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THE GUT MICROBIOTA
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PATTERNS IN EARLY LIFE MICROBIOTA DEVELOPMENT

Bacteroides, Eubacterium, anaerobis Streptococcus
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ESTABLISHING THE SYMBIOSIS
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MICROBIOTA IN EARLY LIFE
POWERFUL MEANS FOR IMPROVING OUR HEALTH

Symbiosis
Immune maturation, Healthy Adults
Tolerance development,
Gut and Metabolic health, |
Brain Development
Microbiome

Balanced
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EARLY MICROBIOME ALTERATIONS & DISEASE RISK

Infant gut microbiota composition could be
early allergy indicator: Danone

By Charyl Tay (&

[ P /b ratio in inf could be an sarly microbiota blomarker for
allergies, according to researchers in Singapore, the UK and the Netherlands.

Kompela et al. Microbiome (2017) 526 B. Mechanisms in

DOI 10.1186/540168-017-0245 H i Maternal health Altered 3 :

& Microbiome and vilcrobiota Gut Microbiota microbially-induced obesity
composition Energy intake & fat
S:::’M” s storage
RESEARCH Open Access Birth mode Sapicccas $oiria
X X . . . . CossMark Antibiotic Lactobacillus - lipogenesis

Childhood BMI in relation to microbiota in ® exposure , —¢, - appetits regulation

. g O Low-grade systemic

infancy and lifetime antibiotic use Breastmilk  * e SRosnwiotion

W ; 4 ; ; Live bacteria
K Korpela''®, M. A. C. Zjlmans’, M. Kuitunen, K. Kukkonen®, E. Savilahti, A. Salonen’, C. de Weerth?’ HMOs Prog:_‘:;?:tz?sdlor Childhood *LPS

and W. M. de Vos™* Overweight
A. Factors that may modify infant gut microbiota

Koleva et al., 2015 (7) 2237-2260
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. . Klebsiella/Bifidobacterium ratio
Timepoint
Healthy controls Allergic cases P-value
[ Week3 0,23 (0.01.213.07) 1,70 (0,01-1408.00) 0.12 _
Month 3 0.03 (0.00-0.68) 0.52 (0.00 — 2281.33) *0.01
. Month 6 0.01 (0.00-62.00 0.05 (0.00-910.50 0.26
Differences precede the onset —>— ( ) ( )

MICROBIOME DIFFERENCES PRECEDE THE ONSET

Beneficial Microbes, 2017 online ARTICLE IN PRESS @ Publishers

Infant gut microbiota composition could be
early allergy indicator: Danone

By Cheryl Yay (&

Ratio of KlebsiellalBifidobacterium in early life correlates with later development of

paediatric allergy

]J.S.Y. Low!, S.-E. Soh?*, Y.K. Lee?, K.Y.C. Kwek%%, ].D. Holbrook®%, E.M. Van der Beek™®, L.P. Shek®3%,
A.EN. Goh®, 0.H. Teoh®*, K.M. Godfrey®?, Y.-S. Chong?'%, ]. Knol™!! and C. Lay'*

Clevated pathogen / bacteria ratio in infants could be an sarly microbiota biomarker for
ollergies, according to researchers in Singapore, the UK and the Netherlands

Table S2. Ratio of relative abundances of Kiebsiella to Bifidobacterium (K/B ratio) of
allergic and healthy infants at age 3 weeks, 3 months and 6 months respectively.

The wvalues were expressed 1 median (range). Differences m medians of
Klebsiella/Bifidobacterium ratio between the two groups were performed using non-
parametric Mann-Whitney U test. Single asterisk (¥) indicate P<0.05.
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FACTORS IMPACTING EARLY COLONIZATION
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ACQUISITION OF THE MICROBIOME IN EARLY LIFE BY

VERTICAL TRANSMISSION

Mother’s body habitat:

@ Oral mucosa
Vagina
Skin

Baby's delivery mode.

@ vaginal
@ Cesarean

PCoA axis 2

Dominguez-Bello et al., 2010,
PNAS 107:11971-11975

1000
DAYS

Gonzalez et al., (2011) EMBO reports
Privileged and Confidential
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ASSOCIATIONS BETWEEN FACTORS IMPACTING EARLY
COLONIZATION AND HEALTH OUTCOMES

http://www.dailymail.co.uk/home/index.html|

Babies delivered by Caesarean section at
higher risk of asthma and allergies

C. Roduit et al., 2009, Thorax, 64(2):107-13

Asthma at 8 years of age in children born by
caesarean section

http://www.healio.com/dermatology/dermatitis/news/

Cesarean delivery showed link with gut
microbiota, atopic dermatitis

A News - Science
Children born by c-section far more

likely to be obese by aged five, major
study suggests

Citation: Keag OE, Norman JE, Stock SJ (2018)
Long-term risks and benefits associated with
cesarean delivery for mother, baby, and
subsequent pregnancies: Systematic review and
meta-analysis. PLoS Med 15(1): e1002494. https:/
doi.org/10.1371/journal.pmed.1 002494

Privileged and Confidential \ & NUTRICIA

" JAMA Pediatrics | Original nvestigation

Association Between Use of Acid-Suppressive Medications
and Antibiotics During Infancy and Allergic Diseases
in Early Childhood A SR

Edward Mitre, MO; Apryl Sust. MS; Lawra €. Kropp, MPH: David J. Schwartz, MD: Gregory H. Gorman, MD:
Cade M. Nylund, MD

Clin Exp Allergy. 2017 February ; 47(2): 236-244, doi:10.1111/cen.12807.

Early Life Antibiotic Use and Subsequent Diagnosis of Food
Allergy and Allergic Diseases

Annemarie G. Hirsch, PhD, MPH'. Jonathan Pollak, MPP?-?, Thomas A. Glass, PhD*,
Melissa N. Poulsen, PhD'-Z, Lisa Bailey-Davis, DEd, RD', Jacob Mowery, BS', and Brian S.
Schwartz, MD, MS'2.4

A Allesgy Asthma lmmunol 119 (2017) 54-5

Influence of antibiotic use in early childhood on asthma ana allergic (!)(mm
diseases at age 5

Kiwako Yamamoto-Hanada, MD, PhD*; Limin Yang, MD, PhD*; Masami Narita, MD, PhD*;
Hirohisa Saito, MD, PhD'; Yukihiro Ohya, MD, PhD*

Obesity (Silver Spring). 2017 February ; 25(2): 438—444. doi:10.1002/0by.21719.

Associations of Prenatal and Childhood Antibiotic Use with
Child Body Mass Index at Age Three Years

Melissa N. Poulsen, PhD, MPH'-2, Jonathan Pollak, MPP', Lisa Bailey-Davis, DEd, RD?,
Annemarie G. Hirsch, PhD, MPHZ, Thomas A. Glass, PhD?, and Brian S. Schwartz, MD'-2:34
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COMPROMISING THE MATERNAL MICROBIOTA DURING \
PREGNANCY HAS LONG TERM HEALTH CONSEQUENCES

ON THE OFFSPRING

Clin Exp Allergy, 2014 Jun 18. doi: 10.1111/cea.12356. [Epub ahead of print]

Prenatal and Postnatal Exposure to Antibiotics and Risk of Asthma in Childhood.

Metsala J1, Lundqvist A, Virta LJ, Kaila M, Gissler M, Virtanen SM.

Maternal antibiotic use and childhood asthma: the missing

link?

www.jpeds.com « THE JOURNAL OF PEDIATRICS

Lancet RespirMed 2014

arch ©

Published Online
e i Use of Antibiotics during Pregnancy Increases the Risk of Asthma

$2213-2600(14)70122-5

in Early Childhood

Lone Graff Stensballe, MD, PhD", Jacob Simonsen, MSc, PhD?, Signe M. Jensen, MSc', Klaus Bannelykke, MD, PhD’,

and Hans Bisgaard, MD, DMSc'

Lancet Respir Med, 2014 Aug;2(8):631-7. doi: 10.1016/52213-2600(14)70152-3. Epub 2014 Jul 24.

Maternal propensity for infections and risk of childhood asthma: a registry-based cohort study.

Stokholm J1, Sevelsted A2, Bonnelykke K2, Bisgaard H3.
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INTRAPARTUM ANTIBIOTIC PROPHYLAXIS AND C-SECTION
DISRUPT THE EARLY COLONIZATION PROCESS

dbRDA2 (18.81% of fitted, 1.46% of total variation)
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dbRDA1 (81.19% of fitted, 6.28% of total variation)

time point
Day 0

Day 7

1 Month

3 Month

VD vs VD_IAP
0.561
0.014
0.006
0.047

0.023
0.001
0.003
0.002

VDvsCS CSvsVD_IAP

0.044
0.034
0.550
0.193
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COMPROMISED GUT MICROBIOTA AT BIRTH
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FROM A PROTECTED ENVIRONMENT...
...10 A CHALLENGING EXTRA-UTERINE WORLD...

...Breast feeding is important for optimal development of infants
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HUMAN MILK CONTAINS MULTIPLE BIOACTIVE ‘g ;
COMPOUNDS THAT IMPACT IMMUNE & MICROBIOTA s‘“
DEVELOPMENT ©

W Bioactive Component

Cells Lymphocytes, Macrophages, Granulycytes

Proteins Antibodies, Growth Factors, Cytokines
e I.O'I...l..ll..ll..ll..ll‘.l!'.l./\
Bacteria Bifidobacterium, Lactobacilli, .
L ]
[ ]

- Effect on microbiota composition- Bifidobacterium

Oligosaccharides (HMOs) ~1000 different

e J I...I...GI...l...l...l...ll..l‘..’ . . . . .
Fatty Acids Saturated (45%), dominated microbiota in breastfed infants
MUFA (40%),
PUFA (15%): S BREASTFEEDING 1. FORMULA FEEDING*
0.35% DHA
0.60% ARA 90 1 90+ —4— sifidobacteria
) = P o —@— Bacteroides
Protein, Allergens, Lactose, Nucleotides § § A Ecol
carbohydrates, & s 707
others, g e g il
macromolecules T 5o 2 s0-
Minerals, Vitamins Mg, Zn, Fe, Se, VitA,C, E 8 % £
g 30 \oo 30 A 2
g 2 * Formula milk has
20 20 no added prebiotics
or probiotics
10 4 10
0"V¥#'||||| 0III|||l|l||||||
0 10 20 30 0 10 20 30
Days Days
Harmsen et al. 2000. Journal of Pediatric Gastroenterology Nutrition 30:61-67.
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MILK CONTAINS GROWTH SUBSTRATES FOR

BIFIDOBACTERIA

% Consumption

= B. adolescentis ATCC15703

Nutricia Researc
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= B. breve ATCC15700
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A ° °
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o B KN
o il < P «-4P—N-acety manrosamine 6P
Erythrose 4P “mw\ﬁ 3 Acetate
@myu’
Lactaidetyde  DHAP<EPeGA-3P ~, ~Sedohsptisose 7P ~$40p 3ATP
X 2ADP 2ATP
mnn
F&oou 5P Xyhdose 5P 2GA-¥ 2Pyruvate
— / 2NAD* 2NADH 2NADH *
1.2 propanediol 2NAD*
Ribulose 5P &
2L-Lactate 2!
,.’
~I<I~l‘wm~“m,
1243.44(25.2)  1389.50(13.5) 1462.52(2.0) 1608.58(5.9) 1754.63(7.2)
DP7 DP8 DP8 DP9 DP10
HMO Mass (Da)
(% abundance)
= B. longum subsp. longumATCC 15707 B. longumsubsp. infantis ATCC 15697
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Age (years)

search ©

BIFIDOBACTERIA-DOMINATED COMMUNITY- BUT
NOT ALL SPECIES ARE NATURALLY PRESENT IN

THE INFANT GUT

Curr Microbiol (2017) 74:987-995 @ CrossMark
DOI 10.1007/500284-017-1272-4

Early-Life Events, Including Mode of Delivery

and Type of Feeding, Siblings and Gender,

Age-Related Changes in the Composition of Gut Bifidobacterium SHEREThE Developlng GutMicraplata
RocioMarlin" . Hiroshi Makin n Cetin, nyu urek Yav KaoulherB -Amor’,

SpEL‘lES MkFloell EllhkawaH ykaota Sophie Sw nkels', Takafumi SakaP,
Kenji Oishi?, Akira Kushiro?, Jan Knol'?

Kumiko Kato' - Toshitaka Odamaki' * Eri Mitsuyama' + Hirosuke Sugahara' -
Jin-zhong Xino' + Ro Osawa’®
B. animalis subsp lactis

B. breve B. longum group B. adolescentis group B. animaolis ssp. lactis 1.0+ — Exclusive BF
0.8+ = Mixfed

i —— | T 1 Y -
P N —{ 1 }J— 2 = g 08 p-value= 0.017
T3 3 * o H + * S ¥ - § 0.4
g T 17— —{ I+ o 1T F+—— Y \
™ — 0 b o—___ T+ : 021
i el —L T — S — o F——t00 oxs Y ——
o F—— opo +—I [ }— S | 0] sram x * ox 15 30 45 60 75 90
ol o —{ I T I . ] A Time (in days)
o T  E— T P ew w
of wow e op —— T —  E— —— olee e e g ]
704 ok o ot—{ | o 1} 70 ** * E’ vl
N o— T F—— ol T — ] £ ]
o . o+H T — wl T F——— %0 g
1o I —— = d =

T & § 1 n 6 7 & 9 10 B B I B 3 7 30 30

Cell number (Log/g of wet of feces) Time (indays)

Supplemented B. longum subsp. infantis EVCO001 (Frese et a;., 2017) and B. breve M-16V (Chua et al.,
2017) could stably colonize the infant gut- detected >1 month after the supplementation ceased

NUTRICIA
RESEARCH
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HUMAN MILK CONTAINS BACTERIA

Human milk contains between
103 -10° bacterial cells/ml

Milk microbiota is dominated by
» Staphylococcus
» Streptococcus
*  Propionibacterium
* Bifidobacterium
» Lactobacillus

These bacteria are anticipated to protect
the infant against infections and contribute
to the maturation of the immune system

Alba Boix-Amoroés et al., 2016

Privileged and Confidential \ & NUTRICIA | RESEARCH
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TRANSMISSION OF MATERNAL MICROBIAL

HERITAGE AT BIRTH AND DURING BREASTFEEDING

=
Strain No. Family No. Isolation source Isolation period Sequence type
286 3 Mother feces 21 days before dekvory A*
435 3 Infant - Day 3 A
727 3 Infant s Day 30 At
1313 3 Infant feces Day 90 A
1310 3 Infant feces Day 80 8
1082 6 Mother feces 45 days before delvery c*
1769 6 ther feces 38 days before delivery c*
1699 6 Day 3 c*
1693 6 Day 7 c*
1639 - C— &
§311 1 or foces 53 days before delivery D
412 1 or feces 37 days before delivery o]
816 1 Meconium E
-—1 834 1 Day 3 E
1033 1 Day 30 E
618 > — y
711 5 39 days before delivery F*
1132 s Day 3 F*
Y1198 IS Day 7 F*
1666 5 f Day S0 F*
1078 6 Mother feces 45 days before delivery G*
1687 6 Infant tocos Day 7 G*
281 3 Mother feces 21 days before delivery H*
317 3 Motr 14 days before delivery H*
401 3 Infa Mocomnium Lo
425 3 Day 2 H*
475 3 Day 7 H*
724 3 infant feces Day 30 |
1320
865 4 Mother feces 27 days before delivery
950 4 Mother feces 15 days before delivery
1120 4 Infant feces Day 3
1228 4 Infant feces Day 7
1378 a Day 30
1681 4 Day 80
1227 " e
1426 7 Day 30
207 3 21 days before delivery
441 3 Day 3
298 3 21 days before delvery
326 3 14 days before delivery
520 3 Infant feces Day 7
784 3 Infant feces Day 30
1314 3 | nt feces Day 80
521 3 Infant feces Day 7
206 3 Mother feces 21 days before delivery
327 3 ther feces 14 days before delvery
485 3 Infant feces Day 7
527 3 n s Day 7
1305 3 Inta ces Day 80
354 2 Mother feces 44 days before delivery
388 2 Mother feces 37 days before delivery
752 2 Infant feces Meconium
2 Infant feces Day 7
2 Breast milk Day 30
7 Mother feces 23 days before delivery
7 Infant feces Day 7
6 ot feces 45 days before delivery
6 feces Day 7
6 feces Day 30
8 Day 3
2497 8 Day 7
2503 8 Day 20
2459 & FEWETS
2476 8 64 days before delivery
2488 8 Day 3
2494 8 Day 7
2500 8 Infant foces Day 30
2452 8 Broast n Day 30

Makino H et al. Applied and Environmental Microbiology, 2011; 77 (19): 6788-6793
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CAUSE AND EFFECT- THE ROLE OF NUTRITION TO
REBALANCE AND SHAPE THE MICROBIOTA

Host physiology

Microbiome Health

Probiotics o by /'
""‘5.05’; [ A/ Disease

Pathogens

Nutrition &

Diet

Prebiotics I robiotics

.. . . %, DANONEe
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COLOR STUDY:

SYNBIOTIC SUPPLEMENTATION INCREASES BIFIDOBACTERIA
AND REDUCES C. DIFFICILEIN INFANTS

A
e N= 290 Healthy infants, 6-19 weeks of
- *Synbiotics: scGOS/ICFOS + B. breve M-16V at a dos

Proportion of bifidobacteria

Week 6:
p-value =0.0171 (Syn6)
p-value <0.0001 (Syn4)

Proportion (%)

Weeks

- Syn6 - Syn4 -+ Control =« Reference (Breast-fed)

Abundance of bifidobacteria in early
life is a microbial indication of immune

fitness and gut health
(Hong PY et al, 2010).

EIFIDOGENIC EFFECTS OF A UNIQUE SYNEIOTIC MIXTURE

NUTRICLA
(seGODS/leFOS AND B. EREVEM-16V]) IN HEALTHY INFANTS -

NUTRICIA RESEARCH
FESEARTH
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RESULTS
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Unpublished
Privileged and Confidential

Poster 7838

%) DANONE

NUTRICIA
RESEARCH

NUTRICIA
RESEARCH



Nutricia Research ©

YCF SUPPLEMENTED WITH A SYNBIOTICS MIXTURE
SIGNIFICANTLY INCREASED FECAL BIFIDOBACTERIA
LEVEL IN HEALTHY YOUNG CHILDREN AGED 1-3 YEARS

; N= 129 Healthy young children, 1-3 years

Actinobacteria (Family)

-
[—]
1

Il Coriobacteriaceae; Other

I Coriobacteriaceae; uncultured

Il Coriobacteriaceae; Slackia
Coriobacteriaceae; Eggerthella

I Coriobacteriaceae; Collinsella

Il Coriobacteriaceae; Atopobium

Il Actinomycetaceae; Actinomyces
I Bifidobacteriaceae; Bifidobacterium

Relative Abundance (Percentage %)
=
i

GUT MICROEIOTA OF HEALTHY YOUNG THAI CHILDREN
CONSUMING SYNEBIOTICS SUPPLEMENTED FORMULA
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DIFFERENT MICROBIOTA COMPOSITION IN C-SECTION

BORN INFANTS MAY EXPLAIN HIGHER RISK OF ALLERGY

emersbooy e IR Bifidobactorium
Vagina
Skin 124
g 2 104 —
@ Cesarean 5 /
° 8-/
o
g 6 p-value<0.0001
S
o 4
g =
o Ll L L) L) Ll LJ
15 30 45 60 75 90
Time (in days)
Dominguez-Bello et al, 2010, Martin et al., 2016, PlosONE
PNAS 107: 11971-11975 2016, 11(6)
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odds ratio (OR) for asthma development at 8 years

. C-section
. Vaginal

at least one allergic parent no allergic parents

Figure based on Roduit et al.,

2009, Thorax 64:107-113
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SYNBIOTIC RESTORE THE DELAYED COLONIZATION BY
BIFIDOBACTERIUMIN CS BORN INFANTS FROM THE
FIRST DAYS OF LIFE

Restores the numt
Restores the delayed colonis

v o ~ @ ©w
ri 1 h 1 I

Estimated mean of total Bifidobacterium
b

gene count (Log10 copies/ g of faeces)

x

D35 Wk2 Wk4 Wk8 WKk12 WK16 W

Vaginal birth, Reference

(Observed mean) -e- C-section birth, Con

Chua MC et al.. JPGN 2017;65: 102-106

A synbiotic mixture of scGOS/IcFOS and Bifidobacterium
breve M-16V restoresthe delayed colonization by
Bifidobacterium observedin C-section delivered infants
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tential protective effect* on skin rash
especially eczema in early life

| 601 P=0.017
i P=0.289
mm Al skin disorders
| P=0.037 = Atopic Dermatitis/ Eczema
404 P=0.798
' 204

Reference
(N=30)

Prebiotic
(N=48)

Control
(N=48)

Synbiotic
(N=51)

Less Incidence of reported skin related disorders &
eczema during the study
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EARLY LIFE SYNBIOTIC SUPPLEMENTATION PROTECT *
AGAINST DIET-INDUCED OBESITY IN ADULT MICE ~/

\) Birth
(PNO) Body compositior; analysis (DEXA)
H ¥ ' ¥
REF AIN-G + control component AIN-M | n=12
CTRL ‘ Western-style diet I n=12
PRE AIN-G + prebiotics Western-style diet | n=12
SYN | Western-style diet | n=12
T 1 Ll 1
PN2 PN42 PN70 PNo8
Litters
culled
I Infancy Weaning/childhood l Adolescence Adulthood l
T T T 1
PN2 PN21 PN42 PN70 PN98

Different interventions

REF and CTRL: AIN-G*

Challenged with HF WSD 8wks 4

PRE: AIN-G + prebiotics (scGOS/IcFOS, 9:1)
SYN : AIN-G + synbiotics (scGOS/IcFOS, 9:1 + B. breve M-16V)

*AIN-G (standard semi-synthetic diet appropriate for breeding) plus control component (maltodextrin)

Food intake did not differ between groups

Mischke M et al. Diabetes Obes Metab. 2018 Feb 20. doi: 10.1111/dom.13240.

Relative abundance
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Synbiotic supplementation increased
the abundance of Bifidobacterium

P<
008 | L oo
: | L
0,06 T |
0.047 T
E i Il REF
4 P=01 ! i
0.02 — : T CTRL
T . M PRE
| ) EYM
0 - '
PNZ21 PN4&2 PN98
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EARLY LIFE SYNBIOTIC SUPPLEMENTATION PROTECT,
AGAINST DIET-INDUCED OBESITY IN ADULT MICE

Provided long-term protection against diet- Improved insulin sensitivity and dyslipidaemia
induced excessive fat accumulation in adulthood
= 800 — P05
o™ 15 = B8 555 1t E
- 0o
3 £ 600 o
E E
'-TE 10 = 400 —
% = 200+
5 4 } 14 —e- PEF
=i CTRL 0=
-~ PRE REF CTRL PRE SYN
S¥YM
0 T T T § = P=.01
PN42 PN70 PNO98 g
§ £
2520 = 001 indicates significance for REF ve CTRL :g
TP = 01, 7P = 001 indicate significance for PRE vs SYN. o _|_
D < 05, 550 = 01, %559 £ 001 indicate significance for CTRL vs SYN. E
T
REF CTRL PRE SYN

Mischke M et al. Diabetes Obes Metab. 2018 Feb 20. doi: 10.1111/dom.13240.
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TAKE HOME MESSAGE

Microbial colonization following birth, is essential for establishing a
symbiosis with our immune system and profoundly influences health
throughout life

Breastfeeding and C-section delivered are key factors in early life that my
impact long life health

Dysbiosis or altered microbial colonization is associated with the
development of allergies

Nutrition represents a fundamental basis of the strong relationship
between the gut microbiota, the immune system and health

Specific pre, pro and synbiotic interventions in early life successfully
modulate the early microbial colonization and influences immune
development.

.. . . %, DANONEe
Privileged and Confidential \ & NUTRICIA

RESEARCH

NUTRICIA
RESEARCH




THANK YOU

[ DANONE NUTRICIA
The Nethe |

ind many paediatricians
,Parents

2 DANONEe

NUTRICIA
RESEARCH

NUTRICIA
RESEARCH

Privileged and Confidential



