, Puntis J, Rieu D, Rigo J, Shamir R, Szajewska H, 

Turck D. (2006) Soy protein infant formulae and follow-on formulae: a 

commentary by the ESPGHAN Committee on Nutrition. J Pediatr 

Gastroenterol Nutr, 42, 352-61. 

http://www.ncbi.nlm.nih.gov/pubmed/6332895
http://www.ncbi.nlm.nih.gov/pubmed/6332895
http://www.ncbi.nlm.nih.gov/pubmed/6332895
http://www.ncbi.nlm.nih.gov/pubmed/12730415
http://www.ncbi.nlm.nih.gov/pubmed/12730415
http://www.ncbi.nlm.nih.gov/pubmed/12730415
http://www.ncbi.nlm.nih.gov/pubmed/11760676
http://www.ncbi.nlm.nih.gov/pubmed/11760676
http://www.ncbi.nlm.nih.gov/pubmed/1415066
http://www.ncbi.nlm.nih.gov/pubmed/1415066
http://www.ncbi.nlm.nih.gov/pubmed/2655410
http://www.ncbi.nlm.nih.gov/pubmed/16641572
http://www.ncbi.nlm.nih.gov/pubmed/16641572


22 

 

16. Ferrari GG, Eng PA. (2011) IgE-mediated food allergies in Swiss infants and 

children. Swiss Med Wkly, 12, 141:w13269. 

17. Mittag D, Vieths S, Vogel L, Becker WM, Rihs HP, Helbling A, Wüthrich B, 

Ballmer-Weber BK. (2004) Soybean allergy in patients allergic to birch 

pollen: clinical investigation and molecular characterization of allergens. J 

Allergy Clin Immunol, 113, 148-54. 

18. Codina R, Lockey RF, Fernández-Caldas E, Rama R. (1997) Purification and 

characterization of a soybean hull allergen responsible for the Barcelona 

asthma outbreaks. II. Purification and sequencing of the Gly m 2 allergen. Clin 

Exp Allergy, 27, 424-30. 

19. González R, Polo F, Zapatero L, Caravaca F, Carreira J. (1992) Purification 

and characterization of major inhalant allergens from soybean hulls. Clin Exp 

Allergy, 22, 748-55. 

20. Holzhauser T, Wackermann O, Ballmer-Weber BK, Bindslev-Jensen C, 

Scibilia J, Perono-Garoffo L, Utsumi S, Poulsen LK, Vieths S. (2009) 

Soybean (Glycine max) allergy in Europe: Gly m 5 (beta-conglycinin) and Gly 

m 6 (glycinin) are potential diagnostic markers for severe allergic reactions to 

soy. J Allergy Clin Immunol, 123, 452-8. 

21. Krishnan HB, Kim WS, Jang S, Kerley MS. (2009) All three subunits of 

soybean beta-conglycinin are potential food allergens. J Agric Food Chem, 11, 

938-43. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ferrari%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=21990006
http://www.ncbi.nlm.nih.gov/pubmed?term=Eng%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=21990006
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari+GG%2C+2011
http://www.ncbi.nlm.nih.gov/pubmed/14713921
http://www.ncbi.nlm.nih.gov/pubmed/14713921
http://www.ncbi.nlm.nih.gov/pubmed/9146936
http://www.ncbi.nlm.nih.gov/pubmed/9146936
http://www.ncbi.nlm.nih.gov/pubmed/9146936
http://www.ncbi.nlm.nih.gov/pubmed/1525693
http://www.ncbi.nlm.nih.gov/pubmed/1525693
http://www.ncbi.nlm.nih.gov/pubmed/18996574
http://www.ncbi.nlm.nih.gov/pubmed/18996574
http://www.ncbi.nlm.nih.gov/pubmed/18996574
http://www.ncbi.nlm.nih.gov/pubmed/19138084
http://www.ncbi.nlm.nih.gov/pubmed/19138084


23 

 

22. Wilson S, Martinez-Villaluenga C, De Mejia EG. (2008) Purification, thermal 

stability, and antigenicity of the immunodominant soybean allergen P34 in soy 

cultivars, ingredients, and products. J Food Sci, 73, T106-14. 

23. Ballmer-Weber BK, Holzhauser T, Scibilia J, Mittag D, Zisa G, Ortolani C, 

Oesterballe M, Poulsen LK, Vieths S, Bindslev-Jensen C. (2007) Clinical 

characteristics of soybean allergy in Europe: a double-blind, placebo-

controlled food challenge study. J Allergy Clin Immunol, 119, 1489-96. 

24. Savage JH, Kaeding AJ, Matsui EC, Wood RA.(2010) The natural history of 

soy allergy. J Allergy Clin Immunol, 125, 683-6. 

25. Järvinen KM, Chatchatee P. (2009) Mammalian milk allergy: clinical 

suspicion, cross-reactivities and diagnosis. Curr Opin Allergy Clin Immunol, 

9, 251-8. 

26. Sicherer SH, Morrow EH, Sampson HA. (2000) Dose-response in double-

blind, placebo-controlled oral food challenges in children with atopic 

dermatitis. J Allergy Clin Immunol, 105, 582-6. 

27. Sicherer SH, Eigenmann PA, Sampson HA. (1998) Clinical features of food 

protein-induced enterocolitis syndrome. J Pediatr, 133, 214-9. 

28. Anveden-Hertzberg L, Finkel Y, Sandstedt B, Karpe B. (1996) Proctocolitis in 

exclusively breast-fed infants. Eur J Pediatr, 155, 464-7. 

29. Burks AW, Casteel HB, Fiedorek SC, Williams LW, Pumphrey CL. (1994) 

Prospective oral food challenge study of two soybean protein isolates in 

http://www.ncbi.nlm.nih.gov/pubmed?term=Wilson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19241594
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinez-Villaluenga%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19241594
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Mejia%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=19241594
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson+S%2C+2008+soy+allergen
http://www.ncbi.nlm.nih.gov/pubmed/17379287
http://www.ncbi.nlm.nih.gov/pubmed/17379287
http://www.ncbi.nlm.nih.gov/pubmed/17379287
http://www.ncbi.nlm.nih.gov/pubmed/20226303
http://www.ncbi.nlm.nih.gov/pubmed/20226303
http://www.ncbi.nlm.nih.gov/pubmed/19412090
http://www.ncbi.nlm.nih.gov/pubmed/19412090
http://www.ncbi.nlm.nih.gov/pubmed/10719311
http://www.ncbi.nlm.nih.gov/pubmed/10719311
http://www.ncbi.nlm.nih.gov/pubmed/10719311
http://www.ncbi.nlm.nih.gov/pubmed/9709708
http://www.ncbi.nlm.nih.gov/pubmed/9709708
http://www.ncbi.nlm.nih.gov/pubmed/8789762
http://www.ncbi.nlm.nih.gov/pubmed/8789762
http://www.ncbi.nlm.nih.gov/pubmed/8173638


24 

 

patients with possible milk or soy protein enterocolitis. Pediatr Allergy 

Immunol, 5, 40-5. 

30. Nowak-Wegrzyn A, Sampson HA, Wood RA, Sicherer SH. (2003) Food 

protein-induced enterocolitis syndrome caused by solid food proteins. 

Pediatrics, 111, 829-35. 

31. Critch J. (2011) Infantile colic: Is there a role for dietary interventions? 

Paediatr Child Health, 16, 47-9. 

32. Ruhrah J. (1909) The soy bean in infant feeding: preliminary report. Arch 

Pediatr, 26, 494-501.  

33. Hill LW, Stuart HC. (1929) A soy bean food preparation for feeding infants 

with milk idiosyncrasy. JAMA, 93, 985-7.  

34. Berger-Achituv S, Shohat T, Romano-Zelekha O, Ophir E, Rachmani S, 

Malovizky D, Garty BZ. (2005) Widespread use of soy-based formula without 

clinical indications. J Pediatr Gastroenterol Nutr, 41, 660-6. 

35. Miniello VL, Moro GE, Tarantino M, Natile M, Granieri L, Armenio L. 

(2003) Soy-based formulas and phyto-oestrogens: a safety profile. Acta 

Paediatr Suppl, 91, 93-100. 

36. Vita D, Passalacqua G, Di Pasquale G, Caminiti L, Crisafulli G, Rulli I, Pajno 

GB. (2007) Ass's milk in children with atopic dermatitis and cow's milk 

allergy: crossover comparison with goat's milk. Pediatr Allergy Immunol, 18, 

594-8. 

http://www.ncbi.nlm.nih.gov/pubmed/12671120
http://www.ncbi.nlm.nih.gov/pubmed/12671120
http://www.ncbi.nlm.nih.gov/pubmed/22211076
http://www.ncbi.nlm.nih.gov/pubmed/16254527
http://www.ncbi.nlm.nih.gov/pubmed/16254527
http://www.ncbi.nlm.nih.gov/pubmed/14599051
http://www.ncbi.nlm.nih.gov/pubmed/18001430
http://www.ncbi.nlm.nih.gov/pubmed/18001430


25 

 

37. Rozenfeld P, Docena GH, Añón MC, Fossati CA. (2002) Detection and 

identification of a soy protein component that cross-reacts with caseins from 

cow's milk. Clin Exp Immunol, 130, 49-58. 

38. Docena GH, Fernandez R, Chirdo FG, Fossati CA. (1996) Identification of 

casein as the major allergenic and antigenic protein of cow's milk. Allergy, 51, 

412-6. 

39. Natale M, Bisson C, Monti G, Peltran A, Garoffo LP, Valentini S, Fabris C, 

Bertino E, Coscia A, Conti A. (2004) Cow's milk allergens identification by 

two-dimensional immunoblotting and mass spectrometry. Mol Nutr Food Res, 

48, 363-9. 

40. Jarvinen KM, Sickles L, Nowak-Wegrzyn A. (2010) Clinical characteristics of 

children with Food Protein-Induced Enterocolitis (FPIES). Journal of Allergy 

and Clinical Immunology, 125, AB85.  

41. American Academy of Pediatrics. Committee on Nutrition. (1998) Soy 

protein-based formulas: recommendations for use in infant feeding. Pediatrics, 

101, 148-53. 

42. Zeiger RS, Sampson HA, Bock SA, Burks AW Jr, Harden K, Noone S, Martin 

D, Leung S, Wilson G. (1999) Soy allergy in infants and children with IgE-

associated cow's milk allergy. J Asthma, 36, 115-28. 

43. Klemola T, Vanto T, Juntunen-Backman K, Kalimo K, Korpela R, Varjonen 

E. (2002) Allergy to soy formula and to extensively hydrolyzed whey formula 

in infants with cow's milk allergy: a prospective, randomized study with a 

follow-up to the age of 2 years. J Pediatr, 140, 219-24. 

http://www.ncbi.nlm.nih.gov/pubmed/12296853
http://www.ncbi.nlm.nih.gov/pubmed/12296853
http://www.ncbi.nlm.nih.gov/pubmed/12296853
http://www.ncbi.nlm.nih.gov/pubmed?term=Docena%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=8837665
http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8837665
http://www.ncbi.nlm.nih.gov/pubmed?term=Chirdo%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=8837665
http://www.ncbi.nlm.nih.gov/pubmed?term=Fossati%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=8837665
http://www.ncbi.nlm.nih.gov/pubmed/?term=Docena+GH%2C+1996
http://www.ncbi.nlm.nih.gov/pubmed/15672476
http://www.ncbi.nlm.nih.gov/pubmed/15672476
http://www.ncbi.nlm.nih.gov/pubmed/?term=american+academy+pediatrics+1998+soy
http://www.ncbi.nlm.nih.gov/pubmed/10228298
http://www.ncbi.nlm.nih.gov/pubmed/10228298
http://www.ncbi.nlm.nih.gov/pubmed/11865274
http://www.ncbi.nlm.nih.gov/pubmed/11865274
http://www.ncbi.nlm.nih.gov/pubmed/11865274


26 

 

44. Berni Canani R, Nocerino R, Terrin G, Frediani T, Lucarelli S, Cosenza L, 

Passariello A, Leone L, Granata V, Di Costanzo M, Pezzella V, Troncone R. 

(2013) Formula Selection for Management of Children with Cow Milk 

Allergy Influences the Rate of Acquisition of Tolerance: A Prospective 

Multicenter Study. J Pediatr, 10. doi:pii: S0022-3476(13)00284-9. 

10.1016/j.jpeds.2013.03.008. 

45. Terracciano L, Bouygue GR, Sarratud T, Veglia F, Martelli A, Fiocchi A. 

(2010). Impact of dietary regimen on the duration of cow's milk allergy: a 

random allocation study. Clin Exp Allergy 40, 637-42. 

46. Osborn DA, Sinn J. (2004) Soy formula for prevention of allergy and food 

intolerance in infants. Cochrane Database Syst Rev, 3, CD003741. 

47. Thygarajan A, Burks AW. (2008) American Academy of Pediatrics 

recommendations on the effects of early nutritional interventions on the 

development of atopic disease. Curr Opin Pediatr, 20, 698-702. 

48. Klemola T, Kalimo K, Poussa T, Juntunen-Backman K, Korpela R, Valovirta 

E, Vanto T. (2005) Feeding a soy formula to children with cow's milk allergy: 

the development of immunoglobulin E-mediated allergy to soy and peanuts. 

Pediatr Allergy Immunol, 16, 641-6. 

49. Koplin J, Dharmage SC, Gurrin L, Osborne N, Tang ML, Lowe AJ, Hosking 

C, Hill D, Allen KJ. (2008) Soy consumption is not a risk factor for peanut 

sensitization. J Allergy Clin Immunol, 121, 1455-9. 

http://www.ncbi.nlm.nih.gov/pubmed/23582142
http://www.ncbi.nlm.nih.gov/pubmed/23582142
http://www.ncbi.nlm.nih.gov/pubmed/23582142
http://www.ncbi.nlm.nih.gov/pubmed?term=Terracciano%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20067480
http://www.ncbi.nlm.nih.gov/pubmed?term=Bouygue%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=20067480
http://www.ncbi.nlm.nih.gov/pubmed?term=Sarratud%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20067480
http://www.ncbi.nlm.nih.gov/pubmed?term=Veglia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20067480
http://www.ncbi.nlm.nih.gov/pubmed?term=Martelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20067480
http://www.ncbi.nlm.nih.gov/pubmed?term=Fiocchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20067480
http://www.ncbi.nlm.nih.gov/pubmed/15266499
http://www.ncbi.nlm.nih.gov/pubmed/15266499
http://www.ncbi.nlm.nih.gov/pubmed/19005338
http://www.ncbi.nlm.nih.gov/pubmed/19005338
http://www.ncbi.nlm.nih.gov/pubmed/19005338
http://www.ncbi.nlm.nih.gov/pubmed/16343085
http://www.ncbi.nlm.nih.gov/pubmed/16343085
http://www.ncbi.nlm.nih.gov/pubmed/18436294
http://www.ncbi.nlm.nih.gov/pubmed/18436294


27 

 

50. Lack G, Fox D, Northstone K, Golding J; Avon Longitudinal Study of Parents 

and Children Study Team. (2003) Factors associated with the development of 

peanut allergy in childhood. N Engl J Med, 348, 977-85. 

51. Vandenplas Y, De Greef E, Devreker T, Hauser B. (2011) Soy infant formula: 

is it that bad? Acta Paediatr, 100, 162-6. 

52. Badger TM, Gilchrist JM, Pivik RT, Andres A, Shankar K, Chen JR, Ronis 

MJ. (2009) The health implications of soy infant formula. Am J Clin Nutr, 89, 

1668S-1672S. 

53. Chorazy PA, Himelhoch S, Hopwood NJ, Greger NG, Postellon DC. (1995) 

Persistent hypothyroidism in an infant receiving a soy formula: case report and 

review of the literature. Pediatrics, 96, 148-50. 

54. Jabbar MA, Larrea J, Shaw RA. (1997) Abnormal thyroid function tests in 

infants with congenital hypothyroidism: the influence of soy-based formula. J 

Am Coll Nutr, 16, 280-2. 

55. Conrad SC, Chiu H, Silverman BL. (2004) Soy formula complicates 

management of congenital hypothyroidism. Arch Dis Child, 89, 37-40. 

56. Koo WW, Kaplan LA, Krug-Wispe SK. (1988) Aluminum contamination of 

infant formulas. JPEN J Parenter Enteral Nutr, 12, 170-3. 

57. Andres A, Cleves MA, Bellando JB, Pivik RT, Casey PH, Badger TM. (2012) 

Developmental status of 1-year-old infants fed breast milk, cow's milk 

formula, or soy formula. Pediatrics, 129, 1134-40. 

http://www.ncbi.nlm.nih.gov/pubmed/12637607
http://www.ncbi.nlm.nih.gov/pubmed/12637607
http://www.ncbi.nlm.nih.gov/pubmed/20860705
http://www.ncbi.nlm.nih.gov/pubmed/20860705
http://www.ncbi.nlm.nih.gov/pubmed/19357221
http://www.ncbi.nlm.nih.gov/pubmed/7596704
http://www.ncbi.nlm.nih.gov/pubmed/7596704
http://www.ncbi.nlm.nih.gov/pubmed/9176836
http://www.ncbi.nlm.nih.gov/pubmed/9176836
http://www.ncbi.nlm.nih.gov/pubmed?term=Conrad%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=14709499
http://www.ncbi.nlm.nih.gov/pubmed?term=Chiu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14709499
http://www.ncbi.nlm.nih.gov/pubmed?term=Silverman%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=14709499
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conrad+2004+soy
http://www.ncbi.nlm.nih.gov/pubmed/3361685
http://www.ncbi.nlm.nih.gov/pubmed/3361685
http://www.ncbi.nlm.nih.gov/pubmed/22641754
http://www.ncbi.nlm.nih.gov/pubmed/22641754


28 

 

58. Koo WW, Lasekan JB. (2007) Rice protein-based  infant formula: current 

status and future development. Minerva Pediatr, 59(1),35-41. 

59.  Lie GH, Oey KN, Prawira-Negara DD. (1967) Net protein utilization values 

of suggested milk substitutes based on whole hen's egg, soy bean and rice. 

Paediatr Indones, 4, 151-64. 

60.  Guerra MJ, González D, Jaffé WG, et al. (1981) Formulation of a rice-based 

beverage of high nutritive value. Arch Latinoam Nutr, 2, 337-49. 

61. Piacentini GL, Vicentini L, Bodini A, et al. (2003) Allergenicity of a 

hydrolyzed rice infant formula in a guinea pig model. Ann Allergy Asthma 

Immunol, 1, 61-4. 

62.  Fiocchi Α, Travainiw Μ, D’Auriaw Ε, et al. (2003) Tolerance to a rice 

hydrolysate formula in children allergic to cow’s milk and soy. Clin Exp 

Allergy, 33, 1576–1580. 

63. Suvarna SB. Rice, the Allergen. (2008) Nepal Journal of Science and 

Technology, 9, 195-199. 

64. Takahiro A, Hidehiko I, Takehisa Y, et al. (1993) Gene structure and 

expression of rice seed allergenic proteins belonging to the α-amylase/trypsin 

inhibitor family. Plant Molecular Biology, 2, 239-248. 

65. Besler M, Tanabe S, Urisu A. Rice (Oryza sativa). (2001) Internet Symposium 

on Food Allergens, 3, 1615-1682. 



29 

 

66. Asero R, Mistrello G, Roncarolo D, et al. (2002) Immunological cross-

reactivity between lipid transfer proteins from botanically unrelated plant-

derived foods: a clinical study. Allergy, 10, 900-906. 

67. Trcka J, Schäd SG, Scheurer S, et al. (2012) Rice-induced anaphylaxis: IgE-

mediated allergy against a 56-kDa glycoprotein.  Int Arch Allergy Immunol, 1, 

9-17.    

68. Weber WR. Allergen of the Month—Rice. (2012) Ann Allergy Asthma 

Immunol, 2, 11. 

69. Almond JR, Flanagan FB, Antonopoulos A, et al. (2013) Differential 

immunogenicity and allergenicity of native and recombinant human 

lactoferrins: Role of Glycosylation. Eur. J. Immunol, 43, 170–181. 

70. Gendeh BS, Murad S, Razi AM, et al. (2000) Skin prick test reactivity to 

foods in adult Malaysians with rhinitis. Otolaryngol Head Neck Surg, 122, 

758-62. 

71. Varjonen E, Vainio E, Kalimo K, et al. (1995) Skin-prick test and RAST 

responses to cereals in children with atopic dermatitis. Characterization of 

IgE-binding components in wheat and oats by an immunoblotting method. 

Clin Exp Allergy, 25, 1100-7. 

72.  Fiocchi A, Bouygue GR, Restani P, et al. (2003) Anaphylaxis to rice by 

inhalation. J Allergy Clin Immunol, 111, 193–195. 



30 

 

73. Leonard AS, Nowak-Wegrzyn A. (2011) Food protein–induced enterocolitis 

syndrome: an update on natural history and review of management. Ann 

Allergy Asthma  Immunol, 107, 95–101.  

74. Jean-Christoph Caubet JC, Nowak-Węgrzyn A. (2011) Current understanding 

of the immune mechanisms of food protein-induced enterocolitis syndrome. 

Expert Rev. Clin. Immunol, 3, 317–327. 

75. Mehr S, Kakakios A, Frith K, Kemp SA. (2009) Food Protein-Induced 

Enterocolitis Syndrome: 16-Year Experience. Pediatrics, 123, e459–e464. 

76. Mehr SS, Kakakios AM, Kemp AS. (2009) Rice: a common and severe cause 

of food protein-induced enterocolitis syndrome. Arch Dis Child, 3, 220-223. 

77. Gray HC, Foy TM, Becker BA, Knutsen AP. (2004) Rice-induced 

enterocolitis in an infant: TH1/TH2 cellular hypersensitivity and absent IgE 

reactivity. Ann Allergy Asthma Immunol, 93, 601-5.  

78. American Academy of Pediatrics. Committee on Nutrition. (2000) 

Hypoallergenic infant formulas. Pediatrics, 106, 346–349. 

79. Fiocchi A, Restaniw RP, Bernardiniz S, et al. (2006) A hydrolysed rice-based 

formula is tolerated by children with cow’s milk allergy: a multi-centre study. 

Clinical and Experimental Allergy, 36, 311–316. 

80. Savino F,  Gastagno E, Monti G, et al. (2005) Z-score of weight for age of 

infants with atopic dermatitis and cow’s milk allergy fed with a rice-

hydrolysate formula during the first two years of life. Acta Pædiatrica, 94, 

115–119 . 



31 

 

81. Pedrosa M, Pascual CY, Larco JL, Esteban MM. (2006) Palatability of 

Hydrolysates and Other Substitution Formulas for Cow’s Milk-Allergic 

Children: A Comparative Study of Taste, Smell, and Texture Evaluated by 

Healthy Volunteers. J Investig Allergol Clin Immunol, 6, 351-356. 

82. Keller DM, Michele Shuker M, Heimall J, et al. (2012) Severe Malnutrition 

Resulting from Use of Rice Milk in Food Elimination Diets for Atopic 

Dermatitis. IMAJ, 14, 40-42. 

83. Auria ED, Sala M, Lodi F, et al. (2003) Nutritional value of a rice-hydrolysate 

formula in infants with cow’s milk protein allergy: a randomized pilot study. J 

Int Med Res, 31, 215–22. 

84. Agostoni C, Fiocchi A, Rive E, et al. (2007) Growth of infants with IgE-

mediated cow’s milk allergy fed different formulas in the complementary 

feeding period. Pediatr Allergy Immunol, 18, 599–606. 

85. Lasekan JB, Winston WK, Walters J, et al. (2006) Growth, Tolerance and 

Biochemical Measures in Healthy Infants Fed a Partially Hydrolyzed Rice 

Protein-Based Formula: A Randomized, Blinded, Prospective Trial Journal of 

the American College of Nutrition, 1, 12–19. 

 

 

 

 

 

 



32 

 

 

Soy allergenic proteins  

Name                     MW                                     Allergenicity 

Gly m 1               7-8 Kda                                  aeroallergen 

Gly m 2               8 Kda                                     aeroallergen 

Gly m 3              14 Kda                                    birch pollen allergen 

Gly m 4              17 Kda                                    birch pollen allergen 

Gly m 5              140-180 Kda                           related with anaphylaxis to soy 

Gly m 6              320-360 Kda                           related with anaphylaxis to soy 

Protein P34        34 Kda                       the highest P34 antigenicity is found in soymilk 

 

Table 1. Among several soy proteins that bind IgE in patients allergic to soy, only a 

few of them are considered to be immunodominant allergens and are shown above 

(16-24). MW: molecular weight. 
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Reference Type of 

study 

Number of 

subjects 

Purpose  Conclusions 

Zeiger et al, 

1990 

Cohort 

study 

93 infants with 

CMA 

Evaluation of 

frequency of soy 

allergy in children  

with CMA (14% 

concomitant soy 

allergy) 

 

Soy milk safe alternative 

for children with CMA  

Klemola et al, 

2002 

Prospective 

randomized 

study 

170 infants with 

CMA 

Evaluation of adverse 

reactions frequency 

in children with 

CMA between soy 

milk and EHF milk  

 

EHF safer than soy milk 

in CMA infants 

L. 

Terracciano 

et al, 2010 

Prospective 

study 

72 children with 

CMA 

Comparison of EHF, 

rice and soy milk for 

acquisition of 

tolerance in children 

with CMA  

Acquisition of tolerance 

better with rice or soy 

milk than EHF 

Berni Canani 

R et al, 2013 

Prospective 

study 

260 children with 

CMA 

Comparison of EHF, 

rice and soy milk for 

acquisition of 

tolerance in CMA 

children 

Acquisition of tolerance 

better with EHF than soy 

or rice milk 
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Table 2. Studies conducted in children with CMA regarding either a) the safety of soy 

milk in these children or b) acquisition of tolerance in children with CMA receiving 

soy or rice milk.  
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Proteins/Glycoproteins Amount of total protein 

(%) 

Soluble proteins  

Albumins (water-soluble) 10,8 

Globulins (salt-soluble) 9,7 

Prolamines (70%-ethanol 

soluble)  

2,2 

16 kDa Allergen (phosphate  

buffered saline-soluble fraction) 

~ 1,5% in seeds 

Insoluble proteins  

Glutelines 77,3 

 

Table 3. Rice protein fraction. From Internet Symposium on Food Allergens 2001;3: 1615-

168. 
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Table 4. Allergens of rice. Modified from: Internet Symposium on Food Allergens 

2001;3:1615-1682      

 

 

 

 

 

 

 

 

Rice Proteins/Glycoproteins   

14-16 kDa rice allergen Isoallergens and Variants 

At least 7 isoallergens of 14-16 kDa rice allergens which share > 67% 

amino acid sequence identity fullfilling the definition of isoallergens of 

the WHO/IUIS Allergen Nomenclature Subcommittee. 

Frequency of Sensitization 

IgE-binding to 14-16 kDa rice allergens in 67-100% of patients  

IgE-binding to 14-16 kDa isoallergens: 

a) 14-15.5 kDa allergen in 64% 

b) RA14 (~16 kDa) gene family, 3 isolated fractions: 41% (for 1 

fraction) and 29% (other 2 fractions) 

c) RA17 (14-15.5 kDa) in 29% 

33 kDa allergen  

60 kDa allergen  

Major Allergens: 15.5, 16, 19 kDa  

Major Allergens: 16, 25, 50, 90 kDa  

Allergens: 12,5 & 8 kDa  
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Year (Rf)   Formula used (N)   Observation Time    Remarks 

2003 (9)              SF (8)                                     6 months              Infants in both groups showed normal 
                            RHF (8)                                                                  growth patterns during the study.                                                                                                              

2005 (79)           SF (17)                               ~ 24 months              Significantly lower growth pattern in  
                            eCHy (26)                                                              in RHF infants between 9 mo and 1,5 
                            RHF (15)                                                                year compared to controls.                                                                                                                                                                                      
                            CM (30, healthy) 
2006 (85)           RHF (32)                                4 months             Growth and plasma biochemistry   
                            CMF (33)                                                             comparable in CMF and partially HRF in             
                                                                                                         healthy infants. 

2007 (84)           SF (32)                                 ~  6 months            Infants with CMA fed hydrolyzed products 
                           CHy (31)                                                               showed a trend toward higher WA z- 
                           RHF (30)                                                               core increments in the 6 month period 
                           BF (32)                                                                    . 

2010 (3)            EHF (46)                               ~ 24 months          No statistical difference between the 
                           HRPF (46)                                                             groups in growth. Growth of HPRF   
                                                                                                          Infants was within normal parameters            
                                                                                                          for both weight and height (WHO 
                             

 

Table 5. Growth of children with CMA using a RHF substitutive. Rf: reference, N: 

number of patients, SF: soy formula, RHF: rice hydrosylate formula, eCHy: 

extensively hydrosylate casein formula, CMF:  cow milk formula, BF: breast fed, 

EHF: extensively hydrosylate formula, HRPF: hydrolysed rice protein formula, n: 

number of patients.                                                                                                        

 

                                                                                   


