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ABSTRACT

Purpose of review: there are accruing evidences on the role of the intestinal
microbiota in the development of allergic diseases among infants. Elabor-
ating on this theoretical basis, studies did assess the possibilities to prevent
allergic diseases in infancy through manipulation of the intestinal micro-
biota. We review here such studies.

Recent findings: interventional studies led to conflicting conclusions on the
possible role of probiotics and prebiotics in allergy prevention. Two
metanalyses published in 2015 did reconcile all data. Guidelines have
been predicated on such studies using the GRADE methodology.
Summary: the guidelines for allergy prevention suggest for the first
time the use of probiotics and prebiotics. The existing evidences
stand for a use of such supplementation in particular for the prevention
of eczema. As there is no evidence so far of superiority of one probiotic
strand over the others, they should be considered as class and not as
individual products.
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INTRODUCTION

llergies are more common today among the inhabitants of

affluent countries than they were 70 years ago; yet remain
uncommon in poorer nations (1). There are probably hundreds of
explanations for this phenomenon, but there may be bacteriological
possibilities worthy of investigation. The kinds and amounts of
microbes (particularly parasitic worms) that babies are exposed to
now may differ compared to 60 years ago. This possibility cannot be
determined scientifically, but comparisons of bowel microbiota of
infants born in countries with low or high prevalence of allergies
have been reported to show differences (2). The exposure of infants
to different kinds of microbes in different geographical regions is
influenced by ethnicity and maternal diet, different hygiene stan-
dards, different obstetrical practices, and the amount of use of
antibiotics. Therefore, a connection between the composition of the
microbiota in early life, the programming of the immune system in
terms of later response to environmental allergens, and predisposi-
tion of the child to allergies, is a rational proposition (3).

Probiotics, Prebiotics and Food Allergy
Prevention: Clinical Data

The ‘hygiene hypothesis’ proposes that, as result of modern
public health practices, individuals experiencing a relative
deficiency in immune stimulation by microbes become vulnerable
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to the development of allergic hypersensitivities and their associ-
ated diseases. Working on this concept, studies aiming to evaluate
the effect of probiotic administration on the development of various
aspects of allergic disease in children have been developed in the
last 15 years. If they were demonstrated able to exert local and
systemic immunological effects (4), their administration may pro-
vide a tool to probe the relationship between specific microbial
exposures and allergies.

The first preventive study hypothesizing that probiotics can
reduce food allergy and thus atopic dermatitis (AD) assessed 159
pregnant women with history of atopy in the foetus’ parents or
siblings. At 2—4 week pre-natally and for 6 months during lactation,
mothers were given a placebo or Lactobacillus GG (LGG, 10,000
CFU daily). Non-breastfed infants were given the material directly
orally. The infants were followed for several years. Among 132
children who completed the follow-up, AD incidence — but not food
allergy incidence — in the probiotic group was one-half of that in the
placebo group (5).

After this seminal study, many others elaborated on the topic
of allergy prevention. The interventions were the administration of
probiotics, prebiotics or symbiotics. Their outcomes included AD,
food allergy, paediatric asthma and allergic rhinitis, yielding con-
flicting results. Non-systematic reviews casted doubts on the real
effects of these approaches®, and guidelines remained sceptical
about the real opportunity to suggest the use of probiotics or
prebiotics for allergy prevention (6). The basic problem posed
by supplementation of probiotic species remains to durably modu-
late the autochthonous microflora towards treatment applications in
the allergy setting. The effect of supplemented probiotic bacteria on
the evolutionarily conserved homoeostatic mechanisms, however,
is only initially been addressed”.

Probiotics, Prebiotics and Food Allergy
Prevention: Metanalyses

Clinical studies using probiotics or prebiotics in allergy
prevention are now quite numerous, allowing the production of
metanalyses. These revisions are able to overcome the difficulties in
interpreting health benefits (different strains, different doses, util-
ization of experimental preparations instead of actual probiotic
products available to the clinician, use of pro- and pre-biotics as
part of the diet, variable outcomes between results from indepen-
dent trials). Metanalyses published up to 2014 revising the use of
probiotics individually on the outcomes of sensitization, food
allergy, rhinitis, asthma and AD conclude that probiotics may
obtain a modest reduction in AD and allergic sensitization.

In 2015, two metanalyses evaluated the issue (7,8). The first,
produced by our group to inform the Guidelines on allergy pre-
vention (GLAD-p, see infra), evaluated probiotics in different
forms:

- direct (given to infants as an oral supplement or in the context of
milk formulae in non-breastfed infants)
- indirect (given to mothers during breast-feeding or pregnancy).

It assessed the following outcomes: eczema, asthma and/or
wheezing, food allergy, allergic rhinitis, adverse effects, severe
adverse effects. The metanalysis identified 29 studies correspond-
ing to the search criteria. Only a minority gave a direct evidence, i.e.
were exclusively targeted to the specific outcomes in a specific
period: one for probiotics given in pregnancy, one for probiotics
given during breastfeeding, and seven for probiotics given in
infancy. The remaining 20 studies gave evidence either for preg-
nancy and infancy (8 studies), for pregnancy and breastfeeding
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(4 studies), or for pregnancy, breastfeeding and infancy (8 studies).
Most of the studies present a moderate-to-serious risk of bias, in
particular about concealment of allocation and the number of
patients lost to follow-up. That said, the effects on the development
of eczema are significant for all three interventions: as seen in
Figures 1-3, the administration of probiotics reduces the risk of
eczema in infants:

- by 9 per 100 (RR 0.72 [95%CI 0.60—0.86]) when given
during pregnancy

- by 16 per 100 (RR 0.58, [95%CI 0.47-0.72]) when given
during breastfeeding

- by 5 per 100 (RR 0.82, [95%CI 0.70-0.96]) when given
during infancy.

No effect was found on other allergy outcomes. Regrettably,
the search found large variability in probiotics and their mixtures used
in the studies, precluding any conclusions about the effects of specific
strains. This gave occasion for a comment by researchers contending
the fact that, as clinicians must act on precise indications, they need
data on individual probiotic strains. In other words, one should refrain
from pooling data on different probiotics (9). Their metanalysis on
LGG in allergy prevention was coincident with our data; therefore,
even if LGG is the most-studied probiotic in allergy prevention, it is
not possible for the moment give a univocal indication. We agree that
this is unfortunate, as the strain of probiotic may be an important
factor in its preventive efficacy (10).

The other metanalysis on the effect of probiotic supplement-
ation during pregnancy and early infancy in preventing atopic
disease localized 17 studies, reporting data from 4755 children
(2381 in the probiotic group and 2374 in the control group). It
confirms that infants treated with probiotics had a significantly
lower RR for eczema compared to controls (RR 0.78 [95% CI:
0.69-0.89], P=0.0003). It indicated that mixtures of probiotics
might be more effective (RR 0.54 [95% CI: 0.43—0.68]). No
significant differences were found for asthma (RR 0.99 [95% CI:
0.77-1.27]), wheezing (RR 1.02 [95% CI: 0.89—1.17]) or rhino-
conjunctivitis (RR 0.91 [95% CI: 0.67—1.23]).

The GLAD-p Recommendations (11)

Based on the aforementioned metanalysis, the GLAD-p
recommendations for probiotics provide guidance for their use in
the context of allergy prevention. The new aspect is an opening to an
intervention in infants is high-risk for allergy. According to the
metanalysis, ‘high-risk for allergic disease’ is defined as having a
biological parent or sibling with existing or history of allergic rhinitis,
asthma, eczema, and/or food allergy. If this risk is extant, the WAO
guideline panel suggests using probiotics in the following situations:

e pregnant women at high risk for allergy in their children

e women who breastfeed infants at high risk of developing
allergy

o infants at high risk of developing allergies.

In these situations, infants would profit of a net benefit
resulting primarily — but not exclusively — from prevention of
eczema. All recommendations are conditional, and thus non-man-
datory.

The recently published GLAD-p guideline on prebiotics is
based on a metanalysis of 18 interventional studies, all performed
by the administration of prebiotics in formulae. None of the studies
was performed in pregnant or in breastfeeding mothers. The results
indicate a risk reduction for developing eczema, but the estimate is
not precise and does not exclude the possibility of no effect with a
risk ratio (RR) 0f 0.57 [95% CI:0.30 to 1.08]. Two studies evaluated
the risk for development of asthma or wheezing showing a decrease
in the risk (RR: 0.37,95% CI: 0.17 to 0.80). Only one study assessed
the risk of developing food allergy and reported a reduced risk that
was also estimated imprecisely, not excluding no effect (RR: 0.28,
[95% CI: 0.08 to 1.00]). Twelve studies measured nutritional status
(weight gain in most studies) and found no difference between
prebiotics and control groups (SMD: 0.06, 95% CI: -0.02 to 0.15).
According to these data, the WAO guideline panel chose to provide
no recommendation for pregnant and breastfeeding mothers, owing
to lack of experimental and observational studies in which prebiotic
supplements would be used in such settings. For infants, prebiotic

Probiotics Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
1.1.1 Pregnant women only
Boyle 2011 42 122 47 120 8.5% 0.88[0.63, 1.22] 686666
Subtotal (95% CI) 122 120 8.5% 0.88 [0.63, 1.22]
Total events 42 47
Heterogeneity: Not applicable
Test for overall effect: Z = 0.76 (P = 0.45)
1.1.2 Pregnant +/- BF mothers+/- infants
Abrahamsson 2007 34 95 32 93 7.5% 1.04[0.70, 1.53] ok T
Allen 2012 75 220 76 234 9.8% 1.05 [0.81, 1.36] g
Dotterud 2010 29 138 48 140 7.4% 0.61[0.41, 0.91] e
Huurre 2008 7 72 12 68 2.8% 0.55 [0.23, 1.32] i
Kalliomaki 2001a 15 64 31 68 5.7% 0.51[0.31, 0.86] —_—
Kim 2010 12 33 22 35, 5.6% 0.58 [0.34, 0.97] _=
Kopp 2008 14 50 12 44 42% 1.03 [0.53, 1.98] —_—t
Kukkonen 2007 57 459 82 463 8.9% 0.70[0.51, 0.96] =
Marschan 2008 16 52 18 46 5.3% 0.79 [0.46, 1.35] ——
Niers 2009 23 50 30 48 7.8% 0.74[0.51, 1.07] ]
Ou 2012 16 65 16 64 4.7% 0.98 [0.54, 1.80] .
Rautava 2002 4 27 14 30 2.3% 0.32[0.12, 0.85]
Rautava 2012 21 73 44 62 7.4% 0.41[0.27, 0.60] —_
Wickens 2008a 23 157 22 80 5.6% 0.53[0.32, 0.89] |
Wickens 2008b 38 158 21 79 6.4% 0.90[0.57, 1.43] e
Subtotal (95% CI) 1713 1554 91.5% 0.71 [0.59, 0.84] L 2
Total events 384 480
Heterogeneity: Tau? = 0.06; Chi* = 30.03, df = 14 (P = 0.008); I* = 53%
Test for overall effect: Z = 3.88 (P = 0.0001)
Total (95% CI) 1835 1674 100.0% 0.72 [0.61, 0.85] <
Total events 426 527
Heterogeneity: Tau? = 0.05; Chi? = 31.01, df = 15 (P = 0.009); I = 52%

Test for overall effect: Z = 3.95 (P < 0.0001)
Test for subgroup differences: Chi? = 1.31, df = 1 (P = 0.25), I* = 23.5%

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 1. Probiotics in pregnancy and eczema ’.
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Probiotics Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
2.1.1 Breastfeeding mothers only
Ortiz-Andrellucchi 2008 1 s1 14 37 69% 0.57[0.29, 1.11] ——r 990060207
Subtotal (95% CI) 51 37 6.9% 0.57[0.29, 1.11] i
Total events 1 14
Heterogeneity: Not applicable
Test for overall effect: Z = 1.65 (P = 0.10)
2.1.2 Pregnant +/- BF mothers +/- infants
Dotterud 2010 29 138 48 140 13.9% 0.61[0.41, 0.91] v
Huurre 2008 7 72 12 68 4.5% 0.55[0.23, 1.32] —
Kalliomaki 2001a 15 64 31 68 10.1% 0.51[0.31, 0.86] —
Kim 2010 12 33 22 35 10.0% 0.58 [0.34, 0.97] —
Kopp 2008 14 50 12 44 7.1% 1.03 [0.53, 1.98] |
Ou 2012 16 65 16 64 8.1% 0.98 [0.54, 1.80] s
Rautava 2002 4 27 14 30 3.6% 0.32[0.12, 0.85]
Rautava 2012 21 73 44 62 14.0% 0.41 [0.27, 0.60] —
Wickens 2008a 23 157 22 80 10.0% 0.53[0.32, 0.89] e
Wickens 2008b 38 158 21 79 11.7% 0.90 [0.57, 1.43] .
Subtotal (95% CI) 837 670 93.1% 0.61 [0.49, 0.76] <&
Total events 179 242
Heterogeneity: Tau? = 0.04; Chi* = 14.28, df = 9 (P = 0.11); I> = 37%
Test for overall effect: Z = 4.45 (P < 0.00001)
Total (95% CI) 888 707 100.0% 0.61 [0.50, 0.74] L 2
Total events 190 256
Heterogeneity: Tau? = 0.03; Chi* = 14.31, df = 10 (P = 0.16); I = 30% + 0‘5 + +

Test for overall effect: Z = 4.91 (P < 0.00001)

Test for subgroup differences: Chi? = 0.04, df = 1 (P = 0.84), I* = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 2. Probiotics in breastfeeding and eczema ”.

supplementation was conditionally suggested in all not-exclusively
breastfed infants, both at high and at low risk for developing allergy
(low certainty of evidence) (12).

Of course, the question of the use of pro- and pre-biotics for
allergy prevention is far from being completely elucidated. A list of
information is still needed, including interventional studies on

e better instruments than family history for evaluating the risk
of allergy in children (it predicts only about 30% of the
population risk)

e possible differences among the strains of the same probiotic
species;

o the effects of probiotics in different situations (for instance, in
the firstborns vs. subsequent)
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o the effects of prebiotics in different situations (for instance, in
pregnancy & breastfeeding).

We completely lack follow-up studies to evaluate the
long-term effects of the administration of probiotics and pre-
biotics. Most important, what is needed is a deeper knowledge
of the microbiome in its relationship with the development of
atopic dermatitis and the allergic disease. In this situation, [ would
expect more non—interventional studies on the microbiome of
children prone to develop food allergy and/or AD vs. healthy
children. The interventional studies proposing probiotics for the
primary prevention of the allergic disease completely jump
this step.

Probiotics Control Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
3.1.1 infants only

Lodinova-Zadnikova 2010 2 46 10 45 0.9% 0.20 [0.05, 0.84]

Morisset 2011 24 53 24 55 7.1% 1.04 (0.68, 1.58]

Soh 2009 27 124 30 121 6.5% 0.88 [0.56, 1.39]

Taylor 2007a 38 88 34 87 8.6% 1.10(0.77, 1.58]

West 2009 9 84 19 87 3.2% 0.49 (0.24, 1.02]

Subtotal (95% CI) 395 395  26.5% 0.83 [0.58, 1.19]

Total events 100
Heterogeneity: Tau® = 0.09; Chi’ = 8.92, df = 4 (P = 0.06); I’ = 55%
Test for overall effect: Z = 1.02 (P = 0.31)

3.1.2 Infants +/- during pregnancy +/- breastfeeding

Abrahamsson 2007 34 95 32 93 7.8%
Allen 2012 75 220 76 234 113%
Kalliomaki 2001a 15 64 31 68 5.6%
Kim 2010 12 33 22 35 5.5%
Kopp 2008 14 50 12 44 3.9%
Kukkonen 2007 57 459 82 463 9.8%
Marschan 2008 16 52 18 46 5.1%
Niers 2009 23 50 30 48 8.2%
Ou 2012 16 65 16 64 4.4%
Wickens 2008a 23 157 22 80 5.5%
Wickens 2008b 38 158 21 79 6.4%
Subtotal (95% CI) 1403 1254  73.5%
Total events 323 362

Heterogeneity: Tau® = 0.02; Chi* = 14.75, df = 10 (P = 0.14); I = 32%
Test for overall effect: Z = 2.81 (P = 0.005)

Total (95% CI) 1798 1649 100.0%
Total events 423 479

Heterogeneity: Tau® = 0.03; Chi* = 24.31, df = 15 (P = 0.06); I’ = 38%
Test for overall effect: Z = 2.77 (P = 0.006)

Test for subgroup differences: Chi* = 0.04, df = 1 (P = 0.85), I’ = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 3. Probiotics in infancy and eczema 7.
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CONCLUSIONS

The recent metanalyses on the use of probiotics and pre-
biotics in the context of allergy prevention paved the way to new
guidelines. We are more open to the use of these products than in the
past, but the evidence basing the recommendations is still tiny.
Currently, the main obstacle to harness the power of the microflora
through supplementation of prebiotics or commercial strains of
probiotics lies in our ignorance of how different microflorae interact
with the host, at different stages of development, in health and
particularly in allergic disease. Future studies will take stock of
state-of-the-art methods for the evaluation of the microflora to
better define the indications, the probiotic strains, the type of
prebiotic used (13).

Acknowledgements: None.

REFERENCES

1. Savage J, Johns CB. Food allergy: epidemiology and natural history.
Immunol Allergy Clin North Am 2015;35:45-59.

2. Allen KJ, Koplin JJ. Prospects for Prevention of Food Allergy. J Allergy
Clin Immunol Pract 2016e-pub ahead of prin.t.

3. Fiocchi A, Burks W, Bahna SL, et al. Clinical Use of Probiotics in
Pediatric Allergy (CUPPA): A World Allergy Organization Position
Paper. World Allergy Organ J 2012;5:148—-67.

www.jpgn.org

. Van Bever HC. Primary prevention of allergy: will it soon become a

reality? Pediatric Allergy Immunol 2016;27:6—12.

. Kalliomaki M, Salminen S, Poussa T, et al. Probiotics during the first 7

years of life: a cumulative risk reduction of eczema in a randomized,
placebo-controlled trial. J Allergy Clin Immunol 2007;119:1019-21.

. Muraro A, Halken S, Arshad SH, et al. EAACI food allergy and

anaphylaxis guidelines. Primary prevention of food allergy. Allergy
2014;69:590-601.

. Cuello-Garcia CA, Brozek JL, Fiocchi A, et al. Probiotics for the

prevention of allergy: A systematic review and meta-analysis of rando-
mized controlled trials. J Allergy Clin Immunol 2015;136: 952-61.

. Zuccotti G, Meneghin F, Aceti A, et al. Probiotics for prevention of

atopic diseases in infants: systematic review and meta-analysis. Allergy
2015;70:1356-71.

. Szajewska A. Recommendations on probiotics in allergy prevention

should not be based on pooling data from different strains. J Allergy Clin
Immunol 2015;136:1422-3.

. Cuello-Garcia CA, Brozek JL, Fiocchi A, et al. Reply: To PMID

26044853. J Allergy Clin Immunol 2015;136:1423-5.

. Fiocchi A, Pawankar R, Cuello-Garcia C, et al. World Allergy Orga-

nization-McMaster University Guidelines for Allergic Disease Preven-
tion (GLAD-P): Probiotics. World Allergy Organ J 2015;8:4.

. Cuello-Garcia C, Fiocchi A, Pawankar R, et al. World Allergy

Organization-McMaster University Guidelines for Allergic Disease Pre-
vention (GLAD-P): Prebiotics. World Allergy Organ J 2016;9:10.

. Vernocchi P, Del Chierico F, Fiocchi AG, et al. Understanding probio-

tics’ role in allergic children: the clue of gut microbiota profiling. Curr
Opin Allergy Clin Immunol 2015;15:495-503.

S17

Copyright © ESPGHAL and NASPGHAN. All rights reserved.



