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Allergy is a exacerbate response of immune system to a triggering element. A probable cause of 
allergies is gut microbiota composition. It has strong relationship with development of human 
immune system and this is formed in intrauterine life and early childhood, crucial periods for 
formation adequate microbiota. In this sense modulation gut microbiota by probiotics could 
prevent or help in the treatment of allergic diseases such as allergic rhinitis, asthma, atopic 
dermatitis and food allergy. Studies published to date are controversial. It is difficult to determine 
whether the probiotic can be used in the treatment and prevention of allergic diseases. 
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La alergia es una respuesta exacerbada del sistema inmunitario a un elemento desencadenante. 
Una probable causa de las alergias es la composición del microbioma intestinal. Tiene una fuerte 
relación con el desarrollo del sistema inmunitario humano y se forma en la vida intrauterina y 
en la primera infancia, períodos cruciales para la formación de la microbiota adecuada. En este 
sentido, la modulación de la microbiota intestinal por los probióticos podría prevenir o ayudar 
en el tratamiento de enfermedades alérgicas como la rinitis alérgica, el asma, la dermatitis ató-
pica y la alergia alimentaria. Los estudios publicados hasta la fecha son controvertidos. Es difícil 
determinar si los probióticos pueden usarse en el tratamiento y prevención de enfermedades 
alérgicas. 
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INTRODUCTION

Allergy is a hypersensitivity reaction initiated by 
immunological mechanisms. It can be mediated by 
antibodies or cells1. Prevalence of allergy is increasing 
worldwide2 such as atopic dermatitis, food allergies, allergic 
rhinitis and asthma, and childhood is the phase of the 
begining3. The allergic phenotype is due to the combination 
of two elements: genetic predisposition and environmental 
factors interacting with genes4.

Hygiene hypothesis may be possible explanation for the 
increased diagnosis of allergies. It is believed that the 
increase in care of cleaning and hygiene, reducing the 
number of family members and reduction of childhood 
infections decrease bacterial exposure, which is crucial for 
the development of the immune system in early life5. The 
lack of contact with bacteria in childhood means that there 
is absence in the conversion of T help 1 (Th1) to Th2, thereby 
making the individual more susceptible to allergy6.

Recently it has been proposed that bacteria habiting the 
human body, in particular gut microbiota, is associated 

with the allergic process by possessing an important role in 
the construction of the mucosal immune tolerance7. Recent 
evidence shows that the colonization of microbiota occurs 
during pregnancy at intrauterine life, through contact of 
maternal microbiota with the fetus through the placenta 
and amniotic fluid8.

Some points are critical in the formation of microbiota and, 
hence the immune system, such as type of delivery and 
lactation. Vaginal birth allows the baby have to contact with 
maternal microbiota8,9. In addition breastfeeding plays a 
key role in the development of newborn microbiota. Studies 
show that children breastfed contain higher amounts of 
bifidobacteria in the microflora8. Childhood period is where 
gastrointestinal tract (GIT) undergoes greater influence 
of environmental factor and it is completely established 
between 2 and 3 years of age. For this reason, this stage 
of life is crucial for the proper development of the immune 
system10.

The formation of microbiota is important in development 
of host defenses against gastrointestinal infections and 
allergic reactions. Bacteria interact with cells of immune 
system helping the maturation of these11. A study compared 
the development of immune system in germ-free mice, 
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avoid the animals and feathers, keep always clean and 
airy environment. The second is the use of drugs such as 
antihistamines that inhibits the main allergy mediator; 
decongestants, promote vasodilation; corticosteroids, 
control protein synthesis, reducing production of 
inflammatory mediators17.

Atopic dermatitis, also called of atopic eczema, is a chronic 
disease with clinical manifestations cutaneous. It is 
originated from the genetic predisposition of the immune 
system to emphasize IgE-mediated hypersensitivity in 
response to allergic food and environment. Diagnosis 
is made by the clinical picture of the disease18. Drugs 
can be used, such as topical steroids, which have anti-
inflammatory effect by inhibiting the action of dendritic 
cells (DC) and lymphocytes; immunomodulators or topical 
calcineurin inhibitors, which reduce inflammation; systemic 
immunosuppression indicated for severe cases that do not 
respond to previous treatments19.

Food allergy occurs when an abnormal response is given 
to food or food additive exposure20,21. It may be toxic, which 
depends on the ingested food or non-toxic dependent on 
individual predisposition, being or not immune mediated21. 
Diagnosis is made by medical history of the individual 
and it may be supplemented by laboratory tests, such 
as determination of specific IgE. Skin tests of immediate 
hypersensitivity and oral trigger, which is the reliable test 
to diagnose food allergy. This test consists of exposing the 
individual to food that is likely to have allergies. Treatment 
is based on combination of exclusion of food that causes the 
allergy and drugs that treat allergy symptoms. Among the 
drugs may be mentioned self-injectable adrenaline, may be 
used in case of accidental ingestion of food to which it is 
allergic, when associated anaphylaxis; antihistamines for 
relief of symptoms of oral allergy syndrome and cutaneous 
symptoms mediated by IgE; systemic corticosteroids, which 
triggered reverse the inflammatory symptoms20,21. 

 

MICROBIOTA AND IMMUNE SYSTEM

GIT is composed by microorganisms forming microbiota, 
which has role in various metabolic activities of host. 
Microbiota may to help absorption of nutrients, fermentation 
food, stimulation of the host immune system and protection 
against pathogens22. 

The colonization of the host begins in intrauterine life 
through of maternal microbiota contact by placenta and 
amniotic fluid with fetus8. Some points are crucial for 
colonization with beneficial bacteria, among which can 

which have not microbiota, and conventional mice. Authors 
found immune system undeveloped in germ-free mice, with 
reduction of intra epithelial lymphocyte number and small 
size of Peyer’s patches, change in the structure of the crypts 
and reducing the thickness of the mucus12.

Probiotics are live microorganisms able to improve the 
microbial balance producing beneficial health effects of the 
individual13. Probiotics have revealed adjuvant effects on 
immune response12. They can modulate the gastrointestinal 
physiology of the host by improving mucosal immunity 
and intestinal permeability14. Thus, the stimulation and 
maintenance of normal microbiota can increase the 
beneficial bacterial population, resulting in health of GIT 
with regular consumption of probiotic bacteria15.

The objective of this study was to evaluate the use of 
probiotics on prevention and treatment of allergic diseases 
as atopic dermatitis, allergic rhinitis and asthma, and food 
allergy. 

ALLERGIES: ASTHMA, ALLERGIC 
RHINITIS, ATOPIC DERMATITIS AND 
FOOD ALLERGY

Allergy is characterized by increased capacity of B 
lymphocytes producing immunoglobulin E (IgE) against 
antigens that enter the body via the airways, skin or GIT. 
Among allergic diseases can be mentioned atopic dermatitis, 
asthma, allergic rhinitis and food allergy1.

Asthma is a chronic inflammation of the lower airways 
coming from eosinophils and hyperresponsiveness. It is 
characterized by coughing, wheezing and dyspnea. This 
disease is triggered when individual is exposed to elements 
that initiate inflammation in bronchi, limiting the flow of 
air in the lungs. Diagnosis is based on history of a disease, 
clinical examination, pulmonary function and allergy 
evaluation16. Treatment is indicated to prevent and reduce 
contact allergenic elements; moreover, some drugs can be 
used, as such:  β2-adrenergic, theophylline, anticholinergics, 
and corticosteroids. 

Allergic rhinitis is a chronic symptomatic nasal disorder 
triggered by exposure to allergies such as dust, cold air, 
smoke, odors and pollutants which cause IgE-mediated 
inflammation in the nasal mucosa. Diagnosis is made 
by clinical and family history of atopy and, physical and 
laboratory tests. Treatment of disease can be divided 
into non-drug and drug. The first include control of 
allergenic components, reducing objects that may favor 
the accumulation of dust, such as carpets, curtains, etc., 
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the composition of microbiota associated with allergic 
processes, and identified difference between children with 
or without allergy. They noted that children with allergy had 
lower biodiversity in microbiota composition32. 

PROBIOTICS AND IMMUNE SYSTEM 

Probiotics could be from human origin and undergo a 
selection considering the following criteria: gender (source, 
definition, characterization and safe species), stability and 
security (activity and viability in products; adherence; have 
resistance to low pH and gastric juices, bile and pancreatic; 
and colonizing ability) and functional and physiological 
aspects (adhesion to intestinal epithelium, antagonism to 
pathogens, stimulation or suppression of immune response 
and stimulating beneficial bacteria)33. 

Probiotics have the ability to modulate the digestive 
physiology of the host, altering mucosal immunity and gut 
permeability14. Thus, it has been studied how to maintain 
a healthy microbiota to obtain benefits to the host. 
Furthermore, the daily consumption of probiotic favors the 
growth of commensal bacteria, thereby reducing pathogens, 
resulting in health GIT15.

The positive effects that these bacteria have on the GIT 
microbiota occur through antagonistic effects of competition 
and immunological favoring the gut commensal bacteria, 
intensified, so natural defenses of host. These effects occur 
through three possible mechanisms. The first is by deletion 
of viable cells by competition of nutrients, adhesion cells, 
production of antimicrobial substances lactic acid, which 
is able to reduce the intestinal pH, preventing growth 
of bacteria sensitive to acidic environments, which most 
often are pathogenic. Since the antibacterial substances 
kill pathogenic bacteria affecting essential enzymes or cell 
membrane. In the second microbial metabolism is altered, 
increasing or decreasing enzyme activity. The third through 
stimulating host immunity with increased circulating 
antibodies and macrophage activity34.

Compounds of cell wall, DNA and metabolites of 
probiotics may manipulate the immune system because 
the host enterocytes have receptors that recognize these 
bacteria, which bind triggering a signaling cascade and 
modulating the immune function of the individual. The 
probiotics modulate immunity through the induction of 
proinflammatory cytokines and increased production of 
secretory35.

be highlighted childbirth and lactation. Vaginally delivery 
exposes children to bacteria maternal microbiota8,9. 
Breastfeeding promotes colonization of the infant 
microbiota with bifidobacteria8. A study that compared 
microbiota composition of breastfed babies and those 
fed with infant formula found that breastfed had greater 
variety of Bifidobacterium in the composition of their gut 
microbiota23. Two-three years old is essential to microbiota 
because in this period microbiota suffers a major impact of 
environmental factors24.

The colonization of gut microbiota is essential for proper 
development of innate and adaptive immune system. It has 
been found that the colonization of microbiota is critical 
to the maturation of Th1 and regulatory T (Treg) during 
childhood25, and assist in the development of gut associated 
lymphoid tissue (GALT) and IgA production26. Studies in 
animal models comparing immune system of germ-free 
rats and conventional showed that the germ-free has major 
defects in the immune system with Peyer’s patches in 
quantity and reduced size and fewer lymph nodes centers in 
the mesentery12. Another experimental study on germ-free 
mice noted that microbiota is important to develop GALT 
and function of epithelial barrier27. Studies were performed 
in which colonization by bacteria in gut of germ-free rats 
found restoration of the immune system in this animals28.

Immune system is developed with gut microbiota to 
ensure homeostasis and symbiosis. When commensal and 
pathogenic bacteria are in balance, there is a constant 
stimulus in secretion defense mediators by gut epithelial 
cells such as 3γ protein derived islet for regeneration 
(REGII3γ), lymphopoietin thymic stromal (TSLP ), interleukin 
33 (IL-33), IL-25 and tumor growth factor-β (TGF-β), which 
are responsible for the tolerability of macrophages and 
DC28,29. DC stimulates the formation of Treg cells by TGF-β 
and retinoic acid, which associated with macrophages 
and DC are capable of generating an anti-inflammatory 
environment in the gut lumen29. Moreover, there is IgA 
production by TGF-β to cell activation30.

In the dysbiosis, which there is an imbalance between 
commensal and pathogenic bacteria, creating an 
inflammatory environment, the molecular pattern 
associated with microbes is increasing, and this stimulates 
gut epithelial cells differently, activating DC, macrophages 
and secrete inflammatory cytokines. This latter stimulate 
Th1 and Th17 culminating in chronic inflammation. Th17 
together with the innate immune system cells producing IL-
22, which promotes the expression of REGIIIγ and REGIIIβ, 
thus interfering in the intestinal microbiota31.

In this feeling composition of microbiota plays an important 
role in allergy development. A systematic review evaluated 
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symptoms41. Another meta-analysis did not show beneficial 
effect on prevention of the development of asthma in 
children after use of probiotic during pregnancy and early 
life42.

The literature shows the probiotic as potential effects 
preventive of atopic dermatitis. Two meta-analysis indicated 
the use of probiotic as important role in prevention of atopic 
dermatitis43,44. Its use can be in intrauterine life or after birth, 
including population general and that in risk of allergic44.   

On the other hand, another study this type showed improves 
on atopic dermatitis in children and adults individual. The 
authors suggested the use of probiotic in treatment of this 
allergy45. This contradictory result when comparing with 
meta-analysis cited before could be the population of study.  

A randomized clinical trial administered fermented milk 
containing 3x109 CFU of L. acidophilus L-92 in children 4-15 
years old for 8 weeks. They observed that the probiotic had 
potential to improve symptoms in atopic dermatitis46. Han 
et al.47 showed effect on treatment of atopic dermatitis in 
children (18 moths-13 years old) when used 0.5x1010 CFU 
L. plantarum CJLP133 twice a day during 12 weeks. Another 
clinical trial with children aged 1-13 years old consuming a 
mix of probiotic (Bifidobacterium bifidum, L. acidophilus, L. casei, 
and L. salivarius) by 8 weeks found improves in SCORAD index 
for this disease and any cytokines and IgE48.

PROBIOTICS IN FOOD ALLERGY

There are not many studies conducted in humans to 
evaluate the effects of different probiotic strains on signs 
and symptoms allergic to certain foods, which makes it 
more difficult to determine whether the use of probiotics 
could help in treatment of this allergy. 

A recent meta-analysis assessed whether probiotics can 
prevent the development of food allergies in children, 
but could not determine if probiotics are beneficial in this 
regard49. A recent randomized controlled trial evaluated the 
use of probiotic L. rhamnosus CGMCC 13724 (2x1010 CFU) as 
adjuncts in the treatment of oral immunotherapy in children 
with peanut allergy and found that there was no allergic 
response to food50.

PROBIOTICS IN ATOPIC DERMATITIS

In vitro studies show the effects of probiotic exerted on the 
immune system of the host. These bacteria have the ability 
to stimulate specific and nonspecific immune response 
by activation of macrophages and increase of cytokines, 
natural killer cells, IgA and T lymphocytes35. Braat et al.36 

observed that supplementation of Lactobacillus rhamnosus 
for 2 weeks is capable of modulating T cell responsiveness 
in vivo and found that the probiotic was able to modulate DC 
inducing T cell hyporesponsiveness.

Humans and animals studies have showed probable 
mechanisms of probiotics in modulation of immune 
system of the host. They act repairing and maintaining the 
mucosal barrier, which reduces gut permeability; increases 
TGF-β and prostaglandin E2 production in enterocytes, 
thereby reducing translocation of allergy, enhancing local 
inflammation and promote tolerance; anti-inflammatory 
effect through toll-like receptor 9 by inhibiting Th2-type 
allergic response; DC increased activity in the intestine, 
which leads to tolerance of these cells; increase in Th1 
response with consequent reduction in differentiation 
of Th2 response; IL-10 production and TGF-β to enhance 
oral tolerance via DCs, IgA and Treg; increase in lymphoid 
tissue that generates tolerogenic effect; increase in Th1 
differentiation and IgA production in other tissues due to 
effects of GIT T and B cells , respectively37.

PROBIOTICS IN RESPIRATORY 
ALLERGIES

A systematic review evaluated randomized controlled 
trials testing use of probiotics on allergic respiratory 
diseases such as asthma and allergic rhinitis, and found 
that most studies indicated beneficial effects of probiotics 
in treatment of rhinitis and reduced severity of symptoms, 
thereby reducing the use of medications38. However they do 
not define possible probiotics strains and doses benefices. 
On the other hand, a meta-analysis including studies with 
intervention of probiotic in asthma and rhinitis allergic did 
not observe beneficial effect of probiotic on these diseases39.  

A double blind randomized controlled study administered 
108 CFU of L. reuteri in women during pregnancy and their 
children from birth until 12 months old and accompanied 
the children until seven years old. There was not reduction 
in the prevalence of respiratory allergy in preschool period40.

A recent meta-analysis evaluated whether probiotics can 
prevent and treat allergic rhinitis. There is not claim that 
probiotics should be used in the treatment and prevention 
of disease, although having showed improve overall in 
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A randomized clinical trial conducted with children between 
3 and 12 months old administered 1x109 CFU B. animalis 
subsp. lactis BB-12 and 1x108 CFU Streptococcus thermophilus 
TH-4 for a period of 8 weeks and evaluated its effects on 
gastrointestinal symptoms of allergy to cow’s milk. They 
found that the group receiving the probiotic associated 
with conventional treatment for allergy to cow’s milk 
had improved gastrointestinal symptoms and lower 
gastrointestinal clinical manifestations resulting from 
allergy to milk51.

CONCLUSIONS

Studies have showed conflicting results, which may be due 
to different methods, doses and strains used in the work, 
hindering the determination of strain and the quantity that 
could assist in the treatment and prevention of allergic 
diseases. However, probiotics seem to have promising 
effects in supporting of treatment and prevention of 
allergic diseases, principally respiratory allergies and atopic 
dermatitis. Well-conducted studies evaluating the use of 
probiotics in children with allergies should be performed to 
find out the strains that can be used to treat this disease. 

AUTHORS’ CONTRIBUTIONS

LC searched of database and wrote the manuscript. DCG and 
ELT revised of manuscript. All authors read and approved 
the final manuscript. 

COMPETING INTERESTS

Authors state that there are no conflicts of interest in 
preparing the manuscript.

REFERENCES

(1)	 Johansson SGO, Bieber T, Dahl R, Friedmann PS, Lanier BQ, 
Lockey RF, et al. Revised nomenclature for allergy for global 
use: Report of the Nomenclature Review Committee of the 
World Allergy Organization, October 2003. J Allergy Clin 
Immunol. 2004; 113(5): 832-6. 

(2)	 Pawankar R. Allergic diseases and asthma: a global public 

health concern and a call to action. World Allergy Organ J. 
2014; 7(1): 12. 

(3)	 Noverr MC, Huffnagle GB. The «microflora hypothesis» of 
allergic diseases. Clin Exp Allergy. 2005; 35(12): 1511-20. 

(4)	 Bieber T, Cork M, Reitamo S. Atopic dermatitis: a candidate for 
disease-modifying strategy. Allergy. 2012; 67(8): 969-75. 

(5)	 Patel S, Gruchalla R. Can We Be Too Clean for Our Own Good? 
The Hygiene Hypothesis Reviewed. Tex Med. 2017; 113(2): 54-9. 

(6)	 Romagnani S. Coming back to a missing immune deviation as 
the main explanatory mechanism for the hygiene hypothesis. J 
Allergy Clin Immunol. 2007; 119(6): 1511-3. 

(7)	 Wopereis H, Oozeer R, Knipping K, Belzer C, Knol J. The 
first thousand days - intestinal microbiology of early life: 
establishing a symbiosis. Pediatr Allergy Immunol. 2014; 25(5): 
428-38. 

(8)	 Rautava S, Luoto R, Salminen S, Isolauri E. Microbial contact 
during pregnancy, intestinal colonization and human disease. 
Nat Rev Gastroenterol Hepatol. 2012; 9(10): 565-76. 

(9)	 Bäckhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva-
Datchary P, et al. Dynamics and Stabilization of the Human 
Gut Microbiome during the First Year of Life. Cell Host Microbe. 
2015; 17(5): 690-703. 

(10)	Palm NW, de Zoete MR, Flavell RA. Immune-microbiota 
interactions in health and disease. Clin Immunol. 2015; 159(2): 
122-7. 

(11)	 Deplancke B, Gaskins HR. Microbial modulation of innate 
defense: goblet cells and the intestinal mucus layer. Am J Clin 
Nutr. 2001; 73(6): 1131S-1141S. 

(12)	 Macpherson AJ, McCoy KD. Standardised animal models of host 
microbial mutualism. Mucosal Immunol. 2015; 8(3): 476-86. 

(13)	 Agência Nacional de Vigilância Sanitária (Brasil). Resolução 
RDC nº 2, de 7 de janeiro de 2002. Aprova o regulamento 
técnico de substâncias bioativas e probióticos isolados com 
alegação de propriedades funcional e ou de saúde. Diário 
Oficial da União, Poder Executivo, 9 jan. 2002. [Internet]. 
[citado 3 de junio de 2016]. Disponible en: http://portal.
anvisa.gov.br/wps/wcm/connect/1c77370047457bcc8888dc
3fbc4c6735/RDC_02_2002.pdf?MOD=AJPERES

(14)	 Fioramonti J, Theodorou V, Bueno L. Probiotics: what are they? 
What are their effects on gut physiology? Best Pract Res Clin 
Gastroenterol. 2003; 17(5): 711-24. 

(15)	Gibson GR, Fuller R. Aspects of in vitro and in vivo research 
approaches directed toward identifying probiotics and 
prebiotics for human use. J Nutr. 2000; 130(2S Suppl): 
391S-395S. 

(16)	Sociedade Brasileira de Pneumonia e Tisiologia. Diretrizes da 
Sociedade Brasileira de Pneumonia e Tisiologia para o manejo da 
Asma – 2012. J Bras Pneumol. 2012; 38(Suplemento 1): S1-46. 

(17)	 Associação Brasileira de Alergia e Imunopatologia (ASBAI)/
Associação Brasileira de Otorrinolaringologia e Cirurgia 
Cérvico-Facial (ABORL-CCF). III Consenso Brasileiro sobre 
Rinites - São Paulo, 2012. Braz J Otorhinolaryngol. 2012; 75(6): 
1-52. 

(18)	Eichenfield LF, Tom WL, Chamlin SL, Feldman SR, Hanifin JM, 
Simpson EL, et al. Guidelines of care for the management 
of atopic dermatitis: section 1. Diagnosis and assessment of 
atopic dermatitis. J Am Acad Dermatol. 2014; 70(2): 338-51. 

(19)	Eichenfield LF, Tom WL, Berger TG, Krol A, Paller AS, 
Schwarzenberger K, et al. Guidelines of care for the 



Rev Esp Nutr Hum Diet. 2017; 21(3): 293 - 299

299 Probiotics in allergy treatment: a literature review 

of dendritic cell function. Am J Clin Nutr. 2004; 80(6): 1618-25. 
(37)	 Souza FS, Cocco RR, Sarni ROS, Mallozi MC, Solé D. Prebióticos, 

probióticos e simbióticos na prevenção e tratamento das 
doenças alérgicas. Rev Paul Pediatr. 2010; 28(1): 86-97. 

(38)	Vliagoftis H, Kouranos VD, Betsi GI, Falagas ME. Probiotics 
for the treatment of allergic rhinitis and asthma: systematic 
review of randomized controlled trials. Ann Allergy Asthma 
Immunol. 2008; 101(6): 570-9. 

(39)	Das RR, Naik SS, Singh M. Probiotics as additives on therapy 
in allergic airway diseases: a systematic review of benefits and 
risks. Biomed Res Int. 2013; 2013: 231979. 

(40)	Abrahamsson TR, Jakobsson T, Björkstén B, Oldaeus G, 
Jenmalm MC. No effect of probiotics on respiratory allergies: 
a seven-year follow-up of a randomized controlled trial in 
infancy. Pediatr Allergy Immunol. 2013; 24(6): 556-61. 

(41)	 Peng Y, Li A, Yu L, Qin G. The role of probiotics in prevention 
and treatment for patients with allergic rhinitis: A systematic 
review. Am J Rhinol Allergy. 2015; 29(4): 292-8. 

(42)	Azad MB, Coneys JG, Kozyrskyj AL, Field CJ, Ramsey CD, Becker 
AB, et al. Probiotic supplementation during pregnancy or 
infancy for the prevention of asthma and wheeze: systematic 
review and meta-analysis. BMJ. 2013; 347: f6471. 

(43)	Cao L, Wang L, Yang L, Tao S, Xia R, Fan W. Long-term effect 
of early-life supplementation with probiotics on preventing 
atopic dermatitis: A meta-analysis. J Dermatolog Treat. 2015; 
26(6): 537-40. 

(44)	Panduru M, Panduru NM, Sălăvăstru CM, Tiplica G-S. Probiotics 
and primary prevention of atopic dermatitis: a meta-analysis of 
randomized controlled studies. J Eur Acad Dermatol Venereol. 
2015; 29(2): 232-42. 

(45)	Kim S-O, Ah Y-M, Yu YM, Choi KH, Shin W-G, Lee J-Y. Effects 
of probiotics for the treatment of atopic dermatitis: a meta-
analysis of randomized controlled trials. Ann Allergy Asthma 
Immunol. 2014; 113(2): 217-26. 

(46)	Torii S, Torii A, Itoh K, Urisu A, Terada A, Fujisawa T, et al. 
Effects of oral administration of Lactobacillus acidophilus L-92 
on the symptoms and serum markers of atopic dermatitis in 
children. Int Arch Allergy Immunol. 2011; 154(3): 236-45. 

(47)	 Han Y, Kim B, Ban J, Lee J, Kim BJ, Choi BS, et al. A randomized 
trial of Lactobacillus plantarum CJLP133 for the treatment of 
atopic dermatitis. Pediatr Allergy Immunol. 2012; 23(7): 667-73. 

(48)	Yeşilova Y, Çalka Ö, Akdeniz N, Berktaş M. Effect of probiotics 
on the treatment of children with atopic dermatitis. Ann 
Dermatol. 2012; 24(2): 189-93. 

(49)	Kong X, Yang Y, Guan J, Wang R. Probiotics’ preventive effect 
on pediatric food allergy: a meta-analysis of randomized 
controlled trials. Chin Med Sci J. 2014; 29(3): 144-7. 

(50)	Tang MLK, Ponsonby A-L, Orsini F, Tey D, Robinson M, Su 
EL, et al. Administration of a probiotic with peanut oral 
immunotherapy: A randomized trial. J Allergy Clin Immunol. 
2015; 135(3): 737-744.e8. 

(51)	 Ivakhnenko ES, Nian’kovskiĭ SL. [Effect of probiotics on the 
dynamics of gastrointestinal symptoms of food allergy to 
cow’s milk protein in infants]. Georgian Med News. 2013; (219): 
46-52.

management of atopic dermatitis: section 2. Management and 
treatment of atopic dermatitis with topical therapies. J Am 
Acad Dermatol. 2014; 71(1): 116-32. 

(20)	Boyce JA, Assa’ad A, Burks AW, Jones SM, Sampson HA, Wood 
RA, et al. Guidelines for the diagnosis and management of food 
allergy in the United States: summary of the NIAID-sponsored 
expert panel report. Nutr Res. 2011; 31(1): 61-75. 

(21)	 Sociedade Brasileira de Pediatria, Associação Brasileira de Alergia 
e Imunopatologia. Consenso Brasileiro sobre alergia alimentaria: 
2007. Rev Bras Alerg Imunopatol. 2008; 31(2): 64-89. 

(22)	 Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight 
R, Gordon JI. The human microbiome project. Nature. 2007; 
449(7164): 804-10. 

(23)	 Roger LC, Costabile A, Holland DT, Hoyles L, McCartney AL. 
Examination of faecal Bifidobacterium populations in breast- 
and formula-fed infants during the first 18 months of life. 
Microbiology (Reading, Engl). 2010; 156(Pt 11): 3329-41. 

(24)	Gorissen DMW, Rutten NBMM, Oostermeijer CMJ, Niers LEM, 
Hoekstra MO, Rijkers GT, et al. Preventive effects of selected 
probiotic strains on the development of asthma and allergic 
rhinitis in childhood. The Panda study. Clin Exp Allergy. 2014; 
44(11): 1431-3. 

(25)	Tulic MK, Andrews D, Crook ML, Charles A, Tourigny MR, Moqbel 
R, et al. Changes in thymic regulatory T-cell maturation from 
birth to puberty: differences in atopic children. J Allergy Clin 
Immunol. 2012; 129(1): 199-206.e1-4. 

(26)	Pollard M, Sharon N. Responses of the Peyer’s Patches in 
Germ-Free Mice to Antigenic Stimulation. Infect Immun. 1970; 
2(1): 96-100. 

(27)	 Hooper LV. Bacterial contributions to mammalian gut 
development. Trends Microbiol. 2004; 12(3): 129-34. 

(28)	Kamada N, Seo S-U, Chen GY, Núñez G. Role of the gut 
microbiota in immunity and inflammatory disease. Nat Rev 
Immunol. 2013; 13(5): 321-35. 

(29)	Maranduba CM da C, De Castro SBR, de Souza GT, Rossato 
C, da Guia FC, Valente MAS, et al. Intestinal microbiota as 
modulators of the immune system and neuroimmune system: 
impact on the host health and homeostasis. J Immunol Res. 
2015; 2015: 931574. 

(30)	Macpherson AJ, Geuking MB, McCoy KD. Homeland security: 
IgA immunity at the frontiers of the body. Trends Immunol. 
2012; 33(4): 160-7. 

(31)	 Maynard CL, Elson CO, Hatton RD, Weaver CT. Reciprocal 
interactions of the intestinal microbiota and immune system. 
Nature. 2012; 489(7415): 231-41. 

(32)	 Melli LCFL, do Carmo-Rodrigues MS, Araújo-Filho HB, Solé 
D, de Morais MB. Intestinal microbiota and allergic diseases: 
A systematic review. Allergol Immunopathol. 2016; 44(2): 
177-88. 

(33)	 Salminen S, von Wright A, Morelli L, Marteau P, Brassart D, de 
Vos WM, et al. Demonstration of safety of probiotics -- a review. 
Int J Food Microbiol. 1998; 44(1-2): 93-106. 

(34)	Fuller R. Probiotics in man and animals. J Appl Bacteriol. 1989; 
66(5): 365-78. 

(35)	Matsuo K, Ota H, Akamatsu T, Sugiyama A, Katsuyama T. 
Histochemistry of the surface mucous gel layer of the human 
colon. Gut. 1997; 40(6): 782-9. 

(36)	Braat H, van den Brande J, van Tol E, Hommes D, Peppelenbosch 
M, van Deventer S. Lactobacillus rhamnosus induces peripheral 
hyporesponsiveness in stimulated CD4+ T cells via modulation 


