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The developmental origins of health and disease



Key Elements in Immunological Programming

• Pregnancy

• Mode of delivery

• Breast-feeding

Host immunophenotype

Microbial exposures

– Maternal microbiota

– Probiotics

– Mode of delivery

Dietary exposures

– Allergens

– Probiotics

– Breastfeeding

Epigenetic programming

Host immunogenotype



Sikiön kasvu

Häiriintynyt 
sokeriaineenvaihdunta 
aikuisena
MS

Intrauteriininen aliravitsemus

The developmental origins of health and 

disease



• GDM
• Suuri painonnousu

• Ylipaino 2-4 v/ 
Lapsuusajan lihavuus

• Lihava aikuinen
(Goldani et al 2011)

• Astmariski 4x
(Quinto et al 2011 Lowe et al 2011)

• T2D riski (Ruchat et al 2013)

Runsasenerginen ruokavalio
Ylipaino

CS

Useat tekijät vaikuttavat lapsen immunologiseen/ 

metaboliseen kehitykseen…

Mutta kaikki ne vaikuttavat myös mikrobiston

muodostumiseen- kausaliteetti?

Terveyden

ohjelmoituminen

sukupolvelta toiselle



Mikrobiston muodostuminen
Postnataalisesti
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Age 1-12 mo

Facultative 
anaerobes

Anaerobes
Unculturables?

Bifidobacteria
(typical species composition)

Weaning

Rapid accumulation of 
anaerobic growth

Genetics
Mode of delivery

Feeding type
Environmental exposure

The secret of successful programming may be timing



The secret of successful 

programming 

may be timing
Prenataalisesti



Peyerin levy

Antigeenin

presentaatio

Toleranssi

reg T-soluT-h1

T-h2

B-solu

IFN-g

IL-4

IgA

TGF-b

IL-10

IL-4

Mikrobit

Muuttuuko käsityksemme mikrobeista?

1. Immunologinen tasapaino

“Normaalifloora”

Mikrobi=Patogeeni infektioriski

Isännän ja mikrobiston vuorovaikutus



Muuttuuko käsityksemme

mikrobiston

muodostumisesta?



Normaalipainoiset vs. ylipainoiset naiset

/ erilainen suoliston mikrobisto

raskauden aikana Collado et al 2008

/ ero heijastuu lapsenpihkaan Hu et al 2013

/ rintamaidon mikrobistoon Collado et al 2012

• Bacteroides ja Staphylococcus ryhmän bakteerit
yliedustettuina ylipainoisilla raskauden aikana.

• Bifidobacterium ryhmän bakteerien määrä suurempi
jos painonnousu normaali raskauden aikana.

• Diabetesäidin lapsen mekonium
mikrobistokoostumus muistuttaa aikuisen DM
mikrobistoa. 

• Suuri Staphylococcus ryhmän bakteerien ja pieni
Bifidobacterium määrä ylipainoisten rintamaidossa.



Host remodeling of the gut microbiome and metabolic

changes during pregnancy Koren et al Cell 2012

Suoliston mikrobisto muuttuu

raskauden aikana:

Proteobakteerit

Actinobakteerit

Mikrobiomin

monimuotoisuus

Faecalibacterium



Keisarinleikkauksia

1937-55    3 %

Nyt:

20-30- 50 %

Synnytystapa vaikuttaa mikrobiston muodostumiseen



• Keliakia (Decker et al., 2010)

• Diabetes DM1 (Cardwell et al., 2008)

• Astma (Kero et al., 2002; Thavagnamanan et al., 2008)

• Atooppinen ihotuma (Thavagnamanan et al., 2008)

• Ruoka-allergiat (Eggesbo et al., 2003)

Syntymä keisarileikkauksella kasvattaa ei-tarttuvien

tautien riskiä (NCD)

Sevelsted et al 2015
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Further analysis (not shown) conducted in subgroups

of the studies defined by study design, ascertainment

of asthma and geographic region revealed conclusions

similar to the overall analysis.

Discussion

In this meta-analysis, which included 20 published arti-

cles, we found a 20% increase in the subsequent risk of

asthma in children who had been delivered by Caesarean

section. In studies of asthma at any age (including three

adult studies [16, 28, 29]), a similar association was

detected but asmarked study heterogenei ty was observed,

wecan be less certain about this result.

The hygiene hypothesis suggests that intestinal bacter-

ial flora is important in immune development in children.

The Bacteriodes and Bifidobacterium species live in the

gut and have probiotic properties that are associated with

a decreased risk of atopic disease. Caesarean section has

been shown to delay and alter the development of

intestinal bacterial flora. This may, in turn, alter immune

development and subsequently increase therisk for atopic

disease in children [4]. Alternatively, Caesarean section is

associated with transient tachypnoea of the newborn [34]

(due to altered pulmonary physiology resulting from

delayed removal of amniotic lung fluid), which has been

shown to increase asthma risk ([27] and [35]).

To our knowledge, this is the first meta-analysis of the

association between Caesarean section and childhood

asthma. The main finding (of increased risk of asthma

after Caesarean section) was observed in studies with

different designs, conducted in different countries and

using different measures of asthma conferring a level of

robustness to this result.

There are limitations to meta-analyses-based upon sum-

mary statistics from observational studies. They cannot

confirm causal relationships, which require randomized

control trials, nor do they allow adjustmentsfor confounding

factors. One possible confounder is low birth weight (pre-

term or in uterogrowth retardation), which hasbeen reported

to beassociated with an increased asthmarisk perhapsdueto

an altered immunesystem or abnormal pulmonary structural

development [18, 36]. However, the majority of studies that

have adjusted for low birth weight [4, 16, 18, 22, 29–31]

found that this had little confounding influence on the

association between asthma and Caesarean section.

Breastfeeding during the first 4–6 months of life is also

believed to provide some protection against asthma be-

cause human milk provides an immunomodulatory and

anti- inflammatory component to the baby [37]. It is

Table 1. Characteristics of studies that have investigated the association between asthma and Caesarean section, ordered by date of publication

Study

First author (year) Design Country

Asthma

Diagnosis refers to (years) Ascertainment method

Oliveti (1996) Case–control USA 3–9 Hospital clinic (diagnosis and medication)

Xu (2000) Cohort Finland At 7 Parental questionnai re (diagnosis)

Nafstad (2000) Cohort Sweden At 4 Questionnaire (diagnosis and symptoms)

Xu (2001) Cohort Finland At 31 Questionnaire (diagnosis)

Annesi-Maesano (2001) Cohort UK Under 18 Questionnaire (symptoms)

McKeever (2002) Cohort UK Under 11 GPconsultations (diagnosis)

Kero (2002) Cohort Finland (i) Under 7

(ii) At 7

(i) Hospital admissions and medications

databases (ICD code)

(ii) Clinical visit (diagnosis)

Bager (2003) Cohort Denmark Under 28 Interview (diagnosis)

Hakansson (2003) Case–control Sweden 1–12 Hospital discharge records (ICD code)

Negele (2004) Cohort Germany 1–2 Parental questionnai re (diagnosis)

Vonk (2004) Cohort TheNetherlands At 18–22 Methacholine test (bronchial hyperactivity)

Maitra (2004) Cohort UK At 7 Parental questionnai re (diagnosis)

Smith (2004) Cohort UK Under 10 Hospital admissions (ICD code)

Kurukulaaratchy (2005) Cohort UK Under 4 and at 10 Questionnaire (symptoms)

Debley (2005) Case–control USA 6–12 Hospital admissions (ICD code)

Al-Kubaisy (2005) Case–control Iraq Under 13 Questionnaire (diagnosis and medication)

Hagendorens (2005) Cohort Belgium Under 2 Parental questionnai re (symptoms)

Bernsen (2005) Cohort TheNetherlands At 6 Medical records (diagnosis)

Juhn (2005) Cohort USA Under 8 Medical records (diagnosis or symptoms)

Renz-Polster (2005) Cohort USA 3–10 Health maintenance organization

medical records (diagnosis)

Salam (2006) Cohort USA Under 18 Parental questionnai re (diagnosis)

Rusconi (2006) Cross-sectional Italy Under 2 and at 5 Parental questionnai re (symptoms)

Equivalent to General Practitioners records.

c 2007 TheAuthors
Journal compilation c 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 38:629–633

Association between Caesarean section and childhood asthma 631

possible that breastfeeding could provide a confounding

influence as children born by Caesarean section are less

likely to bebreastfed [20] but two studies that adjusted for

breastfeeding [4, 22] noted little changes in the associa-

tion between Caesarean section and asthma.

Passive smoking during prenatal or childhood acts

as a risk factor for asthma development [15]. This

in utero exposure can cause changes in fetal lung

development and cause airflow obstruction and airway

hyper-responsiveness [38]. Maternal smoking may also be

positively related to Caesarean section and could therefore

act as a confounder. However, as the positive associati on

between asthma and Caesarean section remained after

adjustment for maternal smoking in a number of studies

[4, 18, 22, 29–31], any confounding influence is likely

to besmall.

As studies did not separatel y analyse the two classic

childhood wheezing phenotypes (non-atopic viral-

triggered wheeze and classic atopic allergic asthma) whose

aetiology may differ we could make no adjustments for

this in our analyses. Interestingly, all three studies [16, 28,

29] investigating asthma in adulthood, which are unlikely

to contain many of thetransient non-atopic viral-triggered

wheezers, observed an increased risk of asthma after

Caesarean section.

In conclusion, we found a 20% increase in the subse-

quent risk of asthma in children who had been delivered

by Caesarean section. This increase could reflect the

Asthma Controls 
First author

C-sect./tot (%) C-sect./tot (%) 
Odds ratio (95%CI) OR (95% CI)

Relative
weight

(%) 

Oliveti 33/131 (25) 31/131 (24) 1.09 (0.62,1.91) 1.1 

)41(1098/780471(282/94uX 1.28 (0.94,1.76) 2.9 

Nafstad 20/160 (13) 259/2312 (11) 1.13 (0.70,1.84) 1.4 

)5(1855/98)41(89/41uX 3.31 (1.81,6.05) 0.9 

Annesi-Maesano 39/406 (10) 249/3659 (7) 1.46 (1.02,2.07) 2.4 

McKeever 873/5082 (17) 3200/19 608 (16) 1.06 (0.98,1.15) 11.5 

Kero 366/2050 (18) 8460/57 815 (15) 1.27 (1.13,1.42) 9.5 

Kero 8/12 (67) 58/119 (49) 2.10 (0.60,7.36) 0.2 

Bager 69/1116 (6) 424/8606 (5) 1.27 (0.98,1.65) 3.9 

Hakansson 1120/13 058 (9) 60 110/850 175 (7) 1.23 (1.16,1.31) 12.6 

Negele 1/11 (9) 424/1432 (30) 0.24 (0.03,1.86) 0.1 

Vonk 14/133 (11) 25/401 (6) 1.77 (0.89,3.51) 0.7 

Maitra 175/1461 (12) 602/5735 (10) 1.16 (0.97,1.39) 6.4 

Smith 641/3856 (17) 24 728/169 283 (15) 1.17 (1.07,1.27) 11.3 

Kurukulaaratchy 16/107 (15) 65/737 (9) 1.82 (1.01, 3.28) 1.0 

Debley 385/2028 (19) 1239/8292 (15) 1.33 (1.18,1.51) 8.9 

Al-Kubaisy 41/644 (6) 111/1618 (7) 0.92 (0.64,1.34) 2.2 

Hagendorens 26/196 (13) 62/592 (10) 1.31 (0.80, 2.13) 1.4 

Bernsen 10/144 (7) 71/1507 (5) 1.51 (0.76, 3.00) 0.7 

Juhn 41/469 (9) 673/6637 (10) 0.85 (0.61,1.18) 2.7 

Renz-Polster 132/698 (19) 1154/7174 (16) 1.22 (1.00 ,1.49) 5.6 

Salam 129/508 (25) 584/2928 (20) 1.37 (1.10,1.70) 5.0 

Rusconi 247/844 (29) 3916/14 765 (27) 1.15 (0.98,1.34) 7.5 

Overalla 1.22 (1.14, 1.29)

Childhood studiesb
1.20 (1.14, 1.26)

0.2 0.5 1 2 5

Reduced risk of asthma after Caesarean Increased risk of asthma after Caesarean 

Fig. 1. Meta-analysi sof studies of asthma and Caesarean section using the random-effectsmodel, studies ordered by publication date.
a
Test for heterogeneity w2= 40.36, df = 22, P= 0.01; I2 [95% confidence interval (CI)] = 46% (11%, 67%); test for overall effect Z = 6.36, Po 0.001.

bExcludesstudies [16, 28, 29]; test for heterogeneity w2= 28.01, df = 19, P= 0.08; I2 (95% CI)= 32% (0%, 61%); test for overall effect Z = 6.76, Po 0.001.
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Fig. 2. Funnel plot of studies of asthma and Caesarean section. Studies

of children ( ) and adults ( ) are labelled by reference number.

c 2007 TheAuthors
Journal compilation c 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 38:629–633

632 S. Thavagnanam et alThavagnanam et al 2008



Caesarean section is associated with an increase risk

of childhood-onset diabetes mellitus: a meta-analysis

of observational studies

Cardwell et al

20%



A birth cohort study, 1978, Brazil

A randomly selected sample (n=2057)

Obesity BMI>30 at 23-25 y

15,2% in CS 

10,4% in VD

Goldani et al 2011



Cesarean section and risk of obesity in childhood, 

adolescence and early adulthood

Evidence from 3 Brazilian birth cohorts
Barros et al 2012

4 yrs

11 yrs

15 yrs

Not: 23 yrs

50% higher prevalence of

obesity in CS vs VD subjects



Syntymä keisarileikkauksella (CS) kasvattaa

lihavuuden riskiä:

Kuhle et al 2015

Systemaattinen

katsaus

Meta-analyysi



Grönlund et al- 99



Ero synnytystavassa- Ero mikrobistossa

Effects on Gut Microbiota and Humoral Immunity

Huurre et al 2008

• 165 äiti-lapsi paria:

141 (85%) VD

24 (15%) CS 

• Bifidobakteerit

ja kokonaismäärä

1 kk iässä (FISH)



Imeväisen ruokinnan 

kultainen standardi: 

terve rintaruokittu 

lapsi

Bifidobakteerit :

B.breve, B.infantis, 

B.longum

kolonisoivat lapsen 

suoliston

Imetys vaikuttaa mikrobiston muodostumiseen



Antigeniit

b-lactoglobulin

Ovalbumin

Gliadin etc.

degraded by 

the mother´s gut

Anti-inflammatoriset tekijät

Fatty acids

Antioxidants, Nucleotides,

Glutamine, Lactoferrin

IgA, Cytokines

Hormones, Growth factors

Oligosaccharides

MicrobiotaVanha strategia: 

Eliminaatiodieetti

Rintamaito:

Uusi strategia:

Aktiiviset yhdisteet



Rintamaidon koostumus riippuu… äidin allergiasta:

Maternal breastmilk and intestinal bifidobacteria guide the 

compositional development of the Bifidobacterium

microbiota in infants at risk of allergic disease 
Grönlund et al 2007

61 äiti-lapsiparia

Rintamaitonäyte1 kk

Kaikki lapset kolonisoituneet
bifidobakteereilla,

paitsi;

1 syntynyt CS

1 saanut antibioottia



… äidin painosta ja painonnoususta

Distinct composition of gut microbiota during 

pregnancy in normal weight and overweight 

women
Collado et al 2008

• Bacteroides ja Staphylococcus yleisiä
ylipainoisilla

• Bifidobacterium määrät korkeita niillä, joilla
normaali painonnousu raskauden aikana



Maternal weight and weight gain during 

pregnancy modify the immunomodulatory

potential of breast milk
Collado et al 2012

• korkeat Staphylococcus ja matalat
Bifidobacterium määrät ylipainoisilla
verrattuna normaalipainoisiin

• Matalat TGF-b2 ja sCD14 tasot
rintamaidossa ylipainoisilla



… myös lapsi vaikuttaa
Changes in immunomodulatory constituents of human milk

in response to active infection in the nursing infant

Riskin et al 2012 

Rintamaito

(n=31) 

Tilanteessa kun 

lapsi otettu

sairaalahoitoon

kuumeen vuoksi

S1= akuutti vaihe

S2= toipumisvaihe

CD45+

Neuroph/ml

Macroph/ml

Lactoferrin

Mg/ml

TNF-a   pg/ml



Colostrum Mature milk (at 6 mo)

MICROBIOTA COMPOSITION

Mode of delivery

… synnytystapa vaikuttaa myös rintamaidon mikrobistoon

MC Collado 2012



0 %

10 %

20 %

30 %

40 %
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90 %
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Finland Spain

Spirochaetales

Aeromonadales

Erysipelotrichales

Bacteroidales

Caulobacterales

Xanthomonadales

Rhizobiales

Sphingomonadales

Campylobacterales

Pasteurellales

Burkholderiales

Fusobacteriales

Clostridiales

Enterobacteriales

Flavobacteriales

Neisseriales

Bacillales

Pseudomonadales

Actinomycetales

Lactobacillales

Order

… sekä maantiede



Voisiko hoito spesifeillä probioottikannoilla

pienentää ei-tarttuvien tautien riskiä?

1. Epidemiologinen näyttö

2. Immunologinen/ mikrobiologinen näyttö

3. Kokeellinen näyttö

4. Kliininen näyttö



Ajattelu

ennen:

Allergiariski



Ratkaisu?



Ratkaisu 2: Eliminaatiodieetti



Nutrition, Allergy, Mucosal immunology, Intestinal microbiota

(NAMI) ohjelman interventiotutkimukset 1997-

Probiootti vs. Placebo

RCT=

Randomized Controlled Trial



Vaikutus atooppisen ihottuman riskiin

merkitsevä:
Kalliomäki et al Lancet -2001, 2003; JACI 2007.. 

Rautava et al JACI 2002; 2012..

Tutkimus toistettu muissa populaatioissa muiden tutkimusryhmien toimesta

nnt 4.5

(95% CI 2.6-15.6)



Probiotic combination (B. lactis + L. GG)

had a protective effect in high risk infants 

26% probiotic group 

vs. 

50% placebo group 

(OR 0.34, p=0.023)

Maternal atopy and specific probiotics

during pregnancy – infant sensitization

Skin prick test +

Huurre et al 2007
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eczema chronic eczema SPT

placebo

LPR+BL999

ST11+BL999

Maternal probiotic supplementation during pregnancy and 

breast-feeding reduces the risk of eczema in the infant
Rautava et al J Allergy Clin Immunol 2012

%

P<0.001 P=0.003



Käsityksemme allergiapreventiosta on muuttunut:



Probioottihoito suojaa Allergialta
… Mutta

Geneettinen tausta

Ravitsemus/ Ruokavalio

Ympäristö

Ikä

Kliininen tilanne

Probioottikanta Suoliston mikrobiston tasapaino



Vaikutus äitiin: Probioottihoito (B. lactis + L. GG) raskauden ja

imetyksen ajan: 

Naiset joilla korkea veren sokeriarvo raskauden aikana (> 4.8 mmol/l) 

ja sen jälkeen (> 5.6 mmol/l)

1 1 kk 6 kk3 12 kk

trimesteri Post partum

S
y
n

n
y
ty

s

Laitinen et al 2009



Probiootti-intervention 

vaikutus

sokeriaineenvaihduntaan

 

Mittaus

1 2 3 4 5
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Intervention + Probiotics 
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Ravitsemusneuvontaan yhdistetty probiootti-

interventio pienensi raskausdiabeteksen

riskiä

Luoto et al 2010• Probiootti  GDM  (P=0.002)

13% ravitsemusneuvonta + probiootti

36% ravitsemusneuvonta + lumevalmiste

34% verrokkiryhmä (lumevalmiste)

• Yksilöllinen ravitsemuneuvonta makrosomian riski

GDM raskauksissa  (P<0.05)  

• Ja äidin ylipainon riskiä: 

37 %:lla ylipaino 12kk synnytyksestä

Yksilöllinen ravitsemusneuvonta+ 

probiootti-interventio  Vyötärölihavuuden (> 80 cm) 

riski  P < 0.05; NNT=4

• Mekanismi?



Vaikutus lapsen varhaisen lihavuuden riskiin: 

Critical age for obesity and 

MS development Liem et al 2013



Placebo vs Lactobacillus rhamnosus GG 

(single or in combinations)

10-15 yrs follow-up

Placebo LGG

Asthma (questionnaire), n (%) 18 (15.8) 10 (10.4)

Asthma (ISAAC) 17 (12.1) 12 (9.2)

Any allergy 79 (56.4) 59 (44.4)

Obesity/ overweight state 21 (18.6) 17 (18.5)



Mikrobisto ja Metabolinen terveys

• Normaalipainoisten ja lihavien suoliston mikrobiston

koostumus on erilainen (Ridaura et al 2013)

• Poikkeava mikrobiston koostumus suolistossa

edeltää lihavuuden kehittymistä (Kalliomäki et al 2008)

• Poikkeava mikrobisto varhaisessa imeväisiässä- riski

lihavuudelle

• Matala-asteinen krooninen tulehdus liittyy

lihavuuteen, dysbioosi liittyy tulehdustilaan ja

lihavuuteen, mutta mikä on syy ja mikä on seuraus?



Energian imeytyminen

BMI

Energian varastoiminen
FIAF suppressio-LPL 

aktivaatio

Obesogeeninen

mikrobisto

Tulehdusvaste
LPS/ CD14 metabolinen

endotoxemia

insuliiniresistenssi

Kokeellinen näyttö

Bäckhed, Gordon et al 07; Cani, Delzenne 2009

HH fermentaatio- SCFA

Trigly de novo synteesi

Leptiini, IL6, TNFa



Energy harvest

Body fat   

Energy storageobese microbiota

lean microbiota

Inflammation

Reprogramming option –

probiotics, synbiotics..





Breastfeeding does not improve IQ, study finds

Major research by Goldsmiths, University of London, suggests breastfeeding has no impact on the
intelligence of a child

It is known that breastfeeding lowers the risk of allergies, ear infections and admission to hospital in babies and it has been linked to
better health overall into adulthood Photo: Alamy

 

“Looking back on how much my bank was taking in

fees made me sick…!”

From the people who built Skype, now there’s a clever new

way to send money abroad saving you 89%

 
Sponsored by

TransferWise

By Laura Donnelly, Health Editor

7:00PM BST 23 Sep 2015

Breastfeeding does not improve a child's intelligence, despite the widespread belief that "breast is best" for IQ,

according to a new study.

Scientists who conducted research on 11,000 British children found no reliable association between

breastfeeding and higher IQ at age two.

Nor was breastfeeding related to improvements in intelligence as children grew up.

Previous studies have suggested a link between higher IQs and being breastfed. But there has been debate about

whether such findings are skewed by the fact that those from less deprived groups are more likely to breastfeed.

The new research from Goldsmiths, University of London used data from the Twins Early Development Study.

The Telegraph 2015

Reference: von Stumm& Plomin PLOS One 2015



Huurre A et al 2008

Ravitsemus

Terveys

Imettävä

äiti

Kehon koostumus

BMI

Rintamaito

Lapsen

terveys

Imetys ja terveysvaikutukset: monen tekijän summa

Esimerkki: Allergia



Antigeenikontakti

Toleranssi

Allergiariski

Käsityksemme allergiasta muuttui

Vanha strategia: välttäminen

Uusi strategia: aktiiviset yhdisteet-ravitsemushoito



Maynard et al. 2012

Endocrine 

Immune

Neural

Signals

Metabolic

Immune

Humoral

Neural

Targets in Pathways

Käsityksemme mikrobeista on muuttunut….



Anatomy lesson of 

Dr. Nicolaes Tulp Rembrandt 

1632

New organ detected

Clinical impact

There are in fact two things, science and opinion; 

the former begets knowledge, the latter ignorance. Hippocrates



Kliininen käytäntö- spesifit probiootit

Acute gastroenteritis +

Antibiotic-associated diarrhoea +

Food allergy- infants with atopic eczema+

IBD: relapses of pouchitis

NEC +

Obesity risk



Safety documentation– available for 

specific probiotics

• Epidemiological data

• Clinical data
• Intervention studies in rotavirus diarrhoea, cow milk allergy, atopic 

eczema, colic, preterm infants

• Meta-analyses

• Long-term follow-up (with clinical+growth, 

immunological, microbiological assessments)
• Probiotics pre-, peri- and postnatally: 5-10-15 yrs of  follow-up

• Documentation of clinical practice
• Preterm infants Luoto R et al. Clin Infect Dis 2010; 50: 1327-8.

• Demonstrations on mechanisms



Yhteensä 18 vastasyntynyttä ja heidän äitinsä: 

• 7 alateitse syntynyttä lasta, 11 elektiivisellä sektiolla 

syntynyttä, joista 4 pyyhittiin synnytyksen jälkeen. 

• Äideistä kenelläkään ei ollut GBS-kantajuutta tai muuta 

synnytyksen aikaista paikallista infektiota.



43 pregnant women

randomized

15 placebo 14 B. lactis + LGG

10 mother-infant

pairs completed

gestational age

39.0 (38.9-39.1) w

birthweight

3528 (3200-3990 g)

10 mother-infant

pairs completed

gestational age

38.9 (37.0-39.4) w

birthweight

3706 (2700-4330) g

Elective C-Section MILK MICROBIOTA

Fetomaternal immune interface –intervention target?



Allergic Sensitization - Allergic Disease 

Hygiene Hypothesis

The newborn:

Immunologically immature

canvas

early microbial 

stimulation

aberrant immune 

responses to antigens 

later in life



The extended hygiene hypothesis 

Probiotics: new applications in extended populations
Isolauri 2002, Rautava et al 2005

MICROBIAL 
PROVOCATION

Infection

Extension I

IMMUNE RESPONSE

Th1

Extension II

CLINICAL OUTCOME

Protection from 
Allergic Disease

Extension III

MIcrobiota Treg & Th3
Non-

communicable 
diseases


