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Abstract 

Background Reducing the disposal of donated human milk (HM) is important for efficient management of human 
milk banks (HMBs). The presence of bacteria growth is the main factor that contributes to the disposal of donated HM. 
The bacterial profile in HM is suspected to differ between term and preterm mothers, with HM from preterm mothers 
containing more bacteria. Thus, elucidation of the causes of bacterial growth in preterm and term HM may help to 
reduce the disposal of donated preterm HM. This study compared the bacterial profiles of HM between mothers of 
term infants and mothers of preterm infants.

Methods This pilot study was conducted in the first Japanese HMB, which was initiated in 2017. This study analyzed 
214 human milk samples (term: 75, preterm: 139) donated by 47 registered donors (term: 31, preterm: 16) from Janu-
ary to November 2021. Bacterial culture results in term and preterm HM were retrospectively reviewed in May 2022. 
Differences in total bacterial count and bacterial species count per batch were analyzed using the Mann–Whitney U 
test. Bacterial loads were analyzed using the Chi-square test or Fisher’s exact test.

Results The disposal rate did not significantly differ between term and preterm groups (p = 0.77), but the total 
amount of disposal was greater in the preterm group (p < 0.01). Coagulase-negative Staphylococci, Staphylococ-
cus aureus, and Pseudomonas fluorescens were frequently found in both types of HM. Serratia liquefaciens (p < 0.001) 
and two other bacteria were present in term HM; a total of five types of bacteria, including Enterococcus faecalis and 
Enterobacter aerogenes (p < 0.001) were present in preterm HM. The median (interquartile range) total bacterial counts 
were 3,930 (435–23,365) colony-forming units (CFU)/mL for term HM and 26,700 (4,050–334,650) CFU/mL for preterm 
HM (p < 0.001).

Conclusions This study revealed that HM from preterm mothers had a higher total bacterial count and different 
types of bacteria than HM from term mothers. Additionally, preterm infants can receive nosocomial-infection-causing 
bacteria in the NICU through their mother’s milk. Enhanced hygiene instructions for preterm mothers may reduce the 
disposal of valuable preterm human milk, along with the risk of HM pathogen transmission to infants in NICUs.
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Background
Human milk (HM) is recognized as the most ideal 
nutrient source for infants. In particular, preterm HM 
contains higher concentrations of nutrients such as 
proteins, fats, sodium, and other bioactive contents, 
compared with term human milk [1–3]. HM reduces 
the risks of necrotizing enterocolitis [4–6], sepsis, 
and other diseases; it also contributes to better long-
term outcomes and infant neurodevelopment [4, 5]. 
In addition to nutrients and micronutrients, HM con-
tains diverse types of bacteria and antibacterial agents. 
Various studies have investigated HM microbiota 
using culture methods and molecular approaches (e.g., 
metagenomic analysis). Bacteria in HM isolated by 
culture methods mainly include facultative anaerobes 
from the genera Staphylococcus, Streptococcus, Ente-
rococcus, Lactococcus, Leuconostoc, Weissella, Lacto-
bacillus, Cutibacterium (formerly Propionibacterium), 
and Enterobacteriaceae [6]. Metagenomic analysis 
using next-generation sequencing has recently enabled 
the detection of non-proliferative or non-viable bac-
terial cells, which could not be readily identified via 
culture methods; the results have helped to clarify the 
diversity and complexity of HM microbiota [7–10]. 
Metagenomic analysis has revealed bacteria that mainly 
belong to four phyla: Firmicutes (56.4%), Proteobacte-
ria (17.3%), Bacteroidetes (14.7%), and Actinobacteria 
(11.6%). It has also identified bacteria such as Lactoba-
cillus salivarius, Lactobacillus fermentum, Bacteroides, 
Blautia, Clostridium, Collinsella, Coprococcus, Eubac-
terium, Acinetobacter, Bradyrhizobium, and Pseu-
domonas [7–9].

There are several hypotheses for the origin of HM 
microbiota. Shirin et  al. slightly modified the hypoth-
esis of Fernández et  al. [8] and proposed the presence 
of maternal microbiota. This paradigm involves the oro/
enteromammary pathway (including translocation of 
both maternal oral bacteria and maternal gut bacteria) 
and the breast microbiota and exogenous microbiota; it 
also involves retrograde translocation (including mater-
nal skin bacteria, infant oral bacteria, and breast pump-
associated bacteria) and contamination related to human 
milk handling [9]. Although HM microbiota provides 
many benefits to infant health and development through 
multiple mechanisms [6, 9, 10], the presence of patho-
genic microorganisms in HM carries a risk of infection, 
particularly for preterm infants.

There are several potential sources of pathogenic 
microorganism entry into HM, including expression 
of breast milk, storage of HM at home, shipping, pro-
cessing in human milk banks (HMBs), and handling in 
neonatal intensive care units (NICUs). Among these 
sources, expression and storage at home are particularly 

influenced by the donor’s living environment conditions 
and hygiene [11].

Preterm HM is known to be better matched nutrition-
ally for preterm infants. The presence of bacterial growth 
is the main reason for the disposal of donated HM [12]. 
To support more effective use of donated preterm HM, 
a better understanding of the bacterial profile in preterm 
and term HM is needed.

Based on the hypothesis that the type of bacteria in HM 
is related to the donor’s living environment, this study 
focused on differences in bacteria within HM between 
term donors whose infants were at home and preterm 
donors whose infants were hospitalized in NICU. The 
research aim was to compare the bacterial profiles of HM 
between mothers of term infants and mothers of preterm 
infants.

Methods
Design
This was a retrospective analysis of data from the Japan 
Human Milk Bank Association (JHMBA) from January 
to November 2021. The study compared bacterial cul-
ture results for HM between term maternal donors (37 
to 41 weeks) and preterm maternal donors (< 37 weeks). 
This study was approved by the Showa University 
Research Ethics Review Board (Permit Number: 2714).

Setting and participants
Forty-seven donors who registered at the JHMBA from 
January to November 2021 were included in the study. 
The donors’ health conditions were confirmed based on 
a health checklist. The donors were screened based on 
their detailed medical history, physical examinations, 
and laboratory data, in accordance with the Guidelines 
for the Establishment and Operation of a Donor Human 
Milk Bank 2018 [13]. Donors who did not meet the eligi-
bility criteria were excluded from donating milk.

In Japan, term donors register themselves via HMB 
websites, whereas preterm donors are generally regis-
tered via referral from medical staff in NICUs.

The milk expression method was either by hand or 
with an electric or manual pump; expression equip-
ment was provided free of charge by the JHMBA upon 
donor request. At the donor interview, the interviewer 
explained that after washing their hands, donors would 
wipe their breasts with cotton immersed in tap water, 
then express their breast milk in a clean environment. 
Expressed breast milk was collected in sterile soft plas-
tic bags provided by the JHMBA and stored in a home 
freezer, separate from other food products. However, 
as explained above, detailed information regarding 
milk expression kits and processing procedures was not 
recorded. Milk was transported to the JHMBA in 1-L 
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quantities within 1 month after expression, in condi-
tions of –15 °C (or colder), through a shipping company 
contracted by the JHMBA. Upon arrival, all milk was 
checked to ensure that it remained frozen; any dam-
age to sterile bags or presence of foreign matter was 
identified. Subsequently, the milk was stored at –20  °C 
for ≤ 3  months from the date of expression. The entire 
process followed the Guidelines for the Establishment 
and Operation of a Donor Human Milk Bank 2018 [13], 
which were compiled in accordance with Human Milk 
Banking Association of North America (HMBANA) 
guidelines [11]. All donated milk was pasteurized using 
the Holder pasteurization method (62.5  °C for 30  min); 
pre- and post-pasteurization samples were subjected to 
bacterial culture assessment.

The acceptance criteria for donated milk were total 
bacterial count of ≤  105  CFU/mL, Enterobacteriaceae 
count of ≤  104 CFU/mL, Staphylococcus aureus count of 
≤  104  CFU/mL, and the absence of spore-forming bac-
teria. Donated HM was accepted as pasteurized donor 
HM if no bacteria were detected after Holder pasteuri-
zation. In addition to the strict safety standards, hygienic 
instructions for adequate expression, freezing, and ship-
ping were provided to all donors by JHMBA staff at the 
time of registration.

Measurements
Frozen milk was thawed at 4  °C overnight, and the 
thawed milk was transferred to a clean flask located on a 
clean bench. Milk samples (approximately 1–2 mL each) 
were collected using a sterile syringe and sent to a clinical 
laboratory (BML Co., Ltd., Tokyo, Japan) for culture test-
ing. Each batch consisted of breast milk from only one 
mother.

One hundred-microliter samples from each batch 
were collected and incubated on blood agar under aero-
bic, anaerobic, or carbon dioxide-added conditions, or a 
combination of these conditions (depending on the target 
bacteria) at 32 ± 10  °C or 35 ± 10  °C for 48 ± 2  h. Bacte-
rial growth was identified by Gram staining, structural 
morphology, and biochemical tests. Culture methods 
were established in accordance with HMBANA guide-
lines. Bacterial counts were expressed as colony-forming 
units (CFU)/mL. These processes were also conducted in 
accordance with HMBANA guidelines [11].

Statistical analyses
The normality and variability of all parameters were 
evaluated with the Kolmogorov–Smirnov test and 
F-test, respectively. The total bacterial count and bac-
terial species count per batch are presented as the 
median (interquartile range [IQR]); these values were 
compared between term and preterm HM using the 

Mann–Whitney U test. For bacterial loads, the number 
of batches of HM containing specific bacteria among all 
batches of donated HM is presented as a percentage; this 
value was compared between the two groups using the 
Chi-square test or Fisher’s exact test. The total amount 
of donated HM disposal was analyzed using the Mann–
Whitney U test, and the rate of milk sample disposal was 
analyzed using the Chi-square test.

Donor age, infant birthweight and gestational age, start 
date of HM donation (calculated using expression and 
delivery dates of donated milk), and the number of times 
milk samples were donated per mother are presented 
as mean (standard deviation) and median (IQR) values; 
these data were compared between two groups using the 
Mann–Whitney U test. All statistical analyses were per-
formed using StatMate V (ATMS Co., Ltd., Tokyo, Japan).

Results
Characteristics of study participants
The characteristics of all donors are shown in Table  1. 
Among the 47 registered donors, 31 were term donors, 
and 16 were preterm donors. The total amount of donated 
milk batches was 214, including 75 batches from term 
donors and 139 batches from preterm donors. In some 
instances, a single donor provided milk multiple times 
during the study period. There was no significant differ-
ence in mean maternal age between the groups (term: 
32.3  years vs. preterm: 32.6  years; p = 0.75), but there 
were significant differences in infant gestational ages and 
birthweights (term: 38.8  weeks vs. preterm: 27.6  weeks; 
term: 3,084  g vs. preterm: 1,040  g; p < 0.001). Addition-
ally, mothers who gave birth to preterm infants tended to 
begin donating breast milk earlier (term: 18.9  weeks vs. 
preterm: 9.8 weeks; p < 0.001) and more frequently (term: 
2.4 times vs. preterm: 8.7 times; p < 0.001).

Total bacterial count and bacterial species count
The median total bacterial counts were 3,930  CFU/mL 
in the term group and 26,700  CFU/mL in the preterm 
group (Table  2). There was a significant difference in 
total bacterial count between the two groups (p < 0.001). 
In total, 29 bacterial species were detected in the batches 
from both groups. The bacterial species count was sig-
nificantly different in the preterm group (p < 0.001). The 
disposal rate did not significantly differ between pre-
term HM and term HM (term: 22.7% vs. preterm: 24.5%; 
p = 0.77). However, the median total amount of disposal 
was greater in the preterm group than in the term group 
(term: 455 mL vs. preterm: 990 mL; p < 0.01) (Table 1).

Bacterial load
The bacterial loads of HM are shown in Table 3. Staphy-
lococcus epidermidis was the most prevalent bacteria 
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(term: 78.7% of batches, preterm: 87.8% of batches), fol-
lowed by Staphylococcus lugdunensis (17.3%, 33.8%), 
Staphylococcus aureus (24.0%, 22.3%), and Pseudomonas 
fluorescens (14.7%, 28.1%), all of which were detected at 
high frequencies in both groups (Fig. 1).

Four bacterial species were more prevalent in term 
HM: Pseudomonas putida (p = 0.008), Serratia liquefa-
ciens (p < 0.001), Pantoea agglomerans (p = 0.014), and 
Bacillus cereus (p = 0.042). In contrast, five species were 
more prevalent in preterm HM: Pseudomonas fluorescens 
(p = 0.027), Enterococcus faecalis and Enterobacter aero-
genes (p < 0.001), Staphylococcus lugdunensis (p = 0.01), 
and Stenotrophomonas maltophilia (p = 0.003) (Table 3).

Discussion
Our bacterial culture studies of term and preterm 
HM revealed three major findings. First, the bacterial 
species detected at high frequencies were common 
to both groups. Staphylococcus epidermidis, a com-
mensal skin bacterium, was the most frequent poten-
tial bacterial pathogen in both groups; it was detected 
in approximately 80% of batches. Coagulase-negative 

staphylococci (CoNS), Staphylococcus aureus, and 
Pseudomonas fluorescens were also found at high rates. 
These results are consistent with findings in previous 
studies [14–17], confirming that these common com-
mensal bacteria are likely to be isolated from HM, 
regardless of the donor’s living environment.

Second, the total bacterial count was significantly 
higher in preterm HM than in term HM, and the bacte-
rial species count was greater in preterm HM.

Third, there were differences in bacterial profiles 
between term and preterm HM. The characteris-
tics of four bacterial species in term HM are as fol-
lows. Serratia liquefaciens and Pseudomonas putida 
are often isolated from water and soil environments 
[18, 19]; notably, Pseudomonas putida is rarely iso-
lated from clinical specimens [19]. Pantoea agglomer-
ans is a Gram-negative bacterium commonly present 
in fecal material and soil, but it is an uncommon cause 
of infection in children [20]. The spore-forming bac-
terium Bacillus cereus was detected in three batches. 
Enterococcus faecalis and Enterobacter aerogenes were 
more frequently isolated from preterm HM. These 
bacteria are classified as enterococci that reside in the 
human gastrointestinal tract, and they are frequently 
reported to cause nosocomial infections [21, 22]. There 
have been reports of enterococcal outbreaks in NICUs 
related to tap water contamination [23]. Pseudomonas 
fluorescens is widely found in water supplies; it can also 
be isolated from medical devices [24]. Staphylococ-
cus lugdunensis, a CoNS species, is sometimes clini-
cally managed in a manner identical to Staphylococcus 
aureus [25]. It is a commensal skin bacterium [26] and 
is reportedly a common cause of community-acquired 
and nosocomial infections [25, 27]. Stenotrophomonas 
maltophilia is commonly isolated from water, soil, and 

Table 1 Relevant details of participants

P-values were shown in the table for the Chi-square test and Mann–Whitney U test results

**: < 0.01. ***: < 0.001

Term Preterm P-value

n % Mean (SD) Median (IQR) n % Mean (SD) Median (IQR)

Number of participants 31 16

Number of times breast milk was donated by 
a single donor during the study period

75 2.4 (3.1) 1 (1–2.5) 139 8.7 (8.1) 6.5 (2–10.3)  < 0.001***

Number of disposal milk samples 17 22.7 34 24.5 0.77

Amount of breast milk disposal (ml) 520 (417.3) 455 (120–897.5) 927.5 (297.6) 990 (772.5–1150)  < 0.01**

Age (years) 32.3 (4.9) 32.5 (28–35) 32.6 (4.7) 32.5 (28.8–36.3) 0.75

Gestational age (weeks) 38.8 (1.2) 39 (38–40) 27.6 (3.9) 28.5 (23.8–31)  < 0.001***

Birthweight (g) 3,084 (322.3) 3,099 (2,884–3,290) 1,040 (601.4) 867 (571–1,414.8)  < 0.001***

Chronological age of infant when breast milk 
was first donated (weeks)

18.9 (6.8) 17 (13–23) 9.8 (5.2) 9 (6–12)  < 0.001***

Table 2 Total bacterial count and bacterial species count per 
batch

Seventy-five batches of human milk (HM) samples were collected from 31 term 
mothers; 139 batches of HM were collected from 16 preterm mothers. Data 
represent median (IQR). The total bacterial count and bacterial species count per 
batch were compared between groups using the Mann–Whitney U test

Term (n = 75) Preterm (n = 139) P-value

Total bacte-
rial count 
(CFU/mL)

3,930 (435–23,365) 26,700 (4,050–334,650)  < 0.001

Bacterial 
species 
count

2 (1–3) 3 (2–3)  < 0.001
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fecal material; it is often detected in hospitals, particu-
larly in the water supply [23, 28].

According to a report by Urrea et al. [29, 30], Entero-
coccus species, Staphylococcus aureus, and CoNS such 
as Staphylococcus epidermidis are the most common 
Gram-positive bacteria responsible for nosocomial infec-
tions in NICU; Escherichia coli, Enterobacter species, 
Pseudomonas species, and Klebsiella species are the most 
common Gram-negative bacteria responsible for noso-
comial infections in NICU. Of the five species present at 
significantly different rates in the preterm HM, four spe-
cies were associated with the bacterial species identified 
in the previous report. This result suggests that preterm 

HM tends to contain bacteria that can cause nosocomial 
infections in NICUs.

Based on the results of this study, there were several 
insights. First, preterm donors visit the NICU to meet 
their infants; therefore, they have a high risk of exposure 
to bacteria that are prevalent in the NICU environment. 
Accordingly, there is a potential risk that such bacteria 
will be present in HM from preterm donors, expressed 
either in the NICU or at home. A report by Beghetti 
et  al. also suggested that hospital exposure influences 
the bacterial profile in preterm HM [31]. It is likely that 
all donors expressed at home because the study period 
coincided with the coronavirus disease 2019 pandemic, 

Table 3 Type of bacteria and bacterial load in donated human milk samples

Bacterial load refers to the number of batches of milk containing certain bacteria, that were detected out of the total batches of donated human milk (HM)

In some batches, two or more bacteria were detected

P-values were shown in the table for the Chi-squared test or Fisher’s exact test results of the bacterial load for HM batches from term and preterm mothers

*: < 0.05, **: < 0.01. ***: < 0.001

Bacteria Term (n = 75) Preterm (n = 139) P-value

n Prevalence (%) n Prevalence (%)

Staphylococcus epidermidis 59 78.7% 122 87.8% 0.079

Staphylococcus lugdunensis 13 17.3% 47 33.8% 0.01*

Staphylococcus aureus 18 24.0% 31 22.3% 0.78

Pseudomonas fluorescens 11 14.7% 39 28.1% 0.027*

Acinetobacter baumannii 1 1.3% 4 2.9% 0.66

Enterococcus faecalis - - 31 22.3%  < 0.001***

Enterobacter aerogenes - - 23 16.5%  < 0.001***

Stenotrophomonas maltophilia 3 4.0% 25 18.0% 0.003**

Pseudomonas sp. 3 4.0% 3 2.2% 0.43

Pseudomonas putida 6 8.0% 1 0.7% 0.008**

Pseudomonas aeruginosa 2 2.7% - - 0.12

Serratia liquefaciens 7 9.3% - -  < 0.001***

Serratia sp. - - 2 1.4% 0.77

Pantoea agglomerans 4 5.3% - - 0.014*

Raoultella ornithinolytica 1 1.3% 2 1.4% 1

Acinetobacter johnsonii 3 4.0% 1 0.7% 0.13

Acinetobacter sp. 1 1.3% 1 0.7% 1

Acinetobacter ursingii 3 4.0% 5 3.6% 1

Streptococcus agalactiae - - 2 1.4% 0.77

Escherichia coli 1 1.3% - - 0.35

α-streptococcus 2 2.7% 1 0.7% 0.28

Klebsiella oxytoca 9 12.0% 15 10.8% 0.79

Klebsiella pneumoniae - - 1 0.7% 1

Enterobacter sp. 3 4.0% 1 0.7% 0.13

Bacillus cereus 3 4.0% - - 0.042*

Bacillus subtilis 1 1.3% - - 0.35

Rhizobium radiobacter - - 1 0.7% 1

Staphylococcus warneri 1 1.3% 1 0.7% 1

Staphylococcus haemolyticus 1 1.3% - - 0.35
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and many NICUs had restricted visiting hours. Although 
detailed information regarding the expression environ-
ment (location and methods) was not collected in this 
study, this factor also may have significantly influenced 
HM microbiota.

Second, several preterm HM samples included HM 
that had been expressed before donor registration. As 
a basic premise, HMBs always provide hygiene instruc-
tions (e.g., pre-breast expression wiping and disinfection 
of the breast pump) at donor registration, regardless of 
whether the donor gave birth prematurely. Term moth-
ers may voluntarily register as a donor if they delivered 
a term baby, are currently breastfeeding, and have excess 
breast milk supply. After registration, they donate milk to 
the HMB. However, preterm mothers may provide milk 
to HMBs; this HM is held in reserve for infants admitted 
to NICUs. Importantly, the milk is expressed by mothers 
have not received instruction regarding hygiene proce-
dures at HMBs. Thus, there is a higher risk that preterm 
HM contains a high bacterial load. In Japan, preterm 
mothers can ask NICU staff to store their breast milk in 
fridges in the NICU until the maximum volume (10 L) is 
reached; the milk is then shipped to the HMB. Regard-
ing the effect of freezing on the numbers of bacteria in 
breast milk, storage at 4  °C (i.e., refrigeration) or freez-
ing are recommended methods for breast milk preserva-
tion from a bacteriological perspective; notably, freezing 
decreases rather than increases the number of bacte-
ria [32]. Furthermore, there is reportedly no difference 
in numbers of bacteria between frozen breast milk and 

typical milk deposits received at HMBs [33]; we suspect 
that the numbers of bacteria may also be similar between 
typical milk deposits and frozen milk that has been stored 
in the NICU. Therefore, hygienic expression procedures 
may be an important influencing factor. The JHMBA has 
a uniform storage period for donor HM (pasteurized 
within 3 months from the expression date), regardless of 
whether the donor is a term mother or preterm mother; 
accordingly, breast milk stored by preterm mothers prior 
to donor registration is also within the regulated storage 
period.

Third, the unique circumstances of preterm donors 
should also be considered. Several factors contribute to 
a stressful expression environment for preterm donors, 
including physical separation from their infants, the pro-
vision of a structured feeding schedule, the lack of pri-
vacy (when expressing in a hospital), the exhaustion and 
anxiety associated with an infant’s hospitalization, and 
long expression periods. These factors can also affect 
HM production [34–37]. Considering the situation, it 
is understandably more difficult to consider hygiene 
precautions when expressing in a hospital than when 
expressing at home, and the resulting HM may contain 
more bacteria.

Furthermore, there is a possibility that pre-pregnancy 
body-mass index and delivery mode influence temporal 
changes in the microbiota of HM from preterm mothers 
[38]. Although these factors were not considered in the 
present study, they may have contributed to the charac-
teristics of preterm HM observed in this study.

Fig. 1 Common bacterial species isolated from term and preterm human milk. Graphs show the proportions of batches of HM containing a 
specific bacteria that were detected among all batches of donated HM, stratified according to bacterial species. Only the bacterial species with the 
high proportions are shown. For example, Staphylococcus epidermidis was isolated from 59 of 75 batches of term HM (i.e., 79% of batches)
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The results of this pilot study indicate that there are dif-
ferences in the numbers and types of bacteria cultured 
from HM between mothers of term infants who are at 
home and mothers of preterm infants who are hospital-
ized in NICUs. Maternal lifestyle and environment may 
also have influenced the results. Based on these findings, 
there is a need to explore methods to reduce the dis-
posal of donated HM, particularly from preterm donors. 
Additionally, these results indicate that hygiene educa-
tion is more important for preterm donors. However, 
their physical and psychological circumstances should be 
considered. HMBs should provide less burdensome and 
more hygienic expression instructions for these mothers. 
It may also be necessary to communicate more frequently 
with preterm donors and to supplement the instructions 
with observations of their milk expression and storage 
methods at home. Additionally, it may be necessary to 
survey the NICU situation at each institution and discuss 
hygiene instructions for preterm donors with NICU staff.

Although the results of this study did not show a signif-
icant difference in the pass/fail score according to bacte-
rial culture test criteria established by the HMB (Table 1), 
in the future, better hygiene instructions will reduce the 
risk of infection transmission via breast milk; they will 
also help to reduce the disposal of valuable donated HM, 
an important issue for HMBs. In addition to hygiene 
instructions, there may be a need to reconsider donor 
HM eligibility criteria, particularly with respect to pre-
term HM.

Limitations
The HMB system in Japan was initiated in 2017, and the 
number of recipients was approximately 200 in 2021. 
Thus, the HMB system in Japan is in its infancy, com-
pared with other developed countries. Accordingly, the 
number of donors was small during this study, such that 
only 16 preterm donors were recruited (approximately 
only about half of the total number of term donors). 
Despite this limitation, we analyzed a total of 214 HM 
samples to more fully determine how bacterial counts 
and profiles differed between term and preterm moth-
ers. Although this was a small pilot study, it was the first 
study to focus on Japanese donors; the results regarding 
bacterial species in term and preterm mothers are con-
sistent with published reports. Preterm HM is known 
to be better matched nutritionally for preterm infants 
[1–3]; therefore, it is important to reduce the disposal of 
donated HM from preterm donors. The small number 
of donors does not reduce the importance of the results 
obtained from the first HMB in Japan.

The details of expression methods were not investi-
gated; thus, the impacts of these factors on the culture 
results are unknown. Various other factors, such as living 

arrangements, sibling status, maternal body-mass index 
and delivery mode, and temporal effects, may also affect 
the bacterial profile of HM and will be investigated in the 
future. Although HM bacteria were measured using the 
culture method in this study, future studies will involve 
additional participants and more extensive microbiologi-
cal studies with metagenomic analyses.

Conclusions
This study revealed that preterm HM has a higher total 
bacterial count than term HM and suggested that pre-
term HM tends to have more nosocomial-infection-caus-
ing bacteria in the NICU. Taken together, these findings 
suggest the need for more focused hygiene education for 
preterm donors.

Abbreviations
HM  Human milk
NICUs  Neonatal Intensive Care Units
CFU  Colony-forming units
HMB  Human milk bank
JHMBA  Japan Human Milk Bank Association
HMBANA  Human Milk Banking Association of North America
CoNS  Coagulase-negative Staphylococci

Acknowledgements
We gratefully thank the donors for their willing participation in this study.

Authors’ contributions
All authors have read and approved the final manuscript to be published and 
agree to be accountable for all aspects of the work. K.M., K.M conceived and 
designed the study; K.M, M.T., M.D., M.I, and N.M contributed to the recruit-
ment and data collection; K.M was responsible for data analysis and writing 
the manuscript; K.M, M.T. and K.M contributed to reviewing the manuscript 
critically.

Funding
Not applicable.

Availability of data and materials
The datasets used and / or analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical Approval was obtained from Showa University Research Ethics Review 
Board (Permit Number: 2714). Additionally, written informed consent was 
obtained from all donors for using their milk for clinical and research purposes.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 The Nippon Foundation Human Milk Bank, Nihonbashi-koamicho Square 
Building 1F, 17-10 Nihonbashi-koamicho, Chuo-ku, Tokyo 103-0016, 
Japan. 2 Faculty of Medicine, Oita University, 1-1 Idaigaoka, Hasama-machi, 
Yufu-shi, Oita 879-5593, Japan. 3 Japan Human Milk Bank Association, 4-4 
Nihonbashi-Hisamatsucho, Chuo-ku, Tokyo 103-8480, Japan. 4 Department 
of Pediatrics, Showa University of Medicine, 1-5-8 Hatanodai, Shinagawa-ku, 
Tokyo 142-8666, Japan. 



Page 8 of 8Miura et al. International Breastfeeding Journal           (2023) 18:29 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 6 January 2023   Accepted: 14 May 2023

References
 1. Lemons JA, Moye L, Hall D, Simmons M. Differences in the composition 

of preterm and term human milk during early lactation. Pediatr Res. 
1982;16(2):113–7.

 2. Underwood MA. Human milk for the premature infant. Pediatr Clin North 
Am. 2013;60(1):189–207.

 3. Gidrewicz DA, Fenton TR. A systematic review and meta-analysis of the nutri-
ent content of preterm and term breast milk. BMC Pediatr. 2014;14:216.

 4. Llanos MA, Mena NP, Uauy DR. Tendencias actuales en la nutrición del 
recién nacido prematuro. Rev Chil Pediatr. 2004;75(2):107–21.

 5. Embleton N, Cleminson J. Randomized trial of exclusive human milk ver-
sus preterm formula diets in extremely premature infants. Acta Paediatr. 
2017;106(9):1538.

 6. Lyons KE, Ryan CA, Dempsey EM, Ross RP, Stanton C. Breast milk, a source 
of beneficial microbes and associated benefits for infant health. Nutrients. 
2020;12(4):1039.

 7. Rodríguez JM. The origin of human milk bacteria: is there a bacterial 
entero-mammary pathway during late pregnancy and lactation? Adv 
Nutr. 2014;5(6):779–84.

 8. Fernández L, Langa S, Martín V, Maldonado A, Jiménez E, Martín R, et al. 
The human milk microbiota: origin and potential roles in health and 
disease. Pharmacol Res. 2013;69(1):1–10.

 9. Moossavi S, Azad MB. Origins of human milk microbiota: new evidence 
and arising questions. Gut Microbes. 2020;12(1):1667722.

 10. le Doare K, Holder B, Bassett A, Pannaraj PS. Mother’s milk: a purposeful 
contribution to the development of the infant microbiota and immunity. 
Front Immunol. 2018;9:361.

 11. Jones F. Best practice for expressing, storing and handling human milk in 
hospitals, homes, and child care settings. 4th ed. Fort Worth: Human Milk 
Banking Association of North America; 2019.

 12. Dewitte C, Courdent P, Charlet C, Dumoulin D, Courcol R, Pierrat V. 
Contamination of human milk with aerobic flora: evaluation of losses for 
a human milk bank. Arch Pediatr. 2015;22(5):461–7.

 13. The operating standard of a donor human milk bank. Japan Human Milk 
Bank Association; 2018. 202007025A-sonota1.pdf (niph. go. jp). Accessed 
26 May 2023.

 14. Soto A, Martín V, Jiménez E, Mader I, Rodríguez JM, Fernández L. Lacto-
bacilli and bifidobacteria in human breast milk: influence of antibio-
therapy and other host and clinical factors. J Pediatr Gastroenterol Nutr. 
2014;59(1):78–88.

 15. Lindemann PC. Characteristics of breast milk and serology of women 
donating breast milk to a milk bank. Arch Dis Child Fetal Neonatal Ed. 
2004;89(5):F440-441.

 16. Almutawif Y, Hartmann B, Lloyd M, Erber W, Geddes D. A retrospective 
audit of bacterial culture results of donated human milk in Perth, Western 
Australia. Early Hum Dev. 2017;105:1–6.

 17. Landers S, Updegrove K. Bacteriological screening of donor human milk 
before and after Holder pasteurization. Breastfeed Med. 2010;5(3):117–21.

 18. Mahlen SD. Serratia infections: from military experiments to current 
practice. Clin Microbiol Rev. 2011;24(4):755–91.

 19. Bouallègue O, Mzoughi R, Weill FX, Mahdhaoui N, Ben Salem Y, Sboui 
H, et al. Outbreak of Pseudomonas putida bacteraemia in a neonatal 
intensive care unit. J Hosp Infect. 2004;57(1):88–91.

 20. Cruz AT, Cazacu AC, Allen CH. Pantoea agglomerans, a plant pathogen 
causing human disease. J Clin Microbiol. 2007;45(6):1989–92.

 21. Furtado I, Xavier PCN, Tavares LVM, Alves F, Martins SF, Martins ADS, et al. 
Enterococcus faecium and Enterococcus faecalis in blood of newborns 
with suspected nosocomial infection. Rev Inst Med Trop Sao Paulo. 
2014;56(1):77–80.

 22. Loiwal V, Kumar A, Gupta P, Gomber S, Ramachandran VG. Enterobac-
ter aerogenes outbreak in a neonatal intensive care unit. Pediatr Int. 
1999;41(2):157–61.

 23. Verweij PE, Meis JF, Christmann V, Van der Bor M, Melchers WJ, Hilderink 
BG, et al. Nosocomial outbreak of colonization and infection with Steno-
trophomonas maltophilia in preterm infants associated with contami-
nated tap water. Epidemiol Infect. 1998;120(3):251–6.

 24. Aa L, Kharat VM. Biochemical and physiological characterizations of 
Pseudomonas fluorescens. Int J Chem Stud. 2019;7(1):1785–8.

 25. Rupp ME, Fey PD. Staphylococcus epidermidis and other coagulase-
negative staphylococci. In: Mandell, Douglas, and Bennett’s principles 
and practice of infectious diseases. Vol. 2. US: Saunders; 2014. p. 2272–82.

 26. Akiyama H, Kanzaki H, Tada J, Arata J. Coagulase-negative staphylococci 
isolated from various skin lesions. J Dermatol. 1998;25(9):563–8.

 27. Frank KL, del Pozo JL, Patel R. From clinical microbiology to infection 
pathogenesis: how daring to be different works for Staphylococcus 
lugdunensis. Clin Microbiol Rev. 2008;21(1):111–33.

 28. Cervia JS, Ortolano GA, Canonica FP. Hospital tap water as a 
source of Stenotrophomonas maltophilia infection. Clin Infect Dis. 
2008;46(9):1485–7.

 29. Urrea M, Iriondo M, Thio M, et al. A prospective incidence study of 
nosocomial infections in a neonatal care unit. Am J Infect Control. 
2003;31(8):505–7.

 30. Couto RC, Carvalho EAA, Pedrosa TMG, Pedroso ÊR, Neto MC, Biscione FM. 
A 10-year prospective surveillance of nosocomial infections in neonatal 
intensive care units. Am J Infect Control. 2007;35(3):183–9.

 31. Beghetti I, Barone M, De Fazio L, Laderchi E, Biagi E, Turroni S, et al. A pilot 
study on donor human milk microbiota: a comparison with preterm 
human milk microbiota and the effect of pasteurization. Nutrients. 
2022;14(12):2483.

 32. Knoop U, Schutt-Gerowitt H, Matheis G. [Bacterial growth in breast milk 
under various storage conditions]. Bakterienwachstum bei unter-
schiedlicher Lagerung von Muttermilch. Monatsschr Kinderheilkd. 
1985;133(7):483–6.

 33. Pitino MA, Stone D, O’Connor DL, Unger S. Is frozen human milk that is 
refused by mother’s own infant suitable for human milk bank donation? 
Breastfeed Med. 2019;14(4):271–5.

 34. Alves E, Rodrigues C, Fraga S, Barros H, Silva S. Parents’ views on factors 
that help or hinder breast milk supply in neonatal care units: systematic 
review. Arch Dis Child Fetal Neonatal Ed. 2013;98(6):F511-517.

 35. Boucher CA, Brazal PM, Graham-Certosini C, Carnaghan-Sherrard K, 
Feeley N. Mothers’ breastfeeding experiences in the NICU. Neonatal Netw. 
2011;30(1):21–8.

 36. Alves E, Magano R, Amorim M, Nogueira C, Silva S. Factors influencing 
parent reports of facilitators and barriers to human milk supply in neona-
tal intensive care units. J Hum Lact. 2016;32(4):695–703.

 37. Dewey KG. Maternal and fetal stress are associated with impaired lac-
togenesis in humans. J Nutr. 2001;131(11):3012S-3015S.

 38. Asbury MR, Butcher J, Copeland JK, Unger S, Bando N, Comelli EM, et al. 
Mothers of preterm infants have individualized breast milk microbiota 
that changes temporally based on maternal characteristics. Cell Host 
Microbe. 2020;28(5):669–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.niph.go.jp

	Comparison of bacterial profiles in human milk from mothers of term and preterm infants
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Design
	Setting and participants
	Measurements
	Statistical analyses

	Results
	Characteristics of study participants
	Total bacterial count and bacterial species count
	Bacterial load

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


