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Abstract: Breastfeeding is fundamental for the development and protection of the newborn,
and microorganisms present in breast milk are associated with the development of the
infant’s intestinal microbiota. However, there are factors that interfere with breastfeeding,
resulting in the need to supply donated milk to milk banks for these children. Even
though there is a restriction on medications prescribed for pregnant and breastfeeding
women, some antimicrobials are accepted, as long as they are used correctly and as they
can increase the selection pressure for resistant bacteria. The microorganisms present in
breast milk from a human milk bank were evaluated and the resistance of the isolates
to antimicrobials was phenotypically characterized. In total, 184 microbial isolates were
identified by mass spectrometry, of 12 bacterial genera and 1 yeast genus. There was a high
prevalence of bacteria of the genus Staphylococcus, mainly S. epidermidis (33%). Resistance
to antimicrobials varied among species, with a higher percentage of isolates resistant to
penicillins and macrolides. Multidrug resistance was identified in 12.6% of 143 isolates.
Breast milk contains a wide variety of microorganisms, mainly those of the Staphylococcus
and Enterobacter genera. There was a high percentage of resistant isolates, and multidrug
resistance in Klebsiella oxytoca (66.7%; 4/6) and S. epidermidis (15.0%; 9/60) isolates, which
increases the public health concern.

Keywords: breast milk; human milk bank; microbiota; multidrug resistance

1. Introduction
Public health agencies around the world, like the World Health Organization (WHO)

and the United Nations Children’s Fund (UNICEF), recommend breastfeeding as the sole
source of food, from the first minutes of life until six months old and its continuity until
two years of age, with the addition of a varied diet [1].

Evidence shows that exclusive breastfeeding promotes benefits for children in addition
to nutritional training, such as cognitive development and reduced risk of infectious and
non-infectious diseases, with further benefits for the mother [2]. However, less than half
the world’s children are exclusively breastfed, due to maternal social, physiological, or
psychological factors or the infant’s health status [1].

If breastfeeding is impossible due to the mother’s health complications or if the
newborn needs to be hospitalized and cannot be breastfed by the mother, human milk
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banks are an alternative for infant nutrition. The banks receive donations from lactating
women who produce surplus milk. Before distribution to hospitalized children, the milk is
assessed for its quality and is subsequently pasteurized [3].

Bacteria of the genera Lactobacillus, Staphylococcus, Enterococcus, and Bifidobacterium are
part of the normal microbiota of human milk and are important for the development of
the infant intestinal microbiota and for the protection of children against pathogens and
other health complications [4]. However, the indiscriminate use of antibiotics, especially
during breastfeeding, can cause damage that goes beyond the balance of this microbiota,
since women who breastfeed and use antibiotics preventively to treat pre- and/or post-
partum infections (cesarean sections), or even ingest products of animal origin with such
residues [5,6], are a concern for global public health, mainly due to the growing bacterial
resistance to antimicrobials [7].

The infant’s intestine is colonized by a variety of microorganisms that can undergo
changes in quantity and diversity due to antimicrobial use, together with resistance genes
carried by intestinal bacteria that certain findings suggest are transferred through breast
milk [8], which occur in greater quantity at this stage and can increase with the use of
medications [9,10].

Some species of the genus Staphylococcus are considered part of the microbiota of the
skin and mucosa of humans and animals, while the main species of importance in public
health is S. aureus [11] due to its ability to produce heat-resistant enterotoxins responsible
for food poisoning [12].

Here, we detected and identified microorganisms from among human milk microbiota
and investigated the profile of bacterial resistance to antimicrobials in samples received by
a public milk bank.

2. Materials and Methods
2.1. Samples

The samples evaluated in this work came from a university hospital milk bank in the
central region of the State of São Paulo and were sent to the Food Inspection Laboratory of
the School of Veterinary Medicine and Animal Science, UNESP, Botucatu, São Paulo, from
January to August 2023, for the Dornic acidity assay.

The analyzed milk was collected and stored according to the protocol established
by the milk bank [13] and during all stages of the research there was no contact with the
donors and no information was requested.

A total of 200 samples were selected and separated into aliquots of 2 mL to 3 mL of
milk, which were reserved in microtubes and maintained at −20 ◦C until use.

2.2. Microbial Isolation

Each milk sample was plated, by streaking with 10 microliters of each sample with-
out dilutions, on non-selective blood agar medium (Oxoid®, Thermo Fisher Scientific™,
Hampshire, UK) plus 6% bovine blood, a nutrient medium that allows the growth of di-
verse microorganisms, and selective medium for Gram-negative bacteria, MacConkey agar
(Oxoid®, Thermo Fisher Scientific™, Hampshire, UK), for the selection of enterobacteria, a
group with species of clinical medical importance was then incubated in an oven under
aerobic conditions, at 37 ◦C, for up to 72 h, with observation of microbial isolation every
24 h [14].

Plates that exhibited moderate to exuberant growth of pure colonies and different
colony patterns on both culture media were selected. Each colony with different patterns
was submitted to Gram stain for a previous separation between Gram-positive and Gram-
negative according to the literature [15].
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The isolates were stored in tubes containing nutrient broth and glycerol (5%) and they
were kept at −80 ◦C.

2.3. Identification of the Microorganism Species by Mass Spectrometry

The microbial isolates stored at −80 ◦C were plated on blood agar and maintained at
37 ◦C, for 24 h. Next, the plates were sent to the milk quality research laboratory (Qualileite)
of the School of Veterinary Medicine and Animal Science of the University of São Paulo for
species identification using matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry -MALDI-TOF MS (Bruker Daltonics™, Bremen, Germany) [16,17].

From each plate, pure colonies were selected and treated with acidic solutions, accord-
ing to the laboratory protocol [16,17].

Identification was performed by Autoflex III mass spectrometer (Bruker Daltonics™,
Bremen, Germany) using FlexControl 3.3 software package and results were analyzed by
Biotyper 3.0 software package (Bruker Daltonics™, Bremen, Germany).

2.4. In Vitro Sensitivity Profile to Antimicrobials

The samples were inoculated in sterile saline solution at optical turbidity on the
McFarland scale (0.5). With the aid of a sterile swab, each suspension was plated on
Müeller-Hinton agar (BD Difco™, Sparks, MD, USA) according to the agar diffusion
method [18], and evaluations of drug sensitivity followed the rules of the Clinical and
Laboratory Standards Institute (CLSI) [19].

CLSI defines sensitive (S) microorganisms as isolates predicted to be associated with a
high chance of treatment success, resistant (R) as associated with a low chance of treatment
success, and intermediate (I) microorganisms for which you need to increase the dose or
concentration of the antimicrobial [20].

Nine antimicrobial agents from five different classes were evaluated: (1) penicillins
and beta-lactam derivatives (amoxicillin 10 µg, ampicillin 10 µg, cephalexin 30 µg, ceftri-
axone 30 µg), (2) macrolides (azithromycin 15 µg, erythromycin 15 µg), (3) lincosamides
(clindamycin 2 µg), (4) aminoglycosides (gentamicin 10 µg), and (5) sulfonamides (sul-
famethoxazole + trimethoprim 25 µg). Antibiotics that could be prescribed for pregnant
and breastfeeding women were the sole criterion for selection [5].

Multidrug-resistant bacteria were considered when there was simultaneous resistance
to three or more classes of the tested antimicrobials [6].

3. Results
3.1. Identification of Microorganisms

Microorganisms were isolated in 56.0% (112/200) of the samples selected. According
to MALDI-TOF MS data, there were 13 identified microorganism genera branched into
30 species, 28 species of bacteria, and 2 of yeast, totaling 187 distinct microbial isolates
(Table 1).

Table 1. Species and frequency of microorganisms identified by mass spectrometry (MALDI-TOF
MS) in human milk samples from a university hospital milk bank.

Species No. of Species Isolates/Total No. of Isolates (%)

Staphylococcus epidermidis 62/187 (33.16%)
Staphylococcus aureus 7/187 (3.74%)

Staphylococcus lugdunensis 4/187 (2.14%)
Enterobacter xiangfangensis 14/187 (7.49%)

Enterobacter asburiae 9/187 (4.81%)
Enterobacter cloacae 5/187 (2.67%)
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Table 1. Cont.

Species No. of Species Isolates/Total No. of Isolates (%)

Enterobacter kobei 1/187 (0.53%)
Stenotrophomonas maltophilia 13/187 (6.95%)

Acinetobacter ursingii 8/187 (4.28%)
Acinetobacter sp. 5/187 (2.67%)

Acinetobacter junii 2/187 (1.07%)
Acinetobacter pittii 2/187 (1.07%)

Acinetobacter baumannii 1/187 (0.53%)
Acinetobacter johnsonii 1/187 (0.53%)

Serratia marcescens 8/187 (4.28%)
Serratia liquefaciens 2/187 (1.07%)

Serratia nematodiphila 1/187 (0.53%)
Klebsiella oxytoca 6/187 (3.21%)

Klebsiella pneumoniae 5/187 (2.67%)
Klebsiella variicola 2/187 (1.07%)

Candida parapsilosis 5/187 (2.67%)
Candida intermedia 1/187 (0.53%)

Pseudomonas aeruginosa 5/187 (2.67%)
Pseudomonas oryzihabitans 3/187 (1.60%)

Pseudomonas monteilii 2/187 (1.07%)
Pseudomonas putida 2/187 (1.07%)

Pseudomonas koreensis 1/187 (0.53%)
Pseudomonas sp. 1/187 (0.53%)

Pantoea sp. 2/187 (1.07%)
Chryseobacterium gambrini 1/187 (0.53%)

Enterococcus faecalis 1/187 (0.53%)
Kocuria kristinae 1/187 (0.53%)

Raoultella ornithinolytica 1/187 (0.53%)
Not identified 3/187 (1.60%)

Total 187/187 (100%)

Regarding classification based on the bacterial cell wall, 3 Gram-positive genera
were detected from the species Staphylococcus (S. epidermidis, S. aureus, S. lugdunensis),
Enterococcus faecalis, and Kocuria kristinae, while in the Gram-negative class, 9 distinct
genera and 23 species were detected (Table 1). Regarding prevalence, the most significant
genera were Acinetobacter (5 spp.), Pseudomonas (5 spp.), Enterobacter (4 spp.), Klebsiella
(3 spp.), and Serratia (3 spp.).

3.2. In Vitro Microbial Sensitivity Profile of Isolates

For the antimicrobials tested, the highest sensitivity was observed for gentamicin
(77.9%; 134/172), followed by sulfamethoxazole + trimethoprim (62.8%; 108/172) and
ceftriaxone (57.6%; 99/172). Regarding resistance, the most significant was azithromycin
(45.4%; 78/172), followed by cephalexin (36.0%; 62/172) and amoxicillin (26.2%; 45/172).
There were isolates that were intermediate (I) to the five classes of antimicrobials, ranging
from 0.5% to 10% (Table 2).

The multidrug resistance (MDR) evaluation (Table 3) showed that 10.5% (18/172) of
the total number of isolates tested by the agar diffusion method were resistant to three
or more classes of the antimicrobials tested: S. epidermidis, 15.0% (9/60); K. oxytoca, 66.7%
(4/6); S. marcescens, 25.0% (2/8); K. pneumoniae, 40.0% (2/5); and S. aureus, 14.3% (1/7).
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Table 2. In vitro microbial sensitivity profile of bacterial isolates detected in breast milk from a
university hospital human milk bank.

Class Antimicrobials
Sensitivity Profile/No. of Isolates (%)

S I R

Penicillins and
beta-lactam
derivatives

Amoxicillin 9/172 (5.23%) - 45/172 (26.16%)
Ampicillin 1/172 (0.58%) - 3/172 (1.74%)
Cephalexin 62/172 (36.04%) - 62/172 (36.04%)
Ceftriaxone 99/172 (57.56%) 18/172 (10.47%) 26/172 (15.12%)

Macrolides
Azithromycin 45/172 (26.16%) 1/172 (0.58%) 78/172 (45.35%)
Erythromycin 15/172 (8.72%) 2/172 (1.16%) 55/172 (31.98%)

Lincosamides Clindamycin 63/172 (36.63%) 5/172 (2.91%) 3/172 (1.74%)

Aminoglycosides Gentamicin 134/172 (77.91%) 8/172 (4.65%) 15/172 (8.72%)

Sulfonamides Sulfamethoxazole
+ trimethoprim 108/172 (62.79%) 11/172 (6.40%) 37/172 (21.51%)

S: Sensitive, I: Intermediate, R: Resistant.

Table 3. In vitro resistance profile to antimicrobials of eight bacterial genera isolated from breast milk
from a university hospital human milk bank.

Species

Resistance Profile (Resistance Frequency/no. and %)

Class/Antimicrobials

Penicillins and Beta-Lactam Derivatives Macrolides Lincosamides Aminoglycosides Sulfonamides

AMO AMP CEP CEF AZI ERY CLI GEN SUT MDR

Acinetobacter spp. 0 0 0 2/19
(10.5%) 0 0 0 0/19

(0%)
4/19

(21.1%) -

Enterobacter asburiae 8/9
(88.9%) 0 8/9

(88.9%)
2/9

(22.2%)
4/9

(44.4%) 0 0 1/9
(11.1%)

3/9
(33.3%) -

Enterobacter cloacae 4/5
(80%) 0 4/5

(80.0%)
0/5
(0%)

1/5
(20.0%) 0 0 0/5

(0%)
0/5
(0%) -

Enterobacter xiangfangensis 14/14
(100%) 0 13/14

(92.9%)
3/14

(21.4%)
8/14

(57.1%) 0 0 0/14
(0%)

6/14
(42.9%) -

Enterococcus faecalis 0/1
(0%)

0/1
(0%) 0 0 0 0/1

(0%) 0 0 0 -

Klebsiella oxytoca 5/6
(83.3%) 0 2/6

(33.3%)
2/6

(33.3%)
4/6

(66.7%) 0 0 0/6
(0%)

4/6
(66.7%)

4/6
(66.7%)

Klebsiella pneumoniae 5/5
(100%) 0 1/5

(20.0%)
1/5

(20.0%)
5/5

(100%) 0 0 0/5
(0%)

2/5
(40.0%)

2/5
(40.0%)

Klebsiella variicola 1/2
(50.0%) 0 0/2

(0%)
0/2
(0%)

1/2
(50.0%)

0/2
(0%) 0 0/2

(0%)
1/2

(50.0%) -

Pseudomonas spp. 0 0 0 0 0 0 0 0/14
(0%) 0 -

Raoultella ornithinolytica 1/1
(100%) 0 0/1

(0%)
0/1
(0%)

0/1
(0%) 0 0 0/1

(0%)
1/1

(100%) -

Serratia liquefaciens 0/2
(0%)

2/2
(100%)

2/2
(100%)

0/2
(0%)

0/2
(0%) 0 0 0/2

(0%)
0/2
(0%) -

Serratia marcescens 6/8
(75.0%) 0 7/8

(87.5%)
3/8

(37.5%)
7/8

(87.5%) 0 0 1/8
(12.5%)

2/8
(25.0%)

2/8
(25.0%)

Serratia nematodiphila 1/1
(100%)

1/1
(100%)

1/1
(100%)

0/1
(0%)

1/1
(100%) 0 0 0/1

(0%)
0/1
(0%) -

Staphylococcus aureus 0 0 4/7
(57.1%)

2/7
(28.6%)

3/7
(42.9%)

6/7
(85.7%)

0/7
(0%)

0/7
(0%)

1/7
(14.3%)

1/7
(14.3%)

Staphylococcus epidermidis 0 0 19/60
(31.7%)

11/60
(18.3%)

42/60
(70%)

45/60
(75%)

3/60
(5.0%)

13/60
(21.7%)

7/60
(11.7%)

9/60
(15.0%)

Staphylococcus lugdunensis 0 0 1/4
(25.0%)

0/4
(0%)

2/4
(50.0%)

3/4
(75.0%)

0/4
(0%)

0/4
(0%)

0/4
(0%) -

Stenotrophomonas maltophilia 0 0 0 0 0 0 0 0 6/13
(46.2%) -

MDR: multidrug resistant. AMO: Amoxicillin (10 µg); AMP: Ampicillin (10 µg); CEP: Cephalexin (30 µg); CEF:
Ceftriaxone (30 µg); AZI: Azithromycin (15 µg); ERY: Erythromycin (15 µg); CLI: Clindamycin (2 µg); GEN:
Gentamicin (10 µg); SUT: Sulfamethoxazole + trimethoprim (25 µg). Acinetobacter spp.: Acinetobacter spp. (no = 5),
A. baumannii (no = 1), A. johnsonii (no = 1), A. junii (no = 2), A. pittii (no = 2), A. ursingii (no = 8); Pseudomonas spp.:
Pseudomonas spp. (no = 1), P. putida (no = 2), P. oryzihabitans (no = 3), P. monteilii (no = 2), P. koreensis (no = 1), P.
aeruginosa (no = 5).

A high rate of resistance to beta-lactam derivatives 69.4% (50/72) and macrolides
58.5% (31/53) was determined for Gram-negative species.

Some microbial isolates, obtained in this study, did not have a standard of reference for
antimicrobial agents tested according to CLSI, and the determination of the antimicrobials
was not obtained, as described in Table 3.
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In general, the antibiotic that performed best for the microorganisms tested was
gentamicin, with the highest percentage of resistance among S. epidermidis strains (21.0%).
Multidrug resistance was observed in three bacterial genera (Klebsiella spp., Serratia sp.,
and Staphylococcus spp.), corresponding to 12.6% (18/143) of the total of species that have
standard data from the CLSI [19] for more than three of the five classes of antimicrobials
tested (Table 3).

4. Discussion
Mass spectrometry is a powerful technique for the positive identification of microor-

ganisms, due to its sensitivity, selectivity, and ability to provide objective data. It enables
comparisons with robust databases and differentiation among a wide variety of bacteria,
some with the potential to cause harm to human health, as corroborated in this study with
regard to the prevalence of the genus Staphylococcus (39.0%) and the species S. epidermidis
(33.2%) among the isolates identified.

In other studies that identified the microbiota of breast milk using mass spectrometry,
the presence of S. epidermidis has been frequently observed [21–23]. This colonization
of Staphylococcus on the skin is known to influence the microbiota composition of breast
milk. Through skin colonization, Staphylococcus are transported by carriers, transferring
the microorganism to other environments, thus increasing the risk of infection by this
bacteria. In addition to high virulence and a variety of infections, this group has the ability
to develop resistance to antimicrobials, like the isolates described in this work, which
presented multidrug resistance in 15.0% of S. epidermidis and 14.3% of S. aureus.

Streptococcus, Lactobacillus, Bifidobacterium, and other microorganisms have been previ-
ously isolated in human milk and in the intestinal flora of healthy individuals, highlighting
the frequency of these genera in milk microbiota [10,24–27].

Staphylococcus and Streptococcus are the main genera described in the majority of studies
on the microbiota of human milk, around 90%, followed by lactic acid bacteria and a broad
range of Gram-negative microorganisms that includes numerous genera [28–30]. These
microorganisms form part of the main phyla that compose the microbiota of human milk
(Firmicutes and Proteobacteria), and their origin has been associated with the translocation
of intestinal bacteria to the mammary glands via the lymphatic route and retrograde flow
from the infant’s oral cavity and breast [31]. These may vary due to the influence of
intrapartum antibiotics, obesity, and supplements to the mother’s diet [30–32].

The use of antimicrobials at this stage is restricted because some medications are not
safe for the child, which limits treatment options for infections. In this study, we selected
nine antibiotics that are widely prescribed for breastfeeding women and observed that up
to 45.0% of the bacteria isolated showed resistance to azithromycin, while the penicillins
presented lower efficacy against all bacterial genera, as reported by Salerno et al. [6].

Despite the variation in resistance of the Staphylococcus species isolated, S. aureus
(28.0% to 85.0%), S. epidermidis (5.0% to 75.0%), and S. lugdunensis (25.0% to 75.0%), our
highest resistance rates are similar to those reported by Chen et al. [33], Marín et al. [34],
and Salerno et al. [6], in which 60.0% to 90.0% of staphylococci were resistant to penicillin
and erythromycin.

The prevalence of the species S. epidermidis in the samples stands out because it
presented microbial MDR in 15.0% of the isolates, even though the highest MDR percentage
was for Klebsiella spp. (54.5%; 6/11). Begović et al. [35] observed MDR of S. epidermidis in
28.0% of their isolates, Marín et al. [32] in 64.4%, while in the study by Salerno et al. [6],
MDR was present in 66.1% (123/186) of the total isolates.

Resistance to antimicrobials develops due to the presence of resistance genes in bac-
terial species, as reported by several authors [10,36–38]. The genes present in the infant
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intestinal microbiota resemble those detected in mothers’ milk, indicating the transfer of
carrier bacteria through breastfeeding.

5. Conclusions
The microbiota of breast milk presented a wide variety of microorganisms. Despite the

predominance of enterobacteria, which seems to indicate failure in obtaining and handling
the milk, the detection of the genus Staphylococcus spp. is the most relevant from the
viewpoint of public health. The identification of multiresistant bacteria indicates that it is
important to review and possibly adjust the antimicrobial treatment protocol, in addition
to educational activities for donor mothers regarding the process of obtaining milk.
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life. Rocz. Państw. Zakł. Hig. 2017, 68, 51–59. [PubMed]
3. Fundação Oswaldo Cruz. Rede Brasileira de Leite Humano. Normas Técnicas e Manuais. Available online: https://rblh.fiocruz.

br/normas-tecnicas-e-manuais (accessed on 17 April 2024).
4. Fernández, L.; Langa, S.; Martín, V.; Maldonado, A.; Jiménez, E.; Martín, R.; Rodríguez, J.M. The human milk microbiota: Origin

and potential roles in health and disease. Pharmacol. Res. 2013, 69, 1–10. [CrossRef] [PubMed]
5. Chaves, R.G.; Lamounier, J.A.; César, C.C. Medicines and breastfeeding: Update and revision applied to mother and baby care.

Rev. Paul. Pediatr. 2007, 25, 276–288. [CrossRef]
6. Salerno, T.; Siqueira, A.K.; Pinto, J.P.A.N.; Cunha, M.d.L.R.d.S.d.; Silvestre, P.K.; Condas, L.A.Z.; Lara, G.H.B.; Pereira, J.G.; da

Silva, A.V.; Listoni, F.J.P.; et al. Safety issues of raw milk: Evaluation of bacteriological and physicochemical characteristics of
human milk from a bank in a teaching hospital, focusing on Staphylococcus species. Rev. Inst. Med. Trop. Sao Paulo 2021, 63, e54.
[CrossRef]

7. Food and Drug Administration. Antimicrobial Resistance Information from FDA. Available online: https://www.fda.gov/
emergency-preparedness-and-response/mcm-issues/antimicrobial-resistance-information-fda (accessed on 17 April 2024).

8. Pärnänen, K.; Karkman, A.; Hultman, J.; Lyra, C.; Bengtsson-Palme, J.; Larsson, D.G.J.; Rautava, S.; Isolauri, E.; Salminen, S.;
Kumar, H.; et al. Maternal gut and breast milk microbiota affect infant gut antibiotic resistome and mobile genetic elements. Nat.
Commun. 2018, 9, 3891. [CrossRef] [PubMed]

https://centrodeexcelencia.org.br/en/semana-mundial-do-aleitamento-materno-2022-educacao-e-apoio/
https://centrodeexcelencia.org.br/en/semana-mundial-do-aleitamento-materno-2022-educacao-e-apoio/
https://www.ncbi.nlm.nih.gov/pubmed/28303701
https://rblh.fiocruz.br/normas-tecnicas-e-manuais
https://rblh.fiocruz.br/normas-tecnicas-e-manuais
https://doi.org/10.1016/j.phrs.2012.09.001
https://www.ncbi.nlm.nih.gov/pubmed/22974824
https://doi.org/10.1590/S0103-05822007000300014
https://doi.org/10.1590/s1678-9946202163054
https://www.fda.gov/emergency-preparedness-and-response/mcm-issues/antimicrobial-resistance-information-fda
https://www.fda.gov/emergency-preparedness-and-response/mcm-issues/antimicrobial-resistance-information-fda
https://doi.org/10.1038/s41467-018-06393-w
https://www.ncbi.nlm.nih.gov/pubmed/30250208


Microorganisms 2025, 13, 28 8 of 9

9. Lebeaux, R.M.; Madan, J.C.; Nguyen, Q.P.; Coker, M.O.; Dade, E.F.; Moroishi, Y.; Palys, T.J.; Ross, B.D.; Pettigrew, M.M.; Morrison,
H.G.; et al. Impact of antibiotics on off-target infant gut microbiota and resistance genes in cohort studies. Pediatr. Res. 2022, 92,
1757–1766. [CrossRef] [PubMed]

10. Li, X.; Brejnrod, A.; Thorsen, J.; Zachariasen, T.; Trivedi, U.; Russel, J.; Vestergaard, G.A.; Stokholm, J.; Rasmussen, M.A.; Sørensen,
S.J. Differential responses of the gut microbiome and resistome to antibiotic exposures in infants and adults. Nat. Commun. 2023,
14, 8526. [CrossRef] [PubMed]

11. Santos, A.L.; Santos, D.O.; Freitas, C.C.; Ferreira, B.L.A.; Afonso, I.F.; Rodrigues, C.R.; Castro, H.C. Staphylococcus aureus: Visiting
a strain of clinical importance. J. Bras. Patol. Med. Lab. 2007, 43, 413–423. [CrossRef]

12. de Freitas Guimarães, F.; Nóbrega, D.B.; Richini-Pereira, V.B.; Marson, P.M.; de Figueiredo Pantoja, J.C.; Langoni, H. Enterotoxin
genes in coagulase-negative and coagulase-positive staphylococci isolated from bovine milk. J. Dairy Sci. 2013, 96, 2866–2872.
[CrossRef] [PubMed]

13. Fundação Oswaldo Cruz. Rede Brasileira de Leite Humano. Como Coletar o Leite Humano Para Doação? Available online:
https://rblh.fiocruz.br/como-coletar-o-leite-humano-para-doacao (accessed on 6 December 2024).

14. Vázquez-Román, S.; Garcia-Lara, N.R.; Escuder-Vieco, D.; Chaves-Sánchez, F.; De la Cruz-Bertolo, J.; Pallas-Alonso, C.R.
Determination of Dornic acidity as a method to select donor milk in a milk bank. Breastfeed Med. 2013, 8, 99–104. [CrossRef]
[PubMed]

15. Moyes, R.B.; Reynolds, J.; Breakwell, D.P. Differential staining of bacteria: Gram stain. Curr. Protoc. Microbiol. 2009, 15,
A.3C.1–A.3C.8. [CrossRef]

16. Barreiro, J.R.; Gonçalves, J.L.; Braga, P.A.C.; Dibbern, A.G.; Eberlin, M.N.; Veiga Dos Santos, M. Non-culture-based identification
of mastitis-causing bacteria by MALDI-TOF mass spectrometry. J. Dairy Sci. 2017, 100, 2928–2934. [CrossRef] [PubMed]

17. Gonçalves, J.L.; Tomazi, T.; Barreiro, J.R.; Braga, P.A.d.C.; Ferreira, C.R.; Junior, J.P.A.; Eberlin, M.N.; dos Santos, M.V. Identification
of Corynebacterium spp. isolated from bovine intramammary infections by matrix-assisted laser desorption ionization-time of
flight mass spectrometry. Vet. Microbiol. 2014, 173, 147–151. [CrossRef] [PubMed]

18. Bauer, A.W.; Kirby, W.M.; Sherris, J.C.; Turck, M. Antibiotic susceptibility testing by a standardized single disk method. Tech. Bull.
Regist. Med. Technol. 1966, 36, 49–52. [CrossRef] [PubMed]

19. Weinsteins, M.P.; Lewis, J.S., II; Bobenchik, A.M.; Campeau, S.; Cullen, S.K.; Galas, M.F.; Gold, H.; Humphries, R.M.; Kirn, T.J.,
Jr.; Limbago, B.; et al. Performance Standards for Antimicrobial Susceptibility Testing, 30th ed; CLSI standards M100; Clinical and
Laboratory Standards Institute: Wayne, PA, USA, 2020; 332p, ISBN 978-1-68440-067-6.

20. Humphries, R.M. Re-Exploring the Intermediate Interpretive Category. Available online: https://clsi.org/about/blog/re-
exploring-the-intermediate-interpretive-category/ (accessed on 13 December 2024).

21. Albesharat, R.; Ehrmann, M.A.; Korakli, M.; Yazaji, S.; Vogel, R.F. Phenotypic and genotypic analyses of lactic acid bacteria in local
fermented food, breast milk and faeces of mothers and their babies. Syst. Appl. Microbiol. 2011, 34, 148–155. [CrossRef] [PubMed]

22. Jiménez, E.; de Andrés, J.; Manrique, M.; Pareja-Tobes, P.; Tobes, R.; Martínez-Blanch, J.F.; Codoñer, F.M.; Ramón, D.; Fernández,
L.; Rodríguez, J.M. Metagenomic Analysis of Milk of Healthy and Mastitis-Suffering Women. J. Hum. Lact. 2015, 31, 406–415.
[CrossRef]

23. Damaceno, Q.S.; Souza, J.P.; Nicoli, J.R.; Paula, R.L.; Assis, G.B.; Figueiredo, H.C.; Azevedo, V.; Martins, F.S. Evaluation of
Potential Probiotics Isolated from Human Milk and Colostrum. Probiotics Antimicrob. Proteins 2017, 9, 371–379. [CrossRef]
[PubMed]

24. Jost, T.; Lacroix, C.; Braegger, C.P.; Chassard, C. New insights in gut microbiota establishment in healthy breast fed neonates.
PLoS ONE 2012, 7, 44595. [CrossRef]

25. Li, S.W.; Watanabe, K.; Hsu, C.C.; Chao, S.-H.; Yang, Z.-H.; Lin, Y.-J.; Chen, C.-C.; Cao, Y.-M.; Huang, H.-C.; Chang, C.-H.; et al.
Bacterial Composition and Diversity in Breast Milk Samples from Mothers Living in Taiwan and Mainland China. Front. Microbiol.
2017, 8, 965. [CrossRef] [PubMed]

26. Murphy, K.; Curley, D.; O’Callaghan, T.F.; O’shea, C.-A.; Dempsey, E.M.; O’toole, P.W.; Ross, R.P.; Ryan, C.A.; Stanton, C. The
Composition of Human Milk and Infant Faecal Microbiota Over the First Three Months of Life: A Pilot Study. Sci. Rep. 2017, 7,
40597. [CrossRef] [PubMed]

27. Williams, J.E.; Carrothers, J.M.; Lackey, K.A.; Beatty, N.F.; York, M.A.; Brooker, S.L.; Shafii, B.; Price, W.J.; Settles, M.L.; McGuire,
M.A.; et al. Human Milk Microbial Community Structure Is Relatively Stable and Related to Variations in Macronutrient and
Micronutrient Intakes in Healthy Lactating Women. J. Nutr. 2017, 147, 1739–1748. [CrossRef]

28. Fitzstevens, J.L.; Smith, K.C.; Hagadorn, J.I.; Caimano, M.J.; Matson, A.P.; Brownell, E.A. Systematic Review of the Human Milk
Microbiota. Nutr. Clin. Pract. 2017, 32, 354–364. [CrossRef] [PubMed]

29. Togo, A.; Dufour, J.C.; Lagier, J.C.; Dubourg, G.; Raoult, D.; Million, M. Repertoire of human breast and milk microbiota: A
systematic review. Future Microbiol. 2019, 14, 623–641. [CrossRef] [PubMed]

30. Zimmermann, P.; Curtis, N. Breast milk microbiota: A review of the factors that influence composition. J. Infect. 2020, 81, 17–47.
[CrossRef] [PubMed]

https://doi.org/10.1038/s41390-022-02104-w
https://www.ncbi.nlm.nih.gov/pubmed/35568730
https://doi.org/10.1038/s41467-023-44289-6
https://www.ncbi.nlm.nih.gov/pubmed/38135681
https://doi.org/10.1590/S1676-24442007000600005
https://doi.org/10.3168/jds.2012-5864
https://www.ncbi.nlm.nih.gov/pubmed/23477822
https://rblh.fiocruz.br/como-coletar-o-leite-humano-para-doacao
https://doi.org/10.1089/bfm.2011.0091
https://www.ncbi.nlm.nih.gov/pubmed/23373435
https://doi.org/10.1002/9780471729259.mca03cs15
https://doi.org/10.3168/jds.2016-11741
https://www.ncbi.nlm.nih.gov/pubmed/28161160
https://doi.org/10.1016/j.vetmic.2014.06.028
https://www.ncbi.nlm.nih.gov/pubmed/25086477
https://doi.org/10.1093/ajcp/45.4_ts.493
https://www.ncbi.nlm.nih.gov/pubmed/5908210
https://clsi.org/about/blog/re-exploring-the-intermediate-interpretive-category/
https://clsi.org/about/blog/re-exploring-the-intermediate-interpretive-category/
https://doi.org/10.1016/j.syapm.2010.12.001
https://www.ncbi.nlm.nih.gov/pubmed/21300508
https://doi.org/10.1177/0890334415585078
https://doi.org/10.1007/s12602-017-9270-1
https://www.ncbi.nlm.nih.gov/pubmed/28374172
https://doi.org/10.1371/journal.pone.0044595
https://doi.org/10.3389/fmicb.2017.00965
https://www.ncbi.nlm.nih.gov/pubmed/28611760
https://doi.org/10.1038/srep40597
https://www.ncbi.nlm.nih.gov/pubmed/28094284
https://doi.org/10.3945/jn.117.248864
https://doi.org/10.1177/0884533616670150
https://www.ncbi.nlm.nih.gov/pubmed/27679525
https://doi.org/10.2217/fmb-2018-0317
https://www.ncbi.nlm.nih.gov/pubmed/31025880
https://doi.org/10.1016/j.jinf.2020.01.023
https://www.ncbi.nlm.nih.gov/pubmed/32035939


Microorganisms 2025, 13, 28 9 of 9

31. Notarbartolo, V.; Giuffrè, M.; Montante, C.; Corsello, G.; Carta, M. Composition of Human Breast Milk Microbiota and Its Role in
Children’s Health. Pediatr. Gastroenterol. Hepatol. Nutr. 2022, 25, 194–210. [CrossRef] [PubMed]

32. Zaidi, A.Z.; Moore, S.E.; Okala, S.G. Impact of Maternal Nutritional Supplementation during Pregnancy and Lactation on the
Infant Gut or Breastmilk Microbiota: A Systematic Review. Nutrients 2021, 13, 1137. [CrossRef]

33. Chen, P.W.; Tseng, S.Y.; Huang, M.S. Antibiotic Susceptibility of Commensal Bacteria from Human Milk. Curr. Microbiol. 2016, 72,
113–119. [CrossRef] [PubMed]

34. Marín, M.; Arroyo, R.; Espinosa-Martos, I.; Fernández, L.; Rodríguez, J.M. Identification of Emerging Human Mastitis Pathogens
by MALDI-TOF and Assessment of Their Antibiotic Resistance Patterns. Front. Microbiol. 2017, 8, 1258. [CrossRef]
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