University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Ismail, IH;Boyle, RJ;Licciardi, PV;Oppedisano, F;Lahtinen, S;Robins-Browne, RM;Tang,
MLK

Title:
Early gut colonization by Bifidobacterium breve and B. catenulatum differentially
modulates eczema risk in children at high risk of developing allergic disease

Date:
2016-12-01

Citation:

Ismail, I. H., Boyle, R. J., Licciardi, P. V., Oppedisano, F., Lahtinen, S., Robins-Browne,

R. M. & Tang, M. L. K. (2016). Early gut colonization by Bifidobacterium breve and B.
catenulatum differentially modulates eczema risk in children at high risk of developing
allergic disease. Pediatric Allergy and Immunology, 27 (8), pp.838-846. https://
doi.org/10.1111/pai.12646.

Persistent Link:
https://hdl.handle.net/11343/291835



© 00 N o 0o b~ W N P

W W W N N D DN DN DN N DN DNDNN P P P PP PP PP P
N P O © 0 NN OO0 O A W MNP O O 0O NO O b O M+~ O

Received Date : 18eb2016
Revised Date : QAug-2016
Accepted Date : 05ep2016
Article type===*Original

TITLE PAGE
Original Article

Early gut colonisation by Bifidobacterium breve and B. catenulatum differentially

modulates eczemarisk in children at high-risk of developing aller gic disease

Intan H. Ismait®> Robert J. Boyle** Paul V. Licciardi? Frances OppedisahoSampo
Lahtinert, Rey-M#RobinsBrownée"?° and Mimi L.K. Tang*°

"Murdoéh Childfes Research Institute, Melbae, Australig “The University of Melbourne
Melbourne, Australia Universiti Putra Malaysia, Selangor, Malaysfamperial College
London, London, United Kingdom; arnBoyal Children’s Hospital, MelbournAustralia

Running title: Early gubifidobaderid colonisationand infant eczema

Corresponding. author

Professor Mimi L.K. Tang, MB BS, PhD

Department.of Allergy and Immunology, Royal Children’s Hospital

Group leader;Allergy and Immune Disorders, Murdoch Childrens Research Institute
The Royal@ildren’s Hospital Flemington RoadParkville, Victoria 3052, Australia
Telephones#613 9345 5733

Fax: +613 9345 4848

E-mail: mimi.tang@rch.org.au

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

asdoi: 10.1111/pai.12646

This article is protected by copyright. All rights reserved


http://dx.doi.org/10.1111/pai.12646�
http://dx.doi.org/10.1111/pai.12646�

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Ismail et al 2

ABSTRACT PAGE

Ismail IH, Boyle RJ, Licciardi PV, OppedisakgLahtinen SRobinsBrowneRM and Tang
MLK

Early gut/colonisation by Bifidobacterium breve and B. catenulatum differentially

modulates'eczemarisk in children at high-risk of developing allergic disease

Pediatr Allergy.Immunol

Abstract (250wor ds)

Background: An altered compositional signature and reduced diversitly early gut

microbiotaare linked to development of allergic disea$¥e investigated the relationship

betweendominant Bifidobacterium species during early postnatal period and subsequent

development oéllergic diseasén the first year of life.

Methods: Faeea'samples were collecteat agel week, 1 month and 3 montfiom 117
infants athigh risk of allergic diseas®&ifidobacterium speciesvereanalysed byuantitative
PCR andterminal restriction fragment length polymbism. hfants were examined at 3, 6
and 12 months; andis prick test performedt 12 monthsEczema was diagnosedcording
to the UKWorking Party criteria.

Results The presence dB. catenulatum at 3 monthswas associated with a higher risk of
devebping eczema (OR=4.5; 95% CI 1.56 to 13.05,§=0.009. Infants colonised withs.
breve at 1/ week(OR.q=0.29 95% CI10.09 to 0.95 pagi=0.04 and 3 months(OR.q=0.15
95% C10.05_to 044, pg=0.00001)had a reducedsk of developing eczem&urthemore,
the presence d. breve at 3 monthsvas associated withlawer risk of atopic sensitisation
at 12months(OR.4=0.38 95% CI10.15 to 0.98, p;=0.05. B. breve colonisation patterns
were influenced bynaternal allergic statuepusehold pets and mier of siblings.
ConclusionsiFemporal variationsn Bifidobacterium colonisation patteshearly in life are
associatedswitlhater development of eczeraad/or atopic sensitisation in infarashigh risk
of allergc disease Modulation of theearly microbiota may providea meansto prevent
eczemadn high risk infants.
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Atopic sensitisation Bifidobacterium breve; Bifidobacterium catenulatum; eczema; gut
microbiota;terminal restriction fragment length polymorphism

INTRODUCTION

The development of the intestinalicrobiota occurs during the first few years of life, a
window of time that corresponds a criticalstageof immune development and maturation
(1). Colonistion with bifidobacteriamay be particularly important as aberrancies in
bifidobacterial number and composition have been identified prior to developmeleargical
disease (2, 3), suggesting a role in diseagmthogenesis (4, 5)Reconstitutionwith
Bifidobacterium infantis restore oral tolerance in germ free micbut only if this occurs
during the.neonatal ped (6) further supporting the role of bifidobacteria in immune

development.

We and othersthavdemonstratedhat ieducedmicrobial diversity early in lifds associated
with an inereased risk of developing allergic disease in childh(6d0). However, the
specific species. differenc@s the intestinal microbiota associated with allergy vary between
different study cohorts and geographical regi¢hsll, 12) ando specific bifidobacterial
specieshas been consistently identified as a key modifier abiérgic diseaserisk.
Neverthelessthe bifidobacterib fingerprint could be used as a pdteh biomarker to

understand the intestinal status pointing to a putative dysbpiasi$ conversely, the
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Ismail et al 4

bifidobacteria composition coulépresena targetfor preventionand/ortreatment otllergic
disease. A ecent study demonstrated that mice withdfalergy exhibit a specific gut
microbiota signaturél3), thusstrengthening thputativerole of microbehost interactiogin

the development of allergitisease.

While microbial'diversity iknownto be important for immunological maturation, it is still
debatable"as to whether different species of microbidtiain the same phylogroupsave
different impacs on allergic disease manifestatioms.this study, weaimedto examine the
relationship. betweerthe dominantBifidobacterium speciesin the neonatal gutand the
development oéczemaor atopy during the first year of life.

METHODS

Study design

The infants_included in this study were part shadonisedcontrolled trial(RCT) assessing
the effectivenes®f prenatally administered probiotit@ the prevention of eczenma infants

at high risk-ef.developing allergic disea@erobiotic Eczema Prevention Stydegistered
with Cochrane/ Skin Groupvww.nottingham.ac.uk/ongoingskintrialstrial no. 3. As

describedn detail elsewher¢l4), 250participatingmotherswere randomisetb take 1.8 x
10" colonyforming unitsLactobacillus rhamnosus GG (LGG; Dicofarm SpA, Rome, Italy)
or maltodextrin pladeo once dailyfrom 36 weeks gestation until deliverylnfants were
evaluated a8, 6 and 12 months fahe presence of eczerbg an allergy nurse qraediatric
allergisttrained in eczema diagnosis and severity assessfAenestionnaire &s completed
on each occasiorinfant faecalsampleswere collectecbn days7, 28, and 9f life. The
study was_approved by the Human Research Ethics Commitethe Royal Children’s
Hospital and Mercy Hospitdbr Women Written informed consent was obtained from all
participants.The first 117 infants whosenothers erolled in the original study (5probiotic,
57 placebpwithradequate faecal sampkesmed the studgamplethat we report herélhe
aim of thismestedstudy was to compare thgifidobacterium speciesin (i) infants who
developedeczema during the firstearof life and thosewithout eczemaand (ii) sensitised

and nonsensitisednfants.

Definition of eczema, | gE-associated eczema and sensitisation
Eczema was definedccording tothe UK Eczema Working Partgriteria (15), namely, a

history of itchy skin, scratching or rubbing plus at least three of the follovhistpry of
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generallydry skin; history of skin rash affecting the flexures, cheeks or outer surfaces of the
limbs; visible dermatitis at any study visit affecting the flexures, cheeks or outer surfaces of
the limbs.Skin prick testing (SPT(positive controll0% hstaminechloride; negative control
glycerinsaline) was performedat age 12 months to house dust mite, cat, ryegrass pollen,
cow’s milk,"egg and peanut (Stallergens, Antony, Frank®pic sensitistion was defined

as a SPT/wheal diameter3mm greater than the negative control to any single allergen
tested.lgE-associated eczema was defined as the presence gidsitive SPT and eczema

at any time during the first 12 months.

Collection of faecal specimens

Infant faecal/samples were llswted at home by parents into sterile faecal specimen
containerand placed immediately in-20°C freezer where samples were stored until delivery
to the laboratoy on an ice pack. Samples were thiéguatedand stored frozen a80°C until
they wereprocessedDifferent storage conditions daecal samples can influence gram

negative bacteria populations but is unlikely to influence bifidobacteria.

Quantification.of total genus Bifidobacterium by real-time PCR

Total levels ofBifidobacterium in stod samples were determined by quantitative -teaé
PCR as deseribegreviously (16).To obtain a standard curve for tiBfidobacterium
quantification, B. infantis DSM 20088 (Deutsche Sammlung von Mikroorganisnueal
Zellkulturen DSMZ, Germany) was grown in reinforced clostridial medamaerobically for

20 hours at 3. A portion of the actively growing culture was subjected to DNA extraction
as describedoreviously (17),and another portion was plated on reinforcetbstridial
medium. Plates. were incubated anaerobicatly37C for 3 days, and the colonies were
counteds,Serial, dilutions athe DNA and the corresponding plate counts were used as
standards instheeattime PCR. The change in totRifidobacterium concentration oer time
was analysed by using a genesatdi estimating equation approach with a nordastribution

and an identity linkSincethe distribution ofbacterial countsvas positively skewed, data

were loggstransformed before analysis.

Identification of Bifidobacterium species by terminal restriction fragment length

polymor phism peaks

This article is protected by copyright. All rights reserved
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Bacterial DNAwas extracted as described previoydly) and stored at20°C until analysis.
Bifidobacterium species compositiorof the faecal samples were anadgs by terminal
restriction fragmentength polymorphism(T-RFLP) as describedatlsewhere(18). Briefly,
genusspecific primers were used to amplifyBifidobacterium 16S rDNA fragment which
wasisolated by-gel electrophoresis and extracted with QIAquick Gel ExtnakitigQiagen,
Hilden, Germany)Puified DNA was subjected to enzymatic restriction by incubating@0
DNA with 10°U of Alul (New England Biolabs Indpswich, MA, USA) at 37C for 4 hours.
Enzymes were inactivated at the manufacturer’'s speddimg@eratureDNA was preciptated
overnightand pelletsverewashed and aidried. The digested products were analysed on a
model 377DNA/sequencer (Applied Biosystenitspster City CA, USA), at the Australian
Genome Research Facilityylelbourne, Australia Profiles were generated by analysing
fragments up to 530 nucleotides in lengifwelve differentBifidobacteriumstrainswere
used to obtain theeference peak values fBifidobacterium species identificationf18). The
identity of the cultures of the referenBdidobacterium strains was confirmed by species
specific PCR as describgd6). Based on the reference peaks, thRHLP peaks derived
from the steelfsamples were allocated into 6 groups: Bheadolescentis group @.
adolescentis,andB. dentium), B. angulatum, B. lactis, B. breve, the B. catenulatum group 8.
catenulatum and B. pseudocatenulatum), and theB. longum group B8. bifidum, B. longum
biotype infantis/and B. longum biotypelongum). Peaks representing an area of <1% of the

total area of peaks were excluded from the analysis.

Statistical analysis

The Chi-square or Fisher's exact test was performed to determine whether the presence of
different Bifidobacterium speciesand overall bifidobacteriaat three different time points
differed between children developirgndnot developingllergy by 12 months The effects

of confounding/factors such as gender, treatment allocation groups, mode of delivery,
exclusive breastfeeding for 4 monthmumber of siblings, antibiotics angbghurt intake
during pregnancy, antibiotic use in infants, and ifarhistory of allergic diseasavere
assessed.using multiple logistic regression analysisesults areexpressed as odds ratio
(OR) with95%. confidence interval (ClSpearman’s rankcorrelation coefficient was
calculated to investigate whether the k¢¢ael of bifidobacteriain faecal samples at different

time points correlatedith possible confounding factors that may influence thanatal gut
microbiota. P values < 0.05 were considered to bignificant. All calculations were

performed using STATAersion 11 software (StataCorp LP).
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RESULTS

Characteristics of participating infants

Of 117infants, 41 (3%) developed eczraat any time during their first year of liend 76
(65%) remained healthySkin prick testing was performed in 102 of 117 m$ Ofthese
102 infants, 35 (84.3%) had #&ast one positive SPT against tested allergens anddreref
regarded as sensitised (atopic), while 67 infants (65.7%) were SPT negathadpich Of

41 infantsgwho ever had eczema, 22 (53.7%) haehkgb@ted eczema. In total 33nfants
(29.1%) were delivered via caesarean sediwh83 (70.9%) were born vaginally. During the
first 3 months when the faecal samples were colled®dnfants (38.%) were exclusively
breastfedand /16 (13.7%) had receiveahtibiotics. Table | shows the characteristics of 117
infants whose "faecal samples were available for analgsng infants who developed
eczend, 95% (39/41had at least one parent affected with allergic disandet1.5% (17/41)
had both parents withllargic diseaseas compared to 88% (&8 and 34.2% (26/76)
respectivelyin those who remaindaealthy (p=0.2and p#9.4,respectively. Infants attending
day care were.léss likely to developed eczema @@®R; 95% CI 0.20 to 0.98, p04) when
compared-tothose who did not attend day cafehere were no significant associations

between otherinfluencing factors and eczema development.

Frequencies of Bifidobacterium species in children who developed allergic disease

The prevalenceof differentBifidobacterium speciesn the gut microbiota ofczemaand non
eczemanfantsat different time pointss presentedn Table Il. Sample sizes vary as we were
unable toanalysesome bifidobacterial profiles because of unsuccessful restrietiagme

digestion ofinsufficientDNA for analysis.

At 1 week’ofage,almost threequartersof infants were colonised withifillobacteria (74.4%,
87/117) and-almost all infants (92.3%08/117 had bifidobacteria by 3 monthEhere were
no differencessin the prevalence mferall bifidobacterial colonisation between eczeand
non-eczemarinfantand between sensitised and +samsitised infants at atime points
evaluatedAt'agel week, 1 month and 3 months, the most frequetdtgctedifidobacterial
species irboth groups of infants belonged to #dongum group.

Infants with eczema in the first 12 months were less often colonisedwhtieve at 1 week

and 3 months(p=0.05and p$.001, respectively compared to those without eczema. There

This article is protected by copyright. All rights reserved
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was also d@rendfor infantswith eczema tde less often colonised with breve at 1 month
(p=0.06 compared to infants with no eczena contrast, infants who ever had eczema were
more often colonised witB. catenulatum at 1 and 3 months than healthy controlsQ(05

and p#9.01, respectively)but not at 1 weeklFigure 1 shows the prevalenceBfbreve and

B. catenulatumrat the time points 1 week, 1 month and 3 months in the groups of infants who
developed and did not develop eczema at 12 months.

With regards to sensitisatiomje found that infants whwere sensitisedt 12 monthsvere
less oftercolonisedwith B. breve at 3 monthsas compared to thosehavwerenot sensitised
(P=0.05), butthere was no association betwdrbreve colonisationat 1 week(p=0.4)or 1

month (p9:9)/@and sensitisatian

We alsoexamined the relationship between presence of diff@i@igibbacterium speciesand
development of Igkassociated eczema thy the first 12 monthsinfants with IgE
associated.eczema were less oftelonised withB. breve a 3 months compared to infants
who did not.developany eczemgp=0.04) but not at 1 weekr 1 month B. catenulatum was
detected more_ ofteat 1 and 3 months infants with IgEassociated eczema thanthose
without eczema (p=0.03 and p=0./@Spective}), but notat 1 week.

The colonsation pattern of the other bifidobacterB @dolescentis, B. angulatum, B. lactis
and B. longum) was similar in infants who didbr did not develop eczema, IgdSsociated

eczema and atopic sensitisation.

Logistic regression modelling

Tablelll shows the association between each bifidobacterial species at age, 1 weskh
and3 monthsand the development aflergic manifestations (eczema, lgEsociated eczema
and atopicrsensitisatiomjithin the first 12 monthgested using parametric tests and logistic
regression=with” and without adjustment toeatmentgroup allocation, gender,mode of
delivery, and type of infant feedingnaternalyoghurt and antibiotic consumption during
pregnancy, antibiotic use in infansaental and sibling history of allergy, and number of
siblings The direction of the associatiospecifically forB. breve and B. catenulatum was
unaffected by the adjustmerdlthoughadjusted analysesnhanced the significance of the

findings.

This article is protected by copyright. All rights reserved
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The adjuded odds ratio (ORadj)for eczema evein infants colonised b. breve was0.29
(95% CI 0.09 to 0.95p=0.04)if colonisedat 1 week 0.09 (95%CI 0.0L to 0.85 p=0.03) if
colonisedat 1 month, and.15 @5% CI10.05to 0.44, p=0.0000) if colonisedat 3 nonths
when compared to infants not colonised vthbreve. The riskof havingeczema evewas
significantly=higher in infants colonised wiBh catenulatum at 1 month(ORadj5.26 Cl 1.27
to 21.&, p=0.02) and3 months QRadj4.51;, 95% CI 1.56 tdl3.05 p=0.009 comparedvith

non-colonisednfants (Table III).

Infants who.were colonised with breve at 3 months were less likely bave IgEassociated
eczema as,compared tocofonised infants (ORadj 0.29; CI 0.08 to 0.960484). Infants
colonised withB, catenulatum at 1 month ORadj 9.04; Cl 1.72 to 47.52. p=0.009) a&d
months (ORadj 4.11; CI 1.19 to 14.19,0083 were at higher riskof developing IgE-
associated eczema compared vinfiants not colonisedith B. catenulatum (Table III).

Colonisationwith B. breve at 3 months (but not at 1 week and 1 mdntlas protective
against development of atopic sensitisation (ORadj 0.38; 95%.151t6 0.98 p=0.05),
specificallyagainstinhalant sensitisation (ORa@j10; 95% CI 0.01 to 0.85, p=0.03) but not
against 'food sensitisation (p=1). However, colonisatiorwith B. catenulatum was not
associated with atopic sensitisation, food or inhalant sensitis@liaiple 111).

Colonisation with other bifidobacteria, nam@&yadol escentis, B. angulatum, B. lactis andB.
longum at any time pointassessed wasot associated with any dhe allergic disease

outcomegTable l11).

External factors influence the early infant gut microbiota

We also,analysed differeekternalfactors that could modify or modulate the composition of
gut microbietasin early infancylhe number of family members correlated withal number

of bifidobacteria at 1 monthr£0.3, p=0.03, andmaternalkantibiotic use in the last@ weeks

of pregnaney, correlated witbtal numberof bifidobaderia at 3 months (r=0.3, p=0.002).

In 1 week and 3 mongifaecalsamples, totabifidobacterialevels werenverselycorrelated
with mode of deliveryr=-0.4, p=0.0009 r=-0.2, p=0.04 respectively. For the allergic status
of family members, total bdobacteria at 1 weeland3 months weranegativelycorrelated

with maternal allergy and both pats with alergy (r=0.3, p=0.01; r=0.35, p=0.002,

This article is protected by copyright. All rights reserved
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respectively). Similarlythe presence of bifidobacteria at 3 months was inversely correlated
with sibling/s wth eczema (r=0.36, p9.01).Exclusive breasedingfor lessthan 4months

was negativelgorrelated withtotal numbeof bifidobacteria aft month(r=-0.3, p=.05) and

the starting ofinfant formula abge3 mathswas negatively correlated with totaimber of
bifidobacteriasaB monthgr=-0.4, p=0.03).

When specific bifidobacterial straimgeere examinedwe found that infants who have allergic
motherswere less likely tde colonisd with B. breve at 1 week (OR 02 CI 0.08 to 0.61,
p=0.003 and 3.months old (OR.29;, CI 0.12 to 072 p=0.008).Likewiseg, infants who have
both parents with allergic disease (OR3) CI 0.07to 0.72, p=0.01) and household pets (OR
0.28 CI 0410/to, 0.75, p&.01) were less likely to harlbo B. breve at 1 week. However,
infantswith™2 or more siblingsvere more likely tdbe colonised wittB. breve at 3 months
old (OR 4.06; CI'11.41 to 11.70, p=0.009)

DISCUSSION

The pesence.ofifidobacteriahasbeen associated with a lower risk of developatigrgic
diseasg2,'3), althouglsome studiebave not shown any associati(d 19).In the present
study,we assessed the association between diff@ididbbacterium speciesand subsequent
development.of eczema and atopic seseditbn We found that the presence Bf breve at

age 1 week and 3 months was associated with a lower risk of developing eczema and
sensitisatiorat age 12 months. In contrast, colonisation \Bitlcatenulatum at age 3 months

was associated with an incredsisk of eczema development in the first y&afferencesin

the distribution ofBifidobacterium species have been obseneetween allergic andon-

allergic infants_in countries with higlincidence of allergic diseasdd, 11, 12, 20, 21).
Interestingly, the specific differences in patterns of colonisation Biftdobacterium species

differ in different geographical location®ur finding thatB. catenulatum was detected more

often in infants"wao later developed allergic diseaseconsistent with data from New
Zealand theldKfand Japan, andontrast withthe study byStsepetovat alin Estonia(21).

We did notsidentifyany association betweds. adolescentis and allergic disease outcomes as
Ouwehand dig{20). Taken together, these findingaggest that differences in the levels of
selected microbial specias allergic and healthy infantsan be demonstrated consistently
butthe baterial species associated with either the presence or absence of atopic disease vary
between different study cohorts and geographical regidns highlights the importance of

diversity in early life immune regulation anddevelopmentof allergic diseasas reduced

This article is protected by copyright. All rights reserved
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336 diversityof early gut microbiot#és associated with eczema developn{@ni0).Nevertheless,
337 it remains likely that species of bacteria have specific immune effects that contriltige to
338 functional signature of the microbiot®isruption of the functional signature is likely to
339 reflect combined effects of 1) altered species composition and 2) reduced microbial diversity
340 since increased diversity can alldor greater redundancy of functional activity. In the
341 presence 0f reduced diversity the compositional signature becomes more important because
342 there is reduced capacity for the less maicrobiotato compensate for reduced/absence of
343 particular specieddowever, to assess functional signasud@ectly,it would be necessary to
344  perform metabolomic stigls, whichwere beyond the scope of this project.

345

346 Althoughwe demonstrated thatrly B. breve andB. catenulatum colonisation can influence
347 developmenbffeczemaand atopic sensitigion in infants,the mechanismgshrough which
348 these bifidobacteria exert their effe@se unknown The immune effects oéxposure to
349 microorganisms are botspecies and straidependentfor example, theapacity toinduce
350 FoxP3 Tregcells (22), andstimulatethe production oflifferent pre and antiinflammatory
351 cytokines R2.23). Hence itwas not unexpected to identify differential efts associated
352 with individual kfidobacterial species in our studén infant-typeBifidobacterium such as
353 B. breve inducesthe production of regulatory and Tiheytokines.In a murine model of
354 allergic inflammation,orally administeredB. breve M-16V was shown to suppress the
355 production of Th2 cytokinell(-4) and IgEby inducing the secretion weéguhtory (IL-10)
356 and Thl (IFNy) cytokines (24).Similarly, synbiotic (B. breve M-16V and prebiotics)
357 treatmentn asthmat adultsreduced allergeinducedTh2 (IL-4, IL-5 and IL-:13) responses
358 (25). B. catenulatum is generally categorisd as an adultype of Bifidobacterium species
359 (26). In vitro_studies demonstrated tHat adolescentis (anotheradulttype Bifidobacterium)

360 isolated from allergic infanttrigger the production of p-inflammatory cytokinesuch as
361 TNF-a, and. IL:12 (27).B. catenulatum is alsoreported to be a strorigduce of IL-4 and
362 IFN-y production (28)Taken togetherthesestudyfindings suggest thahe development of
363 infant eczemaand/or atopy can be influenced by modulation of specific bifidobacteria
364 patterns insearly lifedepending on theimmunomodulatory propges and this may be more
365 apparent inthe,setting of reduced microbial diversity.

366

367 Two previous large scale studiésled to demonstrate any significam$sociatiorbetween
368 bifidobacterial colonisation and developmentadiergic/atopic outcomem infancy (5, 19).

369 Nonetheless, there asggnificant differences between their studies and ours, which might

This article is protected by copyright. All rights reserved
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370 explain the discrepant findings. Firgdhe studyby Alderberth et al19) defined ‘atopic
371 eczema’ according to Williams’ criteria and did not analgge associated eczemajhereas
372 we used the UK working party criteria to define eczemathimstudy by Penders et &b),

373 eczemawas defined by parental reported symptoms with the UK working party criteria used
374 only for thosetinfants who were visited at home. Secaidkrberth et a[19) assessed only
375 sensitisation to food, while we examined both food and inhalant sensitisation and indeed
376 observed 'an association with inhalant but not food sensitisation. Third, Pender&)t al
377 evaluatedyonly one faecal sample at one month of age, whilgterfiermed longitudinal
378 analysis ofthreefaecal samplg collected atl week,1 month and 3montls and identified
379 greatest differences in early (1 week) and later (3 months) sarffdesver, he lack of
380 significantfinding for B. breve at 1 month could be due to lower statigtipower to detect
381 differences since the number of infants colonised Bithreve at 1 month were lower than
382 those colonised @t week and 3 months of age.

383

384 Major strengths of our study are that we analysed all faecal samples prospeptioelyo(
385 themanifestation of atopic symptoinn a blinded fashiorfrom a randomly selected subset
386 of high risk;infants, eliminatinghe chance of reverssausationln addition, we performed
387 logistic regression analyses to adjust for potential confounding factorh Wave not been
388 applied in previous studies. Few studies have prospectively explored the poteiotizgiaat

389 role of different bifidobadrial species in the development of allergic disease. Furthermore,
390 some of the early studies pselected the study population according to allergic statases
391 (allergic/atopic subjects) and controls (raltergic/nonatopic/healthy subjects), poteriiya
392 introducing bias/from reverse causation (11).

393

394 One caveat is that at the tintleis work was conducted we hadé not have access to
395 speciesspécific.primers for gPCRand therefore were unable to quantify numbes.direve

396 andB. catenulatum in the study samplegor this reason, we cannot make any conclusions
397 about thersensitivity of our assay or the relative numbers of the differieddbacterium

398 species. Insthis regard, it is worth noting that the resolutionREFP is somewhat limited
399 and not necessarily completely speegescific. Moreover, recent data indicate that the
400 speciesB. adolescentis displays considerable genetic diversimd variable metabolic
401 properties 29).

402
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In this current studythe lifestyle factors that couidfluencemicrobial conpositionare also
examined Although earlyacquisitionand higher numbers of bifidobacteria are seen in
infants with older siblings (3Q)we are the first to aeonstrate that infants with 2 or more
siblings were more likely to harbo®: breve in the first 3 months of lifeThis supports the
notion that'siblings and family membarsy act as a reservoir to rapidly populate infants
with beneficial commensal micraia, and thusnight protecinfants againsallergic disease
We alsofound that infants colonised witB. breve were more likely to have neallergic
mothersasywell as nofallergic paentsthan infants harbouring fe®. breve, suggesting that
genetic propensity towards atopy and epigenetic factors inflaence colonisation with
certainBifidobacterium specieswhich in turnmay contribute to the risk of allergyode of
delivery, shortduraton of exclusive breastfeeding aade at intoduction of infant formula
were found to"be inversely associated watdrly acquisition of bifidobacteridCaesarean
section and formula feeding are known to significantly influence the composition of infan
microbiota by decreasing the numbers of bifidobacteria and increasing the cajoniati
Escherichia, coli and Clostridium difficile (30). Furthermore,compared with formukied
infants, the.gut/microbiome of exclusively breastfed infants is dominant of pvetegit
bacteria such,as bifidobacteria that utilise the mem sugars in human milk and interact
more with-host cell$31). The introduction of solid food profoundly impacts on the il
ecology of breastfed infants. Once dietary supplementation begins, microbiata pfof
breastfed-infants changes toward formdled-infants profile, with the significant increase in
the count of Enterococci and Enterobacteria, and the appearfaBaetavoides, Clostridia,

and other anaerobic Streptococci ().

We previously reported nassociation between prenatal LGGpplementatiomnd reduced

risk of eczema in infantdl4). This maybe explained by the fact thatenatalLGG treatment

did not modulateB. breve andB. catenulatum (18), which we havenow identified as playing

a role in modulating risk for development of eczema or at@py current findingsupport

the concept=that factors whicimodulate the composition and diversity of endogenous
intestinal_microbiotaespecially early in lifehavethe potential tanodify the risk of allergic
diseasahrough,modulation of the immune system. Interventions directed towards modifying
microbial diversity and/or microbial composition in early ligeich as probioticsnay offer

an approach to reduce the risk for developing allergic dis@asmal and human studies
have shown that administration of oral probiotics to pregnant mothers results irsatdoni

of the administered bacteria in the newborn offsp(B#;34) and colonisation appears to be
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stable for at least 12 montf®3). Furthermore, recent studies halemonstrated that several
different Bifidobacterium species, particularl. breve, are transmitted from mother to infant
supporting the hypothesis that mothesinfant transmission is occurring soon after b(i3b,

36). As B. breveis known to be one of the predominant species in the infant's intestinal
microbiota,“it=is tempting to suggest that adminisipat of probiotics that promote
colonisation with beneficial species such Bsbreve, either directly (administration oB.

breve) or ‘indirectly (administration of other probiotic species that pronttebreve
colonisation)to mothers before delivery migiticrease the transmission of this species to
infants, hence providing a strategy for modulation of infant immune responses. This may in
turn lead to,clinical benefit such as a reduced risk of eczema development, although this was
not demonstrated in ouuplished RCT (14).

CONCLUSION

In this study we found significant associations between the proportions of specific
bifidobacterial strains and subsequent allergy developmeptesence ofB. breve was
associated.with/-redudeisk andB. catenulatum with higher risk of developing eema.We

also showed'that bifidobacterial colonisation is related to both allergic tyegedi IgE
mediated allergic disease at 12 months of age in ackatiacterised cohort. These findings
suggest that.different species witlBifidobacterium may moduhte immune responses in a
different manner. The findings of reduced microbial diversity in allergic sisbpsassibly
unmask the reduced capacity to compensate for functional activity of certain spéees
differences in early gut microbiota compositittrat might exist between allergic andn-
allergic subjects could be in part determined by genetic/epigenetic fdotersentions that
modulate infant gut microbiota such as prenatal and/or postnatal admioistriprobiotics

may reduce the risk of eczema and one mechanism by which this is mediated may be by
enhancing bifidobacterial diversity in the neonatal intestinal milieu early ilNdeertheless,

it should be"nated that the finding ah association does not necessarily indicatesal

relationship:
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Table |. Characteristics of infants who developed eczema during the first 12 months of

life
Variable No eczema Eczema P value*
(n=76) (n=41)

Sex (male)n (%) 44 (57.90) 21 (51.20) 0.6
Caesarean.delivery (%) 19 (25%) 14 (34.26) 0.2
Maternal.allergyn (%) 55 (72.46) 35 (85.40) 0.1
Paternal allergyn (%) 38 (50%) 21 (51.20) 0.8
Sibling/s withallergy, n (%) 37 (48.70) 21 (51.20) 0.3
Antibioticssduring pregnancyn (%) 4 (5.20) 4 (9.8%) 0.4
Yoghurt duringypregnancy (g/wk), 400 (100,700) 200 (0,900) 0.6#
median (IQR)

Antibioticsin infants (first 3 months), n 10 (13.26) 6 (14.6%) 0.8

(%)
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Number of children in familyX 2), n (%) 14 (18.4%) 6 (14.60) 0.6
Household ptsat 3 monthsn (%) 39 (51.30) 17 (41.86) 0.3
Day care attendance, n (%) 55 (72.4%) 22 (53.7%) 0.04
Breastfed > 3nonths, n (%) 62 (81.6%) 31 (75.6%) 0.6

At least 1positive SPT (sensitised), n (¢ 13 (17.1%) 22 (53.7%) 0.00001
593 *Pearson’s chsquare test
594 #MannWhitney test
595 SPT, skinprick test; IQR, intequartile range
596

597
598 Figure 1 Prevalence oBifidobacterium breve andB. catenulatumin thenon-eczemaand the

599 eczema groups over time. The data presented is the proporBobrefre andB. catenulatum

600 colonisation at 1 week, 1 month and 3 months of age in infants who developed and did not
601 develop eczema at the age of 12 months.

602

603

604
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Tablell. Proportion of infants colonised with bifidobacterial speciesduring thefirst 3 months of life and allergy outcomesin thefirst 12

months/ at 12 months

Bifidobacterial species detected

in‘faeces §

No eczema

ever

Eczema ever

No eczema at

12 month

Eczema at 12

month

No atopy

Atopy

Day 7
Any, n (%)
B. adolescentis group, n (%)
B. angalatum, n (%)
B. breve,"n(%)
B catenulatum group, n %o)
B. lactis

B. longum group, n (%)

58/65 (89.2)
14/65 (21.5)
9/65 (13.8)
21/65 (32.3)
8/65 (12.3)
1/65 (1.54)

33/65 (50.8)

29/35 (82.8)
6/35 (17.1)
9/35 (25.7)
5/35 (14.3)
6/35 (17.1)
1/35 (2.86)

18/35 (51.4)

62/68 (91.2)
14/68(20.6)
10/68 (14.7)
19/68 (27.9)
10/68 (14.7)
1/68 (1.47)

39/68 (57.3)

17/22 (77.3)
5/22 (22.7)
6/22 (27.3)
5/22 (22.7)
2/22 (9)
1/22 (4.5)

8/22 (36.4)

51/57 (89.5)
12/57 (21)
10/57 (17.5)
14/57 (24.6)
9/57 (15.8)
2127 (7.4)

32/57 (56.1)

26/31 (83.9)
6/31 (19.3)
5/31 (16.1)
10/31 (32.2)
2/31 (6.4)
0

13/31 (41.9)

Day 28
Any. n_(%)
B. adolescentis group, n (%)
B. angulatum, n (%)
B. breve, n (%)

B catenulatum group, n (%)

40/42 (95.2)
11/50 (22)
9/50 (18)
13/50 (26)

5/50 (10)

19/22 (86.4)
5/26 (19.2)
4/26 (15.4)
2126 (7.7)

7126 (26.9)
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42/45 (93.3)
11/52 (21.1)
10/52 (19.2)
12/52 (23.1)

6/52 (11.5)

11/13 (84.6)
4/17 (23.5)
3/17 (176)
1/17 (5.9)

5/17 (29.4)

34/37 (91.9)
9/46 (19.6)
10/46 (21.7)
9/46 (19.6)

5/46 (10.9)

18/20 (90)
6/22 (27.3)
3/22 (12.6)
4122 (18.2)

6/22 (27.3)
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B. lactis 1/50 (2) 1/26 (3.8) 1/52 (1.9) 0 0 122 (4.5)
B. longum group, n (%) 34/50 (68) 16/26 (61.5) 49/71 (69) 30/40 (75) 33/46 (71.7)  12/22 (54.5)
Day 90

Any, n (%) 69/71 (97.2) 39/40 (97.5) 71/73 (97.3) 24/25 (96) 58/61 (95.1) 35/35 (100)
B. adolescentis group, n (%) 21/71 (29.6) 10/40 (25) 19/73 (26) 8/25 (32) 14/61 (22.9) 13/35 (37.1)
B. angllatum, n (%) 13/71 (18.3) 7/40 (17.5) 12/73 (16.4) 6/25 (24) 11/61 (18) 7/35 (20)
B. breve, n (%) 37/71 (52.1) 8/40 (20) 34/73 (46.6) 6/25 (24) 30/61 (49.2)  10/35 (28.6)
B catenulatum group n (%) 9/71 (12.7) 13/40 (32.5) 11/73 (15.1) 7125 (28) 9/61 (14.7) 9/35 (25.7)
B. lactis 0 0 0 0 0 0

B. longlm group, n (%) 49/71 (69) 30/40 (75) 52/73 (71.2) 18/25 (72) 41/61 (67.2)  27/35(77.1)

§ numbers-in table do not always add up to 117 due to missing bacterial count data or outcome data;
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Table 115 Association between bifidobacterial species colonisation and eczema and atopic sensitisation during thefirst 12 months of life

Eczema ever Atopic sensitisation
Bifidobacterial P value P value
species detegted in . — : . — .
. chi-square Logistic regression chi-square L ogistic regression
aeces
i 0, I 0
ORadj (95%  test ) giusted  Adjusted#  OR o) (95% 8 Unadjusted  Adjusted#
cl) Cl)
Day 7
Any 0.48 (0.13 to 0.4 0.4 0.3 0.67 (0.7 to 0.4 0.4 0.6
1.80) 2.62)
B. adolescentis 0.57 (0.17 to 0.6 0.6 0.4 0.68 (0.20 to 0.8 0.8 0.5
group 1.93) 2.25)
B. angulatum 2.18 (0.70 to 0.1 0.1 0.2 0.73 (0.20 to 0.9 0.9 0.6
6.76) 2.62)
B. breve 0.29 (0.09 to 0.05 0.06 0.04* 1.58 (0.57 to 0.4 0.4 0.4
0.95) 4.34)
B catenulatum 2.3 (0.65to 0.5 0.5 0.2 0.36 (0.08 to 0.2 0.2 0.2
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group 0.95) 1.86)

B. lactis 0.91 (0.05to 0.6 0.6 0.9 - - - -
16.71)

B. longumgroup 1.31 (0.51to 0.9 0.9 0.6 0.63 (0.24 to 0.2 0.2 0.3
3.36) 1.61)

Day 28

Any 0.42 (0.05 to 0.2 0.2 0.4 0.75(0.10to 0.8 0.8 0.8
3.22) 5.72)

B. adolescentis 0.93 (0.26 to 0.8 0.8 0.9 1.49 (0.44 to 0.5 05 0.5

group 3.3) 5.04)

B. angulatum 1.00 (0.26&0 0.8 0.8 1.0 0.66 (0.15to 0.4 0.4 0.6
3.93) 2.85)

B. breve 0.09 (0.01 to 0.06 0.07 0.03* 0.94 (0.24 to 0.9 0.9 0.9
0.85) 3.64)

B catenulatum 5.26 (1.27 to 0.05 0.06 0.02* 3.69 (0.93 to 0.09 0.09 0.06

group 21.87) 14.67)

B. lactis 1.21 (0.06 to 0.6 0.6 0.9 - - - -
24.47)

B. longumigroup 1.02 (0.33to 0.6 0.6 1.0 0.49 (0.16to 0.2 0.2 0.2
3.13) 1.51)
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Day 90
Any 0.90 (0.07 to 0.9 0.9 0.9 - - - -
11.90)
B. adoleseentis 0.77 (0.30 to 0.6 0.6 0.6 1.89 (0.74 to 0.1 0.1 0.2
group 1.99) 4.85)
B. angulatum 1.04 (0.35t0 0.9 0.9 0.9 1.19 (0.39 to 0.8 0.8 0.6
3.04) 3.58)
B. breve 0.15 (0.05 to 0.001* 0.001* 0.00001* 0.38 (0.15to 0.05 0.05 0.05
0.44) 0.98)
B catenulatum 451 (1.56to 0.01 0.01 0.005* 2.16 (0.74 to 0.2 0.2 0.1
group 13.05) 6.29)
B. lactisS _ _ _ _ _ _ _ -
B. longum group 1.70 (0.64 to 0.5 0.5 0.3 1.95(0.70to 0.3 0.3 0.2
4.52) 5.41)

621 # Fom logistic regression analysajjusted for treatment group allocation, sex, mode of delivery and type of infant feeding
622 *P value <0.05
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