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Summary

The human milk microbiota plays an important role in the development of infant´s in-
testinal microbiota and in the protection of infants against pathogenic microorganisms.
The aim of this study is to investigate the microbial composition of human milk from 47
breastfeeding mothers, sampled separately from the left (L) and the right (R) breast, on the
30th day after giving birth. We quantified some major bacterial groups in human milk,
compared the cultivable bacteria from the left and the right breast and identified strain di-
versity of lactobacilli. The results revealed that human milk contains lactic acid bacteria,
bifidobacteria and mesophilic aerobic bacteria, of which the last were the most abundant
group. Although the microbial composition of human milk in L and R breast samples was
comparable, the concentration of bacteria in the two samples from the same mother might
vary, therefore milk sample taken from one breast only does not reflect the average micro-
bial composition. Using random amplified polymorphic DNA (RAPD), 86 presumptive
isolates of lactobacilli from representative samples of human milk from 11 mothers were
classified into 11 groups. Moreover, representatives of different RAPD groups were identi-
fied using 16S rDNA sequencing. Out of 11 RAPD groups, 4 groups (21 % of all isolates)
belonged to the species Lactobacillus gasseri. The most representative RAPD profile (48 % of
isolates) was found to belong to the species Lactobacillus fermentum. Other RAPD groups
were associated with L. salivarius, L. reuteri, Enterococcus faecium, Staphylococcus epidermidis
and Bifidobacterium breve species.
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Introduction

Human milk is a complex biological fluid adapted
to fulfil the nutritional requirements of the rapidly grow-
ing infant. It contains the right balance of nutrients for
the growth and development of newborns, and also con-
tains many bioactive substances that benefit neonates’ im-
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mune system (1,2). The bioactive substances present in
colostrum, transitional as well as in mature human milk
include immunoglobulins, immunocompetent cells, anti-
microbial fatty acids, polyamines, oligosaccharides, lyso-
zyme, lactoferrin, glycoproteins and antimicrobial pep-
tides (3,4).
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Human neonates are born with an immature immune
system, and many of the innate components of mucosal
immunity are not yet fully developed (2). After birth, ne-
onates are continuously exposed to new microbes that
enter the gastrointestinal tract from the environment (food,
air, skin, etc.) (5). This begins with human milk, which
may contain up to 105 CFU of commensal bacteria per
mL (6–8).

Frequently isolated bacterial groups include genera
Staphylococcus, Streptococcus, Lactococcus, Leuconostoc, Wei-
ssella, Enterococcus, Propionibacterium, Lactobacillus and Bifi-
dobacterium, which should be considered as components
of the natural microbiota of human milk, rather than as
mere contaminant bacteria (9). These commensal bacte-
ria may originate from the nipple and surrounding skin
as well as from the milk ducts in the breast. Different
studies also suggest that some bacteria present in the ma-
ternal gut could reach the mammary gland during late
pregnancy and lactation through a mechanism involving
gut monocytes (10,11). The recent culture-independent
studies of bacterial community based on pyrosequenc-
ing of the 16S rRNA gene revealed much higher diver-
sity of human milk microbiome than could be concluded
from the previous results obtained by culture-dependent
methods (12,13).

It is now well known that human milk bacteria may
play several roles in the infant gut. First of all, they can
contribute to the reduction of the incidence and severity
of infections in the breast-fed infant by different mecha-
nisms, such as competitive exclusion, production of anti-
microbial compounds, or improvement of the intestinal
barrier function by increasing mucine production and re-
ducing intestinal permeability (10,14).

The greatest difference between the microbiota of
breast-fed and formula-fed infants lies in numbers and
species composition of bifidobacteria. Breast-fed infants
show a predominance of bifidobacteria and lactobacilli,
whereas formula-fed infants develop a mixed microbiota
with a lower number of bifidobacteria (7,15). Besides strep-
tococci, which are very frequently isolated from human
milk, viable bifidobacteria and lactobacilli are also com-
monly found (16). The isolates of lactic acid bacteria and
bifidobacteria from human milk are attractive candidates
for use in infant formulas due to their positive effects on
health and safety.

The microbiological composition of human milk has
not been studied in the female population in Slovenia so
far. In the present study, human milk samples from 47
Slovenian mothers obtained 30 days after delivery were
examined for cultivable bacteria. One of the aims was
to determine whether there are significant differences in
the number of selected groups of bacteria and in the
strain composition between the samples of the same
mother obtained from each breast, left (L) and right (R).
This is important from the point of view of ensuring the
representativeness of the samples intended for individ-
ual milk microbiome determination, and is to our know-
ledge also the first report on the comparison of micro-
bial composition of two breasts from the same mother.
Besides this, the representatives of the groups of isolates
with highly similar genotypes (RAPD patterns) were
identified to a species level.

Materials and Methods

Samples

The human milk samples analysed in the present
study were obtained from mothers recruited in the cen-
tral Slovenian region (Ljubljana) in the period from De-
cember 2010 to October 2012. The samples were manu-
ally collected from 47 mothers, separately from the left
(L) and the right (R) breast, on the 30th day after giving
birth. The sampling was done before breastfeeding. The
nipples and mammary areolae were washed with hot
water and soap, the hands were washed and soaked
into antiseptic solution. The first drops of milk (approx.
0.5 mL) were discarded. All samples were collected in
sterile tubes and stored at –80 °C until analyses.

Microbial plate counts

To determine the number of cultivable bacteria, milk
samples were previously serially diluted in Ringer’s so-
lution (¼ strength). Non-diluted or diluted samples were
plated in two parallels on different growth media as fol-
lows: de Man-Rogosa-Sharpe agar (MRS; Merck, Darm-
stadt, Germany) for lactic acid bacteria, brain heart infu-
sion agar (BHI; Merck) for aerobic mesophilic bacteria,
M17 agar (Merck) for lactococci and enterococci, Rogosa
agar (Merck) for lactobacilli, TOS-propionate agar (Yakult
Honsha Co., Ltd., Tokyo, Japan) supplemented with mu-
pirocin for bifidobacteria, and chromogenic UriSelect 4
(URI; Bio-Rad, Marnes-La-Coquette, France) for Escheri-
chia coli, Enterococcus sp., Staphylococcus aureus and Staphy-
lococcus epidermidis. The plates with MRS, TOS-propionate
and Rogosa agar were incubated anaerobically (Gener-
box anaer system; bioMérieux, Marcy l’Etoile, France) at
37 °C for 2 days. BHI, M17 and URI plates were incu-
bated under aerobic conditions at 37 °C for 2 days. After
incubation, colonies were counted.

RAPD analysis of selected isolates

Random amplified polymorphic DNA (RAPD) meth-
od was used to determine the diversity of presumptive
lactobacilli in human milk on the strain level. From the
milk of 11 randomly selected mothers, 10 colonies grown
on Rogosa agar were selected and subcultured in MRS
broth supplemented with L-cysteine (0.05 %) at 37 °C
under anaerobic conditions. Bacterial cells were harvest-
ed by centrifugation and spread on Rogosa agar plates.
After incubation, the bacterial genomic DNA was extract-
ed from the colonies using DNA extraction kit Smart
Helix® EZextract (Sekvenator, Ljubljana, Slovenija), fol-
lowing the manufacturer’s instructions. DNA extracts
from the colonies were used for genotyping by RAPD
analysis. The amplification was performed using M13
primer (5’-GAGGGTGGCGGTTCT-3’) and previously pub-
lished reaction conditions (17). A 1000-bp ladder (Fermen-
tas, Vilnius, Lithuania) was used as a molecular mass
standard. Polymerase chain reaction (PCR) products were
separated by standard gel electrophoresis, using 1.8 %
agarose gel and TAE buffer. A constant voltage of 90 V
was applied for 60 min. Agarose gel was stained with
SYBR® Safe (Invitrogen by Life Technologies, Carlsbad,
CA, USA) and images were digitized with the imaging
system Syngene Chemigenius 2 (Syngene, Cambridge,
UK).
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Species identification of isolates by sequence analysis
of 16S rDNA

Representatives of 11 different RAPD groups were
identified on the species level using sequence analysis of
16S rDNA. Total genomic DNA was extracted from 18-
-hour MRS cultures by Wizard Genomic DNA Purifica-
tion Kit (Promega, Madison, WI, USA). 16S rDNA was
amplified by PCR using primers 27F (5’-AGAGTTTGA-
TCCTGGCTCAG-3’) and 1495R (5’-CTACGGCTACCTT-
GTTACGA-3’) (18). PCR products were purified with the
Wizard SV gel and PCR Clean-Up System (Promega).
Automated sequencing of the purified products was done
at Microsynth AG (Vienna, Austria). The sequences were
analysed using the BLAST algorithm (19).

Statistical analysis
Each mother (N=47) contributed two milk samples

(one from the left breast and the other from the right
breast), which were analysed separately, each in parallel.
The average values of two parallels were used in further
analyses.

First, the differences in bacterial plate counts (log
CFU/mL) of particular bacterial group in the milk sam-
ples derived from the individual breasts (left: L, right: R)
were calculated for each mother. The absolute values of
these differences, i.e. |(log CFU/mL)R–(log CFU/mL)L|,
were distributed in five groups on the basis of their fre-
quency.

Second, the average bacterial plate counts were cal-
culated from the two values obtained for two milk sam-
ples of each mother (one from the left and one from the
right breast). For each bacterial group, the medians were
calculated and the results presented as box-and-whisker
plots representing the medians, the upper and lower ex-
tremes of the range of values and the 75th and 25th per-
centiles.

Results and Discussion

Human milk samples from 47 mothers were plated
on MRS, BHI, M17, Rogosa, TOS-propionate or URI agar
for determination of the concentration of cultivable bac-
teria. The average bacterial counts (CFU/mL) on differ-
ent media are presented in Fig. 1. The box plots repre-

sent the median, the upper and lower extremes of the
range of values and the 75th and 25th percentiles. The
most represented were mesophilic aerobic bacteria (1.1·
·104 CFU/mL), followed by lactococci and enterococci
(2.9·103 CFU/mL), lactic acid bacteria (LAB) grown on
MRS medium (2.0·103 CFU/mL) and S. epidermidis (1.4·
·103 CFU/mL). Well represented was also the species E.
coli (5.0·102 CFU/mL). These results are in accordance
with previous studies of human milk using cultivation
methods (7,12,20).

The samples derived from the left (L) and right (R)
breast of each mother were analysed separately. For the
reasons of clarity, the average values of L and R samples
of individual mothers were presented in Fig. 1. How-
ever, Fig. 2 represents the average differences between
both counts of individual mothers’ samples: (log CFU/
/mL)R–(log CFU/mL)L, expressed as absolute values. The
results of bacterial counts of L and R samples differed
less than 0.5 log units in more than 50 % of the samples,
with the exception of counts on BHI agar and counts of
E. coli on URI agar. For another half of the samples, the
differences between bacterial counts in L and R samples
were more than 0.5 log units, reaching even up to 3.7
log units, which is above the level that can still be con-
sidered as acceptable tolerance (0.5 log) of bacterial col-
ony counts (21).

The results of RAPD genotyping of 86 presumptive
Lactobacillus isolates from Rogosa agar obtained from hu-
man milk of 11 mothers are shown in Fig. 3. Electropho-
resis of RAPD amplification products revealed 11 RAPD
patterns labelled with letters A-K. Some of the RAPD
groups (A and B) included the isolates from different
mothers. The pattern labelled A was, for instance, ob-
served in the isolates from eight mothers, and pattern B
in the isolates from three mothers. Other patterns were
typical for the isolates from one mother only, or not more
than two mothers. Often the strains derived from differ-
ent breasts belonged to the same RAPD group. Con-
sidering that the isolates with the same RAPD pattern
are either identical or genetically very close, it is possi-
ble to conclude that the same or very similar isolates are
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usually found in both breasts. The observation of partic-
ular patterns in different mothers indicates either that
certain strains are very widespread, or that RAPD has a
lower discriminatory power for some species, as already
reported for L. acidophilus (22). RAPD has already been
successfully used for the investigation of genetic related-
ness among bacterial isolates belonging to Lactobacillus
genus, Bifidobacterium genus and S. epidermidis species

from mother and child and comparison of bifidobacteria
isolates from human milk or infant faeces taken at dif-
ferent times (7,20). While in the study of Solís et al. (7)
the strains (Bifidobacterium) isolated from different moth-
er–infant pairs always showed different RAPD profiles,
in our study some strains (Lactobacillus) from different
mothers shared high similarity (7). The presence of par-
ticular Lactobacillus genotypes, for instance L. plantarum,
in different samples (milk, faeces) is, however, not so rare
observation (23). Besides RAPD, the PCR amplification
of repetitive bacterial DNA elements (rep-PCR method)
is also widely used in the fingerprinting of bacteria.
GTG5 rep-PCR fingerprinting, for instance, was found
useful for fast screening and grouping of vaginal lacto-
bacilli, but combination with other methods was pro-
posed for reliable identification (24). Approach including
RAPD with two random primers and rep-PCR with
(GTG)5 primer was shown to be more discriminative for
lactobacilli from different sources than rep-PCR or RAPD
alone (25).

Furthermore, representatives of 11 different RAPD
groups found in human milk were identified by 16S rDNA
sequencing and BLAST comparison. The analysis revealed
that seven of them belonged to Lactobacillus genus. The
assignment of these seven representatives to four Lacto-
bacillus species was based on 99 % of identity (E=0.0),
with the sequences found by BLAST search. The bacte-
rial isolates from two most represented RAPD groups be-
longed to L. fermentum and L. gasseri. Assuming that the
isolates with the same RAPD pattern belong to the same
species, it could be estimated that 51 % of the colonies
belonged to L. fermentum and 22 % of the colonies be-
longed to L. gasseri. In total, we identified four different
species of lactobacilli, i.e. L. fermentum, L. gasseri, L. sali-
varius and L. reuteri. Three RAPD groups were actually
found to be associated with non-Lactobacillus species,
which probably belong to Bifidobacterium breve (97 %
identity), S. epidermidis (95 % identity) and with higher
probability to Enterococcus faecalis (99 % identity). This
observation was not surprising, as the lack of selectivity
of culture media for lactobacilli has been reported sev-
eral times (12,26,27). With the exception of E. faecalis, the
detected species are commonly isolated from human milk
(9).

Martín et al. (20) detected representatives of S. epi-
dermidis, Staphylococcus hominis, Lactobacillus casei, L. gas-
seri, L. gastricus, L. fermentum, L. plantarum, L. reuteri, L.
salivarius, L. vaginalis, B. breve and B. longum in human
milk by cultivation methods. It is interesting that six out
of eight species isolated in the present study are the same
as those reported by Solís et al. (7) and Martín et al. (20).

Conclusions

Cultivable lactic acid bacteria, bifidobacteria and me-
sophilic aerobic bacteria were detected in milk collected
from 47 breastfeeding mothers on the 30th day after giv-
ing birth. The most represented were mesophilic aerobic
bacteria grown on BHI agar medium, followed by lac-
tococci and enterococci grown on M17 agar, and lactic
acid bacteria grown on MRS agar. Presumptive E. coli
and S. epidermidis species were also present in consider-
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Fig. 3. Results of RAPD analysis of isolates (N=86) obtained from
the milk collected from both breasts (left: L, right: R) of 11 moth-
ers. 1–11=designation for mothers, A–K=designation for groups
of isolates differing by RAPD pattern, M=molecular marker,
N=negative control. One strain from each RAPD group was
identified to species level by 16S rDNA sequencing. The results
of identification are shown in the bottom right



able amounts. The presence of the Bifidobacterium and
Lactobacillus representatives was common, the latter be-
ing further characterised by RAPD genotyping and 16S
rDNA based identification.

The concentration of bacteria between the samples
obtained from the left or right breast of the same mother
often varied more than 0.5 log units, leading to the con-
clusion that the analysis of the milk sample taken from
one breast only does not reflect the representative pic-
ture of microbial composition. Therefore, either both
samples (L and R) should be analysed or both samples
should be mixed in equal volumes before the analysis.

In addition to agar media commonly used for plate
counting of lactic acid bacteria, bifidobacteria and aerobic
mesophilic bacteria, the UriSelect 4 (URI) chromogenic
agar, originally developed for the isolation and counting
of urinary tract pathogenic microorganisms, was found
useful for the plate counting of different groups of bac-
teria in human milk, such as presumptive Enterococcus
genus or E. coli, S. aureus and S. epidermidis species.
However, it should be taken into consideration that the
colour-based differentiation is not always reliable, but
presents an estimation. Individual colonies, however, can
be further confirmed on the species level. Rogosa agar,
commonly used for isolation of lactobacilli from differ-
ent media, was also found not to be perfectly selective,
as was revealed by the 16S rDNA sequencing of the rep-
resentative strains sharing the same RAPD patterns. Al-
though lactobacilli prevailed among the 86 colonies iso-
lated from ROGOSA agar, B. breve, S. epidermidis and
Enterococcus faecalis were also found.

Besides the three non-lactobacilli species already men-
tioned, the representatives of different RAPD patterns
turned out to belong to the species which are typical
representatives of the human milk microbiota, namely L.
fermentum, L. gasseri, L. salivarius and L. reuteri.
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