
Microbes and Pregnancy: 
The Maternal Heritage 

Erika Isolauri 
University of Turku 

Department of Paediatrics, Turku University Hospital 
Finland 

 

!



Risk reduction--------------------Therapeutic potential!

Mo
t
her!

Fe
tus!

C
h
i
l
d!

A
du
l
t!

Nutritional!
Immunological!
Microbiological!
PROGRAMMING!

High!
risk of!
disease!

Low!
risk of!
disease!

!
g
eno
ty
p
e!

Manifest,!
chronic!
disease!

No!
clinical!
sequelae!

The secret of successful programming may be timing!

The developmental origins of health and disease 



Key Elements in Immunological Programming 
Early life events- Later health 

•  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



•  Impaired fetal growth!
 

•  Risk of glucose intolerance in 
adulthood!

•  Metabolic disease (when exposed to 
calorie-rich diet) 

Intrauterine under-nutrition!

The developmental origins of health and disease 
 



•  GDM!
•  Greater weight gain during 

pregnancy!
•  Postpartum weight retention!
 

•  Obesity at 2-4 years/ Childhood 
obesity!

•  Risk of adult obesity !
 (Goldani et al 2011)!

•  Risk of asthma 4x !
 (Quinto et al 2011 Lowe et al 2011)!

•  T2D (Ruchat et al 2013) 
 

Intrauterine over-nutrition!

CS Delivery 

Key Elements in Immunologic/ Metabolic Programming Interact… 

Transgenerational 
imprinting 



PREGNANCY:!
Maternal health,!
BMI, !
Weight gain,!
Antibiotic use!

LACTATION:!
Maternal !
health,!
Diet!
Breast milk!
composition, !
Antibiotic use!
!

…………With the Microbiota!

MODE OF DELIVERY 

OBESITY               ANTIBIOTIC USE 
 

Child disease risk 
 



  

Successive steps: microbiota development!
ü  Postnatal period 
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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!
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Factors influencing microbiota: pregnancy 
 Distinct composition in normal weight and overweight women   

/ gut microbiota during pregnancy   Collado et al 2008 

/ in meconium      Hu et al 2013   
/ in breast milk      Collado et al 2012 

•  The Bacteroides and Staphylococcus were 
significantly higher in overweight state in pregnancy, 
reflected in breast milk. 

•  Bifidobacterium counts were higher in women with 
lower weight gain over pregnancy, reflected in breast 
milk. 

•  Meconium microbiome of infants born to mothers with DM is 
enriched for the same bacterial taxa as those reported in the 
fecal microbiome of adult DM patients.  



Could specific host-microbe interaction provide a tool to 
reduce the risk of dysbiosis during pregnancy/ early infancy 
and thereby control  

•  Risk of non-communicable disease 
•  Risk of infectious disease and atopic disease 
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Abstract

Background: Prevalence of allergic diseases in infants, whose parents and siblings do not have allergy, is
approximately 10% and reaches 20–30% in those with an allergic first-degree relative. Intestinal microbiota may
modulate immunologic and inflammatory systemic responses and, thus, influence development of sensitization and
allergy. Probiotics have been reported to modulate immune responses and their supplementation has been
proposed as a preventive intervention.

Objective: The World Allergy Organization (WAO) convened a guideline panel to develop evidence-based
recommendations about the use of probiotics in the prevention of allergy.

Methods: We identified the most relevant clinical questions and performed a systematic review of randomized
controlled trials of probiotics for the prevention of allergy. We followed the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach to develop recommendations. We searched for and
reviewed the evidence about health effects, patient values and preferences, and resource use (up to November
2014). We followed the GRADE evidence-to-decision framework to develop recommendations.

Results: Currently available evidence does not indicate that probiotic supplementation reduces the risk of
developing allergy in children. However, considering all critical outcomes in this context, the WAO guideline panel
determined that there is a likely net benefit from using probiotics resulting primarily from prevention of eczema.
The WAO guideline panel suggests: a) using probiotics in pregnant women at high risk for having an allergic child;
b) using probiotics in women who breastfeed infants at high risk of developing allergy; and c) using probiotics in
infants at high risk of developing allergy. All recommendations are conditional and supported by very low
quality evidence.

Conclusions: WAO recommendations about probiotic supplementation for prevention of allergy are intended to
support parents, clinicians and other health care professionals in their decisions whether to use probiotics in pregnancy
and during breastfeeding, and whether to give them to infants.
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Plate 4 (a): Bengalis in Matlab mix the ingredients for oral rehydration solution and put them in small plastic
packets for community distribution. (Photograph by the author.)< ' ^- >~~~~~..
Plate 4 (b): The new rice-based oral rehydration solution being administered in Dacca. (Courtesy of ICDDR, B;
photograph by Asem Ansari.)



Trends in adult body-mass index in 200 
countries from 1975 to 2014  
NCD Risk Factor Collaboration  Lancet 2016 
 

Women: English-speaking countries-- Europe 

Articles

www.thelancet.com   Vol 387   April 2, 2016 1385

17·8–29·2) in men and 24·0% (18·9–29·3) in women in 
2014 (fi gures 5, 6). Underweight prevalence also 
remained higher than 12% in women and higher than 
15% in men in central and east Africa in 2014, despite 
some reductions. At the other extreme, more than 38% of 

men and more than 50% of women in Polynesia and 
Micronesia were obese in 2014. Obesity prevalence also 
surpassed 30% in men and women in high-income 
English-speaking countries, and in women in southern 
Africa and in the Middle East and north Africa.
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Figure !: Trends in age-standardised prevalence of BMI categories in women by region
See appendix (pp 155–355) for results by country. BMI=body-mass index.
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Risk of disease  

Decreased numbers of faecal 
bifidobacteria in infants who later 
become overweight or obese 
compared to those remaining 
normal-weight  

Kalliomäki et al 2008 

Aberrant 
compositional 
development of  
gut microbiota  

Overweight / obese     
 vs. 

Healthy infants   



Early microbe contact -  
how our thinking of microbes has changed 

 Why don’t we bud?  
Isolauri E, Grönlund MM, Salminen S, Arvilommi H. (Editorial).  
J Pediatr Gastroenterol Nutr 2000;30:214-6. 

 

Copyright 2015 American Medical Association. All rights reserved.

ecule with biological activity.6 Oral and gut communities contained
more of these gene clusters (roughly 1100 and 600 per site, respec-
tively) than communities at other, less diverse sites (such as skin and
urogenital tract). Some of the most common types of predicted small
molecules in the human microbiome are ribosomally synthesized and
posttranslationally modified peptides—including lantibiotics, bac-
teriocins, and thiopeptides. A predicted thiopeptide that was com-
putationally identified as originating from the common vaginal com-
mensal Lactobacillus gasseri (and called lactocillin) has been purified,
characterized, and demonstrated to have potent anti–gram-
positive bacterial activity, but no activity against the commensal
Lactobacillus species of the vagina.

All ecosystems display multiple, alternative stable states. In the
case of the human microbial ecosystem, some stable states are as-
sociated with health, others with disease (Figure). Given the known
and suspected benefits that humans derive from their microbiota,
the stability and resilience of this ecosystem are critical properties.7

Few longitudinal studies have been performed with dense tempo-
ral and spatial sampling and detailed clinical data from a large num-
ber of research participants. Available data, albeit sparse, suggest
that changes in diet, immunological function, and the use of antibi-
otics can trigger shifts from one state to another that are tempo-
rary or persistent.

Familiarity with an individual’s microbial ecosystem stability land-
scape might provide an understanding of their vulnerability to desta-
bilizing factors such as antibiotics, as well as the likelihood of
restoring their ecosystem to a health-associated state, for example,
using a defined personalized synthetic community and complemen-
tary set of nutrients. Thus, a future clinical test might include a small,
standardized short-lived disturbance with which to assess stability, as
well as the response characteristics of the microbiota.8

Among the most important unanswered questions and press-
ing issues about the human microbiome are the following: What
are the most effective approaches for measuring human microbial
ecosystem beneficial services? What are the most important pro-
cesses and factors that determine human microbiota assembly
after birth, do different community assembly trajectories deter-
mine health and disease later in life, and if so, how? What are the
most important determinants of microbiome stability and resil-
ience? How can the stability and resilience of health-associated
ecosystem states be strengthened, and how can health-associated
ecosystem states be restored? Whether and how the microbiome
might contribute to disease are critical questions at the present
time. Carefully designed clinical studies that assess multiple, possi-
bly interacting disease factors—including the microbiome—and that
parse cause from effect are desperately needed.
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Figure. Microbial Biogeography and Community Stability in the Human Body

Microbial ecological zones Stability landscape of the human 
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Left, Each zone is distinguished
by a distinct microbial community
composition and function.4

Right, A stable state, depicted as a
depression in the landscape, may be
associated with health or disease. The
position of the ball indicates the
current state of the ecosystem. For a
given individual, the landscape
topology reflects host genetics,
immune status, lifestyle, prior
exposures to drugs, chemicals, and
pathogens, and microbiota
composition. With time, the topology
may change, for example, as a result
of immune system impairment—
prompting a shift to a different state.
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Factors influencing microbiota: mode of delivery 
 In 1937-55 

Rate of caesarean 
delivery 3% 
 
Currently: 
20-30-50% 

The secret of successful 
reprogramming may be 
timing.. 



CS delivery increases the risk of non-communicable diseases (NCD) 
 •  Celiac disease (Decker et al., 2010) 

•  DM1 (Cardwell et al., 2008) 
•  Asthma (Kero et al., 2002; Thavagnamanan et al., 2008) 
•  Atopic eczema (Thavagnamanan et al., 2008) 
•  Food allergy (Eggesbo et al., 2003) 

diseases including asthma, systemic
connective tissue disorders, juvenile
arthritis, inflammatory bowel
diseases, immune deficiencies, and
leukemia. There was no significant
association with diabetes type 1,
psoriasis, or celiac disease.

Strength and Weaknesses of the
Study

Our study was hypothesis driven,
searching for a shared risk factor
between immune diseases with
a debut in children. We did not search
all other diagnoses systematically
for similar associations because our
aim was to exemplify such
communality rather than explain
individual disorders.

The study base covers 35 years of
diagnoses from national registries.
The registry on hospitalization
covers all admissions and outpatient
hospital contacts nationwide.

A priori children with a birth weight
below 2500 g were excluded, and
all analyses were adjusted for age,
calendar year, gender, parity, birth
weight, and maternal heredity. By
analyzing only children above 2500 g,
we hope to get a more comparable
group of children, with only the
delivery method to differ between
them and not an underlying
pathology leading to preterm
birth.

Particularly, we adjusted for maternal
disease of these immune-related
diseases, some of which are
associated with cesarean delivery
(Supplemental Table 3) and could
thereby confound an association.
After adjustment, the results for type
1 diabetes was no longer statistically
significant, but otherwise maternal
disease did not materially alter the
results.

We included a “negative control” in
terms of an analysis of association
between cesarean delivery and
hospital contact for arm fracture. This
demonstrates that the associations
seen for other diseases are not caused
by a methodological problem of
“overregistration” of disease in the
children delivered by cesarean
delivery.

It may be a limitation to our study
that we excluded mild diseases
managed in the primary health care
sector only. Yet this ascertainment
bias is unlikely to influence the
conclusion of a common risk factor
for the severe chronic diseases.

Diagnostic classification was changed
in 1994 from ICD-8 to ICD-10, and
registration of outpatient
hospitalizations was initiated. The
categories used across these different
classifications may not be completely
congruent. However, the analyses are

adjusted for calendar year as
a categorical variable, which corrects
the main association from time
changing effects, and sensitivity
analyses did not suggest any effect of
this on the results.

Diagnosing asthma in a young child
may be inaccurate. We therefore did
a sensitivity test of children with
a first hospital contact after age 5,
where the diagnosis is more robust.
The association remained significant.

Interpretation of the Study

Cesarean delivery was a shared risk
factor for different immune-related
diseases including asthma, systemic
connective tissue disorders, juvenile
arthritis, inflammatory bowel
diseases, immune deficiencies, and
leukemia. This suggests that critical
events around time of birth initiate
a disease trajectory. Such early events
may cause an immune aberration
leading to a variety of chronic
immune diseases presenting later in
life. By identifying commonalities
between diseases, we may
understand mechanisms of the
shared “epidemic” seen for these
diseases.

Previous studies have revealed
individual disorders generally
showing associations between
cesarean delivery and asthma and
allergy,7–10 inflammatory bowel
disease,11 celiac disease,12,13 type 1
diabetes,14 and cancers15,16 in the
offspring. Another register-based
study has associated cesarean
delivery with a wide range of
diagnoses.20 Our study is the first to
reveal cesarean delivery as a common
risk factor across several specific
immune-related disease categories in
the same study and in a nationwide
database of children. This reduces the
risk of publication bias.

There is increasing evidence that
immune-related diseases are
programmed in early life as a result of
complex gene environment
interactions. The prevalence of
immune-related diseases is higher in

TABLE 1 IRRs by Cesarean Delivery in the 35-Year Period 1977–2011 Following 1.9 Million Term
Children in the Age Span 0 to 15 Years

Cases aIRR (95% Confidence Interval); P PARF (Cases)

Asthmaa 103 822 1.23 (1.21–1.25); P , .0001 3.07 (3187)
Asthma .5 yb 48 858 1.16 (1.13–1.19); P , .0001 2.19 (1070)
Systemic connective tissue disorders 7498 1.11 (1.04–1.19); P = .0021 1.53 (115)
Juvenile arthritis 6946 1.10 (1.02–1.18); P = .0117 1.34 (93)
Diabetes type 1 6136 1.01 (0.93–1.10); P = .82 —

d

Inflammatory bowel diseases 2697 1.20 (1.06–1.36); P = .004 2.70 (73)
Immune deficiencies 2589 1.46 (1.32–1.62); P , .0001 6.09 (158)
Celiac disease 1944 0.99 (0.87–1.14); P = .89 —d

Leukemia 1631 1.17 (1.00–1.36); P = .048 2.31 (38)
Psoriasis 1306 0.98 (0.81–1.18); P = .81 —

d

Arm fracturea,c 77 490 0.99 (0.96–1.01); P = .19 —d

Cases are defined by first in- or outpatient admission to a hospital in Denmark. IRRs are adjusted for age, calendar year,
birth weight, parity, gender, season of birth, maternal age, and maternal illness. The PARF is calculated based on an
overall prevalence of 14% cesarean deliveries for diseases with significant association to cesarean delivery.
a Attained age and calendar year included in 1-y categories.
b Attained calendar year included in 3-y and age in 6-y categories.
c Not adjusted for maternal disease.
d PARF is not calculated for insignificant associations.

PEDIATRICS Volume 135, number 1, January 2015 e95
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CS delivery increases the risk of obesity:  
Kuhle et al. 2015 

for caesarean section compared with vaginal birth. The I2

statistic (0%) indicated no heterogeneity. All but two
studies (27,34) reported odds ratios in samples where the
overweight prevalence was >10% and the pooled RR was
1.12 (95% CI 1.00–1.26). Pooled RR estimates from sen-
sitivity analyses using the minimum or maximum reported
effect estimates from studies with multiple BMI assess-
ments were comparable (RR 1.16, 95% CI 1.05–1.28, and
RR 1.17, 95% CI 1.07–1.29, respectively).

Subgroup analyses
Results from the subgroup analyses are shown in Table 2.
The pooled RR for studies that adjusted for maternal pre-
pregnancy weight was lower than the pooled RR for studies
that did not adjust for maternal pre-pregnancy weight (RR
1.29, 95% CI 1.16–1.44 vs. RR 1.55, 95% CI 1.11–2.17),
but this difference was not statistically significant. Studies
that adjusted their multivariable models for maternal pre-
pregnancy weight and provided both the unadjusted and

adjusted estimates showed a drop in the pooled unadjusted
RR from 1.57 (95% CI 1.43–1.71) to 1.29 (95% CI 1.16–
1.43) after adjustment, corresponding to an 18% change in
the effect estimate.

No appreciable difference in the pooled RR was
observed between: studies assessing BMI at less than 6
years compared with 6 years and older (RR 1.31, 95% CI
1.08–1.57 vs. RR 1.38, 95% CI 1.16–1.64); cohort studies
compared with case control and cross-sectional studies (RR
1.34, 95% CI 1.17–1.53 vs. RR 1.36, 95% CI 1.06–1.75);
and studies conducted in high-income compared with
middle-income countries (RR 1.33, 95% CI 1.08–1.62 vs.
RR 1.35, 95% CI 1.18–1.53). Studies where the caesarean
section was the main exposure of interest reported slightly
higher effect estimates than studies that examined multiple
early life factors in general (RR 1.39, 95% CI 1.23–1.57 vs.
RR 1.23, 95% CI 0.97–1.56), and the pooled effect esti-
mate for the latter group was not statistically significant.
Studies with a caesarean section rate of 30% or higher had

Overall
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Figure 2 Forest plot of studies examining the association between caesarean section (compared with vaginal delivery) and offspring obesity. CI,
confidence interval; RR, risk ratio; SES, socioeconomic status.
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Nutrition counseling + probiotics 
•  Nutrition counseling + placebo 
•  Control + placebo 
 
 

Early nutrition and later consequences –  
Nutrition counseling and probiotics during  

pregnancy and breast-feeding  

Double  
blind Single  

blind 

Probiotics: 
Lactobacillus rhamnosus GG 
& 
Bifidobacterium lactis 
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The impact of probiotic 
intervention on glucose balance 
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Impact of dietary counselling & probiotics on  
gestational diabetes mellitus 
•  Gestational DM (P=0.003) 

•   13% diet/probiotics group 
•   36% diet/placebo group 
•   34% control/placebo 

•  Probiotics à risk of gestational DM ê (P=0.002) 

•  Dietary counselling à risk of larger birth size in affected cases ê 
(P<0.05) 

 
      Luoto et al 2010 



Impact of specific probiotics (NAMI study) on 
Weight after pregnancy 

•  At 12 mo post partum:  

•  37% of the women were overweight 
•  The recommended eating behaviour  

à BMI ê 
•  Dietary counselling + probiotics  

 à Risk of central adiposity defined as waist circumference > 80 cm ê 
      in diet/probiotics group (adjusted for baseline BMI), P < 0.05 
      NNT=4 



Age (months)
036 12 24 48 84 120
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Overweight - placebo (N=12)
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Impact of specific probiotics on…BMI in child 
 

Critical age for obesity and  
MS development  
Liem et al 2013 



Host remodeling of the gut microbiome and metabolic 
changes during pregnancy 

Koren et al Cell 2012 

Gut microbiota changes  
during pregnancy: 
 
 

 Proteobacteria 
 Actinobacteria 

 
 Diversity 
 Faecalibacterium 
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Obesogenic  
microbiota   

Low grade inflammation 
LPS/ CD14  
metabolic endotoxemia 
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Experimental evidence Bäckhed, Gordon et al 07; Cani, Delzenne 2009 

Clinical and experimental evidence : A transmissible trait– also in humans 
Turnbaugh et al 2006 Cani, Delzenne 2009 Vrieze et al 2012 Alang, Kelly 2014 Tremaroli et al 2015 

HH fermentaatio- SCFA 
Trigly de novo synteesi 

Leptin, IL6, TNFa 
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Reprogramming Option – probiotics, synbiotics.. 
 



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 


