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Probiotics and mucosal immunity 

interactions in early life

Almere, 09 Mei, 2017

Europe

� The dynamics of the microbiota

� The required signals from the environment

� Not all signals (probiotics!) are alike

� Can probiotics do the job?

� Conclusions

Today’s talk…

Aleksandar D. Kostic, Michael R. Howitt and Wendy S. Garrett; Genes Dev. 2013 27: 701-718

Microbiota: the consequence of 

evolution !

Phylum levels
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Human Microbiota: a mutual, 

evolutionary interplay

� Composition determined by 

� Immune system

� Neural system (stress)

� Nutritional status

� Age

� External interventions 

(infection, drugs, …)

� The µbiome has influence on

� Immune system

� Neural system

� Nutritional status

� …

Fredrik Backhed et al., 2012, Cell 

Host & Microbe.

Microbiota: a lifetime 

dynamics

Bacteroidetes
Firmicutes

Actinobacteria 
Proteobacteria
Variable/other

Aleksandar D. Kostic, Michael R. Howitt and Wendy S. Garrett; Genes Dev. 2013 27: 701-718

3 Yrs: more diverse  
‘‘adult-like’’ structure 

adulthood elderly

Pfefferle & Renz, 
F1000 Prime Reports 2014

Early life-time is very important with life- long impact!

How do we know?
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Immune responses and

microbiota walk hand in hand!

But complex and diverse!

� The dynamics of the microbiota

� The required signals from the environment

� Not all signals (probiotics!) are alike

� Can probiotics do the job?

� Conclusions

Today’s talk…

Pregnant women get ready for delivery!

Koren et al., Cell,  2012

Fecal bacteria of 91 pregnant women with varying pre-pregnancy BMIs 

and gestational diabetes status were compared (16S rRNA gene). 

Differences are apparently not related to diet, antibiotics or presence or 
absence of gestational diabetes or pre-pregnancy BMI. 

First Trimester (T1) Third Trimester (T3)
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(T1)(T3)

Koren et al., Cell,  2012

Not only the gut microbiota…

Aagaard et al., PLoS One,  2012

68 vaginal samples from 24 healthy pregnant women (at 18 to 40 weeks) 

were compared to 301 samples of 60 non-pregnant control women

Pregnancy reduces diversity of, but with an 

increase of streptococci and certain lactobacilli.  

Pregnant

Non-pregnant

� Breast milk itself is also a source of bacteria and contains up to 

109 bacteria / L in healthy mothers.

� The most frequently encountered bacterial groups include 

staphylococci, streptococci, corynebacteria, lactobacilli, 

micrococci, propionibacteria and bifidobacteria. 

� Lactobacilli were isolated in 55.3% of colostrum samples of 116 

Chilean mothers, with concentrations of 3.33 ± 0.55 (log CFU/ml). 

� The predominant species were L. plantarum (64%), L. fermentum
(16%) and L. pentosus (9%).

… and there is more…

R Wall et al., 2009 Clinical Medicine: Pediatrics
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A programmed change throughout?

Lactobacilli and streptococci are well-known commensal lactic acid producing 
bacteria, some of which are capable to 

(i) selectively interact with the innate and the adaptive immune system of their 
host, able to 

(ii) prevent growth of pathogenic bacteria and 
(iii) assist in digestion, and

(iv) are less anaerobic, more acid resistant, and
(v) their growth is promoted by breast milk

� Suggesting a natural increase of levels of these bacteria, early in life, and

� Suggesting the possibility of ‘artificially’ increasing levels through food 
supplements or adapted nutritional interventions, in order to

(i) promote a healthy development of a balanced microbiota 
(ii) protect against accidental dysbiosis in early life phases. 

Can it really work?     How and when?

• Also a group of pregnant mice were orally inoculated with a 

genetically labelled E. faecium strain previously isolated from breast 
milk of a healthy woman. 

• The labelled strain could be isolated and PCR-detected from 

meconium of the inoculated animals obtained by caesarean section 
one day before the predicted date of labor.

PCR detection of E. faecium JLM3 among colonies isolated 

from meconium.

Lane 1, 100 bp ladder (Bioline, London, UK); lane 2, PCR 

positive control (genomic DNA obtained from transgenic 

soy); lanes 3e7, colonies obtained from group A mice that 

grew on MRS-Cm agar plates; lanes 8e12, colonies 

obtained from group B mice; lane 13, PCR-negative control 

(E. faecium HA1).

In the mean time…

Bacteria were isolated from the

- meconium obtained from mice (after caesarean section)

- umbilical cord blood of healthy neonates

- placenta from mothers 

- amniotic fluid 

Dasanayake, A.P., Li, Y., Wiener, H., Ruby, J.D., Lee, M.J. (2005) Salivary
Actinomyces naeslundii genospecies 2 and Lactobacillus casei levels
predict pregnancy outcomes. Journal of Periodontology 76, 171e177

(gestational age and birth weight; controlled for demographic, medical, and dental variables)

Jimenez, E., Fernandez, L., Marın, M.L., Martın, R., Odriozola, J.M.,
Nueno-Palop, C., et al. (2005) Isolation of commensal bacteria from umbilical cord blood of healthy neonates born by 
caesarean section. Current Microbiology 51, 270e274.

Pettker CM, Buhimschi IA, Magloire LK, et al. Value of placental microbial evaluation in 
diagnosing intra-amniotic infection. Obstet Gynecol. 2007;109(3):739–49.

� Prenatal mother-to-child efflux of commensal bacteria exists

� Likely an active strategy to prepare the infant for future  contact with 

commensals (and pathogens)
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� The dynamics of the microbiota

� The required signals from the environment

� Not all signals (probiotics!) are alike

� Can probiotics do the job?

� Conclusions

Today’s talk…

Aleksandar D. Kostic, Michael R. Howitt and Wendy S. Garrett; Genes Dev. 2013 27: 701-718

The co-evolutionary aspect!

Phylum levels

Not all bacteria / signals are alike!

Germ-free (GF) mice were colonized with mouse microbiota (MMb) or human 

microbiota (HMb) to test whether immune maturation depends on a host-
specific microbiota relationship (co-evolution driven). 

Chung et al.,  Cell, 2012

Bacterial numbers and 

phylum abundance 
were similar in MMb

and HMb mice, but 

bacterial genera / 
species differed

Mouse Microbiota Human Microbiota

family
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Not all signals are alike!

HMb mouse intestines 

had many characteristics 
of GF mice 

- low levels of CD4+ 

and CD8+ T cells

- few proliferating T-

cells

- few dendritic cells

- low antimicrobial 
peptide expression

Chung et al.,  Cell, 2012

More similar

Not all signals are alike!

Mouse-segmented filamentous bacteria (SFB) partially 

restored the T-cell numbers in HMb mice, suggesting that 
SFB and other host specific MMb organisms are required 

for full immune maturation in mice.

Chung et al.,  Cell, 2012

� The dynamics of the microbiota

� The required signals from the environment

� Not all signals (probiotics!) are alike

� Can probiotics do the job?

� Conclusions

Today’s talk…
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Data from clinical trials that included either prenatal or the prenatal and postnatal or postnatal

intervention phase of probiotics, prebiotics, or both.

PFEFFERLE, PRESCOTT AND KOPP, 2013, J ALLERGY CLIN IMMUNOL

Prenatal

Pre & post 
natal

Continued …

PFEFFERLE, PRESCOTT, AND KOPP, 2013, J ALLERGY CLIN IMMUNOL

Postnatal

And the results PFEFFERLE, PRESCOTT, AND KOPP, 2013, J ALLERGY CLIN IMMUNOL
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Continued …

PFEFFERLE, PRESCOTT, AND KOPP, 2013, J ALLERGY CLIN IMMUNOL

In about 1 out of 2 studies, some positive parameters could be measured…

Probably not only the pro- / prebiotic ALONE is responsible, but other factors 

will determine the effect they can have.

Antibiotics can disturb the signaling!

Sebastian Zeissig & Richard S Blumberg, 2014, Nature

CORRECT
COMMENSAL

COLONIZATION
= REQUIRED FOR
MATURATION

Window of opportunity

Antibiotics can disturb the signaling!

Sebastian Zeissig & Richard S Blumberg, 2014, Nature

CORRECT
COMMENSAL

COLONIZATION
= REQUIRED FOR
MATURATION

Window of opportunity

Probiotics
Prebiotics
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Can probiotics provide these signals?

� Fecal samples from 80 mother-infant pairs were analyzed at 1 month 

(mothers and infants) and at 6 months (infants) by qPCR. (DBPC-study)

� 2 different probiotic combinations are given to mothers 2 months before 
and after delivery:

� (1) L. rhamnosus LPR + B. longum BL999

� (2) L. paracasei ST11 + B. longum BL999

� Analyze the gut microbiota association between mother and infant 

and find out if probiotic supplementation to the mother can impact on 

the microbiota of the infants at 1 and 6 months.

Grönlund, Grześkowiak, Isolauri, Salminen, Gut Microbes, 2011

Can probiotics provide these signals?

Grönlund, Grześkowiak, Isolauri, Salminen, Gut Microbes, 2011

� When looking to mother-infant pairs B. bifidum (but less B. breve) colonization in 
the mothers significantly increased (19-23x) the infants’ probability of being 

colonized by B. bifidum or B. breve (two commonly found species in young infants)

� Bifidobacterial diversity indexes (DI) and the mother-infant similarity indexes (SI) 
correlated significantly between mother and infant, both at 1 and 6 months of age. 

� Probiotic intervention had no effect on the colonization rates or faecal bacterial 
counts in mothers.

Can probiotics provide these signals?

Grönlund, Grześkowiak, Isolauri, Salminen, Gut Microbes, 2011

These findings again illustrate a possible microbiota association 

between mother and infant during early infancy.

AND:

Probiotics given to the mothers 2 months prior to and after delivery can 
influence the association in fecal microbiota between mother and infant. 

Probiotics seem to be able to modulate the correlation between mother and infant 

for bifidobacteria and B. longum counts until 6 months after delivery (= 4 months 
after the end of supplementation).

Grześkowiak, Grönlund, Beckmann, Salminen, von Berg, Isolauri, Anaerobe, 2012
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Can probiotics provide these signals?

Wall et al., Clinical Medicine: Pediatrics, 2009

They surely do, and possible mechanisms are diverse!

Thomas and Versalovic [2010]

The complexity of the mechanisms, different at different ages!

After: Susan L Prescott, Current Allergy & Clinical Immunology, June 2008

Approaches to promote barrier protection and immune tolerance:
*  Optimise colonisation and gut maturation / permeability (probiotics / prebiotics)

*  Allergen exposure - optimise timing, dose, interval, route (rather than avoidance)

*  Breast feeding - promotes tolerogenic conditions during allergen encounter
*  Immunomodulatory factors (omega-3 fatty acids; requires further studies)

Birth 3-4? 6-7? >12 months

? ?

Tolerance
induction

window

risk risk resolution

Window of opportunity?

When all goes well…
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� The dynamics of the microbiota

� The required signals from the environment

� Not all signals (probiotics!) are alike

� Can probiotics do the job?

� Conclusions

Todays talk…

Can probiotics do ‘the’ job?

Yes, some, and probably not ALONE

Within a (limited?) window of opportunity

which unfortunately is not yet well defined

Modified from: Gut Microbes. 2012 Jul 1; 3(4): 352–365 

Window of opportunity
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Modified from: Gut Microbes. 2012 Jul 1; 3(4): 352–365 

Window of opportunity

Gut Microbes. 2012 Jul 1; 3(4): 352–365. 

Conclusions

� Already in utero, the mother, her microbiota and the baby coexist, as a 

kind of interconnected meta-organism (the co-evolution aspect). 

� The purpose is to deliver to the baby, in a timely matter, a commensal 
composition of bacteria able to assist in the healthy maturation of its 

immune- and metabolic system.

� There is some evidence that this involves epigenetic changes that will 

take place during specific time slots (limited!). 

� Although none of the underlying mechanisms are known in detail, we 
can learn from observed defects how the microbiota and immune 

systems co-evolve and how metabolic phenotypes reflect the myriad of 

functions encoded in the human genome and the gut microbiome. 
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Probiotics are (y)our
invisible friends!

Thank you Thank you Thank you Thank you forforforfor
youryouryouryour attention!attention!attention!attention!

Questions   
welcome  / 

Answers hopefully


