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MICROBES IN THE 
BREAST 
-CANCER, MASTITIS 
AND PROGRAMMING 
THE NEWBORN  



The Body’s Ecosystem 
Research on the human microbiome is 
booming, and scientists have moved from 
simply taking stock of gut flora to 
understanding the influence of microbes 
throughout the body. 
By The Scientist Staff | August 1, 2014 

Already in 1979 
Carroll et al.,  

reported than only 
3% of milk samples 

were sterile!  

New, really? 

Presentator
Presentatienotities
Research on the human microbiome is booming and there are a lot of studies investigating what are the microbes inhabiting the human body and what is their role in health and disease. Some of these studies have examined the unique anatomical sites of women, namely the reproductive tract as we have just heard during the last presentations. New tools have made possible to show that sites that once were thought to be sterile such as the bladder, the ling harbor an indigenous microbiomaOnly during the last decade, studies have begun to reveal the presence of bacteria present in the breast, mainly from the perspective of the microbes in human milk in the beginning but we count also with recent findings about microbes in breast tissue and mammary gland 



They are causing 
infections 

There is a normal 
milk microbiota 

It may have a 
protective role 

It is dependent of 
health status and 

environmental factors 

“The important thing in science is not so much to obtain new facts as to 
discover new ways of thinking about them” 

Human milk is not sterile 

Human milk and breast tissue microbiome- 
Who is there and how do they get there? 

Human milk and breast tissue microbiome- 
What is their role? 

Human milk and breast tissue microbiome- 
Which factors influence it’s composition 



Human milk microbiota: Culture techniques 

Staphylococcus epidermidis  
Staphylococcus hominis 
Staphylococcus caprae 
Streptococcus salivarius 
Streptococcus mitis  
Streptococcus parasanguinis 
Streptococcus lactarius*** 
Lactobacillus crispatus  
Lactobacillus gasseri  
Lactobacillus fermentum 
Lactobacillus plantarum  
Lactobacillus reuteri 
Lactobacillus rhamnosus 
Lactobacillus salivarius 
Enterococcus faecium 
Enterococcus faecalis 
Lactococcus lactis 
Leuconostoc  mesenteroides 
Leuconostoc garlicum 
Leuconostoc citreum 
Bifidobacterium adolescentis 
Bifidobacterium bifidum 
Bifidobacterium breve 

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

103 cfu/mL 

Other Gram + 
Actinomyces spp. 
Corynebacterium spp. 
Kocuria spp. 
…. 
Bacterias Gram - 
Escherichia coli 
Klebsiella milletis 
Klebsiella oxytoca 
Klebsiella pneumoniae 
Ralstonia spp. 
…. 

50 genera 
200 species 

Non described species (*) 
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In fact, for a long time, the fluid secreted by this mammary gland was considered sterile, and the only microbiological studies related to human milk that were available were those related to rare bacterial infectious transmited by breast milk. Fortunately, in the last years the human milk microbiota has been described. Our group started using traditional culture techniques to characterize the microbiota of human milk and has been able to isolate up to 50 different bacterial genera, 200 different species and even novel bacterial species in this biological fluid. Staphylococci, and Streptococci are among the dominant bacteria inhabiting the breast milk, although Lactic Acid Bacteria and bifidobacteria are also found in lower amounts. It has been estimated that in healthy women the bacterial counts are about 103 viable bacteria per mL of milk.The use of this technique has one advantage: it allows further studies of bacterial isolates. The application of culture-independent techniques has confirm the presence of this bacteria and allowed the detection of new ones.



Human milk microbiota: 16S rRNA pyrosequencing 

Hunt et al, 2011 

16 women 
3 samples each 

>5% 

High inter-individual 
variability 

9 core 
OTUs 
(50%)  

Presentator
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In the first study based on pyrosequencing of the V1-V2 regions of the 16S rRNA gene to characterize the bacterial communities present in milk samples from 16 healthy women at three time-points was done in 2011. This study indicated -a high interindividual variability and -that the genera Streptococcus, Staphylococcus and Serratia represented more than 5% of the DNA sequences.Only 9 genera (Streptococcus, Staphylococcus, Serratia, Pseudomonas, Corynebacteria, Ralstonia, Propionibacterium, Sphingomonas and Bradyrhizobium) were present in every sample from every woman although the microbial community was generally stable over time within an individualThis 9 CORE operational  taxonomic units represented approximately half of the microbial community observed. This confirms previous observations in relation to human microbiome that indicate that bacterial communities associated with a particular individual and location are:Highly personalized andOften remain stable over time.



Jost et al, 2013 

Human milk microbiota: 16S rRNA pyrosequencing + culture 

ACTINOBACTERIA 
Bifidobacterium sp. 
Propionibacterium spp. 
Rothia sp. 
 
FIRMICUTES 
Enterococcus spp. 
Lactobacillus spp. 
Staphylococcus spp. 
Streptococcus spp. 
Veillonella sp. 
 
PROTEOBACTERIA 
Escherichia/Shigella spp. 
Klebsiella pneumoniae 

  
  1.7 
13.7 

 
 
 

0.9 
2.1 

60.1 
51.9 

1.7 
 
 

0.4 
0.4 

  
  2 / 7 
7 / 7 

 
 
 

2 / 7 
2 / 7 
7 / 7 
7 / 7 
2 / 7 

 
 

1 / 7 
1 / 7 

       ISOLATION  
      FREQUENCY 
                 %        PREVALENCE 
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In a recent study to study the bacterial diversity in breast milk from 7 women using both culture-dependend and culture-independent techniques, -classical culture techniques confirmed that Staphylococcus, Streptococcus and Propionibacterium constituted more than 90% of isolated strainsAnd allowed to isolate viable OBLIGATE ANAEROBES including not only bifidobacteria but also Veillonella that has been isolated for the first time from breast milk.This results indicates that breast milk can be a source of viable obligate gut-associated anaerobes.



Jost et al, 2013 

7 women 
3 samples each 

12 predominant genera 
Detected in >90% of samples 

Human milk microbiota: 16S rRNA pyrosequencing 

16 subdominant genera 
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Significantly,  using pyrosequencing Streptococcus was more abundant than staphylococci (maybe because streptococci has more fastidious nutritional requeriments to growth in culture media than staphylococci).Surprisingly, DNA from Pseudomonas and Ralstonia was quite aboundant, although no viable cell could be recovered even though they do not have high nutricional requeriments. The authors suggested that the antimicrobial activity of the mammary gland would be responsible for the death of Pseudomonas, so only DNA could be isolated.However, what I would like to stress is that pyrosequencing allowed the detection, although in smaller amounts, of different OBLIGATE ANAEROBIC GUT-ASSOCIATED bacterial genera such as:BacteroidetesAnd several members of the Clostridia, including butyrate producers such as Faecalibacterium and Roseburia



Locations of 
tumors 

location of the 
specimen obtained 
for bacterial 
analysis 

At least 5 cm 

Camilla Urbaniak et al. Appl. Environ. Microbiol. 
2014;80:3007-3014 

Locations within the breast of tissue 
samples collected for bacterial analysis  

Breast tissue is not sterile 

43 Canadian women 
38 Irish women 



Staphylococcus 
Corynebacterium 
Propionibacterium 
 
Bifidobacterium 
Veillonella 
Bacteroidetes 
Clostridium 

? 

Streptococcus 
Lactobacillus plantarum 
Lactobacillus fermentum 
Lactobacillus brevis 
Enterococcus faecium 
Enterococcus faecalis 
Pediococcus pentosaceus 

Endogenous  
route 

Human milk microbiota: the origin 

Presentator
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The origin of the microbiota present in breast milk is a big controvesial issue.In the past it was thought that the bacteria found in breast milk was due to contamination from the skin.In fact some bacterial phylotypes that are found in breast milk are also found on adult skin, such as staphilococci, corynebacteria and propionibacteria.But we had just mention that human milk also contains obligate anaerobes that are not associated with the skin. So there must be another route.On the other hand, using IR photography it has been shown that there is a certain degree of retrograde flow back into the mammary ducts during suckling. So the bacteria present in the oral cavity of the infant could reach the mammary gland. But maybe we confront a “chicken-and-egg problem”. Certanly, Streptococcus is a dominant phylotype in the infant saliva of lactating infants and at the same time it is one of the most aboundant phylotypes in milk and colostrum.The third alternative is an endogenous route, which would explain the presence of certain strict anaerobic bacteria in this fluid. Interestingly, a recent study has found identical genotypes of Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus brevis, Enterococcus faecium, Enterococcus faecalis, Pediococcus pentosaceus in the feces of mothers, their milk and in the feces of the babies, suggesting that theres is a transfer of intestinal bacteria from the mother’s gut to her milk, and from there to the infant gut.



Human milk microbiota: the origin 

M cell 
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Interestingly, there are evidences that some bacteria can cross the gut epithelium and spread out to other locations.In fact, it has been known for some time that dendritic cells can penetrate the gut-epithelium without compromising the integrity of the epithelial barrier and sample commensal and non-pathogenic bacteria present in the intestinal lumen.Afterwards, DC-associated gut bacteria could spread to other locations



Human milk microbiota: the origin 

epsp CaMV35S NOS 

108 cfu 

1 2 3 4 1 2 3 4 CN 

Labelled strain 

MW 

300bp 

200bp 

100bp 

1 2 3 4 1 2 3 4 CN 

Labelled strain 

MW 

300bp 

200bp 

100bp 

CmR 

Bacterial gut translocation in vivo 

pTG262 

Presentator
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Enterococcus faecium Ma1In order to show it, we needed a labeled bacteria that we could track in vivo. We transformed a bacteria isolated from human milk with a plamid that carried choloramphenicol resistance (to facilitate transformant bacteria) and an artificial fragment of DNA that could be tracked easily by PCR.The transformed bacteria was administered to mice (n = 4) starting just after fecundation. The dosage was 10 to 8 bacteria vehiculated in milk that were admistered every two days until delivery.A control group did not recieve the bacteria, just only milk.Milk samples were cultured in selective media and only those bacteria obtained from mice feed with the bacteria contained the artificial fragment of DNA.Therefore, this results reinforce the idea that intestinal bacteria can be transferred to the mammary gland.



Human milk microbiota: the origin 
Bacterial gut translocation in vivo 

Gram staining, showing bacteria (arrowshead) in the 
subepithelial dome (SED) and interfollicular region 
(IFR) of Peyer’s Patches, in mammary gland and in 

lamina propria (LP) of the distal small intestine 

Proportion of positive MLN (    ) and mammary  
glands (    ) Cultures 

Lactating mice 
Pregnant mice 

C: Control; 
TP1: Pregnant mice 
TP2: lactating mice 0 to 1 day 
TP3: Lactating mice 3 to 4 days 
TP4: Lactating mice 14 to 15 days 

Perez et al., Ped, 2007, 119:724- 732; 



Perez et al., Ped, 2007, 119:724- 732 

The DNA of B. longum is present in the 
mother’s blood, faecal sample and 
breast milk and in the infant faecal 

sample.  

Donnet-Hughes et al., 2010 

Identification of bacterial bodies in 
association with mononuclear cells 

.  

Human milk microbiota: the origin 
Bacterial gut translocation in vivo 



Human milk microbiota: the origin 
Bacterial gut translocation in vivo 

Lb. gasseri CECT5714 
Lb. salivarius CECT5713 

 
~ 1010 cfu/day 
4 weeks 



Human milk microbiota: the origin 
Bacterial gut translocation in vivo 

 
 
Lb. salivarius CECT5713 
 
Lb. fermentum CECT5716 
 

~ 109 cfu / day 
 

3 weeks 
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L. salivarius  
from breast milk 

L. fermentum  
from breast milk 



The differential composition of bacterial communities in the GIT, vagina and oral 
cavity has been related to the health of the host. 

Human milk microbiota: the role 

Important role in 
maternal health 

Important role in infant 
gut colonization 

Short-term and long-term benefits  



Human milk microbiota: their role 
Infant colonization 

Vaginal exudate Infant feces Breast milk 

4 mother-infant pairs 
Vaginally delivered 



Human milk microbiota: their role 
Infant colonization 



Human milk microbiota: their role 
Infant colonization 
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Human milk microbiota: their role 
Protection? 

Presentator
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We have also demonstrate the ability of some bacteria isolated from breast milk to inhibit infection of HIV-I.We screened a high number of bacterial species, The highest inhibition was associated with the bacterial strains shown in this graph:L. salivarius VM5L. gasseri VM22S. salivarius VM18L. lactis VM17and found that the HIV-inhibitory activity was associated to both dead bacteria and cell-free culture medium where they had been growing, indicating that possible several factors may be mediating such activity.These 4 strains had antimicrobial activity compatible with the production of bacteriocins (specifically the lactococci had the ability to produce nisin Z, and it had never been proved if it had antiviral activity). But when tested in cell cultures, their capacity to inhibit the infection of T cells mediated by DC-SIGN, the results were not concluyents.However, the purified EPS produced by Streptococcus salivarius resulted to have a peculiar chemical composition and had the ability to inhibit the viral infection, havina a dose-effect relationship.More recently, the sequencing of L. salivarius CECT has revealed the existence of four proteins potentially involved in human molecular mimetism.Specifically, protein 1230 contains a motif for recognizing high mannose N-linked oligosaccharides present in a variety of pathogen antigens, including HIV gp120, and it can have the potential to block gp120 from binding to target cells



Human milk microbiota: their role 



The differential composition of bacterial communities in the GIT, vagina and oral 
cavity has been related to the health of the host. 

Human milk microbiota: the role 

Important role in 
maternal health 

Important role in infant 
gut colonization 

Short-term and long-term benefits  



Human milk microbiota: their role 
Microbial dysbiosis associated with breast cancer 

Breast microbiota in paired normal adjacent tissue (‘‘paired normal’’) and tumor tissue from 20 
patients with estrogen receptor (ER)-positive breast cancer  

Presentator
Presentatienotities
the five richest phyla consisting of Proteobacteria,Firmicutes, Actinobacteria, Bacteroidetes and Verrucomicrobia,accounted for an average of 96.6% of all sequences across samples(Figure 1a, b). No clustering of samples was observed on the basisof histopathology or tumor stage using principle coordinatesanalysis (PCoA)These data suggest that in pairednormal tissue, S. yanoikuyae and M. radiotolerans may occupy similarniches and thus counterbalance each other in abundance.Meanwhile in tumor tissue, the quantity of S. yanoikuyae becomes significantly lower as the quantity of M. radiotolerans remainsconstant.



Human milk microbiota: their role 
Microbial dysbiosis associated with breast cancer 

11 / 1614 OTUs differentially abundant;  
 8 more abundant in paired normal tissue50% belonged to the genus Sphingomonas 
 3 more  abundant in tumor tissue66.7% belonged to the genus Methylobacterium 

Reduction of bacterial load 

In advanced stage breast 
tumor 

Presentator
Presentatienotities
the five richest phyla consisting of Proteobacteria,Firmicutes, Actinobacteria, Bacteroidetes and Verrucomicrobia,accounted for an average of 96.6% of all sequences across samples(Figure 1a, b). No clustering of samples was observed on the basisof histopathology or tumor stage using principle coordinatesanalysis (PCoA)These data suggest that in pairednormal tissue, S. yanoikuyae and M. radiotolerans may occupy similarniches and thus counterbalance each other in abundance.Meanwhile in tumor tissue, the quantity of S. yanoikuyae becomes significantly lower as the quantity of M. radiotolerans remainsconstant.



Human milk microbiota: their role 
Lactational mastitis 

Infectious 
lactational 
mastitis: 

Bacterial 
disbiosis 

>104 cfu/mL 

Presentator
Presentatienotities
the five richest phyla consisting of Proteobacteria,Firmicutes, Actinobacteria, Bacteroidetes and Verrucomicrobia,accounted for an average of 96.6% of all sequences across samples(Figure 1a, b). No clustering of samples was observed on the basisof histopathology or tumor stage using principle coordinatesanalysis (PCoA)These data suggest that in pairednormal tissue, S. yanoikuyae and M. radiotolerans may occupy similarniches and thus counterbalance each other in abundance.Meanwhile in tumor tissue, the quantity of S. yanoikuyae becomes significantly lower as the quantity of M. radiotolerans remainsconstant.



Infectious lactational mastitis 

Human milk microbiota: their role 

Staphylococcus aureus 
Staphylococcus epidermidis 
Streptococcus spp. 



Diet,  
maternal weight 

Factors affecting the composition of the human milk 
microbiome 

Medical conditions 
(antibiotics, health 

status) 

Stress (ie., 
emergency CS) 



Factors affecting the composition of the human milk 
microbiome 

Antibiotic therapy  

N = 160 

*p<0.001 

*p<0.03 

    NO (n = 95) 

    YES (n = 65) 



Factors affecting the composition of the human milk 
microbiome 

Chemotherapy? 



Factors affecting the composition of the human milk 
microbiome 

Lactational stage 
Protein content in HM 

Human milk oligosaccharides 
content 

Microbiome? 

Total bacteria, Bifidobacterium and 
Enterococcus spp. counts 

Khodayar-Pardo et al., 2014 
Cabrera-Rubio et al., 2012 

 Bauer J et al. 2011 

Thurl S, et al., . 2010 



Factors affecting the composition of the human milk 
microbiome 

Birth: Gestational age and mode of delivery? 

Khodayar-Pardo et al., 2014 
Cabrera-Rubio et al., 2012 

 Bauer J et al. 2011 

↑ Bifidobacterium 
↓Enterococcus 



Factors affecting the composition of the human milk 
microbiome 

Pre-pregnancy BMI and excessive weight gain 

Milk from obese women had a more homogenous bacterial composition 
in comparison with human samples from women with normal weight 

High BMI and excessive weight gain 
 Higher number of Lactobacillus and 
Staphylococcus and lower numbers 
of Bifidobacterium 

 
Cabrera-Rubio et al., 2012 



Factors affecting the composition of the human milk 
microbiome 

Probiotics 

352 women 
Mastitis 
Staph/Strept  > 104 cfu mL-1 

Without any other pathology 



Breast tissue and human milk contain bacteria 
 
Human milk  microbiome and bacteria in breast tissue 
contribute to infant and maternal health 
 
There is a mother-infant transfer of bacteria through 
human milk 

 
Future research is needed to better understand how 
bacteria reach the mammary gland  

Take home message 
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