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Evaluación	de	Actividad	Probiótica	en	Bacterias	Maternal	Microbiota	

Maternal	microbiota	is	being	recognized	as	one	of	the	essential	factors	determining	
maternal-child	health	outcomes,	which	would	also	be	affected	by	perinatal	factors		

Collado	et	al.,	2010	&	2012	
Collado	et	al.	unpublished	
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	Nuriel-Ohayon	et	al.	2016		Front.	Microbiol.	

Evaluación	de	Actividad	Probiótica	en	Bacterias	Maternal	Microbiota	

Shifts	in	the	maternal	microbiome	have	been	implicated		
in	metabolic	adaptations	to	pregnancy	



Evaluación	de	Actividad	Probiótica	en	Bacterias	

The	maternal	gut	microbiota	is	modified	by	BMI	and	weight	gain	over	pregnancy	

Selma-Royo	et	al.	unpublished	

Associations	with	pre-gestational	BMI	
	

↓Diversity	and	richness	↑	BMI	and	weight	gain	
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Evaluación	de	Actividad	Probiótica	en	Bacterias	 Maternal	Microbiota	

The	maternal	gut	microbiota	is	influenced	by	diet	

Total animal protein intake 

Fiber Intake 

Izaskun  
Garcia-Mantrana 

Garcia-Mantrana	et	al.	In	preparation		
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PREGNANCY	

LACTATION	

NEONATE	

HEALTH	 DISEASE	

Adult	

	
• Balanced	microbiota		
• Diet	

Early	Nutritional	Environment	
	

	
• Altered	microbiota	
• Unbalanced	diet	

Microbiota	

Maternal	Microbiota	

What	extend	influence	of	maternal	microbial	and	nutritional		environment	
to	infant	health?.		

Collado	et	al.,	2010;	2012	
Kalliomäki	et	al.,	2008	



Evaluación	de	Actividad	Probiótica	en	Bacterias	

Bäckhed et al./Cell Host & Microbe 2015  

	
Nutrition	had	a	major	impact	

on	early	microbiota	
composition	and	function,	
with	cessation	of	breast-
feeding,	rather	than	

introduction	of	solid	food,	
being	required	for	maturation	
into	an	adult-like	microbiota.	

Diet	shapes	infant	
gut	microbial	
community	

Mode	of	delivery	and	Diet	

Mode	of	delivery	and	Breasfeeding	practices:	role	in	neonatal	microbiome	



PRETERM GUT MICROBIOME influenced by  FEEDING TYPE

Evaluación	de	Actividad	Probiótica	en	Bacterias	

A	prospective	observational	cohort	study,	paired,	in	NICU	>32	weeks	and	birth	weight ≤ 1.500 g	

Parra	et	al.	2018	Frontiers		Microbiology	

Despite	the	higher	variability,	preterm	microbiota	composition	and	predictive	functional	profiles	
were	significantly	influenced	by	feeding	type	although	no	differences	in	microbial	diversity	and	

richness	were	found.			

Anna Parra 

Mode	of	delivery	and	Diet	



Breast	milk	composition:	
Beyond	nutrition	





Evaluación	de	Actividad	Probiótica	en	Bacterias	 Human	Milk	

BREASTMILK:	PERSONALIZED	INFANT	NUTRITION	



Evaluación	de	Actividad	Probiótica	en	Bacterias	Breastfeeding:	What	is	in	human	milk?	

	

Bioactive	compounds	
Breast	milk	

	

	
	
	
	
	

Abstent	in	food	for	infants		
(INFANT	FOODS)	

Growth	modulation	in	vivo,	gastrointestinal	
development	and	functionality	

• protein,	peptides	and	aminoacids	
• nucleotides	
• hormones	
• Growth	factors	
• Immunomodulatory	and	anti-inflammatory	agents		
• Oligosaccharides	
• Microbes	

• Intestinal	epitelia,	absortion	of	nutrients,	mucosal	
permeability,	celular	proliferation,	intestinal	microbiota,	
induction	 of	 superficial	 molecules	 and	 regulation	 of	
cytokine	production	
• enteric	nervious	system		
• mucosal	immune	system	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

target	

Goldman,	2000;	Baró	et	al.,	2001	

BREASTMILK:	GOLD	STANDARD	OF	INFANT	NUTRITION	



Evaluación	de	Actividad	Probiótica	en	Bacterias	Human	milk	microbes	

•  Culture	dependent	&	independent-methods	
																																																																																																																																																																																																								

•  New	technologies																				increase	the	knowledge	

Human	breast	milk		is	a	constant	source	of	microbes	which	have	an	impact	on	infant’s	
microbial	colonization		

Staphylococcus    

Streptococcus   

Bifidobacterium    

Lactobacillus    

Enterococcus    

Lactococcus    

Leuconostoc 

Others:  
Gram + :   Actinomyces spp. / Corynebacterium spp./Kocuria spp./ 
Gram - :  Escherichia coli / Klebsiella / Ralstonia spp    

Heikkila and Saris, 2003  // Martin et al., 2003, 2006, 2007a,b, 2009 // Martin et al., 2010 //  Jost et al., 2013, 2015  

104-105 cfu/mL  

Metabolic	

Structural	

Protector	



Evaluación	de	Actividad	Probiótica	en	Bacterias	Breastfeeding	

BREASTMILK:	source	of	microbes		

Hunt	et	al.,	2011	Collado	et	al.,	2008;	2010:;2012	

Great	Variation	from	mother	to	mother	

oral 

MIlk 

skin 

vagina 

meconium 

Cabrera-Rubio	et	al.	2011	



GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Milk	microbes	



Streptococcus and Staphylococcus are the 
predominant genera in the human milk 

microbiota.  
 

These 2 genera may be universally predominant in 
the human milk microbiota, independent of 

geographic location or milk collection technique 
and may have been underestimated in previous 

work using conventional PCR methods.  

(January	1,	1964,	to	June	31,	2015).	

Evaluación	de	Actividad	Probiótica	en	Bacterias	Breastfeeding	



IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Breast	milk	microbes	

May 8, 2017 

. Breastfed	infants	received	27.7%	of	their	gut	bacteria	from	breast	milk	and	10.4%	
from	areolar	skin	during	the	first	month	of	life	



Fungal species in dairy animals’ milk: Candida, Cryptococcus, Debaryomyces, Malassezia, 
Pichia, Rhodotorula, Aspergillus, etc. 

Evaluación	de	Actividad	Probiótica	en	Bacterias	Human	milk	microbes	



FISH	HYBRIDIZATION	AND	
MICROSCOPY		

FISH	probe	especific	for	18S	rRNA	gene	

Calcofluor	White	Stain	

Boix-Amoros et al., 2017 

28S	rRNA	gene	

Evaluación	de	Actividad	Probiótica	en	Bacterias	 Breast	Milk	mycobiome	

Alba Boix-Amoros 



Relationships	between	bacterial	composition	and	nutritional	or	cellular	content	of	HM	

IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	Factors	influencing	Milk	Microbiome	

Milk	microbiome	is	iassociated	to	macronutrients	profile	in	breast	milk		?	

Boix-Amoros et al., 2016 

Fat and Staphylococcus 

Bacterial load  and Pseudomonas 



Breast	milk	microbiota:		
where	does	it	come	from?	



Jeuhrik et al. 2013 

IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	Origin	and	Source	of	breast	milk	microbes	



Factors	influencing		
Breast	milk	composition	



IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Breast	milk	

FACTORS	AFFECTING	HUMAN	BREAST	MILK	COMPOSITION	



IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	Factors	influencing	Milk	Microbiome	

Milk	microbiome	is	influenced	by	sampling	protocol?	

Aseptic Standard 

Sakwinska	et	al.,	2016	PlosOne	

Staphylococcus	and	Streptococcus	spp.	were	equally	abundant	in	both	sample-type,	
↑Acinetobacter	sp.		in	standard	protocol,	but	not	in	strict	aseptic	protocol		



IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Time	

Colostrum:	Weisella	y	Leuconostoc	(Lactobacillales)	
Staphylococcus,	Streptococcus	and	Lactococcus.	

Mature	milk:		Lactic	Acid	bacteria	but	increase	of	oral	
bacteria	as	Veillonella,	Leptotrichia,	Prevotella.		

Cabrera-Rubio	et	al.,	2012	AJCN	

Colostrum	 1	month	 6	month	

Colostrum	 1	month	 6	month	

Milk	microbiome	is	influenced	by	lactation	stage		



Evaluación	de	Actividad	Probiótica	en	Bacterias	 Maternal	Health	

Maternal	Allergy	influence	milk	and	infant	microbiota	composition	

•  ↓	Bifidobacterium	 group	numbers	 in	milk	 samples	of	allergic	mothers	 than	
non-allergic	mothers		

•  Maternal	 allergy	 and	 gestational	 exposures	 can	 alter	 the	 concentration	 of	
Type-1/Type-2/T-regulatory	markers	in	breast	milk	

Gronlund	et	al.,	2007	

Bursch	et	al.,	2013	

• 61	mother-infant	pairs	
• Breast	milk	samples	1	month	
• All	infants	colonized	with	bifidobacteria,	
exception;	

•  	1	born	by	CS	
•  	1	having	received	antibiotics	



Evaluación	de	Actividad	Probiótica	en	Bacterias	 Obesity	

Maternal	obesity	influence	milk	and	infant	microbiota	composition	

•  ↓	 Bifidobacterium	 group	 &	 ↑Staphylococcus	 group	 numbers	 in	 milk	
samples	of	obese	mothers	than	normal-weight	mothers		

•  TGF-β2	and	sCD14	levels	in	the	breast	milk	of	overweight	mothers	tended	to	
be	lower	than	the	levels	in	that	of	normal-weight	mothers	

•  Infants	 born	 to	 obese	 mothers	 were	 exposed	 to	 2-fold	↑	HM	 insulin	 and	
leptin	 (P	<	0.01)	and	 showed	a	 significant	 reduction	 in	 the	early	pioneering	
bacteria	Gammaproteobacteria	

Collado	et	al.,	2012	

colostrum	 1	month	 6	months	

Lemas	et	al.,	2016	AJCN	



Cabrera-Rubio	et	al.,	2012	AJCN	

BMI	

GEOGRAPHICAL	LOCATION	 GESTATIONAL	AGE	

MEDICATION	
CHEMOTERAPHY		

 
Kumar et al. 2017 

Collado et al. 
Unpublished 

Cabrera-Rubio et al., 2015 

Cabrera-Rubio et al., 2012 

Cabrera-Rubio et al., 2012 

Cabrera-Rubio et al., 2012 

Cabrera-Rubio et al., 2015 
Khodayar-Pardo et al. 2012 

Alcantara-Baena et al. submitted 

FACTORS	AFFECTING	HUMAN	BREAST	MILK	COMPOSITION	

Collado et al.,2010 & 2012 
Garcia-Mantrana et al. 2017 
Gomez-Gallego et al. 2017 

MODE	of	DELIVERY	

IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Breast	milk	

ANTIBIOTICS	

Hermansson et al. 2019 
Frontiers Nutrition 



Human	Milk	Oligosaccharides	

Hypothesis:	HMO		specifically	interact	with	milk	microbes		

	

Evaluación	de	Actividad	Probiótica	en	Bacterias	Breast	Milk	Bioactive	compounds	

MICROBIOTA	

Collado		et	al.,	2012	

Growth	Factors,	Cytokine	&	other	

Complex	interactions	of	cytokines	and	microbiota	in	breast	milk	

Other	

	Omega	fatty	acids	measured	gas	chromatography	(GC)	
Fatty	acids	have	been	shown	to	be	modified	by	time	and	diet	

	

Fatty	ACids	Protein	&	Peptides	

Multi-level	approach	:	protein-peptide	strategies	followed	by	state-
of-the-art	Mass	Spectrometry-based	methodologies	



Evaluación	de	Actividad	Probiótica	en	Bacterias	Maternal	genotype-phenotype	

Colostrum	 Mature	milk	

* 
* * * 

* * 

Milk microbiome is influenced by maternal genotype? 

Cabrera-Rubio	et	al.	2019	JPGN	

Kunz	et	al.	2016	JPGN	



Guppa	et	al.	Front	Microbiol.	2017;	8:	1162.  

Evaluación	de	Actividad	Probiótica	en	Bacterias	

Geography,	Ethnicity	or	Subsistence-Specific	Variations	in	Human	Microbiome	
Composition	and	Diversity	

Microbiota	



Milk	microbiome	is	influenced	by	geographycal	location	or	diet?	

IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	Factors	influencing	Milk	Microbiome	

Li	et	al.	2017	Frontiers	Microbiology	

133 healthy mothers in Taiwan and in six regions of 
mainland China (Central, East, North, Northeast, South, and 
Southwest China)  



MICROBIOTA		

 
Kumar et al. 2016 

Collado et al. 
Unpublished 

Cabrera-Rubio et al., 2012 

IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Breast	milk	

MYCROBIOTA		

TISSUE	MICROBIOTA		

Shively et al. 2018 Cell Reports 



HUMAN	BREAST	MILK	METABOLOMIC	PROFILE	DIFFERS	ACROSS	COUNTRIES	

IMC	 GANANCIA	PESO	Evaluación	de	Actividad	Probiótica	en	Bacterias	 Breast	milk	



Maternal	diet-geographical	location	



Maternal	diet-geographical	location	



Evaluación	de	Actividad	Probiótica	en	Bacterias	

To	increase	our	understanding	of	the	role	of	maternal	bacteria	in	infant	
microbiota	as	it	will	help	to	develop		new	dietary	strategies	based	on	microbial	

modulation,	aimed	at	the	beneficial	microbiological,	immunological	and	
metabolic	programming	of	child	health.		
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