
Clinical and Experimental 
Health Sciences

Copyright © 2022 Marmara University Press
DOI: 10.33808/clinexphealthsci.915721

Clin Exp Health Sci 2022; 12: 390-395
ISSN:2459-1459

ABSTRACT
Background: To investigate the relationships of plasma transthyretin levels with amyloid beta 
deposition and medial temporal atrophy in amnestic mild cognitive impairment.
Methods: This is a cross-sectional study of association of subjects with amnestic mild cognitive 
impairment. Plasma transthyretin levels, brain magnetic resonance imaging, and 18F-florbetaben 
positron emission tomography were simultaneously measured in subjects with amnestic mild cognitive 
impairment.
Results: Plasma transthyretin levels were positively associated with amyloid beta deposition in global 
(r = 0.394, P = .009), frontal cortex (r = 0.316, P = .039), parietal cortex (r = 0.346, P = .023), temporal 
cortex (r = 0.372, P = .014), occipital cortex (r = 0.310, P = .043), right posterior cingulate (r = 0.350, 
P = .021), left precuneus (r = 0.314, P = .040), and right precuneus (r = 0.398, P = .008). No association 
between plasma transthyretin level and medial temporal sub-regional atrophies was found.
Conclusions: Our findings of positive association of plasma transthyretin levels with global and regional 
amyloid beta burden suggest upregulation of transthyretin level as a reactive response to amyloid beta 
deposition during the early stages of the Alzheimer’s disease process.

INTRODUCTION

Alzheimer’s disease (AD) is now one of the most common 
neurodegenerative diseases in the elderly population 
and has 2 definitive pathological features, which are 
neurofibrillary tangles (NFTs) of intracellular aggregation 
of abnormal hyperphosphorylated tau and amyloid plaques 
of extra-neuronal aggregation of amyloid beta peptide (Aβ) 
in the brain.
The amyloid cascade hypothesis1 suggests that the 
consequent accumulation of Aβ peptides mediates the 
pathogenesis of AD through synaptic injury, gliosis, and 
NFTs. Amyloid beta loads are associated positively with 
clinical cognitive severity and faster cognitive decline in 
people with subjective memory impairment (SMI),2 mild 
cognitive impairment (MCI),3 and early AD.4 Mild cognitive 
impairment patients with amyloid-positive deposition 

have a significantly greater risk of progression to 
dementia compared with people with amyloid-negative 
deposition,5 and faster converters have higher Aβ load 
than slower converters.6 Considering that Aβ deposition 
is progressively initiated 15-20 years before cognitive 
decline in AD, identifying blood-based biomarkers for Aβ 
deposition is critical for prediction of cognitive decline and 
early diagnosis of dementia in the future.
Transthyretin (TTR), a 55-kDa homotetrameric protein, is 
related to the transfer of retinol and thyroid hormones and is 
mainly produced in choroid plexus and liver. Previous studies 
showed that TTR was a protective protein for AD, which is 
associated with Aβ deposition. In vitro,7 TTR binds Aβ and 
keeps it in a soluble form, preventing Aβ aggregation and 
fibrillation. In an in vivo AD transgenic mouse model,8 only 
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ABSTRACT
Objective: Breast milk has an important function in the formation of the intestinal flora. Cesarean section bypasses the vertical transition 
of vaginal flora to the baby also usually causes the late start of lactation. The difference is in birth style and lactation period may affect the 
microbiota of breast milk. In this study, it was aimed to investigate how Lactobacillus species found in breast milk differ by the birth style and 
stages of milk.

Methods: Milk samples were taken from 72 mothers who had a vaginal birth (n:36) and cesarean (n:36) were divided into three groups as 
colostrum (n:12), early milk (n:12), and mature milk (n:12). Lactobacillus species were investigated from milk samples by real-time PCR.

Results: While Lactobacillus was detected in 70 (97.2%) of the samples, it was not detected in 2 (2.8%) of the samples taken from women with 
cesarean delivery. L. acidophilus and L. rhamnosus were detected simultaneously in all transitional milk samples of women who had a vaginal 
birth, and 82 Lactobacillus species were detected. The species identified were 33(39.3%) L. rhamnosus, 25(29.8%) Lactobacillus spp., and 
24(28.6%) L. acidophilus. The rate of detection of L. acidophilus in milk samples taken from women who gave birth was found to be significantly 
higher than that found in milk samples taken from women who gave birth by cesarean section (p <0.05).

Conclusion: Breast milk is not only a nutritional source but an important source of probiotics. Lactobacilli were found to be concentrated in 
breast milk. Also, Lactobacillus species detected in breast milk may differ according to the mode of delivery.
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Lactobacillus Species in Breast Milk: Do They Get Affected by 
Birth Style?

1. INTRODUCTION

The microorganism assemblage, found in a certain 
ecological place or environment is called ‘microbiota’. The 
microorganisms in the human body which are commensal, 
symbiotic, and pathogenic form the microbiota. The 
‘microbiome’ usually used as the same meaning as 
microbiota, represents the gene pool of microbiota in a 
certain area and its relationship with the environment (1,2). 
In recent years, with the developments in molecular methods 
detection and identification of microbiota and microbiome 
of the human body becomes easier and more rapid (3). At 
present, developments in bacterial detection techniques 
especially those which are unrelated to culture methods and 
microbiome approach showed much more bacterial diversity 
in breast milk than predicted (4).

Human breast milk consists of high amounts of carbohydrates, 
essential fatty acids, proteins, vitamins, and minerals 
which are very important for feeding a baby, therefore it 

is recognized as the gold standard in baby nutrition (5-7). 
Breast milk plays a crucial role in the survival of the baby and 
baby development, not only with the nutrient source but 
also with the transfer of microflora (8). Breast milk is shown 
to be a consistent commensal, mutualistic, and probiotic 
bacterial source to baby intestines including Staphylococcus, 
Streptococcus, Bifidobacteria, and lactic acid bacteria (8-10).

Lactobacillus, Pediococcus, and Lactococcus species are 
belong to lactic acid bacteria (LAB) and strains of these 
bacteria often used in the production and preservation of 
many foods or used as probiotics for humans and animals 
(11,12). LAB like L. gasseri, L. salivarius, L. rhamnosus, L. 
plantarum, and L. fermentum which are found in breast 
milk and are considered to be probiotic species become 
more attractive targets (13). In this study, detection, and 
identification of Lactobacillus species in colostrum, transition, 
and mature breast milk from randomly selected mothers 
who are in the lactation period, also the determination of 
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effects of factors like delivery method (vaginal or cesarean) 
and lactation duration was aimed.

2. METHODS

Between August 2019 and March 2020, women aged between 
18 to 45 years old and in the lactation period who had full-
time pregnancy and have 0-240 days lactation duration 
was randomly selected for this study. This research was 
reviewed and approved by the Gaziantep University Clinical 
Research Ethics Committee (protocol code: 2019/240, date: 
19.06.2019), and participation involved informed consent.

2.1. Research Sample

Two groups were formed based on the delivery method. Two 
groups were formed based on vaginal and cesarean delivery 
and the minimum number for each group was defined as 
36 based on statistical analysis, according to the literature, 
with 3% of expected prevalence, 5% precision, and %95 
confidence interval.

Breast milk samples were classified into three different 
groups; breast milk between the 0-5 days after the birth 
was classified as colostrum, breast milk between the 6-15 
days after the birth was classified as early milk, breast milk 
between the 15-240 days after the birth was classified as 
mature milk (14). Twelve colostrums, 12 early milk samples, 
and 12 mature milk samples, 36 in total, were collected from 
both groups consisting of women who gave birth by vaginal 
delivery and Cesarean section.

2.2. Exclusion Criteria

 – Women who took antibiotics for any reason before 15 
days

 – Women with gestational diabetes, hypertension, heart 
disease, acute infectious diseases, and postpartum depression

 – Women with breast-related diseases

 – Breastfeeding women who received hormonal therapy 
during the three months prior to starting the study or who 
had inadequate skills in understanding study questionnaires 
were not included in the study

 – Women using commercial probiotic supplements

2.3. Data and Sample Collection

Verbal instructions for standard sampling were given to 
mothers before sampling. Milk collection was taken by 
manually expressing the woman’s breast. After the areola 
and its surroundings were cleaned with soap and sterile 
water and soaked in chlorhexidine and hand asepsis of 
the woman was achieved, the first few drops (0.5-1 mL) of 
milk were wiped off with a dry sterile sponge and 2-3 mL of 
milk was extracted from the subsequent milk sample and 
collected with sterile gloves in a sterile container.

2.4. Determination of demographic characteristics

The mother’s level of education, working status, family 
type (core & large family), smoking/alcohol use, number 
of children, birth style, weight gained at birth, whether or 
not she received breastfeeding education during pregnancy, 
profession, where the family lives (city & rural), monthly 
income, sex of the baby, birth weight, birth height, weight 
and height of the baby during sample intake, sleep patterns 
of baby, gastrointestinal complaints (colic, vomiting) of 
baby, defecation count of the baby were questioned with a 
questionnaire form. While families consisting of a mother, 
father and children were accepted as core families, families 
living with adults in addition to these individuals were 
accepted as large families. No amount was questioned 
about alcohol and cigarette use, but the presence of habit 
was questioned. Babies with a birth weight of less than 
2500 grams were considered low birth weight, while babies 
between 2500-4000 grams were considered normal birth 
weight, and those with a birth weight over 4000 grams were 
considered high birth weight. Male babies with a birth length 
of 48 cm or less were classified as short birth length, while 
those 48-58 cms were considered normal birth length and 
those larger than 58 cm were considered longer than normal 
birth lengths. Female babies with a birth length of 45 cm or 
less were classified as short birth length, while those with a 
normal birth length of 45-55 cm and those larger than 55 cm 
were considered as longer than normal birth lengths. Infants 
with bouts of restlessness, spasms, and crying for at least 3 
days a week and lasting approximately 3 hours during the day 
were considered colic.

2.5. Species Identification with Real-Time PCR

All samples were kept frozen in the laboratory until work was 
carried out at −20 °C. DNA isolation was carried out using the 
Qiagen Stool Fast Kit (Qiagen, Hilden) protocol. Post-isolation 
DNA concentration was measured with the NanoDrop device 
(Thermo, USA). Using primary arrays (Primer Design Genesig 
(UK)) available from literature (15) according to brand species 
identification kits; L. casei, L. acidophilus, L. delbrueckii, L. 
gasseri, L. reuteri, L. plantarum, L. rhamnosus, species were 
defined, the species that are left out of these species were 
defined as Lactobacillus spp, negative and positive controls 
used according to producers recommendations. Amplification 
was run as 40 cycles on the Rotor-gene (Qiagen, Germany) 
PCR device.

2.6. Statistical Methods

Data suitability for normal distribution was tested by the 
Shapiro-Wilk test. Student t or Mann-Whitney U tests were 
used to compare numerical data in 2 independent groups. 
Correlation analysis of the relationships between numerical 
variables and relationships between categorical variables was 
tested with Chi-Square. SPSS 22 Windows version was used 
in the analysis and it was considered statistically significant 
that the P-value was smaller than 0.05.
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3. RESULTS

The mean age of the women included in the research, in 
Group I (vaginal delivery) and Group II (cesarean section) 
was similar and was found to be 30.02±3.60 and 30.97±4.10, 
respectively. Statistical evaluation of the demographic 
characteristics of study groups is given in Table 1. Statistical 
analysis revealed a significant difference between vaginal 
and cesarean delivery based on family type only (p:.028). The 
rate at which mothers who gave birth by Caesarean section 
had a core family structure was significantly higher than 
those who gave vaginal birth (Table 1).

Lactobacillus was detected in 70 (97.2%) of the samples in 
the study, while 2 (2.8%) of the samples taken from women 

with cesarean birth Lactobacillus was not detected. L. 
acidophilus and L. rhamnosus were detected simultaneously 
in all early milk samples of women who gave vaginal birth 
and 82 Lactobacillus species were identified (Table 2).

As a result of statistical analysis to determine whether there 
was a difference between PCR results of women who gave 
vaginal birth (Group I) and cesarean (Group II), it was found 
that the rate of detection of L. acidophilus in vaginal birth 
(Group I) was significantly higher than in cesarean (Group 
II) (p:.000), with no significant difference in other types 
of bacteria (p>0.05) (Table 2). When we investigated the 
relationship between Lactobacillus species detected in breast 
milk and the birth weight of babies, no statistically significant 
correlation was found (p:.0809).

Table 1. Comparison of demographic characteristics of vaginal and cesarean delivery groups
Vaginal Delivery Cesarean Section P

Age (Av ± sd) 30.02 ± 3.60 30.97 ± 4.10 0.303
Number of children n(%)
1 child 9 (25.0) 7 (19.4)

0.571
2 and more children 27 (75.0) 29 (80.6)
Smoking or alcohol use n (%)
Yes 5 (13.9) 2 (5.6)

0.233
No 31 (86.1) 34 (84.4)
Mother’s Working Status n (%)
Housewife 36 (100.0) 34 (84.4)

0.151
Working 0 (0.0) 2 (5.6)
Family Type n (%)
Large family 18 (50.0) 9 (25.0)

0.028
Core family 18 (50.0) 27 (75.0)
Breastfeeding Training in Pregnancy n (%)
Yes 8 (22.2) 8 (22.2)

1.000
No 28 (77.8) 28 (77.8)
Weight Gain during Pregnancy n (%)
<10 kg 11 (30.6) 11 (30.6)

1.00010-15 kg 16 (44.4) 16 (44.4)
>15 kg 9 (25.0) 9 (25.0)
The sex of the baby n (%)
Female 20 (55.6) 19 (52.8)

0.813
Male 16 (44.4) 17 (47.2)
Baby’s Birth Weight n (%)
Low 2 (5.6) 0 (0.0)

0.068Normal 31 (86.1) 36 (100.0)
High 3 (8.3) 0 (0.0)
Baby’s Birth Height n (%)
Low 5 (13.9) 3 (8.3)

0.753Normal 29 (80.6) 31 (86.1)
High 2 (5.6) 3 (8.3)
Colic Complaint n (%)
Have 17 (47.2) 23 (63.9)

0.155
No 19 (52.8) 13 (36.1)
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4. DISCUSSION

Breast milk has a protein content that has a special structure 
and that is easy to digest and protects against infections. 
Recent studies on breast milk, which is known to be a living 
and biological mixture, show that microbial content varies 
between individuals in terms of both species and numbers. 
There are many different microorganisms in breast milk 
microbiota (16,17).

Soto et al. (18) examine the lactobacilli population in the 
breast milk of healthy women and investigate the effects 
of various factors (antibiotherapy during pregnancy and 
breastfeeding, country and date of birth, type of birth, or 
infant age), including 160 healthy women from Germany 
and Austria. The three most common Lactobacillus species in 
milk are L. salivarius (35%), L. fermentum (25%), and L.gasseri 
(21.88%), as well as L. reuteri in 11.88% and L. plantarum 
in 10.63%, L. ramnosus in 8.13%, and L. casei in 4.38% of 
the milk samples were detected. Pregnancy, breastfeeding 
period and antibiotherapy have been reported as the main 
factors affecting the detection rates of lactobacilli.

Regardless of the geographical location and the analysis 
method used, it has been reported that there are most 
Staphylococci and Streptococci in breast milk. The limited 
type of microorganism, which will be named as the main 
microbiota of breast milk, constitutes 50% of the entire 
microbiota, while the remaining 50% is specific to the 
mother and varies according to environmental conditions 
(19). Factors such as the mother’s health status, the living 
environment, diet, obesity, immunological status, gestational 
age, mode of delivery, antibiotic use, and lactation stage are 
the main factors affecting breast milk microbiota (20-22). 
Healthy microbiota development in infants is associated with 
a healthy maternal microbiota (23). In studies on the subject, 

microorganisms in breast milk have been shown to be 
effective in the development of the baby’s microbiota (24).

Martin et al. (25) compared the Lactobacillus groups in five 
breast milk, vaginal swabs, and feces of babies in order to 
examine the effect of breast milk and vagina on intestinal 
colonization of the newborn. As a result of the study, none 
of the bacterial species detected in the vaginal samples 
were detected in breast milk samples, while a few species 
in the feces were detected in breast milk. Murphy et al. (20) 
compared breast milk with infant feces in the first three 
months and 10 months in their study. As a result of the study, 
it was seen that there were common bacterial species in 
both. The results obtained from the studies can be said that 
there is a vertical bacterial transmission from mother to baby 
through breastfeeding, and this affects the development of 
the baby’s intestinal microbiota.

The transition of breast milk microbiota to the baby occurs 
as a result of extremely complex and developed processes 
(26). Especially in the first 3-4 months period is extremely 
important in terms of microbiota development (27). 
Bacteria that pass through the mother’s vaginal, fecal, and 
skin microbiota are the first microorganisms to colonize in 
the neonatal intestine (3,28). The microbiota of the baby 
born with vaginal birth consists of facultative anaerobic 
bacteria such as Staphylococcus, Streptococcus, and E. 
coli, which are first transferred to the baby during passage 
through the birth canal. These bacteria multiply and form an 
anaerobic environment after a few days, which allows for the 
colonization and becoming dominance of Bacteroides and 
Bifidobacteria that pass from breast milk to the baby and can 
only reproduce in an anaerobic environment (27,29). Studies 
have reported that a variety of bacteria in the intestines of 
newborns who do not receive breast milk is higher and the 
amount of Bifidobacteria is less (27,30).

Table 2. Distribution of Lactobacillus species among different milk types
Lactobacillus 
spp.

L. casei-group 
d L. acidophilus L. delbrueckii L. gasseri L. reuteri L. plantarum L. rhamnosus

Vaginal 
Delivery
Colostrum n(%) 8 (88.9) 0 (0.0) 4 (20) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (19.1)
Early Milk n(%) 0 (0.0) 0 (0.0) 12 (60) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (47.6)
Mature Milk 
n(%)

1(11.1) 0 (0.0) 4 (20) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 7 (33.3)

Cesarean 
Section
Colostrum n(%) 10 (62.5) 0

(0.0)
1 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0

Early Milk n(%) 1 (6.3) 0
(0.0)

0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11 (73.3)

Mature Milk 
n(%)

5 (31.2) 0
(0.0)

0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (26.7)

Total n (%) 25 (30.5) 0 (0.0) 21 (25.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 36 (43.9)
p 0.083 1.000 0.000 1.000 1.000 1.000 1.000 0.157
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The first dietary factor affecting the microbiota is 
breastfeeding. Because it is accepted that breast milk is 
one of the most important factors affecting the formation 
of intestinal microbiota in babies. Breast milk is a symbiotic 
food that contains prebiotics (breast milk oligosaccharides) 
and probiotics (Lactobacillus, Bifidobacterium) together (31).

Studies have also shown that the milk microbiome can be 
affected by the mode of delivery (32). Also, maternal health 
can affect the breast milk microbiome. Bifidobacterium 
levels in the milk of mothers with problems such as obesity 
and allergies have been found to be lower than healthy 
mothers (33). The nutritional status of the mother affects 
microorganisms and immunomodulatory factors in milk (34).

After the presence of bacteria in breast milk was understood, 
the question of where these bacteria came from came to mind. 
In the first studies on this subject, it was suggested that the 
microorganisms in the breast skin are caused by the passage of 
the microorganisms into the milk during sucking, while some 
researchers have suggested that the bacteria in the infant 
oral mucosa pass into the milk (25). However, the detection 
of anaerobic bacterial cells or DNA in breast milk, which are 
mostly related to the intestinal environment and cannot live 
in aerobic regions, has led to the emergence of different 
opinions about the origin of milk-related bacteria. Because, 
despite the oxygen stress of the anaerobic Bifidobacteria, it 
is unlikely to be transferred from the mouth of the baby to 
the breast skin of the mother (4). Martin et al. (25) found that 
the bacteria in breast milk were not the bacteria found in the 
breast skin, but the fecal microbiota of the mother and baby. 
In this study, the researchers examined the mouth swabs and 
feces of eight babies who were breastfed, and samples were 
taken from their mother’s milk, breast areola, and skin. They 
reported that lactic acid bacteria were isolated in all samples 
as a result of the examination. However, the RAPD (Random 
Amplified Polymorphic DNA) profile of the lactic acid bacteria 
found in the breast skin was found to be different from the 
other samples. As a result, it has been suggested that the 
presence of lactic acid in breast milk may not be due to the 
contamination of the milk with the breast skin environment 
and may have an endogenous origin. In the mechanism 
known as the Enteromammary Pathway, dendritic cells are 
advanced to have important functions. According to this 
view, dendritic cells can spread directly from the lumen 
to the intestinal epithelium to take a sample of bacteria. 
In addition, it can open tight junction points between the 
intestinal epithelium cells, extend beyond the epithelium 
through dendrites and directly sample bacteria without 
disrupting the epithelium cluster. After the bacteria bind to 
dendritic cells, they can travel to other regions including the 
milk glands via the monocyte circulation in the lymphocyte 
system associated with the mucosa (19). According to this 
knowledge, we formed the hypothesis that states mode of 
delivery can affect the bacteria species in breast milk because 
cesarean delivery may result in a late-onset of breastfeeding 
in the first hour of life and a reduction in the maintenance 
of breastfeeding in the first year of life (35). Failure to intake 
bacteria such as Lactobacilli and Bifidobacteria in breast 

milk, which are physiological stimulators of the physiological 
intestinal microbiota of babies born by cesarean section, may 
lead to a lower colonization level in the baby’s intestinal flora 
(36, 37).

As limitations of our study, although we instructed the 
participants to collect milk samples under aseptic conditions, 
we would like to point out that we could not evaluate the 
contamination of the areola mammae and question the use 
of prebiotics, which is another factor that may affect the 
microbiota, and can be acquired from a very large group of 
nutrients.

5. CONCLUSION

As a result, the results of this study confirm that Lactobacilli 
are common members of the human milk microbiota in 
women who did not take antibiotics during pregnancy or 
breastfeeding. Therefore, the presence of such bacteria may 
be a marker of a healthy human milk microbiota without 
antibiotics, and this should be taken into account when 
defining a criteria standard for breast milk. Consequently, the 
administration of selected human milk lactobacilli to pregnant 
or breastfeeding women or their babies on antibiotics could 
create an attractive approach to restore the natural bacterial 
ecosystem found in breast milk. We think that long-lasting 
comprehensive studies should be conducted on the vital 
importance of the existing species, the development of the 
baby, and its various positive and negative effects.
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