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Review

Breastfed infants have a decreased risk of developing respiratory 
tract infections, atopic dermatitis, asthma, obesity, type 1 and 2 
diabetes, necrotizing enterocolitis, gastroenteritis, and sudden 
infant death syndrome.1,2 Human milk is nutrient rich,1 and bacte-
rial communities have been identified in human milk by both 
culture-dependent and culture-independent analyses.3,4 Human 
milk has the potential to modulate colonization and development 
of the immature newborn gut5 through the transmission of milk-
based bacteria.6,7 As a result, the bacterial content of human milk 
may directly affect short- and long-term infant health outcomes.8

The mission of the Human Microbiome Project is to character-
ize the human microbiome from multiple body sites, but the 
investigators did not include human milk as one of the 18 ana-
tomical regions or body sites of interest.9 Nonetheless, indepen-
dent studies have analyzed the human milk microbiota.3,6,7,10–26 
Early studies using cultured breast milk isolated only a limited 
number of genera.6 Subsequent development of culture-indepen-
dent methods has allowed for a more complete understanding of 
the composition and diversity of microbiota present in human 
milk.* Using ribosomal RNA (rRNA) polymerase chain reaction 
(PCR), Hunt et al13 identified a “core” milk microbiota consisting 
of 9 bacterial genera in milk collected from 16 mothers, while 
Jiménez et al24 identified an alternate core microbiota consisting 
of 7 genera in samples collected from 10 mothers. Only 

Staphylococcus, Streptococcus, and Propionibacterium were sim-
ilarly reported in both studies as predominant genera in maternal 
milk.13,24 This may be the result of dietary, genetic, or environ-
mental differences affecting the human milk microbiota.3,13

This systematic review sought to characterize the diversity 
and commonalities of the human milk microbiota by 
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Abstract
Human milk–associated microbes are among the first to colonize the infant gut and may help to shape both short- and long-term infant 
health outcomes. We performed a systematic review to characterize the microbiota of human milk. Relevant primary studies were 
identified through a comprehensive search of PubMed (January 1, 1964, to June 31, 2015). Included studies were conducted among 
healthy mothers, were written in English, identified bacteria in human milk, used culture-independent methods, and reported primary 
results at the genus level. Twelve studies satisfied inclusion criteria. All varied in geographic location and human milk collection/storage/
analytic methods. Streptococcus was identified in human milk samples in 11 studies (91.6%) and Staphylococcus in 10 (83.3%); both 
were predominant genera in 6 (50%). Eight of the 12 studies used conventional ribosomal RNA (rRNA) polymerase chain reaction (PCR), 
of which 7 (87.5%) identified Streptococcus and 6 (80%) identified Staphylococcus as present. Of these 8 studies, 2 (25%) identified 
Streptococcus and Staphylococcus as predominant genera. Four of the 12 studies used next-generation sequencing (NGS), all of which 
identified Streptococcus and Staphylococcus as present and predominant genera. Relative to conventional rRNA PCR, NGS is a more 
sensitive method to identify/quantify bacterial genera in human milk, suggesting the predominance of Streptococcus and Staphylococcus 
may be underestimated in studies using older methods. These genera, Streptococcus and Staphylococcus, may be universally predominant 
in human milk, regardless of differences in geographic location or analytic methods. Primary studies designed to evaluate the effect of 
these 2 genera on short- and long-term infant outcomes are warranted. (Nutr Clin Pract.2017;32:354-364)
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synthesizing data derived from culture-independent methods 
using samples obtained from various geographic locations.

Methods

We identified all primary studies indexed in PubMed from 
January 1, 1964, through June 30, 2015, that described the diver-
sity of healthy mothers’ milk microbiota. Search terms included 
the following: microbiome OR microbiota OR anaerobic OR 
anaerobe OR metagenome AND (human milk OR breast milk).

We identified eligible studies for this systematic review 
using the following inclusion criteria: (1) primary study, (2) 
written in English, (3) exclusive use of human subjects, (4) 
investigated bacterial diversity and composition of human 
milk, (5) used culture-independent methods, and (6) reporting 
primary results at the genus level. The following exclusion cri-
teria eliminated studies from the review: (1) exclusive assess-
ment of the microbiota of colostrum and (2) incomplete/
insufficient data set reported.

Two authors independently reviewed PubMed search 
results. Reviewers assessed each title, evaluated abstracts as 
necessary, and considered the study for full review. Any dis-
agreements in either the title/abstract or the full manuscript 
review phases were resolved by consensus. All eligible studies 
were formally evaluated and included in this systematic review.

Results

The PubMed search yielded 479 articles (Figure 1). We 
excluded 448 articles by title and 12 by abstract review; 19 

articles qualified for full manuscript review. Of those 19, we 
excluded 5 that did not evaluate the bacterial diversity of 
human milk, 1 for nonindependent evaluation of the human 
milk microbiota, and 1 for having an incomplete data set; 12 
articles qualified for formal evaluation.

Characteristics of formally evaluated studies are presented 
in Table 1. Studies were conducted in Spain, Finland, Turkey, 
Canada, Switzerland, and the United States. Six studies evalu-
ated healthy mothers exclusively, while the remaining 6 com-
pared healthy mothers with mothers who were overweight, 
were undergoing chemotherapy, and had celiac disease, masti-
tis, or breast milk jaundice. The definition of maternal health 
status varied among studies; 6 studies cited the absence of 
medical conditions,10,12,21,22,24,26 1 used maternal self-report,13 
and 5 did not specify how maternal health was defined.4,6,17,19,20 
Aseptic milk collection techniques differed with respect to use 
of chlorhexidine21; a combination of soap, sterile water, and 
chlorhexidine6,12,24; iodine13,22,26; aseptic soap28; sterile 
swabs17; sterile gloves19; sterile collection bag20; or unde-
fined.16 In addition, studies varied with respect to microbial 
detection methods. Eight studies6,12,16,17,19,21,22,26 (67%) used 
conventional rRNA PCR, whereas 4 studies10,13,20,24 (33%) 
used next-generation sequencing (NGS), which included 
454-pyrosequencing using an Illumina (Illumina Inc, San 
Diego, CA) platform. As well, the collection timeframe of the 
included milk samples varied from 4 days postpartum to 6 
months postpartum,4,12,19–22,26 while 5 studies did not identify 
the postpartum day milk samples were collected.6,13,17,24,28

Microbial Presence

Microbial presence was defined by included studies as the gen-
era or species identified in the human milk samples. The gen-
era Streptococcus and Lactobacillus were identified in 11 
studies (91.6%), Staphylococcus in 10 studies (83.3%), 
Bifidobacterium in 9 studies (75%), Enterococcus in 8 studies 
(66.7%), and Propionibacterium in 6 studies (50%) (Table 2). 
Differences in methodology resulted in inconsistent detection 
of bacterial diversity of human milk. Using conventional rRNA 
PCR, Lactobacillus was identified in all 8 studies (100%), 
Bifidobacterium and Streptococcus in 7 studies (87.5%), 
Staphylococcus in 6 studies (75%), and Enterococcus in 4 stud-
ies (50%). NGS methods yielded detection of Streptococcus, 
Staphylococcus, Enterococcus, and Propionibacterium in all 4 
studies (100%), Lactobacillus in 3 studies (75%), and 
Bifidobacterium in 2 studies (50%). Deeper level sequencing, 
investigated at the species level, found no microbial patterns 
across all included studies.

Microbial Predominance

Included studies defined microbial predominance as the most 
abundant genera or species populating the human milk micro-
biota. The genera Streptococcus and Staphylococcus were 

Figure 1. Literature search flow diagram. PCR, polymerase 
chain reaction.
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predominant in 6 of the 12 formally evaluated studies (50%) 
(Table 2). Bifidobacterium was defined as predominant in 3 stud-
ies (25%), Propionibacterium in 3 studies (25%), Lactobacillus 
in 2 studies (17%), and Enterococcus in 0 studies (0%). Again, 
differences in methodological approaches were observed. Using 
a conventional PCR-based approach, Streptococcus and 
Staphylococcus were predominant in 2 studies (25%), 
Bifidobacterium in 3 studies (38%), Propionibacterium in 0 stud-
ies (0%), Lactobacillus in 1 study (13%), and Enterococcus in 0 
studies (0%). Using NGS, Streptococcus and Staphylococcus 
were predominant in all 4 studies (100%), Bifidobacterium in 
0 studies (0%), Propionibacterium in 3 studies (75%), 
Lactobacillus in 1 study (25%), and Enterococcus in 0 studies 
(0%). Deeper level sequencing, investigated at the species level, 
found no predominant species-specific microbial patterns.

Discussion

Studies included in this systematic review varied with respect 
to geographic location and methods of milk collection, storage, 
and analysis. Streptococcus and Staphylococcus were the pre-
dominant genera in 6 of the 12 studies (50%) and in all 4 
(100%) of those using NGS methods. These 2 genera, 
Streptococcus and Staphylococcus, appear to be widely pre-
dominant in human milk without regard to differences in geo-
graphic location or analytic methods.

Our findings identified only 2 consistently predominant gen-
era that contradict existing research reporting a “core 9” and 
“core 7” human milk microbiota.13,24 Jiménez et al24 and Hunt 
et al13 identified two diverse core human milk microbiomes. 
Using shotgun amplification, Jiménez et al identified a healthy 
core human milk microbiome that included the genera 
Staphylococcus, Streptococcus, Bacteroides, Faecalibacte-
rium, Ruminococcus, Lactobacillus, and Propionibacterium.  
At the species level, there was a high degree of inter- 
individual variability observed among healthy women. Using 
NGS, Hunt et al identified a set of 9 operational taxonomic 
units that were present in all milk samples collected: 
Staphylococcus, Streptococcus, Serratia, Pseudomonas, 
Corynebacterium, Ralstonia, Propionibacterium, Sphin-
gomonas, and Bradyrhizobiaceae; bacterial species were  
not identified.13 Between these 2 studies, Staphylococcus, 
Streptococcus, and Propionibacterium were the only genera 
commonly reported as predominant in both identified core 
human milk microbiotas. This suggests that additional genera 
identified as a part of the “core 9” and “core 7” may not be 
consistently represented as predominant genera in the human 
milk microbiota. Identification of the “core 9” and “core 7” 
used culture-independent methods but analyzed mother’s milk 
from different geographic locations with variable milk collec-
tion, storage, and analytic methods. Using NGS, Hunt et al 
amplified the V1–V2 hypervariable region of the 16S rRNA 
gene. Jiménez and colleagues did not specify which hypervari-
able region was amplified, but taxonomy was assigned based on 
shotgun sequencing. Despite the methodological differences in 

these studies, their mutual identification of Streptococcus and 
Staphylococcus as part of the “core” genera is consistent with 
our findings and suggests that these genera may be widely pre-
dominant in human milk.

The ability to detect bacterial diversity in human milk may 
be dependent on milk collection techniques and analytic meth-
ods. By cloning and sequencing DNA, PCR is an effective way 
to characterize microbial communities.27 However, recent lit-
erature suggests that certain genera are better identified by 
primers targeting specific 16S variable gene regions.29,30 
Observed between-study differences may be attributable to 
variations in regional amplification. Relative to conventional 
rRNA PCR, NGS is a more sensitive and less biased analytic 
method for identifying and quantifying bacterial genera in 
human milk.31 This suggests that the presence/predominance 
of Streptococcus and Staphylococcus may be underestimated 
in studies using conventional methods.

The phylogeny and biological significance of the human 
milk microbiota have been described in detail else-
where.8,28,32,33 The entero-mammary pathway suggests that 
microbes located in the maternal gut translocate to the mam-
mary glands and, upon milk consumption, colonize the infant 
gut.8,28,32,33 The human milk microbiota may be involved in 
the development of infant innate immunity and serve as a 
functional link between maternal and infant gut microbiota.8,33 
This relationship is multifactorial and dependent on many 
potential confounding factors such as delivery mode,21,34–39 
antibiotic use,15,18 and maternal obesity.22,26,40 Infants exclu-
sively breastfed have been shown to have a less diverse and 
rich intestinal microbiota in comparison to infants formula 
fed.41,42 This decreased diversity and richness may be attrib-
uted to microbes present in human milk and human milk oli-
gosaccharides41,42 potentially influencing the colonization of 
the infant gut. The infant gut microbiota has been associated 
with neurodevelopmental outcomes and may play a role in 
early brain development.43 The human milk microbiota con-
tains some of the first microbes to be introduced into the infant 
gut, thus potentially playing a large role in the colonization of 
the infant gut and development of the immune system.26 
Interventions designed to modify maternal gut microbiota (eg, 
diet, nutrition supplements) may affect human milk microbi-
ota and subsequently influence infant gut microbiota and alter 
infant health outcomes.33,44,45

Our study has several strengths worth highlighting. Both 
reviewers independently conducted a PubMed search and eval-
uated qualifying manuscripts. This systematic approach, 
designed to maximize reliable results, ensured precise study 
identification and data abstraction processes. Our inclusion cri-
teria were broad and not restricted to specific variations of 
culture-independent methods. This increased the generalizabil-
ity of our findings, allowing a comparison of studies using both 
conventional PCR and NGS methods. By design, our study 
also included only those investigating the bacterial diversity of 
the human milk microbiota, thus enabling an unbiased synthe-
sis of predominant bacterial diversity.
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The observed results are subject to several limitations. First, 
reviewers were not blinded to the purpose of this study. This 
may have introduced a nondifferential bias, leading to either 
overinterpretation or underinterpretation of common present or 
predominant genera. Second, to maximize the abstracted study 
characteristics, only studies written in English were included 
in this systematic review. Third, to ensure all identified studies 
were peer-reviewed, we did not include published abstracts 
presented at previous academic meetings. Fourth, given the 
descriptive nature of our research question, we abstracted and 
evaluated study results but did not conduct formal evaluations 
of study design, methodological rigor, or research methods. 
This descriptive approach was purposeful in design to be more 
inclusive, thus allowing synthesis of studies that used either 
conventional PCR or NGS.

Conclusion

In summary, this systematic review of the literature reports that 
the genera Streptococcus and Staphylococcus are the predomi-
nant genera in the human milk microbiota. We suggest that 
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 pre-
vious work using conventional PCR methods. Future research 
to confirm these findings and to further clarify the effects of 
human milk microbes on infant short-term and long-term 
health outcomes should use NGS methods to maximize detect-
able bacterial diversity.
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