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ABSTRACT

Objective: The objective of this work was to study the lactobacilli and
bifidobacteria population in human milk of healthy women, and to inves-
tigate the influence that several factors (including antibioteraphy during
pregnancy and lactation, country and date of birth, delivery mode, or infant
age) may exert on such population.

Methods: A total of 160 women living in Germany or Austria provided
the breast milk samples. Initially, 66 samples were randomly selected
and cultured on MRS-Cys agar plates. Then, the presence of DNA from
the genera Lactobacillus and Bifidobacterium, and from most of the
Lactobacillus and Bifidobacterium species that were isolated, was assessed
by qualitative polymerase chain reaction (PCR) using genus- and species-
specific primers.

Results: Lactobacilli and bifidobacteria could be isolated from the milk of
27 (40.91%) and 7 (10.61%), respectively, of the 66 cultured samples. On the
contrary, Lactobacillus and Bifidobacterium sequences were detected by
PCR in 108 (67.50%) and 41 (25.62%), respectively, of the 160 samples
analyzed. The Lactobacillus species most frequently isolated and detected was
L salivarius (35.00%), followed by L fermentum (25.00%) and L gasseri
(21.88%), whereas B breve (13.75%) was the bifidobacterial species most
commonly recovered and whose DNA was most regularly found. The number
of lactobacilli- or bifidobacteria-positive samples was significantly lower in
women who had received antibiotherapy during pregnancy or lactation.

Received and accepted February 15, 2014.

From the *Departamento de Nutricién, Bromatologia y Tecnologia de los
Alimentos, Universidad Complutense de Madrid, Madrid, the
fProbisearch, Tres Cantos, Spain, and the iDepartment of Nutritional
Science, HiIPP GmbH & Co. Vertrieb KG, Pfaffenhofen, Germany.

Address correspondence and reprint requests to Dr Leonides Fernandez,
Departamento de Nutricion, Bromatologia y Tecnologia de los
Alimentos, Universidad Complutense de Madrid, Ciudad Universitaria,
Avda. Puerta de Hierro, s/n. 28040 Madrid, Spain (e-mail: leonides@
vet.ucm.es).

Supplemental digital content is available for this article. Direct URL
citations appear in the printed text, and links to the digital files are
provided in the HTML text of this article on the journal’s Web site
(www.jpgn.org).

This work was supported by a research contract funded by HiPP. Know-how
derived from the FUN-C-FOOD (Consolider-Ingenio 2010) and
AGL2010-15420 projects from the Ministerio de Economia y Compe-
titividad (Spain) was applied in this study.

The authors report no conflicts of interest.

Copyright © 2014 by European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition and North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition. This is an open-access
article distributed under the terms of the Creative Commons Attribu-
tion-NonCommercial-NoDerivatives 3.0 License, where it is permis-
sible to download and share the work, provided it is properly cited. The
work cannot be changed in any way or used commercially.

DOI: 10.1097/MPG.0000000000000347

78

Conclusions: Our results suggest that either the presence of lactobacilli and/
or bifidobacteria or their DNA may constitute good markers of a healthy
human milk microbiota that has not been altered by the use of antibiotics.

Key Words: antibiotics, Bifidobacterium, human milk, Lactobacillus

(JPGN 2014;59: 78-88)

acterial gut colonization in early life is a process that exerts a

short-, medium-, and long-term influence on the health status
of a host, and that involves bacteria arising from different sources
(1); among them, culture-dependent studies have revealed that
human milk is a source of live staphylococci, streptococci, lactic
acid bacteria, bifidobacteria, propionibacteria, corynebacteria, and
closely related Gram-positive bacteria to the infant gut (2). Several
studies have shown that there is a mother-to-infant transfer of
bacterial strains belonging, at least, to the genera Lactobacillus,
Staphylococcus, Enterococcus, and Bifidobacterium through breast-
feeding (3—7). In fact, human milk constitutes 1 of the main sources
of bacteria to the breast-fed infant gut since a baby consuming
approximately 800 mL/day of milk would ingest between 1 x 10°
and 1 x 107 bacteria daily (8). It has been suggested that exposure of
the breast-fed infant to such a wealth of bacterial phylotypes
through breast-feeding may exert beneficial effects against several
diseases (9). Breast-feeding has been shown to improve infant
health outcomes lowering the risk of respiratory and gastrointestinal
tract infections, necrotizing enterocolitis, otitis media, and allergic
disease and to prevent later health problems such as inflammatory
bowel disease, obesity, and type 2 diabetes mellitus (10).

The application of culture-independent molecular tech-
niques, and particularly those based on /6S rRNA genes, allowed
a complementary biodiversity assessment of the human milk micro-
biome. The use of such techniques confirmed the dominance of
staphylococci and streptococci, the relatively frequent presence of
lactic acid bacteria and bifidobacteria, and the existence of DNA
belonging to other bacterial groups, such as some Gram-negative
bacteria (5,11-13). Recently, the first microbiome study focused on
human milk was published and the results indicated that milk
bacterial communities were generally complex (9). Among the
hundreds of operational taxonomic units detected in the milk of
every woman, only 9 (Streptococcus, Staphylococcus, Serratia,
Pseudomonas, Corynebacterium, Ralstonia, Propionibacterium,
Sphingomonas, and Bradyrhizobiaceae) were present in every
sample from every woman. On the contrary, milk bacterial com-
munity was generally stable over time within an individual (9).

In contrast to staphylococci, streptococci, corynebacteria, or
propionibacteria, which seem to be widespread in human milk,
the presence of lactobacilli and bifidobacteria seems to be more
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variable among women (9,11,14,15). Such variability may be the
consequence of isolation difficulties, owing to fastidious growth
and incubation requirements, or may be the result of the technical
bias associated to molecular studies. It could also be because of host
peculiarities; it has been suggested that the human milk microbiome
is influenced by several factors that significantly skew its compo-
sition (16). In this context, the objective of this study was to assess
whether demographic or clinical factors, such as country and date of
birth, infant age, delivery mode, or antibiotherapy during pregnancy
and lactation, may exert an influence on the bifidobacterial and
lactobacillic population present in the breast milk of healthy
women.

METHODS

Subjects and Sampling

A total of 160 healthy women participated in the study and
provided a sample of breast milk. Women were recruited to cover a
moderately wide area of central Europe from randomly chosen
regions in Germany and Austria to represent southern and eastern
(Germany) and western and eastern (Austria) parts of both
countries, which included both rural and urban settings. Recruit-
ment was carried out by midwives, who were contacted initially via
the HiPP Scientific sales force (Pfaffenhofen, Germany). All of the
volunteers gave written informed consent to the protocol, which was
approved by the ethical committee of Hospital Clinico (Madrid,
Spain). The milk samples were collected in a sterile tube by manual
expression using sterile gloves. Previously, nipples and mammary
areola were cleaned with soap and sterile water and soaked in
chlorhexidine. The first drops (~500 L) were discarded. All of the
samples were kept frozen until delivery to the laboratory. All of the
women filled a questionnaire designed to collect information on
demographic characteristics and some other factors, such as mode
of delivery, anesthesia during labor, or antibiotherapy during preg-
nancy and lactation (Table 1).

Count and Identification of Bacteria in the
Samples

Adequate dilutions of 66 randomly selected milk samples
were spread onto agar plates of Man, Rogosa, and Sharpe (Oxoid,
Basingstoke, UK) supplemented with L-cysteine (0.5 g/L) (MRS-
Cys) for isolation of lactobacilli and bifidobacteria. The plates were
incubated for 48 hours at 37°C anaerobically (85% nitrogen, 10%
hydrogen, 5% carbon dioxide) in an anaerobic workstation (MINI-
MACS; DW Scientific, Shipley, UK).

After incubation and counting, 10 isolates from each culture
medium were randomly selected and identified at the species level
by classical morphological and biochemical tests. In addition, all
the Gram-positive isolates with morphology compatible with that of
lactobacilli or bifidobacteria were selected and identified at the
genus level by classical morphological and biochemical tests and by
demonstration of fructose-6-phosphate phosphoketolase activity in
cellular extracts. Identification at the species level was performed
by MALDI-TOF (Vitek MS; BioMerieux, Marcy I’Etoile, France)
or by polymerase chain reaction (PCR) sequencing of a 470-bp
fragment of the /6S rRNA gene using primers pbl16 (5'-AGAGTTT
GATCCTGGCTCAG-3') and mlbl6 (5-GGCTGCTGGCACGT
AGTTAG-3') (17). The PCR conditions were as follows: 96°C
for 30 seconds, 48°C for 30 seconds, and 72°C for 45 seconds
(40 cycles) and a final extension at 72°C for 4 minutes. The
amplicons were purified using the Nucleospin Extract II kit
(Macherey-Nagel, Diiren, Germany) and sequenced at the
Genomics Unit of the Universidad Complutense de Madrid, Spain.
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TABLE 1. Demographic and clinical characteristics of the participating
women

Characteristic n Frequency, %
Infant sex
Male 80 50.00
Female 80 50.00
Month of delivery
January—March 21 13.13
April—June 16 10.00
July—September 51 31.88
October—December 72 45.00
Origin of mother
Urban 82 51.25
Rural 78 48.75
Country of sampling
Austria (East) 15 9.37
Austria (West) 41 25.62
Germany (East) 61 38.12
Germany (South) 43 26.89
Nationality*
German 101 63.52
Austrian 47 29.56
Other 11 6.92
Delivery mode
Vaginal 125 78.13
Cesarean section 35 21.87
Time of lactation”
<1 week 16 10.00
1 to 4 weeks 118 73.75
>4 weeks 25 15.63
Breast-feeding*
Exclusively 108 67.92
Partial feeding 51 32.08
Anesthesia during delivery*
No 103 64.78
Yes 56 35.22
AntibiotherapyT
No 95 59.38
Yes 65 40.62
Last dose received at
Pregnancy 14 8.75
Delivery 35 21.85
Lactation 16 10.00
“n=159.

"During pregnancy and/or breast-feeding.

The resulting sequences were used to search sequences deposited in
the EMBL database using the BLAST algorithm, and the identity of
the isolates was determined on the basis of the highest scores
(>98%).

Somatic Cell Count (SCC) in the Samples

SCC was performed with a DeLaval cell counter DCC
(DeLaval International AB, Tumba, Sweden), using single-use cell
counter cassettes and instructions provided by the manufacturer.
The cassette that contains small amounts of a DNA-specific stain
(propidium iodide) is used to collect the sample. A piston carries the
milk sample toward a counting window that is exposed to an LED
light source. The fluorescence signal given by the cell nuclei is
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recorded as a digital image that is subjected to automated image
analysis.

Bacterial DNA Isolation From the Milk Samples

Initially, a fraction of the breast milk samples (1 mL) was
centrifuged at 7150 g for 20 minutes. Then, total DNA was isolated
from the pellets using the QIAamp DNA Stool Mini Kit (QIAgen,
Hilden, Germany) following a protocol described previously (11).
DNA was eluted in 20 pL of buffer AE (provided in the kit), and the
purified DNA extracts were stored at —20°C.

Qualitative PCR Assays

Genus-specific detection of DNA from the genera Lactoba-
cillus or Bifidobacterium was accomplished using the primers and
PCR conditions reported by Collado et al (18). At the species level,
a 2-step multiplex PCR assay was used to detect DNA from
L fermentum, L gasseri, L plantarum, L reuteri, L rhamnosus,
and L salivarius, using species-specific primers and PCR conditions
previously reported (19). In parallel, the presence of DNA from
L caseilL paracasei was assessed using the primers and PCR
conditions described by Chagnaud et al (20).

PCR detection of DNA from B longum, B infantis, B dentium,
and B gallicum was carried using the primers and PCR conditions
described by Matsuki et al (21), whereas the presence of DNA from
B adolescentis, B angulatum, B bifidum, B breve, B catenulatum,
and B pseudocatenulatum was assessed using those reported by
Matsuki et al (22). Finally, PCR detection of DNA from B lactis was
performed using the species-specific PCR assay developed by
Ventura et al (23).

Each PCR assay included DNA extracted from a reference
strain of each targeted species (positive control). Amplicons were
analyzed by electrophoresis (90 V, 1 hour) on 1% agarose gels.
Subsequently, the gels were stained and bands were visualized in a
Gel-Doc system (Bio-Rad, Hercules, CA).

Statistical Analysis

Quantitative data were expressed as the mean and 95%
confidence interval (CI) of the mean or, when they were not
normally distributed, as the median and interquartile range. A
correlation analysis was performed to test the relation between
bacterial counts in MRS-Cys and SCCs. Proportions were compared
using ¥ statistics, including the Fisher exact test and the Freeman-
Halton test for contingency tables greater than 2 x 2. Differences
were considered significant at P < 0.050. SAS version 9.2 (SAS
Institute Inc, Cary, NC) was used to carry out the analyses cited
above.

RESULTS

Characteristics of the Lactating Women
Participating in the Study

The 160 women enrolled in this study had a mean age of
31.82 years (95% CI 31.10—32.54 years) and their breast-fed baby
had a gestational age of 39.72 weeks (ranging from 29 to 44 weeks).
The median number of children was 1 (n= 104, 65.00% of partici-
pants), and only 11 women (6.88%) had 3 or more children.
Moreover, 21.87% of the infants were born by cesarean section,
more than one-third of the women (35.22%) received anesthesia
during delivery, and 40.62% of the women had received anti-
biotherapy during pregnancy and/or lactation (Table 1). Most of
the participating women were exclusively breast-feeding their
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babies whereas 32.08% did it partially. Regarding the time of
sampling, most of the breast milk samples (73.75%) were collected
from women during the second to fourth week of lactation, whereas
10.00% were obtained during the first week and the remaining
15.63% after the first month of lactation. Most of the women who
gave samples during the first month of lactation were exclusively
breast-feeding their infants (75.37%), whereas this percentage
descended notably in samples obtained after the first month of
lactation (28.00%). Other demographic and clinical characteristics,
such as the month of delivery, nationality and origin of the mother
(urban or rural), and place where the samples were obtained, are
summarized in Table 1.

Bacterial and SCCs

Bacterial growth was observed in 58 of the 66 milk samples
inoculated on MRS-Cys agar plates. The mean (95% CI) value of
bacterial counts obtained in such medium was 1.63 (1.49-1.77)
log,o colony-forming units (CFU)/mL and ranged between 1.0 and
2.7 log;o CFU/mL (Fig. 1). In those breast milk samples where
bacterial growth was observed, the mean (95% CI) value of SCCs
was 36.67 (35.96—41.37) cells per microliter and ranged between
23 and 68 cells per microliter, whereas in the rest of the samples
(n = 8) where bacterial growth was undetectable, lower SSCs values
(mean value of 27.16 cells/nL) were observed. A weak but stat-
istically significant correlation was noted between bacterial counts
in MRS-Cys plates and SSCs (r=0.395, P =0.002), as shown in
Figure 1. Overall, the bacterial count and SCC values found in these
breast milk samples indicated that none of the women were
experiencing mastitis when the samples were collected.

Bacterial Identification

In relation to Gram-positive cocci, Staphylococcus spp were
isolated from 51 samples (77.27%); Staphylococcus epidermidis
was detected in all 51 samples, whereas other coagulase-negative
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FIGURE 1. Bacterial counts in MRS-Cys and SCCs in breast milk
samples (n=66). Correlation between both parameters is shown as
a solid line and follows the model: SCC (cells/pL)=27.22+8.00 *
Bacterial counts in MRS-Cys (logio CFU/mL), r=0.395, P=0.002;
95% Cl for the mean value of SSC as a function of bacterial counts in
MRS-Cys is shown as solid gray lines and 95% prediction intervals for
new observations of bacterial counts in MRS-Cys as a function of SCC
are shown as the outer dotted gray lines. Black dots=breast milk
sample; ND = breast milk samples in which bacterial growth was not
detected; they were not included in the correlation analysis.
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FIGURE 2. Total, lactobacilli, and bifidobacteria viable cells in breast
milk samples after culturing in MRS-Cys. Bacterial growth was
undetectable in 8 samples out of 66 analyzed. Mean values of bacterial
counts are indicated with a “+"* within each box-and-whisper plot.
Median values are indicated by the line within the box plot. The
box extends from the 25th to 75th percentiles, and the whiskers
indicate the minimum and maximum values obtained. Outliers are
represented as dots.

staphylococci were isolated from <25% of the samples (data not
shown). Staphylococcus aureus could not be detected in any
sample. Streptococci were also isolated from 40 samples
(60.61%) and most of them belonged to the species Streptococcus
mitis, Streptococcus salivarius, or Streptococcus parasanguinis
(data not shown).

Lactobacilli and bifidobacteria could be isolated from 27
(40.91%) and 7 (10.61%) samples of breast milk, respectively
(Fig. 2). The mean (95% CI) values of bacterial counts for Lacto-
bacillus and Bifidobacterium were 1.11 (0.99-1.23) and 0.96
(0.76—-1.16) log;o CFU/mL, respectively. Identification of the
isolates at the species level revealed that they belonged to the
following species: B breve, B longum, L casei, L fermentum,
L gasseri, L gastricus, L plantarum, L reuteri, L rhamnosus,
L salivarius, and L vaginalis. The species most frequently found
was L salivarius that was isolated from 9 milk samples (13.64% of
the 66 cultured samples), followed by L fermentum (7 samples,
10.61%), L gasseri (6 samples, 9.09%), and B breve (5 samples,
7.58%) (Table 2). Usually, only 1 species of either lactobacillus or
bifidobacteria was present in an individual breast milk sample,
although 2 different species were isolated from 7 samples, and
B longum, L gastricus, and L reuteri were detected simultaneously
in 1 sample (Table 2).

PCR Assessment of Lactobacilli and
Bifidobacteria Diversity in the Milk Samples

The presence of lactobacilli and bifidobacterial DNA alone
or in combination was analyzed by PCR using species-specific
primers in 160 breast milk samples, and it was confirmed in 113
(70.60%) samples (Fig. 3A). More specifically, Lactobacillus
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TABLE 2. Viable lactobacilli and bifidobacteria diversity in the 66 breast
milk samples that were cultured in this study

Total frequency

Bacterial species n* Nf %
Bifidobacterium breve 2 5 7.58
B longum 1 2 3.03
Lactobacillus casei 1 1 1.52
L fermentum 3 7 10.61
L gasseri 3 6 9.09
L gastricus 1 2 3.03
L plantarum 1 1 1.52
L reuteri 1 3 4.55
L rhamnosus 1 1 1.52
L salivarius 7 9 13.64
L. vaginalis 1 2 3.03
B breve + L fermentum 1

B breve + L gasseri 1

B breve + L reuteri 1

L fermentum + L gasseri 1

L fermentum + L salivarius 1

L fermentum + L vaginalis 1

L gasseri + L salivarius 1

B longum + L gastricus + L reuteri 1

* n = number of samples where a given combination of species was found.
N = total number of samples where a given bacterial species was found
alone or in combination with others.

sequences (alone or in combination with Bifidobacterium
sequences) and Bifidobacterium sequences (alone or in combination
with Lactobacillus sequences) were detected in 108 and 41 samples
(67.50% and 25.62% of total samples), respectively, whereas both
genera were present simultaneously in 36 samples (22.50% of total
samples) (Fig. 3A).

The Lactobacillus species most frequently found was
L salivarius (56 samples, 35.00% of total samples), followed by
L fermentum (40 samples, 25.00%) and L gasseri (35 samples,
21.88%) (Fig. 3B). Other lactobacilli species detected using this
approach were L reuteri (11.88%), L plantarum (10.63%),
L rhamnosus (8.13%), and L casei (4.38%). Regarding bifidobac-
teria, B breve DNA was the most frequently found and it was present
in 21 (13.75%) of the analyzed samples. B longum and B lactis were
detected only in 7 samples (4.38%), each. Another 7 breast milk
samples contained other species of bifidobacteria (Fig. 3B).

Globally, there was great interindividual variability regard-
ing the lactobacilli and bifidobacterial PCR profile. In fact, up to
52 different species combinations were found among the 113 breast
milk samples in which lactobacilli and/or bifidobacteria could be
detected (Fig. 4). A total of 31 women displayed a profile that was
not shared with any other recruited woman. The profiles of most of
the samples comprised only 1 or 2 different species (38 and
43 samples, respectively) (Fig. 4). The profile comprising only
L salivarius DNA was shared by 13 of the analyzed samples
(representing 8% of total samples), whereas the combination of
L fermentum with either L salivarius or L gasseri was present in
9 and 8 human milk samples, respectively (~5% of total samples).
In contrast, 8 breast milk samples contained DNA from 4 different
Lactobacillus and Bifidobacterium species. A detailed analysis of
all the combinations of lactobacilli and bifidobacterial species that
were detected by PCR is presented in Figure 4.

Taken as a whole, there was a good correspondence between
isolation by culture technique and PCR detection of lactobacilli or
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A
W Lactobacillus
Lactobacillus + Bifidobacterium
I Bifidobacterium
O None
B

Frequency of detection (%)

L casei

L fermentum

L gasseri

L plantarum

L reuteri

L rhamnosus

L salivarius
Lactobacillus sp
B breve

B lactis

B longum
Bifidobacterium sp

FIGURE 3. Presence of lactobacilli and/or bifidobacteria DNA in
breast milk samples as determined by species-specific PCR
(n=160). Frequency of detection of DNA from genus Lactobacillus
and/or Bifidobacterium (A) and lactobacilli and bifidobacterial species
(B) in breast milk samples identified by species-specific PCR. The
percentages are expressed over the total 160 samples analyzed.
PCR = polymerase chain reaction.

bifidobacteria, both at the genus and the species level in the 66
breast milk samples that were seeded on MRS-Cys plates (Table 3).
Lactobacilli DNA was detected in 50 samples, and viable lactoba-
cilli were isolated from approximately half of them (26 samples).
The proportion of samples in which bifidobacteria were isolated by
culture and in which their DNA was detected by PCR was lower (6
samples of 18 positives for bifidobacteria by PCR; Table 3). B lactis
was detected only using molecular techniques (in 2 milk samples).

Influence of Demographic and Clinical
Parameters in the Detection of Lactobacilli and
Bifidobacteria in Breast Milk

Associations between the presence or absence of lactobacilli
or bifidobacterial DNA and relevant demographic or clinical
characteristics of the women participating in the study were inves-
tigated in this study. Most of the analyzed samples (73.75%) were
collected from women during a period that extended from the
second to the fourth week after delivery, except 16 samples
(10.00%) obtained during the first week and 25 samples
(15.63%) provided by women who had been breast-feeding for
more than 1 month. No differences were found regarding the
distribution of bacteria belonging to either the genus Lactobacillus
or Bifidobacterium or to their respective species between samples
taken during the first week, from the second to the fourth week or
after the first month of breast-feeding (Tables 4 and 5).

The number of milk samples positive for lactobacilli or
bifidobacteria were significantly lower in those women who had
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received antibiotherapy during pregnancy or lactation (x> test;
P =0.000 and P =0.037 for lactobacilli and bifidobacteria, respect-
ively) (Tables 4 and 5). The administration time of the antibiotic
(pregnancy, delivery, or lactation) did not modify the frequency of
samples with Lactobacillus, Bifidobacterium or their respective
species, although it would be advisable to analyze a higher number
of subjects to draw a conclusive evidence of this aspect. Lactobacilli
were also less frequently detected in the breast milk of women who
had been subjected to cesarean section and/or had received anesthe-
sia during delivery although, in such cases, the differences were not
statistically significant (x* test, P =0.059 and P =0.097, respect-
ively) (Table 4).

To further investigate the influence of these factors on the
diversity of the Lactobacillus and Bifidobacterium species detected
in these human milk samples, an analysis was carried out consider-
ing the presence or absence of DNA from the different species
(Tables 4 and 5). L fermentum and L salivarius DNA was detected
only in 13.85% and 16.92%, respectively, of the samples obtained
from women who had received antibiotherapy, whereas the per-
centage ascended to 32.63% and 47.37%, respectively, in the case
of women who had not been treated with antibiotics (x° test,
P=0.007 and <0.001, respectively). Similarly, L plantarum was
present in 14 milk samples (14.74%) obtained from women who did
not take antibiotics but it was detected only in 3 women (4.62%) of
the group that received antibiotherapy, although the difference was
not statistically significant (Fisher test, P =0.065). Detection of
L fermentum and L salivarius was also higher in women who had
their babies by vaginal delivery than in those that had them by
cesarean section, although the differences did not reach statistical
significance (P =0.088 and P =0.098, respectively). Receiving
anesthesia during delivery had a similar impact in the presence
of DNA from L fermentum and L salivarus in breast milk; the
presence of these lactobacilli species was found more frequently in
women who did not receive anesthesia during delivery, although
the difference was statistically significant only for L salivarius
(P=0.068 and P=0.007, respectively). Similarly, a higher fre-
quency of B breve, B lactis, and B longum was observed in milk
samples from women with a vaginal delivery but, again, the
differences were not statistically significant.

Finally, the association between the presence or absence of
viable lactobacilli and bifidobacterium and relevant clinical
parameters in the 66 milk samples that had been cultured was
investigated. There was a tendency indicating that the proportion
of milk samples containing viable lactobacilli, particularly L fermen-
tum and L salivarius, was higher in the group of women who did not
receive antibiotics during pregnancy and/or breast-feeding compared
with the group that received antibiotherapy, but the association did
not reach significant values (Table S1, http://links.lww.com/MPG/
A311). The associations between the presence of Lactobacillus and
Bifidobacterium DNA and some clinical parameters that have been
previously described were, however, confirmed in this smaller group
of milk samples (Table S1, http://links.lww.com/MPG/A311).

DISCUSSION

In the last years, culture-dependent methods have shown that
breast milk is a source of commensal, mutualistic, and probiotic
bacteria with the ability to influence the initial colonization of the
infant gut (2,24). In this study, a low number of viable bacteria
(<10* CFU/mL) was found in most of the samples, in agreement
with previous analyses (25). This fact reflects the hygienic collec-
tion and proper storage of the samples and, together with the low
SCC level of milk samples, indicates that participating women did
not experience mastitis. Higher counts are usually related to non-
hygienic sampling, improper storage of the samples, and/or use of
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FIGURE 4. Lactobacilli and bifidobacterial diversity in breast milk samples (n=113) as determined by PCR using species-specific primers. The 52
different combinations of DNA from lactobacilli and bifidobacterial species detected by PCR in individual breast milk samples are shown in the box

grid in the middle of the figure; each file represents 1 unique combination a

nd a gray box indicates the presence of DNA from a particular species.

The bar graph at the top of the figure indicates the number of milk samples in which each specific combination of DNA from lactobacilli and
bifidobacterial species was found. At the bottom of the box grid, the number of stars represents the total number of different species (lactobacilli
and bifidobacteria) in each DNA profile. PCR = polymerase chain reaction.

contaminated milk pumps for sampling collection or mastitis
(26,27)

Although the main target of this study were lactobacilli and
bifidobacteria, coagulase-negative staphylococci and viridans
streptococci could be isolated from 51 (77.27%) and 40
(60.61%), respectively, of the 66 cultured samples. Staphylococci
and streptococci constitute the dominant culturable bacteria in
human milk, and related DNA sequences of both genera are also
the prevailing ones in this biological fluid, albeit with substantial
interindividual differences (4,8,9,11,14,16,18,28). In spite of this,
staphylococci and streptococci have received a marginal attention
regarding their role in the human mammary gland and in the early
colonization of the infant gut, although they could be useful to
reduce the acquisition of undesired pathogens, particularly in
infants exposed to hospital environments (7,28—30).

With respect to lactobacilli and bifidobacteria, they could be
isolated from 27 (40.91%) and 7 (10.61%) of the 66 cultured
samples, respectively. Such bacterial groups constitute a subdomi-
nant culturable population in human milk (3,5-8,31), and are
particularly attractive because of its use as probiotics. It is note-
worthy that lactobacilli and bifidobacteria are difficult to isolate
because their low concentration in human milk is close to the
detection limit for culture methods (5). All of the lactobacilli and
bifidobacterial species isolated in this study have already been
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described in human milk (3,5—8). Particularly, strains belonging to
the species L fermentum, L salivarius, L gasseri, B breve, and
B longum can be transferred to the infant gut through breast milk
(3,6,7).

In this work, qualitative PCR analysis revealed the presence
of lactobacilli and bifidobacterial DNA in 108 (67.50%) and 41
(25.62%), respectively, of the 160 samples analyzed. Globally,
there was a good correspondence between isolation of viable
bacteria and PCR detection of lactobacilli or bifidobacterial
DNA, at both the genus and the species level. The higher number
of samples from which lactobacilli or bifidobacterial DNA was
amplified compared with those from which viable bacteria were
isolated by culture methods was an expected result, owing to the
low concentrations of lactobacilli and bifidobacteria in human milk
that hinder their detection (as stated before) and to the lack of
discrimination between DNA from live or dead bacteria of PCR
assays. Human milk contains a wide range of free bacterial DNA
signatures, which may contribute to program the neonatal immune
system (25).

Previous culture-independent assessments of the bacterial
diversity of human milk have shown the presence of lactobacilli and
bifidobacterial DNA (5,11-14,16,18,25). In contrast, some pyro-
sequencing-based studies have found a low relative abundance of
DNA from lactobacilli and/or bifidobacteria (9,14,32). Differences
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TABLE 3. Comparison of the isolation of viable lactobacilli and bifi-
dobacteria by the culture method and the detection of lactobacilli and
bifidobacteria DNA by PCR using species-specific primers in breast
milk samples (n=66)

No. positive samples

Only by By both culture Only by
Species culture and PCR PCR
Lactobacillus 1 26 24
L casei 1 3
L fermentum 7 12
L gasseri 6 9
L gastricus 2 _F -
L plantarum 1 6
L reuteri 3 5
L rhamnosus 1 6
L salivarius 9 16
L vaginalis 2 - —
Bifidobacterium 1 6 12
B breve 5 4
B lactis 2
B longum 2 2
No. negative samples
Only by By both Only by
culture culture and PCR PCR
36 15 1

I:CR =polymerase chain reaction.
L gastricus and L vaginalis could not be detected by PCR because
L gastricus- and L vaginalis-specific primers were not available.

in genetic, cultural, environmental, or dietary factors (9,14), or
technical bias associated with culture-independent methods (differ-
ential lysis among different bacterial strains, species, genera, and
phylotypes when obtaining bacterial DNA from the biological
sample and/or differential amplification rate because of the selected
primers for pyrosequencing) could explain these controversial
results. In fact, in a previous study, the application of universal
primers or Lactobacillus-specific primers to a set of human milk
samples showed different results (11,12). Therefore, standardiz-
ation of procedures to be able to compare results provided by
different studies focused on the same type of biological material
would be advisable.

In this study, the influence of several factors on the detection
of lactobacilli and bifidobacterial DNA by PCR was also assessed.
The factor that exerted the strongest influence on the presence of
lactobacilli or bifidobacteria was the administration of antibiother-
apy to mothers during pregnancy or lactation. More specifically,
detection of lactobacilli or bifidobacterial DNA in the milk samples
using genus- and some species-specific (L fermentum and L sali-
varius) primers was significantly lower in those women who had
received antibiotherapy during such periods. Lactobacilli were also
less frequently detected in the breast milk of women who had been
subjected to cesarean section, probably owing to the antibiotherapy
associated to such surgery. It has been long known that antibiotics
are responsible for dysbiosis processes in the human microbiota,
leading to antibiotic-associated diarrhea and gastroenteritis, uro-
genital, and oral infections (33). It is becoming evident that anti-
biotherapy during pregnancy, intrapartum, and lactation alters the
maternal microbiota, a fact that may have negative consequences
for infant health (34). An increased risk of asthma exacerbation and
hospitalization, requiring inhaled corticosteroids, in children if
mothers used antibiotics during pregnancy, supports a role for
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bacterial ecology in pre- or perinatal life for the development of
asthma (35).

The decrease in the lactobacilli and bifidobacterial popu-
lations of breast milk may have negative consequences for breast-
fed infants because they are important members of the human gut
microbiota in early life. Infants with delayed colonization or
decreased numbers of these bacteria may be more susceptible to
a variety of gastrointestinal or allergic conditions (36). Recently, a
comprehensive analysis of the fecal microbiota in infants with colic,
as compared with control infants, revealed that bifidobacteria and
lactobacilli were significantly reduced in infants with colic. More-
over, the colic phenotype correlated positively with specific groups
of Proteobacteria but negatively with bacteria belonging to the
Firmicutes phyla, which includes some lactobacilli and canonical
groups known to produce butyrate and lactate (37). Interestingly,
several trials have shown that infants with infantile colic benefit
from the administration of a Lactobacillus strain, claimed to be of
human milk origin (38). Therefore, it is not strange that most
reviews and meta-analysis have repeatedly confirmed the beneficial
effects of some probiotic lactobacilli or bifidobacteria strains for the
prevention or treatment of antibiotic-associated conditions (39,40).

Among the bacteria isolated from human milk, species such
as L gasseri, L salivarius, L reuteri, L fermentum, or B breve are
considered among those with probiotic potential and enjoy the
Qualified Presumption of Safety status conceded by the European
Food Safety Authority (EFSA). In contrast to other bacteria, these
seem to be uniquely adapted to reside in the human digestive tract
and to interact with us in symbiosis from the time we are born (24).
Some studies have shown that human milk lactobacilli may play
several roles in the infant gut, such as the increase in the production
of functional metabolites such as butyrate, which is the main energy
source for colonocytes and a relevant compound in the modulation
of intestinal function (2). As a result, they improve the intestinal
habit, with an increase in fecal moisture, and in stool frequency and
volume (41). They can also contribute to the reduction of the
incidence and severity of infections in the breast-fed infant by
different mechanisms (42,43). Recently, the administration of
L fermentum CECTS5716, a strain isolated from human milk, in a
prebiotic containing follow-on formula to infants during an inter-
vention period of 6 months led to 46% (P=0.032), 27%
(P=0.026), and 30% (P =0.003) reduction in the incidence rates
of gastrointestinal infections, upper respiratory tract infections, and
total number of infections, respectively (44). Consistently, the same
probiotic L fermentum CECT5716 added to a prebiotic containing
infant formula also led to a significant reduction of incidence rates
of gastrointestinal infections (—71%, P =0.018) in infants ages 1 to
6 months (41). Breast milk bacteria may also participate in the
correct maturation of the infant immune system because some
strains are able to modulate both natural and acquired immune
responses in animal models and humans (45—47).

Finally, the antibiotic-associated loss of lactobacilli and
bifidobacteria in milk may also have negative consequences for
breast health because of the overgrowth of mastitis-causing agents
(48). In fact, multiresistance to antibiotics is a common feature
among clinical staphylococci involved in such conditions (49). This
explains why this condition used to be elusive to antibiotic therapy,
and why it constitutes one of the main reasons to cease breast-
feeding (50). In this context, the development of new strategies
based on selected probiotic lactobacilli isolated from human milk is
an efficient alternative for mastitis treatment (27). This suggests
that human milk lactobacilli may play important roles in mammary
homeostasis.

In conclusion, the results of this study confirm that lacto-
bacilli and bifidobacteria are common members of the human milk
microbiota of women who did not receive antibiotics during
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pregnancy or lactation. Therefore, the presence of such bacteria
may be a marker of a healthy non—antibiotic-altered human milk
microbiota, and this should be taken into account when defining a
criterion standard of breast milk. As a consequence, administration
of selected human milk lactobacilli or bifidobacteria to pregnant or
lactating women receiving antibiotics, or to their infants, may
constitute an attractive approach to restore the natural bacterial
ecosystem existing in human milk.
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Treatment of Jaundice in Colonial America

In 17th century colonial America was a letter written to Governor John Winthrop (1588—1649) of Massachusetts by his physician
friend, Edward Stafford, recommending saffron for treating jaundice. Using John Gerard’s Herball (1597) as a source, Stafford in

1643 suggested the following recipe:

For the yellow Jaundise or Jaunders - Boyle a quart

sweet milke, dissolve therein as much bay-salt, or

fine Salpeter, as shall make it brackish in taste and

putting Saffron in a fine linen clout, rubb it into

the Milke, until the Milke be very yellow; and give it the [child] to drink.

The recipe was based on the popular Doctrine of Signatures (similia similubus curantur), which subscribed to the notion that the
use of a drug must resemble the disease. Thus, walnut shells were used for head injuries, bear’s grease for baldness, turmeric or saffron
for jaundice, powdered mummy for aging, thistle for a stitch, and rust or red wine for anemia. The Doctrine was a favorite of Paracelsus

and would become the basis of Hahnemann’s homeopathy.

—Contributed by Angel R. Colon, MD
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