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Awareness of the “microbiome” is rising

Scientific communities / . Microbiota profiling
general population Exihibitions .. and how to modulate it

A Microbiome exhibition was set up at large scale in 2015
at the American Museum of Natural History in New York
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Mind the Gut - an upcoming exhibition on the connections

between the brain, gut and microbes v e e ™

Enjoy eating better and
feeling better based on your ) 9 .

microbiome. . l
Personalized nutrition based on your

gut microbiome and the way your
body processes food.

&

Watch a demo of the DayTwo app

Recent research suggests that
mental statesand disorders

are not just inour heads, but

also inour bellies S . http://www.dgytwo.com




The human microbiome — a massive diversity

Hair _ Oral cavity
Numbers
» Human body - 30 trillion cells Nostril / | Gesophagus
» Human genome = 23,000 genes
» Human microbiome = 100 trillion cells - ot
» Microbial genome = 2 million genes
» 1100 bacterial species Caaine H. pyiarl ()
» Large diversity across body sites |
» Large interpersonal diversity Z
» Dominated by “unexploited” bacteria (often & Actinobacteri O
. & Proteobacteria Colon
strict anaerobes) ® bicrercideres
@ Fuscbacteria

Nature Reviews | Genetics
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The intestine

60-70% of our
immune system

Surface area ~
300 m?

100 trillion bacteria
1-2 kg bacteria/adult

100 million
neurons
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The gut microbiome

» Strengthen gut integrity » Altered neurotransmitter production
» Shape intestinal epithelium » Inflammation

» Harvest energy » Oxidative stress

» Protect against pathogens » Increased permeability

» Develop and regulate host immunity » Endotoxin exposure

F ¢ &
Infections Obesity
e &

Atopic disease & Autoimmunity
Type 1 diabetes

Thursby & Juge, 2017, Biochem J, 474, 1823-1836. IWOW/KM”{’& health



Areas of research where microbial composition seem crucial

Metabolic health Infant health

- Akkermansia municiphila

Inflammatory Necrotizing

Bowel Disease

- Faecalibacterium prausnitzii

EnteroColitis

https://presse.inserm.fr/en/treating-intestinal-pain-with-bacteria/22063/
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Rather than being invaded by enemies
- we may have lost some friends

HOW THE oveaus@erinnemncs / o , o \
| Examples of missing microbes and activities

IS FUELING OUR MOUERN PLAGUES - often fueled by lifestyle
4 . .

MI 59;| NG

’.A » Early colonization by Bifidobacteria

Adult gut:
» Loss of Specific anti-inflammatory taxa
» Reduced SCFA production

\> Low-grade inflammation and barrier impairment /
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Infant health — order of bacterial appearence seems to matter

Exclusive breastfeeding

Complementary feeding period

— Bifidobacterium
— Lacfobacillaceae
Streptococcaeae
Enterococcaeae
— Veillonellaceae
—— Lachnospiraceae

— Ruminococcaceae

— Bacteroidaceae
—— Enterobacteriaecae

—— Clostridiaceae

Relative abundance (%)

Age (months)

Low Alpha diversity High
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Laursen et al. 2017, Front Microbiol, 8, 356



Main drivers of the microbial colonization of the infant intestine

Mother's body habitat:
@ Oral mucosa
Vagina
Skin

Baby’s delivery mode:
@ Vaginal
@Cesarean

Mode of delivery
Vaginally born vs Cesarean section 10 newborns < 24h

4 Vaginally delivered
6 C-section

Gestational age at birth

Preterm
Infant feeding mode 32
. . &
Breast-feeding (Ig, HMO) vs Formula-feeding o
od
. O
Maternal diet G- 1090
. /o
Environment B
Family lifestyle and Geographical location
Other
. 0.8 Streptococcus
HOSt genetICS § . Staphylocococus
s Sneathia
g- 0.6 ¥ Propionibacterineas
? B Prevotella
° — Pasteursllaceas
E ENeisseria
'.E o4 B - ®Micrococeineas
© L - ®| actobacillus
i B Haemophilus
02 B Corynebacterineas
- . . Coriobacterineas
- B Eacillales
E— - - B Acinetobacter

0
Mom-Crral Mom-Vagina  Baby-Vaginal Mom-Skin ~ Baby-Cesaraan

Mulligan & Friedman, 2017, J Endocrinol, 235,1; Dominguez-Bello et al. 2010, PNAS, 107(26), 11981-11975 Mother's body habitat or Baby's delivery mode



Balancing the microbiota composition during infancy

Stages of neonate colonisation from birth

A B C D

Bacilli class dominated Proteobacteria dominated Actinobacteria dominated

Firmicutes and Bacteroidetes
dominated

Post-conceptional age Cluster 213
~33-36 weeks'! Peak at birth'* Cluster 3%
Gammaproteobacteria dominated® Peak at month4**

- R Abraham

Tiis
Peak at month12'* D/Vlslon of Pedjq

Clostridia dominated**

sson’, H. E, Jai

Late term infant vaginally delivered and breastfed

sl . c | o0

Relatively early progression B->C,
Perhaps in first few days

2
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Relatively late progression C->D

0logy, Departmens of
Perhaps not until cessation of breast feeding

Reduced diversity of the intestinal microbiota during
infancy is associated with increased risk of allergic disease

-_!- at school age
/

Realtively late progression B->C, Realtively early progression C->D
Perhaps up to 6 months Perhaps before or at weaning

Early term infant Caesarean delivered and formula fed

<ing L
Hans Bisgaard, MD, DMSc,? Nan Li, MD, PhD,*"* Klaus Bonnelykke, MD, PhD,? Bo Lu e
Thomas Skov, MSc, PhD,? Georg Paludan-Miiller, MSc, PhD,? Jakob Stokhol

Premature infant and Karen Angeliki Krogfelt, MS¢, PhD®  Copenhagen, Denmark,_gud
“1--_

Progression dependent on gut maturity?
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Infant treated with Antibiotics
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Antibiotic treatment delays progression
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Dogra et al., 2015, Gut Microbes, 6(5), 321-325; Bach, 2002, N Engl J Med, 347(12), 911-20



Areas of research where microbial composition seems crucial

Metabolic health Infant health

- Akkermansia municiphila

Inflammatory Necrotizing

Bowel Disease

- Faecalibacterium prausnitzii

EnteroColitis

https://presse.inserm.fr/en/treating-intestinal-pain-with-bacteria/22063/
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Necrotizing EnteroColitis (NEC)

Pathology

Inflammatory disease of the intestines

Severe NEC affects 5-7% of very preterm
infants

Surgical intervention is often needed
NEC-related mortality 15-20%
Associated morbidities include

> intestinal strictures

» short gut syndrome
» neurodevelopmental disorders

Probiotics reduce NEC
and death
Probiotic bacteria colonize the

intestines

Administration of probiotics is
extensively studied in very preterm
infants

Cochrane-review includes >5000
infants

= NEC risk reduction 57%

= Qverall mortality risk reduction
35%

Intervention in preterm NEC infants
with Chr Hansen strains

Bifidobacterium infantis

(BB-02 3.0x10E8 CFU)

Streptococcus thermophilus (TH-4 3.5x10E® CFU)

Bifidobacterium lactis

(BB-12 3.5x10E2 CFU)

Positive on NEC reduction as a secondary endpoint

Prabiotic Group, ~ Control Group, RR (95% CI) P
n="548 n= 2551 Value
NEC
[ NEC (Bell stage 2 or more), n (%) 11(20) 24 (44) 046(023t0093) 03 ]
SUBEroUp ananses.
Gestational age !
<28 wk, n (%) 11(30) 17(12) 0,69
=28 wk, n (%) 0 7(22)
Birth weight 08°
10008, n (%) 10 (43) 14 (29) 0.73
=10008, n (%) 1(03) 10 (3.2) 0.10
Ade at NEC (Bell stage 2 ormore), d,  20.5 (15.5-345) 21 (17.0-30.5) 98

median (IQR)

IWOW ﬂﬂd/ & W



Areas of research where microbial composition seems crucial

Metabolic health Infant health

- Akkermansia municiphila

Inflammatory Necrotizing

Bowel Disease

- Faecalibacterium prausnitzii

EnteroColitis

https://presse.inserm.fr/en/treating-intestinal-pain-with-bacteria/22063/
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Bacterial species abundance
differentiates IBD patients and healthy individuals

\V

| ‘&

lcerative colitis

Crohn’s disease
P value: 0.031

PC1

Qin et al. 2010, Nature, 464(7285), 59-65

Microbial alterations
> Decreased richness

» Altered taxonomic profiles
» Altered metabolic output

~

/




Anti-inflammatory activities by Faecalibacterium prausnitzii

» Represents around 5% of
the total fecal microbiota in

healthy adults

» Abundance decreased in
IBD, IBS, colorectal cancer,

obesity, celiac disease

» Extremely oxygen-sensitive
Cytoplasm Gl ws;AD
kD > Complicated to grow
AoetylP(ALAoeryIF-C)A a
p— — » In animal studies F.prausnitzii
S o > Inhibits symptoms in colitis models
SHydroxbutytykCo » Improve gut permeability
» Decrease pain in restrained-stress model
» Mode of action
o T — » Active metabolites; Butyrate & Salicylic acid
Faecalibacterium prausnitzii stimulus N - . > Anti-inflammatory protein "MAM"
-y ly ate Ps . .
@ik »  Extracellular Polymeric Matrix, EPM
g Salicylic d\l /
|J‘M ‘»wu [ ANV AL ’\(w UL l w| ‘l“ \_1’\"':‘,;‘2\7’\
(F:O‘;np:s"'z"; CX3CR1 *
- &J IL-8
cDD1C°3,/ (w‘)“ > \ Th17 cell
o @
1L-10, T%D
@ ®
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Ferreira-Halder et al. 2017, Best Pract & Res Clin Gastroenterol 31, 643; Martin et al. 2018, Front Microbiol, 9, 346



Areas of research where microbial composition seems crucial

Metabolic health Infant health

- Akkermansia municiphila

Inflammatory Necrotizing

Bowel Disease

- Faecalibacterium prausnitzii

EnteroColitis

https://presse.inserm.fr/en/treating-intestinal-pain-with-bacteria/22063/
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Metabolic health — Akkermansia Municiphila

» One of the most
abundant single species
in the human gut 0.5-5%

» Decreased abundance in
obesity, T2D, IBD,
hypertention, liver
disease

» Antidiabetic medicine
cause a significant
increase in A. municiphila
abundance

“\ Intestinal inflammation

3 Mucus
thickness

3 701
N Occludin
3 Claudin 3

Obesity / Diabetes P Akkermansia
Alcohol muciniphila
’ C)\ “ g
L]
AN
3, %\%
” & ( Mucus
TLR2 thlckness
Az0-1
% ) 2 Occludin
7 Claudin 3
~<£

? Lps \
(Metabolic endotoxemia)

Hepatic steatosis
Hepaticinflammation
Insulin resistance
Inflammation
Type 2 diabetes

Legend

"4 Akkermansia
9 Amuc_1100
p» Tight junction
T TLR2

W Human safety
checked

Cani & de Vos, 2017, Frontiers in Microbiology, 8, 1765-

» Growth conditions

complicated
» Sensitive to O,
» Growth on mucin

» Daily administration of A.

municiphila 2 x 108
bact/day partly protected
against DIO in mice



Next generation probiotics

Lactobacillus & bifidobacteria — still essential in many areas

» preterm babies

» infants
> vaginal health FROM THE ANALYST'S COUCH
The human microbiome:
Strict anaerobes Opportunity or hype?
> Health related changes — cause or consequence??? Pedro M. Valencia, Magali Richard, Jesse Brock and Elsy Boglioli
» Often acknowledged due to decrease during disease conditions Nat Rev Drug Discov, (2017)12, 823-824
» Not yet well characterized
» Stability is challenging
» Knowledge on survival through the Gl tract is scarce
» Safety requirements (Generally Recognized As Safe, GRAS or

Qualified Presumption of Safety, QPS)



“ Keep it great!
with good bacteria in
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Movie- Bioprotection helps Keep food great !



file:///C:/Users/DKPETR/Videos/Today/Story of good bacteria_3-What_is_BioP-sub.mov

Bioprotection'is a natural way to
protect against spoilage and harmful
contamination in food. This not only
helps you to keep your products fresh
and safe, it also helps you to build and
protect your brand!
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CHR ’HANSEN

Using nature’s good bacteria to ferment food is a traditional way to keep food fresh longer




Use of bioprotective food cultures in dairy is growing

rapidly worldwide

/

3 o 6 million tons

of Fermented dairy
products protected with

bioprotective cultures in
2017

2012

2013

2014

2015

2016

2017

CHR _HANSEN
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Keep it great! |

Keep the | ean

If you improve quality anc sistency the
natural way. It adds to the appeal of the
product. And help meet the consumer
demand for products without artificial

ingredients. .

HR AHANSEN
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Keep it great! = =
Keep it special

Bioprotective cultures help make sure
consumers can enjoy the taste, goodness
and quality of fermented dairy products,
each and every time




Keep it great! 'Make sure'iz -
stays the way you made it =

)

A 7. '- \ . —fff . = . _,L 7 BT ‘»,“,:.4/9 "
A lot of things can happen after produets™

- leave the dairy. Bioprotective cultures<car
help secure quality throughout the v

ain. \ S J

B

-

o

-
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Food cultures can help enable shelf life extension

Contamination level

Contamination level on the specific day -

- Sudden peaks happen
for a number of reasons

Best before date Days



dalry with good bacterla

Wasted food is an economic and
environmental burden. Use food cultures

to keep products naturally fresh and safe
throughout shelf life.




The date is the biggest problem!

20% 555

of all dairy > 17% of all
food is yogurt
wasted wasted in

globally Europe

4

80%

Is due to date
and shelf life
related issues




Bioprotective cultures delays outgrowth of molds and yeast in Tvorog

Reference FreshQ® Tvorog 1

1,E+09

1,E+08
= 1,B+07
1,E+06
1,E+05
1,E+04
1,E+03
1,E+02
1,E+01 -
1,E+00 . | | | 1

—@— Reference
—@®— FreshQ® Tvorog 1

= === Detection limit

Yeast count {CFU/mL

Time (days)

Example: Debaryomyces hansenii (added at 50 cfu/g) in tvorog
produced with eXact® Fit 3 starter culture, with and without
addition of FreshQ® Tvorog 1 (50U/T milk) and stored at
7°C/A5°F

Example: Tvorog fermented with eXact® Fit 3 starter
culture, with or without the addition of FreshQ®Tvorog 1
(50 U/T milk), added P. brevicompactum, P,
crustosum, P. solitum, P. carneum, P. paneum and P.
roqueforti (500 spores) and stored at 7°C/45°F for 28 days

IWOW ﬂﬂd/ & W



®
. About Chr. Hansen

-

Everyday 1 billion people consume a Chr.
Hansen product. Chr. Hansen develops and
produces cultures, enzymes, probiotics, plant
protection and natural colors for a rich variety
of foods, confectionery, beverages, dietary
supplements and even animal feed. We have
done this since 1874 and have more than 2,800
dedicated innovative and technically skilled
employees in over 30 countries.
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