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Abstract:  
Background: IgE-mediated reactions constitute 70% of cow's milk-induced allergic reactions (AR). There is no established 
treatment. Recent evidence suggests that immunomodulation with probiotics represents a safe novel strategy, 
influencing immunity and inducing tolerance to milk protein antigens by action on human gut microbiota. Current 
evidence focuses most on the infant population. Objective: We will study the impact of Lactobacillus rhamnosus GG 
(LGG), compared to placebo, as an effective agent to improve ARs upon exposure to cow's milk in children from 5 to 10 
years of age.  
Methods: This will be a phase II, single-center, randomized, double-blinded, placebo-controlled study, where a total of 
200 participants will be treated for 12 months, with either; LGG or placebo, randomly allocated at 1:1. A double-blinded 
placebo-controlled food challenge (DBPCFC)  with cow's milk will be used before and after the intervention. Results will 
be graded using the PRACTALL scoring system. The primary outcome will be binary – 'passing' by the absence of any AR, 
or a decrease from the baseline results or 'not passing' the DBPCFC after treatment. Secondary outcomes will include 
covariate adjustment and subgroup analysis by affected body systems and severity of ARs.  Secondary analyses will 
include a comparison of the proportions of the taxonomic composition of gut microbiota, and quality of life, with baseline 
measurements.  
Conclusion:  This trial will contribute to filling knowledge gaps about cow's milk allergy management using LGG in this 
specific population as an affordable and accessible non-pharmacological agent with few recorded side effects. If proven 
to be efficacious, it has the potential to decrease the worldwide prevalence of CMA and the resulting systemic, familial, 
and personal burdens. 
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INTRODUCTION  

CMA is a pathological immune system reaction 
triggered by milk protein antigen, usually diagnosed 
early in childhood (Carbonell Oriel & Wang, 2019). It 
has a worldwide prevalence that can range between 
0.5-9% in children (Canani et al., 2017; Hochwallner et 
al., 2014); approximately one out of four children with 
CMA in the U.S. fall in the group age of 6 to 10 years 
(Warren et al., 2013). 

ARs might range from mild to life-threatening, 
such as anaphylaxis (Yu et al., 2016). Non-IgE-CMA 
presents with a mild and short course; however, IgE-
CMA constitutes 70% of cow's milk-induced ARs and 
may lead to delayed development of tolerance and even 
persist through adulthood (Canani et al., 2017; Saarinen 
et al., 2005). CMA represents up to 19% of the cases of 
all food-induced anaphylaxis in children less than 16 
years of age (Hochwallner et al., 2014; Kattan et al., 
2011). 

IgE-CMA also leads to a substantially decreased 
QoL (Antolín-Amérigo et al., 2016), with a significant 
financial burden, social constraints, and emotional 
demands. Among children with more than one type of 
FA, parents reported that CMA was the most socially 
limiting, the one that required more planning and 
caused more anxiety (Abrams et al., 2020). 

There is no cure for this type of allergy. Continuous 
symptomatic pharmacological management is 
unfeasible due to adverse effects. Current management 
is avoidance of cow’s milk (Canani et al., 2019). Recently, 
more active non-pharmacological approaches have 
emerged, such as immunotherapy, including the use of 
probiotics (Licari et al., 2019). Probiotics are living 
microorganisms that confer a health benefit to the host 
(Paparo et al., 2019), inhibiting pathogens through 
direct action on the commensal microbiota, the 

assemblage of microorganisms present in a specific 
environment (Marchesi & Ravel, 2015; Segers & Lebeer, 
2014). Studies have identified a critical role of human 
gut microbiota in modulating host immune responses 
by influencing innate and adaptive immunity (Ho & 
Bunyavanich, 2018; Lee et al., 2020) (Appendix A.1). 

IgE-CMA mechanisms involve humoral [IgE 
allergen-specific antibody] and cellular immunity 
[regulatory T cells] (Sicherer & Sampson, 2018), 
including aberrant T helper type 2 cell response from a 
dysbiotic modification in the microbiota (Aitoro et al., 
2017). Immunomodulation with probiotics represents 
a novel strategy, where gut bioactive peptides induce 
tolerance to milk proteins (Appendix A.2). One of the 
most used probiotics is LGG [Lactobacillus rhamnosus 
GG], a safe modulator in allergic diseases, acting on the 
inflammatory response by increasing cellular 
modulation of complement receptors (Segers & Lebeer, 
2014) (Appendix A.3). 

Improvement in the severity of ARs in infants using 
hydrolyzed whey formula with LGG suggests its efficacy 
(Canani et al., 2017). However, results were not 
adequately robust to provide a formal recommendation 
(Majamaa & Isolauri, 1997; Segers & Lebeer, 2014). 
Scalabrin et al. (2017) also demonstrated its efficacy in 
children below five years of age. Additionally, 80-90% of 
the children's CMA have been shown to resolve within 
the fifth year of life (Caffarelli et al. 2010). Therefore, we 
are focusing on children with this resistant type of 
allergy. 

The age group of 5 to 10 years is still largely 
unexplored. We plan to conduct a trial in children in this 
age range, with a confirmed IgE-CMA diagnosis, to study 
the occurrence of ARs upon exposure to cow’s milk after 
12 months of treatment with LGG. We hypothesize that 
there will be a significant improvement in ARs, 
measured by the DBPCFC, compared to placebo. 

METHODS 

Trial Design 

This is a phase II, single-center, randomized, double-
blinded, placebo-controlled study, designed to comply 
with the required ethical principles and all the 
International Conference on Harmonization principles, 
to be conducted in an academic urban tertiary hospital 
in the United States of America. Parental consent and 
child assent will be acquired before recruitment. 
(Appendix B1-B2) 

All participants who agree to enroll will be 
screened (see Figure 1 ‘Eligibility Criteria’ and 

Abbreviations 
AR: Allergic Reaction 
LGG: Lactobacillus rhamnosus GG 
DBPCFC: Double-blinded Placebo-controlled Food 
Challenge 
CMA: Cow’s Milk Allergy 
Non-IgE-CMA: Non-IgE-mediated Cow’s Milk 
Allergy 
IgE-CMA: IgE-mediated Cow’s Milk Allergy 
QoL: Quality of Life 
FA: Food Allergy 
GM: Gut Microbiota 
FC: Food Challenge 
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Appendix C ‘Medical History Format’) after successfully 
completing a 14-day run-in period with placebo (see 
‘Adherence’ below). As part of the inclusion criteria, a 
DBPCFC (see below) will be done to confirm the IgE-
CMA diagnosis. It will also be used to record baseline 
data on severity and affected organ systems. (See 
Appendix D ‘Timeline’)  

Participants will be randomly allocated at a 1:1 
ratio into two treatment arms – LGG or placebo – with a 
once-daily regimen for 12 months. (See 
‘Randomization’ below) 

At the end of the 12 months, a second DBPCFC will 
be administered to both arms to compare results with 
the baseline data of each arm. 

A fecal sample will be collected at the baseline to 
record the composition of the GM using 16S rRNA gene 
sequencing, and then it will be compared with the 
composition of a second sample collected at the end of 
treatment at 12 months and a third sample collected at 
15 months – to observe the modification in the GM over 
time, without treatment (see Appendix E for study 
design flowchart). 

Responses to a Food Allergy Quality of Life 
Questionnaire - Parent Form [FAQLQ-PF] (Appendix F) 

will be collected before treatment and compared to 
another collected at 15 months. 

Double-blinded Placebo-controlled Food 
Challenge [DBPCFC]: A FC is a procedure used to 
diagnose, monitor for resolution of, or identify the 
threshold of responsiveness to a suspected allergen by 
its oral administration in a controlled and standardized 
setting (Carbonell Oriel & Wang, 2019). FAs are known 
to have a psychogenic component – a patient with a 
history of moderate/severe allergy may elicit a 
subjective response to the allergen even when the 
pathophysiologic pathway is not activated. The 
physician assessing the FC may also induce an 
interpretation bias. The DBPCFC has a specific validated 
methodology designed to negate these effects and is 
considered the gold standard for diagnosing FA 
(Gushken et al., 2013). 

Our proposed DBPCFC will consist of two FCs. The 
first will be conducted with either cow's milk or sham 
milk; the second will be conducted one week later, with 
the converse. The order of administration of 
preparation – cow's milk and sham milk – will be 
randomly assigned during the initial phase of each 

Figure 1. Eligibility Criteria 
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DBPCFC with a computer-generated list using REDCap 
at a 1:1 ratio. 

After at least four hours of fasting, the FCs will be 
administered during the morning. Following design 
suggestions by Calvani et al. (2019), guardians will be 
advised to interrupt the participants’ use of any 
antihistamine, proton-pump inhibitor, or beta-blocker 
for 72 hours before and during the FCs, as these 
medications may confound the results. The cow’s milk 
group will receive incremental doses of pasteurized 
lactose-free cow’s milk – 0.1, 0.3, 1, 3, 10, 30, and 100 mL 
– diluted in 50 mL of soymilk (Canani et al., 2017). The 
sham-milk group will receive equal incremental doses 
of water, diluted in 50 mL of soymilk. There will be 20-
minute intervals between doses. The preparations will 
be given in 200 mL sealed opaque cups with opaque 
straws and identical in weight, appearance, and 
material. The soymilk vehicle's distinct organoleptic 
properties will mask the negligible variation created by 
the cow’s milk or water. Patients will be followed for 30 
minutes after the end of the FC to guarantee their safety. 
The response to each dose will be assessed by the 
PRACTALL Scoring System (Appendix G.1). It is a 
scoring system detailed in the PRACTALL Consensus 
Report, used in IgE-mediated allergies to determine the 
degree of response in target organs and their baseline 
changes. ARs are detailed in severity on a scale from 0 to 
3, with colors black, green, orange, and red (Sampson et 
al., 2012). 

The challenge will be stopped at the dose following 
which any symptom reaches a ‘red’ grade or two 
symptoms from different categories reach an ‘orange’ 
grade (Appendix G.2) (Sampson et al., 2012). The dose, 
category, and grade will be recorded (Appendix G.3). 
The participant will be discharged after the symptoms 
are resolved. If no reaction occurs until the last dose of a 
challenge, participants will be discharged after three 
hours of observation. Guardians will be instructed to 
report any delayed symptoms to correct initial false-
negative results. 

All participants will be placed with a peripheral 
venous catheter in case of any severe AR during the FCs, 
which will be conducted in the outpatient clinic of a 
tertiary hospital. All appropriate resources will be 
available, including antihistamines, epinephrine, 
tracheal intubation equipment, and a defibrillator 
(Gushken et al., 2013). Different physicians will be 
involved on different days to avoid interpretation bias 
and inadvertent unblinding; all will have emergency 
management expertise. Our eligibility criteria are 
presented in Figure 1. 

Recruitment Strategy 

After the protocol is granted permission to start, we will 
disseminate it within the pediatric outpatient offices 
and inpatient departments of the study center and its 
staff to enable convenience sampling using the patient 
database. We will also encourage disclosure between 
physicians, allergy clinics, and pediatricians in the city 
and neighboring regions.  Patients reached by this 
strategy will be screened and added to the trial, 
following a convenience strategy. To incentivize 
enrollment, participants who complete the trial in the 
placebo arm will be offered the active treatment for one 
year, free of cost, if proven to be efficacious. The 
participants will be randomized within 28 days from the 
day the informed consent has been signed. We intend to 
enroll at least 40 participants every month. 

Randomization 

Participants will be allocated by blocked randomization 
with variable block sizes – 6-4 – at a 1:1 allocation ratio 
by an internet-based computer-generated sequence, 
using REDCap. For the trial intervention, an unblinded 
nutritionist will be in charge of the randomization list 
and send the numbered sealed containers to the 
research team. 

For the DBPCFCs, an unblinded dietician will be in 
charge of the randomization list and preparations and 
will deliver the numbered sealed disposable cups to the 
FC staff before each FC. 

Blinding 

Participants, guardians, researchers, follow-up 
physicians, DBPCFC physicians and staff, and 
statisticians will be blinded to the intervention and the 
DBPCFC allergen for the entire trial length. 

The interventions {gummies; see ‘Interventions’ 
below} will have identical organoleptic properties and 
packaging. 

REDCap will be used to collect the data from 
follow-up visits and the post-treatment DBPCFC. The 
first DBPCFC data will be unblinded to the researchers 
to be considered in the inclusion criteria. 
 
Emergency unblinding 
Unblinding will be carried out when the participant’s 
safety is at risk, and this knowledge is required for 
emergency treatment. If stopping the intervention is 
feasible for the participant’s care, blinding will be 
preserved. A record of the request and its justification 
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will be kept. Unblinded data will not be eliminated from 
statistical analyses. 

The DBPCFC will be administered in a controlled 
environment. Treatment of incidental ARs, including 
acute/emergent management, will not require 
knowledge of allocation. 

Interventions 

The interventions will be in the form of gummies. All 
gummies will be composed of water, isomalt, maltitol, 
citrus pectin, black carrot extract, beta carotene, natural 
orange or strawberry flavor, citric acid, and sodium 
citrate. Active treatment gummies will also contain 2.0 x 
10^10 CFU [Colony Forming Unit] of LGG. The dosage 
selected was based on previous studies of LGG 
performed for FA – Canani et al. (2017); Gushken et al. 
(2013); Pohjavuori et al. (2004); Tang et al. (2015). 

Adherence 

The LGG requires no preparation, making it easier for 
the guardians. Gummies will be provided in containers 
with child-proof lids in a monthly supply, making 
adherence monitoring easy and will prevent accidental 
ingestion and wastage. Guardians will also be oriented 
to fill a daily record of the date and time of each 
administration. In the first visit after randomization, we 
will orientate the guardians and children regarding diet 
and how to avoid allergens in both groups. 

Follow-up will include periodic video/phone calls 
and visits (see Appendix E and H ‘Visit Format’). The 
guardians’ travel and parking expenses will be 
reimbursed. Participants and their guardians will be 
counseled about adherence and the importance of 
disclosing any deviation. They will be reassured about 
disclosing minor deviations and warned about 
significant deviations and how that might ultimately 
affect the trial and its results. 

The security of the supplied interventions will also 
be ascertained during the follow-up interactions, and 
the guardians will be urged to pick up a replacement 
supply in case applicable. A note of the incident will be 
made. A count of supplement intake and product 
remaining will be established during every visit.  

For the DBPCFC, the participants will be allowed to 
choose from two artificial flavors of the soymilk diluent 
– strawberry or passion fruit. Children will have access 
to a designated supervised play area. Guardians will be 
offered reading material and be given comfortable 
seating; both will be offered a complimentary meal to 
ensure attendance for both days of the DBPCFC. 

A two-week run-in phase will be used to minimize 
the drop-out rate. Only participants who can 
demonstrate 100% of intervention adherence will 
move on to further screening and subsequent 
randomization. 

Discontinuation Criteria and Safety 

Probiotics are generally considered safe and well-
tolerated (Segers & Lebeer, 2014). Some adverse events 
like mild abdominal cramping, diarrhea, or flatulence 
may occur for a few days after treatment initiation. 
Participants and guardians will be counseled about 
mild, transient symptoms to discourage dropping out in 
such cases. In all situations, adverse events will be 
actively asked in the follow-up visits. 

In the following situations, the intervention may be 
discontinued, and the participant terminated from the 
trial: 
o Adverse reactions to treatment that last more than 

one week after initiation or are severe. 
o Major surgery, hospitalization with central venous 

access. 
o Upon request or due to logistic difficulties – e.g., 

moving. 
Note: If a participant receives any antibiotic during 

the study, this information will be recorded – type, 
dosage, reason, and duration. The participants will not 
be excluded from the trial. 

To preserve uniformity of exposure to the 
intervention, we shall not implement any modification 
criteria. 

Data Management and Monitoring 

See Appendices I1 and I2. 

Outcomes 

Primary Outcome 
Our primary outcome will be Binary, as ‘passing’ or ‘not 
passing’ the DBPCFC at the end of the 12-month 
treatment. Passing will be defined by the absence of any 
AR of grade 1 or more, or a decrease from the baseline 
results to the ‘green’ categories according to the 
PRACTALL Scoring System (Appendix G.2). 
 
Secondary Outcomes 
Secondary outcomes will be a comparison between 
groups in: 
o Taxonomic composition of GM from fecal samples, 

as proportions – continuous variables. 
o QoL – continuous variables. 
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Statistics 

Sample Size Calculation 
We aim to detect a difference of 20% in the 
improvement of tolerance in ARs in the LGG group 
versus the placebo group (Canani et al., 2017), with a 
power of 80% and an α level of 0.05. Assuming a drop-
out rate of 10% at follow-up, we have 100 participants 
per group with a total sample of 200 participants.  
 
Statistical Analyses 
(using Stata Statistical Software: Release 16 (College 
Station, TX: StataCorp LLC)) 

Continuous baseline variables will be measured by 
mean and standard deviation, if the distribution is 
normal, and median and interquartile range, if it is not 
normal. Categorical baseline variables will be measured 
by frequency and percentiles. We assume a 
nondirectional hypothesis. 

For the binary primary outcome, we shall conduct 
a Chi-square test to measure the intervention's 
independent association with the change in the 
proportion of participants who pass the second 
DBPCFC. 

We have also planned a logistic regression model 
as a secondary analysis to adjust the intervention by the 
affected body system and the severity of ARs as in the 
PRACTALL score. Moreover, we plan to use the logistic 
regression model to estimate a subgroup effect for 
system and severity at baseline by including an 
interaction between the trial arm and each of the 
variables. 

For the secondary outcome of taxonomic 
proportions of different microbiota species, we shall use 
a linear mixed model to assess the modifications in the 
proportions throughout the trial, that is, at baseline, 12 
months, and 15 months. 

We shall use a t-test to compare the change in the 
QoL score between groups. Finally, we will assume 
significance in a p-value ≤ 0.05. 
 
Missing Data 
We will adopt an intention-to-treat approach. Multiple 
imputation methods will be used to estimate 
replacement values based on each participant’s baseline 
characteristics. 

DISCUSSION 

CMA is a highly prevalent worldwide issue, with a large 
pediatric population and no available cure. It is 
associated with physical health implications, mental 
health, and QoL, also a significant financial burden. 

The study of GM is a current global hot topic. There 
have also been multiple studies evaluating the effect of 
probiotics, such as LGG, on CMA (Basturk et al., 2020; 
Scalabrin et al., 2017). To our knowledge, the age range 
of 5 to 10 years has not been studied, and most of the 
evidence focuses on younger populations. We also 
understand that establishing evidence in this age range 
will impact healthcare systems, as similar studies in 
younger populations have demonstrated a positive 
impact on healthcare costs (Guest et al., 2016; Guest & 
Singh, 2019). 

There is also a dearth of scientific literature on the 
association of the GM’s composition with the 
occurrence of CMA manifestations, as well as on the 
temporal association of the use of LGG with taxonomic 
changes in the GM. 

The primary endpoint is the occurrence of ARs in 
the DBPCFC after 12 months of intervention - to be 
treated as a binary variable. We have chosen this 
endpoint to avoid the ambiguity that may arise from 
defining what constitutes an improvement, although 
this may lead to a negative result. 

The trial duration may constitute a limitation since 
most previous trials have spanned two to three years. 
However, there is robust evidence that supports the 
effect of the LGG after 12 months in a younger 
population (Canani et al., 2017). Evidence to declare 
efficacy is scarce in the age range we intend to assess 
and demands a shorter duration Phase II trial. 

This trial has some commendable attributes and 
contributes to filling some significant knowledge gaps. 
The methodology is robust enough to generate a sizable 
amount of data on the efficacy of LGG for IgE-CMA 
management, in addition to clinically relevant 
secondary outcomes. The array of statistical tools to be 
used is simple yet powerful while properly managing 
potential missing data. For these reasons, we believe 
this trial will bring relevant information even if the 
result (from the primary endpoint) is deemed 
statistically negative. 

In conclusion, we attempt to address a critical 
barrier for CMA management in children, using LGG as 
a safe, affordable, and accessible non-pharmacological 
agent. It is an innovative alternative that, if proven 
effective, will improve the lives of affected children and 
positively impact worldwide prevalence and the 
resulting healthcare burden and costs. However, as a 
phase II single-center trial, it will not be conclusive 
evidence. Therefore, more generalizable and bigger 
studies will need to be performed in the future. Our 
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study is a great step in the way of this translational 
science.  
 
Acknowledgments 
We want to express our deepest gratitude to the 
Principles and Practice of Clinical Research course 
faculty and staff, especially Professor Felipe Fregni. We 
also thank our teaching assistants Nawal Mohammed 
Mofarreh, Walter Marrou Pautrat, Felipe Moreira 
Ridolfi, Jesus Fernando Camacho Palma, Claudia 
Marcela Lopez Burbano, Salvatore Minnella, Felix Ehret, 
who continuously supported us in the group project, for 
their patient guidance, enthusiastic encouragement, 
and helpful critiques of this research exercise. We would 
also like to thank professors Donald Halstead, Ingeborg 
Friehs, Manuel Alejandro Castillo Angeles, Miriam 
Haviland, Tarek Omar Nafee, António Jorge da Costa 
Leite, Sandra Conceição Ribeiro de Carvalho, Shannon 
Stock, Armando Teixeira-Pinto, and Janis Breeze for 
their advice and assistance during the PPCR 2020 five-
day workshop. Our gratitude is also extended to Group 
Thirteen from PPCR Class of 2020, Annahita Sedghi, 
Antonio Riccio, Camila Souza Crovador, Flavia Vernin de 
Oliveira Terzi, Naiara Costa Balderramas, Cicilia 
Marques Rodrigues, Paulo Cesar Viegas Martins, Roman 
Orzechowski, Maridelca Mendez Batista, Jasmeet Kaur, 
Carlos Eduardo Rey Chaves, Maria Gutierrez Sanchez de 
la Fuente, Omnia Amir Hassan Hamid, Wajiha Gul, Mutie 
Ullah Ahmed, Abdullah Mohammed Abdo Mughir. 
Finally, we wish to thank our families for their support 
and encouragement throughout this great experience. 

Author affiliations 
1 Department of General Surgery, Corporación Hospitalaria 
Juan Ciudad, Méderi, Bogotá D.C, Colombia 
2 Department of Medicine, Escola Bahiana de Medicina e Saúde 
Pública, Bahia, Brazil 
3 PPCR, Harvard T.H. Chan, School of Public Health, Boston, 
Massachusetts, USA 
4 Plastic Surgery Residency Program, Universidad del Sinú Elías 
Bechara Zainum, Cartagena, Colombia. 
5 Department of Radiology, Massachusetts General Hospital, 
Harvard Medical School, Boston, Massachusetts, USA 
6 PharmB, Medical Communications Department, PPD, São 
Paulo, São Paulo, Brazil. 
7 Cardiovascular Surgery and Perfusion Department, CEDIMAT 
Cardiovascular Center, Santo Domingo, Dominican Republic 
8 Department of Intensive Care Unit, Clínica Alemana de 
Santiago, University of Chile, School of Medicine, Santiago, 
Chile. 
9 Department of Dermatology, Boston University School of 
Medicine, Boston, Massachusetts, USA 
10 Department of Medicine, Universidad Peruana de Ciencias 
Aplicadas, Lima, Perú 

11 Department of Cardiology, Beth Israel Deaconess Medical 
Center, Harvard Medical School, Boston, Massachusetts, USA 

Conflict of interest 

The authors declare that this research protocol was 
developed in the absence of any commercial or financial 
relationships that could be construed as a potential 
conflict of interest. 

REFERENCES 
Abrams, E. M., Kim, H., Gerdts, J., & Protudjer, J. L. P. (2020). Milk allergy 

most burdensome in multi-food allergic children. Pediatric Allergy and 
Immunology, 31(7), 827–834. https://doi.org/10.1111/pai.13274 

Aitoro, R., Paparo, L., Amoroso, A., Di Costanzo, M., Cosenza, L., Granata, V., 
Di Scala, C., Nocerino, R., Trinchese, G., Montella, M., Ercolini, D., & 
Canani, R. (2017). Gut microbiota as a target for preventive and 
therapeutic intervention against food allergy. Nutrients, 9(7), 1–12. 
https://doi.org/10.3390/nu9070672 

Antolín-Amérigo, D., Manso, L., Caminati, M., de la Hoz Caballer, B., 
Cerecedo, I., Muriel, A., Rodríguez-Rodríguez, M., Barbarroja-
Escudero, J., Sánchez-González, M. J., Huertas-Barbudo, B., & Alvarez-
Mon, M. (2016). Quality of life in patients with food allergy. Clinical and 
Molecular Allergy, 14(1), 1–10. https://doi.org/10.1186/s12948-016-
0041-4 

Basturk, A., Isik, İ., Atalay, A., & Yılmaz, A. (2020). Investigation of the Efficacy 
of Lactobacillus rhamnosus GG in Infants With Cow’s Milk Protein 
Allergy: a Randomised Double-Blind Placebo-Controlled Trial. 
Probiotics and Antimicrobial Proteins, 12(1), 138–143. 
https://doi.org/10.1007/s12602-019-9516-1 

Caffarelli, C., Baldi, F., Bendandi, B., Calzone, L., Marani, M., & Pasquinelli, P. 
(2010). Cow’s milk protein allergy in children: a practical guide. 
https://doi.org/10.1186/1824-7288-36-5  

Canani, R., Di Costanzo, M., Bedogni, G., Amoroso, A., Cosenza, L., Di Scala, 
C., Granata, V., & Nocerino, R. (2017). Extensively hydrolyzed casein 
formula containing Lactobacillus rhamnosus GG reduces the 
occurrence of other allergic manifestations in children with cow’s milk 
allergy: 3-year randomized controlled trial. Journal of Allergy and 
Clinical Immunology, 139(6), 1906-1913.e4. 
https://doi.org/10.1016/j.jaci.2016.10.050 

Canani, R., Paparo, L., Nocerino, R., Scala, C. Di, Gatta, G. Della, Maddalena, 
Y., Buono, A., Bruno, C., Voto, L., & Ercolini, D. (2019). Gut microbiome 
as target for innovative strategies against food allergy. Frontiers in 
Immunology, 10(FEB), 1–15. 
https://doi.org/10.3389/fimmu.2019.00191 

Carbonell Oriel, R., & Wang, J. (2019). Diagnosis and Management of Food 
Allergy. Pediatric Clinics of North America, 66(5), 941–954. 
https://doi.org/10.1016/j.pcl.2019.06.002 

Guest, J. F., & Singh, H. (2019). Cost-effectiveness of using an extensively 
hydrolyzed casein formula supplemented with Lactobacillus 
rhamnosus GG in managing IgE-mediated cow’s milk protein allergy in 
the UK. Current Medical Research and Opinion, 35(10), 1677–1685. 
https://doi.org/10.1080/03007995.2019.1612339 

Guest, J. F., Yang, A. C., Oba, J., Rodrigues, M., Caetano, R., & Polster, L. 
(2016). Relative cost-effectiveness of using an extensively hydrolyzed 
casein formula in managing infants with cow’s milk allergy in Brazil. 
ClinicoEconomics and Outcomes Research, 8, 629–639. 
https://doi.org/10.2147/CEOR.S113448 

Gushken, A. K. F., Castro, A. P. M., Yonamine, G. H., Corradi, G. A., Pastorino, 
A. C., & Jacob, C. M. A. (2013). Double-blind, placebo-controlled food 
challenges in Brazilian children: Adaptation to clinical practice. 



Vol. 7, No. 1 / Jan-Apr 2021 /p. 26-33/ PPCR Journal 

 
33 

Copyright: © 2021 PPCR. The Principles and Practice of Clinical Research 
 

Allergologia et Immunopathologia, 41(2), 94–101. 
https://doi.org/10.1016/j.aller.2011.12.002 

Ho, H., & Bunyavanich, S. (2018). Role of the Microbiome in Food Allergy. 
Current Allergy and Asthma Reports. 
https://doi.org/https://doi.org/10.1007/s11882-018-0780-z 

Hochwallner, H., Schulmeister, U., Swoboda, I., Spitzauer, S., & Valenta, R. 
(2014). Cow’s milk allergy: From allergens to new forms of diagnosis, 
therapy and prevention. Methods, 66(1), 22–33. 
https://doi.org/10.1016/j.ymeth.2013.08.005 

Kattan, J. D., Cocco, R. R., & Järvinen, K. M. (2011). Milk and Soy Allergy. 
Pediatric Clinics of North America, 58(2), 407–426. 
https://doi.org/10.1016/j.pcl.2011.02.005 

Lee, K. H., Song, Y., Wu, W., Yu, K., & Zhang, G. (2020). The gut microbiota, 
environmental factors, and links to the development of food allergy. 
Clinical and Molecular Allergy, 18(1), 1–11. 
https://doi.org/10.1186/s12948-020-00120-x 

Licari, A., Manti, S., Marseglia, A., Brambilla, I., Votto, M., Castagnoli, R., 
Leonardi, S., & Marseglia, G. L. (2019). Food allergies: Current and 
future treatments. Medicina (Lithuania), 55(5), 1–13. 
https://doi.org/10.3390/medicina55050120 

Majamaa, H., & Isolauri, E. (1997). Probiotics: A novel approach in the 
management of food allergy. Journal of Allergy and Clinical 
Immunology, 99(2), 179–185. https://doi.org/10.1016/S0091-
6749(97)70093-9 

Marchesi, J. R., & Ravel, J. (2015). The vocabulary of microbiome research: a 
proposal. Microbiome, 3(1), 1–3. https://doi.org/10.1186/s40168-
015-0094-5 

Paparo, L., Nocerino, R., Di Scala, C., Della Gatta, G., Di Costanzo, M., Buono, 
A., Bruno, C., & Canani, R. (2019). Targeting Food Allergy with 
Probiotics. Advances in Experimental Medicine and Biology, 1125, 57–
68. https://doi.org/10.1007/5584_2018_316 

Saarinen, K. M., Pelkonen, A. S., Mäkelä, M. J., & Savilahti, E. (2005). Clinical 
course and prognosis of cow’s milk allergy are dependent on milk-
specific IgE status. Journal of Allergy and Clinical Immunology, 116(4), 
869–875. https://doi.org/10.1016/j.jaci.2005.06.018 

Sampson, H. A., Gerth Van Wijk, R., Bindslev-Jensen, C., Sicherer, S., Teuber, 
S. S., Burks, A. W., Dubois, A. E. J., Beyer, K., Eigenmann, P. A., Spergel, 
J. M., Werfel, T., & Chinchilli, V. M. (2012). Standardizing double-blind, 
placebo-controlled oral food challenges: American Academy of 
Allergy, Asthma & Immunology-European Academy of Allergy and 
Clinical Immunology PRACTALL consensus report. Journal of Allergy 
and Clinical Immunology, 130(6), 1260–1274. 
https://doi.org/10.1016/j.jaci.2012.10.017 

Scalabrin, D., Harris, C., Johnston, W., & Berseth, C. (2017). Long-term safety 
assessment in children who received hydrolyzed protein formulas with 
Lactobacillus rhamnosus GG: a 5-year follow-up. European Journal of 
Pediatrics, 176(2), 217–224. https://doi.org/10.1007/s00431-016-
2825-4 

Segers, M. E., & Lebeer, S. (2014). Towards a better understanding of 
Lactobacillus rhamnosus GG - host interactions. Microbial Cell 
Factories, 13(Suppl 1), S7. https://doi.org/10.1186/1475-2859-13-S1-
S7 

Sicherer, S. H., & Sampson, H. A. (2018). Food allergy: A review and update 
on epidemiology, pathogenesis, diagnosis, prevention, and 
management. Journal of Allergy and Clinical Immunology, 141(1), 41–
58. https://doi.org/10.1016/j.jaci.2017.11.003 

Warren, C. M., Jhaveri, S., Warrier, M. R., Smith, B., & Gupta, R. S. (2013). 
The epidemiology of milk allergy in US children. Annals of Allergy, 
Asthma and Immunology, 110(5), 370–374. 
https://doi.org/10.1016/j.anai.2013.02.016 

Yu, W., Freeland, D. M. H., & Nadeau, K. C. (2016). Food allergy: immune 
mechanisms, diagnosis and immunotherapy. Nat Rev Immunol., 
12(16), 751–765. https://doi.org/doi:10.1038/nri.2016.111. 


