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Resumen
La incidencia de enfermedades alérgicas en la infancia va en aumento y se ha convertido en una de las principales consultas. 
Una posible razón es la disbiosis del microbioma intestinal, relacionada con estados inflamatorios incrementados. Debido a 
la necesidad de mejorar la calidad de vida, impacto en lo económico y educativo, surgen los probióticos como tratamiento 
adyuvante, por lo que se pretende identificar la asociación del uso de Bifidobacterium en menores de 5 años con la 
modulación de la respuesta inmune en enfermedades alérgicas. El microbioma intestinal inicia su desarrollo y maduración 
desde la gestación, continúa en el nacimiento y termina hasta los 3 años, influenciado por factores maternos, neonatales y 
ambientales. La disbiosis intestinal generada por estos factores reduce la proporción de bifidobacterias, lo cual se relaciona 
con estados proinflamatorios. En consecuencia, estudios acerca del uso de Bifidobacterium en niños con enfermedades 
alérgicas ha evidenciado mejoría de síntomas y calidad de vida. Los probióticos favorecen un microbioma intestinal 
saludable, asociado a un estado antiinflamatorio, debido a la regulación en el balance celular Th1/Th2/T reguladoras y 
células asesinas naturales. Esta modulación en la respuesta inmune permite un mejor control de síntomas, calidad de vida 
y menor incidencia de enfermedades alérgicas en la infancia.

Palabras clave
Microbioma gastrointestinal, Bifidobacterium, probióticos.

Abstract
The incidence of allergic diseases in childhood is increasing and has become one of the main reasons for consultations. 
One possible cause is dysbiosis of the gut microbiome, related to increased inflammatory states. Due to the need to 
improve quality of life, and the impact on economic and educational aspects, probiotics have emerged as an adjuvant 
treatment, hence the aim is to identify the association between the use of Bifidobacterium in children under 5 years old 
age with the modulation of the immune response in allergic diseases. The intestinal microbiome begins its development 
and maturation from gestation, continues at birth and ends at 3 years of age, influenced by maternal, neonatal and 
environmental factors. The intestinal dysbiosis generated by these factors reduces the proportion of bifidobacteria, which 
is related to pro-inflammatory states. Consequently, studies on the use of Bifidobacterium in children with allergic diseases 
have shown improvement of symptoms and quality of life. Probiotics favor a healthy intestinal microbiome, associated 
with an anti-inflammatory state, due to the regulation of the Th1 / Th2 / T regulatory, cell balance and natural killer cells. 
This modulation in the immune response allows better symptoms control, quality of life and a lower incidence of allergic 
diseases in childhood.
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Introduction
Dysbiosis of the intestinal microbiome is re-
lated to alteration of the adaptive immune 
response1, whose changes generate modi-
fications in immune tolerance2, polarized 

imbalance towards Th2, immune hype-
rreactivity3 and, consequently, an increased 
inflammatory response that culminates in 
the development of allergic diseases4. The 
prevalence in pediatric age has increased in 
recent years.

Modulación inmune 
en enfermedades 
alérgicas asociada al uso 
de Bifidobacterium en 
menores de cinco años
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According to the World Health Organi-
zation (WHO), asthma is the most frequent 
chronic disease in this population5, with an 
annual mortality of approximately 250,000 
deaths that were mostly preventable6. Ecze-
ma has tripled in prevalence, affecting 1 in 
5 children7, and allergic rhinitis has become 
one of the main causes of consultation in 
pediatric patients due to the difficult con-
trol of symptoms8. It is necessary to improve 
the quality of life, reduce the economic and 
educational impact around allergic diseases 
in middle- and low-income countries9.

Probiotics are microorganisms that, 
when properly administered, can create 
benefits10, such as modifying the immune 
response11 and preventing or improving in-
testinal dysbiosis, thus reducing the risk of 
acute or chronic allergic diseases12. The most 
studied probiotics are: Bacillus spp., Lactoba-
cillus spp., Bifidobacterium spp., treptococcus 
spp., and Propionibacterium spp., and Propio-
nibacterium spp. They can be found in food 
products and influence nutritional metabo-
lism and the physiological function of the 
host13. 

Probiotics have been used as adjuvants 
in the management of allergic diseases14. 
For this reason, it is intended to identify the 
association of the use of Bifidobacterium in 
children under 5 years with the modulation 
of the immune response in allergic diseases.

Discussion
Characteristics of the gut microbiome in 
children under the age of five

The gut microbiome is composed of bacte-
ria, viruses, fungi and protozoa, which con-
tribute to the biosynthesis of amino acids, 
vitamins and metabolites, which are part of 
its structural elements15. Its development 
begins in gestation and lasts during the first 
3 years of life, until it reaches a mature mi-
crobiome, like the adult16; however, during 
this process there may be changes influen-
ced by different genetic factors, such as ges-
tational diabetes, use of antibiotics, delivery 
route, prematurity17 and type of feeding in 
the first years of life, generating intestinal 
dysbiosis18.

The delivery route is one of the main fac-
tors associated with the composition of the 
neonatal microbiome19. Vaginal birth allows 
contact with the maternal fecal and vaginal 
flora, dominated by species such as Lactoba-
cillus, Bifidobacterium and Bacteroides, which 
improve immune function and reduce the 
inflammatory response20. There is contact 
with maternal skin and environmental 
microorganisms21, such as Enterococcus, 

Staphylococcus epidermidis, Streptococcus 
paradanguinis, Klebsiella spp., Enterobacter 
cloacae and Clostridium perfringens by cae-
sarean section 22.

In 2016, Domínguez et al. found that 
controlled exposure to vaginal secretions in 
neonates born by cesarean section genera-
tes a change in the composition of the mi-
crobiome during the first months, enriching 
itself with Lactobacillus and Bacteroides23. 
Similarly, in 2015 Backhed et al. detailed the 
composition of the gut microbiome during 
the first year of life. Evaluating samples from 
98 mothers and their healthy children born 
vaginally or by cesarean section showed 
that from the fourth month of life the di-
fference in the microbiome between both 
birth routes was more heterogeneous, until 
progressing to a mature microbiome similar 
to the adult, influenced by a diet based on 
breastfeeding24.

As for food, if it is inadequate in the first 
6 months of life, it can cause malnutrition in 
children under 2 years of age, therefore, a 
deficiency in the development of the intes-
tinal microbiome can be caused25. Therefore, 
breastfeeding-based nutrition is important, 
since it provides immunoglobulins that help 
in the maturation of the immune system 
and oligosaccharides that degrade short-
chain fatty acids, which are directly related 
to the number of Bifidobacterium, allowing 
greater fermentation of oligosaccharides in 
the colon26.

The introduction of complementary fee-
ding initiates gradual changes in the com-
position, diversity and maturation of the 
intestinal microbiome, increasing the per-
centage of Bacteroides spp and Clostridium27 
and decreasing the Bifidobacterium family. 
However, the later one remains metabolica-
lly important in the adult microbiome.

The use of antibiotics at an early age de-
creases the amount of bifidobacteria and 
increases the percentage of gram-negative 
Enterococcusy, which increases the predis-
position to metabolic, inflammatory and im-
munological diseases28.

The development of the intestinal mi-
crobiome in prematurity is divided into 4 
phases: the first by Staphylococcus, followed 
by Enterococcus, Enterobactericeae, until re-
aching the last phase of Bifidobacterium29. 
Therefore, preterm infants are a group with 
alteration of the intestinal microbiome that, 
in addition to having a higher percentage of 
pathogenic bacteria, are exposed for a lon-
ger time to a hospital environment, antibio-
tics and different types of diet30. Also, they 
have a marked increase in proteobacteria 
compared to Bifidobacterium and Bacteroi-
des31, which causes alterations in intestinal 
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permeability, immune response to vacci-
nes and growth, favoring pro-inflammatory 
states32. Therefore, in premature infants, 
probiotics, when administered through 
breastfeeding or supplemented formulas, 
can avoid complications or reduce the risk 
of necrotizing enterocolitis.

Exclusive breastfeeding and maternal 
education on nutrition, hygiene and early 
stimulation33 allow the development of the 
mature intestinal microbiome with a predo-
minance of bifidobacteria, which generates 
positive changes in cognitive development 
and child growth34, especially in populations 
with malnutrition in developing countries 
or low resources. Similarly, the presence of 
older siblings or pets can contribute to the 
development of the infant gut microbio-
me35. Exposure to these generates an excess 
of Clostridium spp, Veillonella, Peptostrepto-
coccaceacey Coprococcusy subspecies of Bi-
fidobacterium in the intestine of the infant36. 

Effect of Bifidobacterium on the immune 
system response

Over the past few years the use of pro-
biotics has been on the rise. Its safety and 
effects on the immune system have been 
deeply investigated. In 2017, Manzano et 
al. contrasted different strains of probio-
tics, including two types of Bifidobacterium 
(Bifidobacterium longum subsp. infantis and 
Bifidobacterium bifidum). Also, Lactobacillus 
helveticus, against a placebo control group. 
Their report indicates that the consumption 
of these in childhood is safe, well tolerated 
(p  <0,001) and the growth is not altered 
(p <0,05)37.

In 2016, Wu et al. studied 264 healthy 
neonates with 0 to 7 days of age fed with 
formula and it was determined the effect of 
Bifidobacterium longum supplementation 
on gut microbiome composition and immu-
ne system development. It was showed the 
supplementation group significantly increa-
sed the number of bifidobacteria and the 
bifidobacteria/enterobacteria ratio through 
the analysis of blood and stool samples 
in the first four months, unlike the control 
group. Also, it was reported an increase in 
the secretion of interferon-γ (p =0,004), the 
main cytokine produced by Th1 lympho-
cytes, and it was discussed that the proper 
use of bifidobacteria in early stages could 
generate a healthy microbiome in non-
lactating neonates, as well as an adequate 
balance between the Th1/Th2 immune res-
ponse, thus reducing the risk of allergic di-
seases38.

On the one hand, De Andrés et al. con-
ducted a study with 202 infants aged 3-12 

months to demonstrate the modulating 
effect of probiotics on the immune system 
by comparing supplementation with 3 di-
fferent strains of Bididobacterium and Lacto-
bacillus against a placebo; when analyzing 
the concentrations of cytokines, chemo-
kines, growth factors and immunoglobul-
ins in stool samples, they showed that the 
predominance of Bifidobacterium in the in-
testinal microbiome, favored by the admi-
nistration of probiotics, increases the ratio 
of IL-10/IL-12, and relates its decrease to a 
pro-inflammatory state (p <0,001)39. But on 
the another hand, the placebo group due 
to the lack of supplementation presented 
an increase in TNF-α/IL-10 and generated 
an immune response contrary to that of the 
control group (p <0,001).

Similar results were described in older 
populations in the study by Lee et al., in 
2017, where they compared the daily ad-
ministration of the probiotics Lactobacillus 
paracasei spp. paracasei (L. paracasei), Bifido-
bacterium animalis spp. lactis (B. lactis) and 
Lactobacillus plantarum (L. plantarum), inte-
grated into yogurt for 12 weeks against a 
control group. They found that the absence 
of probiotic supplementation favors a pro-
inflammatory state due to increased activity 
of natural killer (NK) cells (p <0,001) and in-
creased serum level of IL-12, IFN-γ (p =0,041) 
and IgG1 (p =0,022) in the control group40.  

Similarly, Chowdhury et al. reported 
that the simultaneous administration of 
probiotics (Bifidobacterium longum and 
Lentinula edodes micelios) generates a pola-
rization towards an anti-inflammatory state 
when compared to a placebo, noting an 
increase in the activity of regulatory T cells 
(p =0,046)41.

As well as modulating the overall immu-
ne response, probiotics can directly genera-
te changes in the local immune response. 
In 2019, Xiao et al. conducted a study in 
infants aged 3,5-6 months in good health, 
whose diet was 80 % formula-based. At the 
beginning, they showed decreased levels of 
intestinal immunoglobulin A (IgA). When in-
cluding probiotic supplementation (Bifido-
bacterium infantis, Bifidobacterium bifidum 
and Lactobacillus helveticus), the IgA con-
centration remained at high levels compa-
red to the control group (p <0,0044)42.

Effects of Bifidobacterium 
supplementation on the control of 
allergic diseases 

The use of probiotics such as Bifidobacte-
rium sp. has gained importance in public 
health as an adjuvant treatment in the pri-
mary prevention of allergic diseases in pe-
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diatric patients43, with interventions even 
before birth.

In 2019, Kim et al. compared the effect of 
Bifidobacterium longum, Lactobacillus plan-
tarum, a mixture of both probiotics, a pla-
cebo control in mice with induced allergic 
rhinitis and demonstrated the three groups 
used probiotics presented a significant im-
provement in symptoms, lower levels of IL-4 
and IL-5 intranasal and bronchoalveolar, as 
well as a decrease in blood IgE and eosino-
phils,  mast cells and Th244.

In 2010, Dotterud et al. presented a pla-
cebo-controlled clinical trial conducted in 
415 pregnant women and found that in-
fants who consumed breastfeeding from 
mothers treated with probiotics had a lower 
probability ratio of developing atopic der-
matitis (OR =0,51) and significant decrease 
in severity (p <0,05) compared to the con-
trol group 45.

In 2014, Similar results were obtained in 
the open-label study by Enotomo et al., con-
ducted with 166 healthy pregnant women, 
in which they compared the supplementa-
tion of a mixture of bifidobacteria against a 
control group. Bifidobacteria were adminis-
tered to mothers 4 weeks before the due 
date and to neonates from 1 week after bir-
th to 6 months of age. It was discovered that 
the treated group had a lower prevalence of 
eczema at less than 10 months (p  =0,007) 
and 18 months (p =0,033)46.

Primary prevention interventions have 
also shown benefits when applied in late 
childhood. In 2019, Schmidt et al. conducted 
a clinical trial in 290 healthy children with an 
average age of 10 months, comparing the 
6-month use of a combination of lactobaci-
lli and bifidobacteria against a placebo con-
trol. They reported that the treated group 
had a lower incidence of eczema (p =0,036) 
compared to the control group47.

Del Giudice et al. conducted a clinical 
trial in 40 children with pollen-induced aller-
gic rhinitis and intermittent allergy asthma, 
comparing a mixture of bifidobacteria aga-
inst a placebo control during four weeks. 
They assessed as outcomes the relief of na-
sal symptomatology and the improvement 
in quality of life. The treated group presen-
ted significant improvement in symptoms 
(p <0,005) and quality of life (p <0,001), whi-
le the control group presented worsening in 
both parameters48.

Research in older populations shows si-
milar effects with the use of probiotics. In 
2021, Anania et al. conducted a prospective 
study in 250 patients aged 6-17 years with a 
diagnosis of allergic rhinitis, comparing the 
use for 3 consecutive months of a mixture 
of bifidobacteria and enterococci against a 

placebo control. It was evidenced that the 
treated group presented a significant impro-
vement in nasal symptoms (p  =2,2x10-10), 
a reduction in the use of oral antihistami-
nes (p =<0,001) and topical corticosteroids 
(p =<0,001)49.

In 2020 Kang et al. conducted a clinical 
trial in 95 adults with allergic rhinitis in which 
they compared a mixture of bifidobacteria 
and lactobacilli against a placebo control. 
They administered them as monotherapy 
for 4 weeks and significant improvements in 
nasal symptoms (p =0,029), in the marker of 
immune response (p =0,047) and in the pro-
portions IL-10/IL-4 and IL-10/IL-13, p =0,046 
and p =0,018, were presented at the end of 
the management 50.

Conclusión
The use of probiotics favors a healthy intes-
tinal microbiome, associated with an anti-
inflammatory state in the body, due to the 
regulation in the immune system by diffe-
rent routes, mainly through the cellular ba-
lance Th1/Th2/T regulators and NK. This mo-
dulation in the immune response decreases 
the incidence of common allergic diseases 
in childhood, such as allergic rhinitis, asthma 
and eczema.
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