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Hvorfor forske 1 tarmmikrobiotaen?

Undernutrition

(Subramanian et al., 2014 - Nature)
(Blanton et al., 2016 - Science)
(Raman et al., 2019 - Science)
(Gehrig et al, 2019 - Science)

(Chen et al., 2021 -NEJM)

Type 1 diabetes
(Giongo et al., 2011 - ISME)
(Kostic et al., 2015 - Cell Host & Microbe)
(Vatanen et al., 2018 - Nature)
(Steward et al., 2018 - Nature)

Inflammatory bowel diseases

(Michail et al., 2012 - Inflamm Bowel Dis)
(Grevers et al., 2014 - Cell Host & Microbe)
(Torres et al., 2020 - Gut)

Asthma and allergies

(Arrieta et al., 2014 - Sci Trans Med)
(Fujimura et al., 2016 - Nat Med)
(Stokholm et al., 2018 - Nat Comn)

(Feehley et al., 2019 - Nat Med)

Obesity

(Riva et al., 2016 - Envion Micro)
(Korpela et al., 2017 - Microbiome)
(Laursen et al., 2021 - FEMS Micro Eco)
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Relative abundance (%)

504

404

30 1

20

104

Udviklingen af tarm-mikrobiomet i1 det tidlige liv

Bacteroidaceae

Enterobacteriaceae

Lachnospiraceae

Ruminococcaceae

Clostridiaceae

12 24 36
Age (months)

Yassour et al., 2016 - SciTransMed
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Tarm-mikrobiotaen udvikles sidelgbende med
Immunsystemet og stofskiftet

External and .

host factors Host-associated Maternal factors Feeding type and

factors and bith mode complementary feeding Antibiotics

- | - s

Ecological =) =23

drivers of e ” .

community ) F |- —> 4

dynamics | ' “
Priority effects Microbial interactions Growth rate E

Gut microbiota - 9 \ W
development “ ‘ Y

Immune
maturation

Metabolic .
maturation o

Jian et al., 2021 EBioMedicine
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Faktorer der pavirker tarm-mikrobiotaens udvikling
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Antibiotics Maternal diet
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Mode of birth ~ “™=== ] —_— Furret pets
AP 7 ) . Host genetics
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4\ S
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Y‘f\. "/t\;‘;oli —_— Siblings and family members

Urban vs rural .

Complementary diet
(Late infancy/toddler diet)

Laursen et al., 2021 - Annals of Nutrition and Metabolism
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- Amning pavirker i hgj grad tarmmikrobiota i det tidlige liv
a Month 3to6 7to010 11 to 14 15t0 18 19to0 22 23to 26 27 to 30 31 to 40 D SisthMoxle™ " Broastfed
Maternal BMI{ [l = {1l ] | | ] || | 0.20 Sex Solids
Maternal pregnancy wtgain{ | | | | \ [ ] 0.15
Maternal diabetes medication | | I | | | [ | [ | 0.10 Birth Weight AB
Maternal diabetes | | | [ | ] [ [ ] [ | RS
Maternal preeclampsia{ I | | ] | [ | [ | | 0.05
Maternal probiotic{ | | I [ | = 11 ] | [ |
Birth mode { [l * | | \ | \ | Materrlal age AD
Preterm{ | \ | | 0.00
Sex | | | | [ | |
Breast milk | NN - | DN - (e = 10 | | || | | a)\\/A
Solid food { |l ] « 1l I | Ethviity - Sibs
Probiotic [l x» 10 0 » | » 1l [ [ | ' d -
Vitamin D{ [l x 1l | | \ I 1
Geographical location * * * * *
Household siblings * * * * Asthriva Kiotier Pets
Household furry pets * * S G :
Child lives on farm *
DayCEre exposure
Antibiotics{ | | ] [ ] « 10 [ ] | | Asthma Father Day care
Coeliac disease | | \ | \ | \ |
Any acute disease | | ] | | | |
Any chronic disease | | ] | ] [ ] | [ | AD Mother Smoke AP
S ’\ QS N S N N N Q ~ 3 ~ . ~ S ~ et
h.éfj Q'6:3(\.6\03 & (\'.\q53 (\Q’qf) Q‘Q‘O(\(s\(c o (\{\q53 C\.@fj Q'QQJ(\(;\(O o h’.\qu (\QQ?) 0600?;\(0 & (\,.\qu (\-6ijo 0'6:3:\-6\‘:3 o (\’-\P‘;c (\ng) Qéo(\-é\‘c & (\’-\q?j bng(io Q'ch\-é\% & {\..ﬂf’ Qc\?)qu 0(5:(\(-3\43 & c‘\’-\q‘;c RO Fatner Smoke OF
Proportion of explained variation (r?)
Nchildren > 300
Nsamples > 900
Nchilgren > 900
Neamples > 11000 Galazzo et al., 2020 - Gastroenterology

Steward et al., 2018 - Nature
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Modermeelk indeholder HMO’er

Proteins
8g/L

Lactose
70 g/L

Zivkovic et al, 2010 PNAS
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. Glucose (Glc) O Galactose (Gal)

- N-acetylglucosamine (GIcNAc) A Fucose (Fuc)

Bode L., 2012 - Glycobiology

‘ N-acetylneuraminic acid (NeuAc)

Webinar om mikrobiota, kost og sundhed




=
—]
—

W

30 May 2023

Speficikke Bifidobacterium arter udnytter modermaelkens indhold af

HMO’er til at dominere mikrobiotaen i spaedbarnets tarm

Breastmilk

DTU Food

Human milk oligosaccharides (HMOs)

T L

HMO-utiliizing Bifidobacterium species

Relative abundance (%)

CIG12

& AV
Age (days)

Laursen et al., 2021 - Nature Microbiology

ABC transporter

Glycoside
hydrolase

Relative abundance (%)
[ ~ S
s 3 3

N
gl
1

o
T

N S R Y

CIGO06

Age (days)

Relative abundance (%)

I gnonmln

o

w

m mmm o omo oo

. animalis/bseudolongum
. adolescentis

. scardovii

. dentium

. catenulatum group

. bifidum

breve

. longum subsp. longum
. longum subsp. infantis

CiG21
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Age (days)
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Reduceret risiko for:
- Infektionssygdomme?

- At udvikle immun-
relaterede sygdomme?

- At udvikle
inflammatoriske
tarmsygdomme?

L)

Cytokin som styrker tarmslimhindens
forsvar imod patogener

Pro-inflammatorisk cytokin

DTU Food

30 May 2023

Aromatic amino acids

o 0
WOH OH OH
NH I HN NH, NH;

HO’

Human milk oligosaccharides

I g &

Bifidobacterium longum subsp. infantis

Breastmilk Tryptophan Phenylalanine Tyrosine

Bifidobacterium breve

Bifidobacterium scardovii Bifidobacterium longum subsp. longum

AN
A

HMO-utiliizing Bifidobacterium species

Bifidobacterium bifidum

Aromatic lactate dehydrogenase (ALDH)

Aromatic lactic acids

Cytokines Immune cells Receptors
AhR o o
0 / WOH MOH
®¢ C’ ! " )
ILA mediated immune effects . Indolelactic acid 4-Hydroxyphenyllactic acid

IL-22 Th17 cells (ILA)
AhR
[e]}
@ o
@90 | — @ OH
= . Phenyllactic acid
IL-12p70 Monocytes \ (PLA)
HCA3

Laursen et al., 2021 - Nature Microbiology

(4-OH-PLA)
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A Breastfed B Formulafed

~ °
’ /.f s / RS
Qe —> ckPY—> ..
- . ? o
0® A \ = CR, - B
HMOs Breast milk Formula milk Proteins Peptides Amino acids
5-15g/L 100-150 g/L
>200 different structures
HMOs are not digested in upper Gl tract and reach the Some proteins (and geplides) escape digestion and
colon were they are degraded into monosaccharides absorption in upper Gl tract and reach colon were they are
and fermented by gut microbes degraded into amino acids and fermented by gut microbes

4 = S Modermeelkserstatning
s === - a» tilsat FOS/GOS

C. perfringens C. difficile

*- e A 7‘> / \ )_\‘1 rT*

B. longum subsp. infantis

E. coli
HMO degradir;g Bifidobacterium species Protein degrading species
(e.g. B. bifidum and B breve or B. longum subsp. infantis) (e.g. Clostridiumn, Enterobacteriaceae)
HMO catabolites BCAA catabolites
Acetate Isovalerate
Lactate Isobutyrate
Formate AAA catabolites
1,2-Propanediol -cresol
AAA-derived Co-HMO metabolism products henylacatate
%ﬁA Tryptamine | k A
AOL-PLA Mode_rmae sers}tatmng
tilsat HMO’er
Potential benefical heal;,h effects m)tential detrimental h;alth effects
Fewer opportunistic pathogens 3 lore opportunistic pathogens 4
Fewer antibiotic resistance genes ‘_/ More antibiotics resistance genes (2 F L’ LN nT)
Lower gut inflammation Higher gut inflammation
Protect gut epithelium Increased risk of metabolic and
Immune system regulation immune-related diseases?
Decreased risk of immune-related
diseases?

Laursen, 2021 - Annals of Nutrition and Metabolism
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DT For tidlig fedsel og fadsel ved kejsersnit forsinker

tarmmikrobiotamens udvikling (pa trods af amning)

W
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Korpela et al., 2018 - Scientific Reports
‘ Breastmilk Breastmilk /
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Laursen et al., 2021 - Nature Microbiology
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DTU B. infantis EVCO0O01 intervention reducerer inflammation i tarmen og nedseetter
-— mangden af cytokiner der spiller en rolle i allergi og autoimmunitet
IMPRINT study : g ™ o
60 exclusively] £ 500 . £ s00 :
breastfed infants g : :a ‘ '§
day 6 | day 6 8 20 £ a‘ 8 20 %
n=31 n=29 l 0 - 0

% Bifidobacteriaceae

EVCO001 0 25 50 75 100 <25% >25%

day 60 o day 60 Henrick et al., 2019 - Pediatric Research

Actinomycetaceae
—— REENNE BN D *n . -~ C Day 6 Day 60 D ;g. Y
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0.0- Bifidobacteriaceae {Hll  » * # o
-0.5¢ Clostridiaceae { * ™ *
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IL-12p70 IL-33 IL-12p70 Enterobacteriaceae{ * B4l & «
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MIP-3a  |L-21 MIP-3a Gemellaceae
(#2%) (**) Lachnospiraceae
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1L-23 IL-17A Micrococcaceae

IL=23 TR IE=17A IL-31 (** Neisseriaceae
3 (**) Pasteurellaceae

121 " IFN-B IL-4 'F:}{)-B IL-4

1.00

1£
Spearman’s Rho

n IL-13 IL-27 IL-13
0.75 IL-27 *

0.50

0.25 IL-33
0.00

IL-21

Peptostreptococcaceae
-_— m—— IZJ Control HE EVC001 baseline E EVC001 Porphyromonadaceae
Ruminococcaceae

Staphylococcaceae A
01 © e ® © o ¢ Y @ & Streptococcaceae
Veillonellaceae
20 40 60 Tissierellaceae
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X ] la-

Goon W Henrick et al., 2021 - Cell £ &

Frese et al., 2017 - mSphere 2
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Overgangkost

WHO

"Complementary feeding is defined as the process starting when breast milk
alone is no longer sufficient to meet the nutritional requirements of infants,
and therefore other foods and liquids are needed, along with breast milk.
The transition from exclusive breastfeeding to family foods — referred to as
complementary feeding - typically covers the period from 6 - 24 months

of age...”

§1.EDU- Infam:ﬁﬂ—SyT 4 . .
s H

Si1z004 P00 e g7 3

3 L o808 .

@ H [ ] .

S 8004 .‘:'- '!: ¢

g s00| 9x ¢ &

| B B E— T | paa — T
0030711151923 27 3
Age (yr)

Yatsunenko et al., 2012 - Nature
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Overgangskosten aendrer pa tarmmikrobiotaens sammensaetning og giver gget diversitet

Breastmilk ‘ Protein f

Complementary feeding period

W

Exclusive breastfeeding

—— Bifidobacterium
- Lactobacillaceae
Streptococcaeae
Enterococcaeae
— Veillonellaceae
Lachnospiraceae

— Ruminococcaceae

—— Bacteroidaceae
—— Enterobacteriaecae

—— Clostridiaceae

Relative abundance (%)

Age (months)

DO oo e i oty

Low Alpha diversity High
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- — Pavirker overgangskosten vaekst of udvikling via tarmmikrobiotaen?
o
| . . .
MDCF = "microbiota directed complementary foods”
| ( )
24 Component (g/100g) RUSF| MDCF-{[MDCF-2MDCF-3
0 Normal healthy Chickpea flour - s 10 | 30
E=] . . Peanut flour - 7 10 -
» - S 1ad == microbiota Soy flour - 5 8 14
; D £ -~ Raw banana - 19 19 -
> © iy s as| - | C
Meats and dairy —_— &;< o o s . Lentil 215 - - -
Fruits and vegetables : 124 /. o =" . Powdered skimmed milk 10.5 115 - =
g A e © Microbiota of stunted  [S 7| usy =0 | s
Complementary diet g 61 ,/, é’ol;%"‘; .u:'. oa " malnourished children Micronutrient premix 3.14 3.1 3.14 3.1
S of 7, Protein 102 1224 | 1.8 [ 139
= Fat 205| 228 || 208 | 24.1
i 0 T T T d Carbohydrate 318| 186 163 22
Protein { 0 6 12 18 24 Fiber a7| 33| a5 | se
Dietary fiber ; Protein energy ratio (PER)| 8.3 119 1.6 11.7
1 . Chronolog\cal age (months) Fat energy ratio (FER) 53.6 49.3 46.2 45.7
BCFAs (Protein) Tolal calories per 100g | 494.6] 416.1)| 406.8 ) 475.8
Isovalerate )
sy} Isobutyrate 4 Subramanian et al,. 2014 - Nature Gehrig et al,. 2019 - Science
:?un:inuc:ccacea! t : SCFAs (Dietary ﬁber)
Bacteroidaceae t B Uty rate 1
Propionate
Acetate =+ MAM Healthy
MDCF3 MAM
Gut microbiota 0.02 MAM ..RUSF .y O MAM
A Begin treatment End treatment ] . ® ,'4,{,," 1 mocks
0.01 P
2 B B h --777 MAM
! un-in ost- - untreated
) Enrollment phase Treatment phase Hsiaeveriion g ol
’ Timeline % ® ® SAM 6 mo post-discharge
1 2 3 4 5 6 7 8 9 O -0.01 | P .
fwoek) ¢ ¥ 3 ¢ 8 0 9 9 = SAM at discharge g -~ SAM12 mo post-discharge
T 1 | T | I | T 1 ® - - .
 of -0.02 | v SAM 1 mo post-discharge
Neuro 8 0 00 0 ] [ 00 ] ¢}
development Growth ) d 0 6 0 ’ -0.03
s - ~
B O 0§ Fecal sample 0.02
= * & # Plasma sample
deveBIgB?nent Immune system regulation ’ Anthmpometry
_ it i Gehrig et al,. 2019 - Science 004 .
Laursen, 2021 - Annals of Nutrition and Metabolism ’ Raman et al,. 2019 - Science
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3 mrd kostintervention med MDCF-2 forbedrer underernaerede bgrns
(12-18m) vaekst sammenlignet med standard behandling (RUSF)

A Study Design

Enrollment and
randomization
of study children

/

Beginning
of nutritional
intervention

!

RUSF: 2x per day
in clinic

MDCF-2: 2x per day

End of intervention
Beginning of 1-mo
follow-up

'

Unsupplemented ~ N=59

RUSF:
1x per day in clinic
1x per day at home

RUSF: 2x per day
at home

MDCF-2:

1x per day in clinic MBERS ©  pel day

Unsupplemented ~ N=59

-7

Anthropometry e
Fecal Sample

in clinic 1% per day oy Horme at home
I T T T T 1
0 30 60 90 120
Day
[ ] [ ] [ ] [ ] [ ] ® [ ] O
o [¢] (6]

Blood Sample

B Weight-for-Length Measure

=1.84

-1.9

-2.04

{

N

H
I

Difference in change=0.011 (95% Cl, 0.001-0.021)

MDCF-2

RUSF

Table 2. Clinical Response to MDCF-2 or RUSF Supplementation.*

Anthropometric Feature

At baseline
Weight-for-length z score
Weight-for-age z score
Length-for-age z score
MUAC —cm

Mean rate of growth per week during
3-mo treatment (95% Cl)i

MDCF-2
(N=59)

-2.22+0.39

-2.66+0.67

-2.14+1.14
12.8+0.51

RUSF
(N=59)

-2.29+0.36

-2.71+0.64

-2.13£1.13
12.7+0.44

Difference
(95% Cl)f

0.086 (~0.056 to 0.228)
0.036 (~0.213 to 0.285)
-0.044 (~0.467 to 0.380)
0.077 (-0.100 to 0.254)

Weight-for-length z score

Weight-for-age z score

0.021 (0.014 to 0.029)
0.017 (0.012 to 0.022)

0.010 (0.003 to 0.017)
0.010 (0.004 to 0.015)

0.011 (0.001 to 0.021)
0.008 (0.001 to 0.015)

Length-for-age z score
MUAC —cm

Mean rate of growth per week during
treatment plus 1-mo follow-up
(95% Cl)x

0.004 (0.002 to 0.007)
0.031 (0.029 to 0.034)

0.005 (0.003 to 0.008)
0.029 (0.025 to 0.032)

-0.001 (~0.005 to 0.003)
0.003 (~0.001 to 0.007)

Weight-for-length z score

Weight-for-age z score

0.010 (0.005 to 0.016)
0.009 (0.005 to 0.013)

0.000 (~0.005 to 0.006)
0.001 (~0.003 to 0.005)

0.010 (0.002 to 0.018)
0.008 (0.002 to 0.013)

Length-for-age z score
MUAC —cm

0.004 (0.002 to 0.006)
0.028 (0.026 to 0.031)

0.003 (0.001 to 0.006)
0.024 (0.022 to 0.027)

0.000 (~0.003 to 0.003)
0.004 (0.000 to 0.007)

* Plus—minus values are means +SD. MUAC denotes mid—upper-arm circumference.
T Values for the between-group difference at baseline were derived from a linear model predicting anthropometric fea-
tures at the start of treatment as a function of treatment group after adjustment for age, sex, and any illness within
7 days before treatment initiation. Values for the between-group difference in the growth rate per week during the

3-month treatment period and during treatment plus 1-month follow-up were derived from a mixed-effects linear model
predicting anthropometric features as a function of the interaction between treatment group and the number of weeks
since the initiation of nutritional supplementation after adjustment for the baseline variables plus the number of weeks
of treatment, the treatment group, and a random intercept for each participant to account for the within-participant
correlation. Positive values indicate a faster growth rate in children receiving MDCF-2.

: Values for the rate of growth per week during the treatment period and during treatment plus follow-up were derived
from a mixed-effects linear model. This model predicts anthropometric features as a function of the number of weeks
since the initiation of nutritional supplementation after adjustment for the baseline variables plus a random intercept
for each participant to account for the within-participant correlation.

Weight-for-Length Z Score

-2.21

-23 T T T T T 1
0 15 30 45 60 75 90

Days since Start of Intervention

Chen et al., 2021 - New England Journal of Medicine

Webinar om mikrobiota, kost




DTU

W

30 May 2023

Forbedret vaekst kobles til hgjere niveauer af proteiner i blodet, som
er vigtige for knogle og central nervesystemets udvikling

DTU Food

A Change in Weight-for-Length Z Score
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Webinar om mikrobiota, kost og sundhed
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Opsummering

« Barnets tarmmikrobiota gennemgar en drastisk udvikling i de farste levear, sidelgbende
med at vores immunsystem og stofskifte udvikles

« Udviklingen af barnets tarmmikrobiota pavirkes af en lang raekke faktorer
— Fgdsel ved kejsersnit og for tidlig fadsel forsinker udviklingen
— Amning og passende overgangskost (fx. kostfibre) er vigtige for en sund udvikling

« Amning og etablering af HMO-nedbrydende Bifidobacterium arter i den tidlige
spaedbarndom beskytter imod inflammation og pavirker immunsystemet i en gavnlig
retning i forhold til tolerance

« Underernaerede bgrn har en umoden tarmmikrobiota som kan modnes med rationelt
designet overgangskost, hvilket ogsa forbedre vaekst og markarer for knogleveekst og
centralnervesystemets udvikling.
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