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Resumo 

 

Introdução: A disbiose oral desempenha um papel fundamental nas infeções orais comuns, 

que podem causar ou agravar doenças sistémicas, destacando a relevância de 

microrganismos patogénicos ou oportunistas orais. No início da vida, a mãe representa a 

fonte mais importante de microrganismos e vários fatores maternos influenciam a aquisição 

e maturação do microbioma oral da criança. Contudo, o impacto do microbioma da mãe no 

ecossistema oral das crianças permanece ainda pouco explorado.  

Objetivo: O principal objetivo deste estudo foi avaliar o impacto da obesidade materna e 

hipertensão na prevalência de potenciais bactérias patogénicas e oportunistas na cavidade 

oral de pares mãe-filho. Além disso, pretendemos correlacionar o perfil da microbiota oral 

com a saúde oral materna, tabagismo e hábitos alcoólicos, saúde cardiovascular e os 

desfechos obstétricos e perinatais. 

Metodologia: Um total de 30 pares mãe-filho foram incluídos neste estudo e 82 amostras 

foram colhidas 4 a 12 semanas após o parto, nomeadamente, saliva não estimulada e leite 

das mães e esfregaços orais dos respetivos filhos. Cada amostra foi inoculada em meios 

seletivos e diferenciais (MacConkey, Mannitol Salt e Mitis Salivarius agar) incubados a 

37ºC/24-48h. Foram selecionadas colónias com diferentes morfologias e isoladas em Brain 

Heart Infusion agar (37ºC/18-20h) para identificação por MALDI-TOF MS. 

Resultados: Entre os 285 isolados identificados, Stenotrophomonas maltophilia (15.9%) e 

Serratia marcescens (13.6%) foram as espécies bacterianas gram-negativas mais 

prevalentes (15.4%), principalmente na saliva materna e no esfregaço infantil, 

respetivamente. Relativamente às bactérias gram-positivas (84.6%), as espécies mais 

prevalentes foram Staphylococcus epidermidis (42.3%) e Staphylococcus aureus (17.4%) 

nas amostras da mãe e Staphylococcus hominis (12.9%) nas amostras das crianças. Em 

86.7% dos pares mãe-filho foi identificada a mesma espécie bacteriana, sugerindo uma 

possível transmissão de microrganismos da saliva ou leite materno para o microbioma oral 

da criança. De facto, um aumento na diversidade foi verificado em todos os três tipos de 

amostras (saliva da mãe, leite e esfregaço oral da criança) no grupo de estudo saudável 

comparativamente com os grupos de risco cardiovascular estudados (obesidade e 

hipertensão arterial). Adicionalmente, foi observada uma correlação entre a diversidade de 



 

 
xii 

 

microrganismos da mãe e da criança. Após a análise dos comportamentos de saúde oral 

materna, observou-se que a presença de S. aureus nesses pares foi associada a uma menor 

frequência de escovagem dentária materna (P=0.05). Além disso, verificou-se uma 

correlação negativa entre a presença de S. epidermidis nas amostras de saliva materna e o 

maior número de consultas dentárias maternas no ano anterior (P<0.01). Curiosamente, a 

presença de S. epidermidis em amostras de esfregaços orais das crianças foi associada ao 

hábito materno de lamber a chupeta como meio de higiene (P=0.032). 

Conclusão: O risco cardiovascular da mãe (obesidade e hipertensão arterial) parece 

influenciar a aquisição de microrganismos orais pela criança ao diminuir a sua diversidade. 

Para além disso, este estudo sugere a transmissão vertical como uma potencial via para a 

aquisição oral de bactérias oportunistas e patogénicas no início da vida, via contato oral 

materno e amamentação, destacando também a importância dos hábitos de saúde oral e 

comportamentos maternos no microbioma oral. 

Palavras-Chave: Microbioma oral; Saúde oral materna; Comportamento oral materno; 

Transmissão mãe-filho do microbioma; Bactérias oportunistas/patogénicas. 
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Abstract 
 

Introduction: Oral dysbiosis plays a key role in common oral infections, which can cause or 

aggravate systemic diseases, highlighting the relevance of oral pathogenic or opportunistic 

microorganisms. In early life, the mother represents the most important source of 

microorganisms and several maternal factors highly influence the child´s oral microbiome 

acquisition and maturation. However, the impact of the maternal microbiome on the oral 

ecosystem of the child remains underexplored.  

Objective: The main objective of this study was to evaluate the impact of maternal obesity 

and hypertension on the prevalence of potential pathogenic and opportunistic bacteria in the 

oral cavity of mother-child pairs. Furthermore, we intended to correlate the oral microbiota 

profile with maternal oral health, smoking and alcoholic habits, cardiovascular health, and the 

obstetric and perinatal outcomes. 

Methodology: A total of 30 Mother-Child pairs were included in this study and 82 samples 

were collected 4 to 12 weeks after delivery, namely unstimulated saliva and breastmilk from 

the mothers and oral swabs from their children. Each sample was inoculated in selective and 

differential media (MacConkey, Mannitol Salt and Mitis Salivarius agar) and incubated at 

37ºC/24-48h. Colonies presenting different morphologies were selected and isolated in Brain 

Infusion agar (37ºC/18-20h) for identification by MALDI-TOF MS. 

Results: Amongst the 285 isolates identified, Stenotrophomonas maltophilia (15.9%) and 

Serratia marcescens (13.6%) were the most prevalent gram-negative bacteria (15.4%), 

mainly in mother saliva and child oral swab, respectively. Regarding gram-positive bacteria 

(84.6%), the most prevalent were Staphylococcus epidermidis (42.3%) and Staphylococcus 

aureus (17.8%) in mother samples and Staphylococcus hominis (12.9%) in child swab 

samples. Furthermore, 86.7% of the mother-child pairs shared the same species, suggesting 

a possible bacterial transmission from maternal saliva or milk to the child oral microbiome. In 

fact, a higher diversity of microorganisms was observed in all three type of samples (mother 

saliva, breastmilk and child oral swab) of healthy study group, contrasting with the 

cardiovascular risk groups studied (obesity and arterial hypertension), which were associated 

with a lower diversity. Additionally, a correlation was observed between the mother and child 

microorganism diversity. Also, after analyzing maternal oral health behaviours, it was 

observed that the presence of S. aureus in these pairs was associated with a lower frequency
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 of maternal toothbrushing (P=0.05). Also, a negative correlation was established between S. 

epidermidis presence in mother saliva samples and a higher number of maternal dental 

appointments in the previous year (P<0.01). Interestingly, S. epidermidis presence in child 

oral swab samples was associated with the maternal habit of licking their children pacifier as 

a mean of hygiene (P=0.032). 

Conclusion: The mother’s cardiovascular risk (obesity and arterial hypertension) seems to 

influence the child’s oral microbiota acquisition by diminishing its diversity. Moreover, this 

study suggests vertical transmission as a potential pathway for oral opportunistic and 

pathogenic bacteria acquisition in early life via maternal oral contact and breastfeeding routes 

and highlights the importance maternal oral health habits and related behaviours have on the 

oral microbiome.  

Keywords: Oral microbiome; Maternal oral health; Maternal oral behaviour; Mother-Child 

microbiome transmission; Opportunistic/pathogenic bacteria. 
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Introduction 

1. Introduction 
 

The human microbiome is defined as a set of diverse microorganisms that inhabit a 

specific location of the human body, as the skin, the gut, and the oral cavity, which play a key 

role in the balance between health and disease.(1) The host-microbiome dyad regulates 

paramount aspects for a normal physiology, metabolism, immunity, and neurologic function of 

the host.(2) In contrast, dysbiosis represents an unbalance in the microbial community caused 

by a decrease or increase in the bacterial function and diversity or even a sudden fluctuation 

in the profusion of microorganisms.(3) This ecological change seems to have a preponderant 

contribution to the etiopathogenesis of several systemic pathologies, such as celiac disease 

and Alzheimer's.(2-4) 

The oral cavity houses the second largest microbiome diversity in the human body, 

possessing more than 700 species, mostly indigenous.(5, 6) The oral microbiome encompasses 

a community of commensal, symbiotic and pathogenic microorganisms including bacteria, 

archaea, protozoa, and viruses housed in different habitats of the oral cavity, such as the teeth, 

gum, cheeks and tongue.(6) Furthermore, numerous studies have been demonstrating over the 

years that oral dysbiosis plays a crucial role in the pathogenesis and development of the most 

common oral infectious diseases (dental caries, periodontal disease and candidiasis) due to 

the presence pathogenic or opportunistic microorganisms (e.g., Streptococcus mutans, 

Staphylococcus aureus, Fusobacterium nucleatum, Porphyromonas gingivalis, Candida sp.).(7-

10) In addition to the inherent risk of spread to the various organs and tissues, these 

microorganisms can cause or aggravate systemic diseases, such as diabetes, obesity, 

cardiovascular disease and even increase the risk of infection.(6, 11)   

Until recently, the medical community presumed that, under normal conditions, the fetal 

intrauterine development occurred in an aseptic environment.(12) Nonetheless, there is clinical 

evidence demonstrating the presence of bacterial DNA in the amniotic fluid, placenta, and 

umbilical cord blood in full-term pregnancies.(4, 13) Regardless the debate of whether bacteria 

are present in the placenta, it is currently recognized that the transmission of a wide variety of 

microorganisms to the newborn occurs at delivery. However, only a certain number of bacteria 

can colonize the newborn child.(12) Furthermore, regarding the colonization of the oral cavity, 

studies focused on the phenotypic and genotypic characteristics of oral microorganisms have 

been demonstrating that the oral microbiota of the mother represents the most important 

source of transmission of the oral microbiota of the child in early life.(4)  
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opportunistic bacteria in the oral cavity of mother-child pairs 

 

Additionally, the mothers clinical factors and behaviours, as the antibiotic use, smoking 

and alcohol consumption and comorbidities, can alter the gut microbiome, which can be 

transmitted to the infant (Figure 1).(14) Consequently, this exposure during pregnancy has been 

linked to an increased risk to develop several diseases (e.g., obesity, asthma and inflammatory 

bowel diseases) in both mother and child.(15) Moreover, other maternal factors, such as the 

type of delivery and feeding, have a high impact on the initial microbiota in infants as they 

directly influence the acquisition and colonization of the microbiome harbored in multiple 

human sites (gut, oral cavity and skin).(14) Thus, altering the composition and diversity of the 

maternal microbiota that is transmitted to the infant may disrupt the vertical mother-child 

microorganism transmission, therefore prompting the children to colonization by deviant 

microbiota, such as opportunistic or pathogenic bacteria (Figure 1). (16-18)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Perinatal factors´ impact on the development of the mother and child´s gut microbiome during foetal growth. 
Adapted from Wang et al. (2020).(14) 
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Nevertheless, reports on the impact of maternal oral health behaviours and infant care 

habits, such as licking the child´s pacifier and kissing the child´s mouth, on the infant´s 

microbiome are scarce. Also, the influence of mothers oral microbiota with systemic 

pathologies on the development of the child ecosystem remains underexplored.(6) Thereby, 

this study aims to identify potential pathogenic and opportunistic bacteria in the oral cavity of 

mother-child pairs and correlate the bacterial profiles detected in the samples with maternal 

cardiovascular risk factors, and other external factors that may potentially affect their 

colonization. 
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Methodology 
 

 

2. Methodology 

 
2.1. Patient recruitment 

 

 The participants were recruited within project “OralBioBorn”, approved by the Centro 

Hospitalar Universitário de São João (CHUSJ) Ethics Committee for Health (Nº294/2018) and 

Unidade Local de Saúde de Matosinhos (ULSM) Ethics Committee for Health (86/CE/JAS). 

Women recruitment was done at the Obstetrics Service of CHUSJ and ULSM. Exclusion 

criteria were age under 18 years old, pre-existing cardiomyopathy, kidney disease, chronic 

obstructive pulmonary disease, active systemic infection, and genetic syndromes. The study 

groups comprised:  

1) Healthy mothers (n=17, without cardiovascular risk factors) and their children. 

2) Mothers with arterial hypertension (n=7) and their children. 

3) Mothers with obesity (n=6) and their children.  

 

 All the participants were informed about the aim of the research, being requested a 

written consent and, in the case of babies, to their mothers prior to the study enrolment. This 

study occurred from January 2021 until May 2021 at the Faculty of Dental Medicine of the 

University of Porto (FMDUP) and the Institute for Research and Innovation in Health (i3S). The 

protocols for this study were approved by the Ethics Committee for Health of FMDUP.  

 

2.2. Sample and data collection 

 

The mother-child pairs (n=30) underwent saliva and breastmilk collection 4 to 12 weeks 

after delivery. Maternal unstimulated saliva samples were collected at least 1 hour after a meal 

or mouth/tooth brushing, into a sterile tube. The oral samples from babies were collected using 

4 oral swabs (flocked swabs). The breastmilk was collected either with an electric pump or
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manually into a sterile collection tube, after discarding the first drops. All samples (n=82) were 

collected between June 2019 and February 2021. The characterization of the mother-child 

pairs was performed through questionnaires which included questions related to maternal oral 

health, demographic data, smoking and alcoholic habits, clinical data, obstetric and perinatal 

outcomes, vaccination, and habits that could promote vertical transmission of microorganisms. 

The collected samples were aliquoted (500 μL of maternal saliva and milk, and a child oral 

swab) and preserved at -80oC with 500 μL of Brain Heart Infusion (BHI) broth with 10% glycerol 

until processing (Figure 2).   

   

Figure 2: Protocol for samples processing until microorganism’s isolation and preservation. 
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2.3. Sample processing  
 

From each pair, 100 µL of the frozen BHI broth with 10% glycerol with mother saliva, 

breastmilk and child oral swabs were inoculated in selective and differential culture media, 

namely, MacConkey agar (Liofilchem®, Italy), Mannitol-Salt agar (Liofilchem®, Italy) and Mitis 

Salivarius agar (Millipore®, USA), used for the detection of gram-negative, gram-positive 

bacteria and Streptococcus sp., respectively. Then, the plates were incubated at 37°C in 

aerobic conditions from 24 to 48 hours (Figure 2).  

 

2.4. Microorganism isolation 
 

 From each sample, all colonies presenting different morphologies such as color, shape, 

and aspect, were selected (up to 6 isolates per plate) and further reisolated in specific media 

as MacConkey (Figure 3), Mannitol-Salt (Figure 4) and Mitis Salivarius agar (Figure 5). 

 

 

 

 

Figure 3: Gram-negative bacteria in MacConkey agar plates after incubation at 37°C for 24h. 
 Legend: Lactose fermentation: A- Positive (pink); B- Negative (colourless). 

A 
B A 
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Figure 4: Gram-positive bacteria in Mannitol-Salt agar plates after incubation at 37°C for 48h; 
Legend: Mannitol fermentation: A- Positive (yellow); B- negative (pink). 

A A 

B 

Figure 5: Mitis Salivarius agar plates after incubation at 37°C for 48h.  
Legend: A- Streptococcus vestibularis (dark-blue, glossy and raised); B- Streptococcus salivarius (light blue 

“gum drop” shape); C- Enterococcus faecalis (blue-black). 

C B 
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2.5. Isolate identification 

 

All selected isolates were sub-cultured in BHI agar (Liofilchem®, Italy) plates and 

incubated at 37ºC, to obtain fresh colonies (24 hours). Each isolate was identified by Matrix-

Assisted Laser Desorption/Ionization-Time Of Flight (MALDI-TOF) mass spectrometry (MS). 

This analysis was conducted directly from the bacterial colonies by inoculation of a single 

colony on a 96 polished steel MALDI-TOF target plate and subsequently adding 1 μL of the 

organic matrix (Bruker, Germany). After drying, the plate was positioned in the equipment and 

the target was processed on the Bruker MALDI Biotyper® system according to manufacturer’s 

instructions. The Biotyper® software identifies microorganisms by matching the pattern created 

by each isolate against the spectra of the species present in the database. The results of the 

identification process were expressed as score values ranging from 0 to 3, where values equal 

or higher than 2.0 were indicative of identification to the species level and values between 1.7 

and 2.0 were indicative of identification to the genus level (Figure 6).  
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 Figure 6: Protocol for isolates identification by MALDI-TOF MS system. 
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2.6. Statistical Analysis  
 

To perform the data analysis, the software utilized to register the collected data was the 

Microsoft® Excel® (Microsoft Office 365 ProPlus, 2002 version) and for the statistical analysis 

the Statistical Package for the Social Science (IBM® SPSS® Statistics, SPSS Inc, Chicago, IL, 

USA, 26 version). 

The different categorical variables were dichotomised, and an analysis was carried out 

to compare the microorganism prevalence in the different samples: mother saliva, breastmilk 

and child oral saliva swab in the studied population (0 – not colonized; 1 – colonized). 

The results of this research were recorded and submitted to statistical analysis. To 

interpret the collected data, descriptive analysis was performed in which categorical variables 

were described by using relative frequencies (%) and compared using the Chi-Square test and 

Point-Biserial correlation. For the non-categorical variable, non-parametrical tests (Kruskal-

Wallis and Mann–Whitney U test) and Spearman correlation were applied. The statistical 

significance for each test was 5%. 
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3. Results 

 
3.1 Demographic and clinical information 

 The population studied included a total of 30 mother-child pairs. The demographic 

information of the mother, including age, educational level and healthcare related job are 

displayed per study group in Table I. 

 

Table I: Demographic information of the recruited healthy, obese, and hypertensive pregnant women. 

Demographic information Healthy Obesity Arterial hypertension P value 

Number, n (%) 17 (56.7%) 6 (20.0%) 7 (23.3%)  

Age (years) 33.8±0.7 35.0±1.2 35.0±2.6 0.356a 

Education level (%)    0.157b 

Basic education 5.9% 0% 0%  

Secondary education 17.6% 83.3% 75.0%  

1st Cycle of studies 47.1% 16.7% 0%  

2nd Cycle of studies 17.6% 0% 25.0%  

3rd Cycle of studies 11.8% 0% 0%  

Healthcare related job 41.2% 33.3% 14.3% 0.446b 

Results are shown in prevalence (%) or mean±SD;  
Statistical analyses were performed using aKruskal-Wallis test and bChi-square test. 

 

Regarding the clinical and lifestyle parameters, such as positive preeclampsia 

screening, gestational hypertension, body mass index (BMI), comorbidities, antibiotic use, 

dietary restrictions and alcohol and smoking habits are observed also per study group in Table 

II. 
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Table II: Clinical and lifestyle information of the recruited healthy, obese and hypertensive pregnant women. 

 

Results are shown in prevalence (%) or mean±SD; 
-: No results found; *: To prevent acquiring infection in non-immune pregnant women; 

Statistical analyses were performed using aChi-square test and bKruskal-Wallis test. 

 

The clinical and nutritional information of the children such as medication, type of 

delivery and feeding mode are shown per study group on Table III.

Clinical and lifestyle 
information 

Healthy Obesity Arterial hypertension P value 

Positive preeclampsia 
screening 

0% 0% 33.3% 0.023a 

Gestational hypertension 0% 0% 33.3% 0.023a 

Body mass index (BMI) 
before pregnancy 

22.8±0.7 33.3±2.2 25.9±1.4 0.003b 

Comorbidities 64.7% 50.0% 100% 0.167a 

Rhinitis 27.3% 100% 40.0%  

Vision disturbance  36.4% 100% 20.0%  

Depression 9.1% 50.0% 20.0%  

Anxiety disorder 18.2% 0% 0%  

Asthma 27.3% 0% 40.0%  

Heart disease 9.1% 0% 20.0%  

Migraine 27.3% 0% 0%  

Other 36.4% 0% 40.0%  

Antibiotic use     

During pregnancy 5.9% 16.7% 14.3% 0.684a 

Intrapartum 52.9% 16.7% 85.7% 0.045a 

Postpartum 18.8% 0% 0% 0.257a 

Dietary restrictions 35.3% 25.0% 16.7% 0.675a 

Toxoplasmosis* 75.0% 100.0% 33.3% 0.170a 

Gestational diabetes  0% 0% 16.7% 0.162a 

Other 25.0% 0% 50.0% 0.196a 

Alcohol ingestion during 
pregnancy 

0% 0% 0%  

Alcohol ingestion 
postpartum (%) 

6.7% 25.0% 50.0% 0.115a 

Smoking habit during 
pregnancy 

8.3±1.7 - - 0.293b 

Smoking habit postpartum 
(cigarettes/day) 

9.0±2.9 - - 0.183b 
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Table III: Clinical and nutritional information of the children of the recruited healthy, obese and hypertensive 
pregnant women. 

 
 
 
 

Results are shown in prevalence (%). aStatistical analyses were performed using Chi-square test. 

 

Also, the different mother and child factors that promote a microorganism transmission 

are demonstrated in Table IV. 

 

Table IV: Factors promoting microorganism transmission of the recruited healthy, obese and hypertensive 
pregnant women, and their children. 

 
Factors promoting 
microorganism transmission 

Healthy Obesity Arterial hypertension P valuea 

Suctional habits 93.8% 66.7% 100% 0.105  

Types of suctional habits     

Fingers 6.7% 0% 14.3% 0.714  

Pacifier 26.7% 50.0% 28.6% 0.714  

Finger and pacifier 33.3% 50.0% 28.6% 0.714   

Pacifier and hand 13.3% 0% 0% 0.714  

Finger and hand 13.3% 0% 0% 0.714  

All 6.7% 0% 28.6% 0.714  

Parental pacifier licking 18.8% 0% 16.7% 0.582  

Parental kisses on child´s 
mouth 

6.3% 0% 0% 0.657 

Results are shown in prevalence (%). aStatistical analyses were performed using Chi-square test.

Children clinical and 
nutritional information  

Healthy Obesity Arterial hypertension P valuea 

Child therapy 100% 100% 83.3% 0.137  

Antibiotic 23.5% 16.7% 0% 0.372  

Probiotic 35.3% 33.3% 14.3% 0.582  

Type of delivery     

Vaginal 43.8% 100% 40% 0.110  

Caesarean 56.3% 0% 60% 0.110  

Feeding mode (1st month 
after delivery) 

    

Breastfeeding 56.8% 33.3% 57.1% 0.100  

Formula 5.9% 16.7% 0% 0.100  

Breastfeeding and Formula 35.3% 16.7% 42.9% 0.100  
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Finally, the oral health parameters are observed in Table V. Regarding the evaluation 

of the oral health status, it was only conducted on a subgroup of the population studied during 

the third trimester of pregnancy (n=9 mothers), due to measures implemented during the 

outbreak of COVID-19. Several parameters were examined such as: Decayed, Missing and 

Filled Surfaces (DMFS), Clinical Attachment Loss (CAL) larger than 3 (CAL>3), Bleeding on 

Probing (BOP) and Plaque Index (PI). 

 

Table V: Oral health parameters of healthy, obese and hypertensive pregnant women. 
 

Results are shown in prevalence (%) or mean±SD; DMFS: Decayed, Missing and Filled Surfaces; CAL: Clinical Attachment Loss;  
BOP: Bleeding On Probing; PI: Plaque Index. -: No results found;  

Statistical analyses were performed using aKruskal-Wallis test and bChi-square test;  
*The different complementary means of hygiene are dental floss, interdental brushes and mouthwash. 

 

 
3.2 Microbiological characterization 

 3.2.1 Microorganism prevalence 

From the 30 mother-child pairs studied, 285 isolates were recovered and a total of 33 

bacterial species were identified. Their prevalence is presented per type of samples and study 

group in Table VI.  

Overall, it was verified that the most prevalent gram-positive bacterium was 

Staphylococcus epidermidis in all types of samples (36.4%-mother saliva, 39.6%-breastmilk, 

and 21.7%-child oral swab). However, when analyzing particular subgroups, it was observed 

that Staphylococcus hominis was the most prevalent in children’ oral swab 

Oral related parameters Healthy Obesity Arterial hypertension P value 

Oral health habits     

Dental appointments 
(n/last year) 

2.1±0.7 0.8±0.3 3.1±0.8 0.036a 

Frequency of 
toothbrushing (n/day) 

2.0±0.1 2.0±0.4 2.1±0.1 0.846a 

Use of toothbrush 
complements* 

94.1% 50.0% 71.4% 0.055b 

Oral health parameters 
(n=9) 

    

DMFS 15.3±6.4 - 20.0±3.3 0.308a 

CAL>3 5.5±3.3 - 8.5±1.8 0.360a 

BOP 14.1±6.3 - 31.0±6.8 0.229a 

PI 61.3±8.5 - 91.4±4.1 0.047a 
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samples from healthy and obese mothers (23.8% and 30.0%, respectively). It was also verified 

that Staphylococcus aureus was the second most prevalent in mothers’ saliva (16.7%). In 

breastmilk samples, S. aureus and S. hominis were both the second most prevalent bacteria 

(12.5%). Interestingly, S. aureus was only detected in breastmilk samples of healthy mothers 

(18.2%), contrasting with S. hominis which was mostly detected in hypertensive mothers 

(25.0%). 

Moreover, the presence of Staphylococcus saprophyticus was mostly detected in 

samples from the healthy group and there was a statistically significant difference when 

compared its prevalence in mothers’ saliva among study groups (P=0.03). Also, 

Staphylococcus equorum was detected in all types of samples from the hypertensive study 

group. Lastly, an association was observed between Staphylococcus succinus in child oral 

swab samples from mothers with arterial hypertension (P=0.03). 

Regarding gram-negative bacteria, Stenotrophomonas maltophilia was the most 

prevalent in healthy mothers’ saliva samples (9.5%), which was also observed in children’ oral 

samples (2.4%). Serratia marcescens was only detected in breastmilk (14.3%) and children’ 

oral swab samples (10.0%) from obese mothers (Table VI). Additionally, it is noteworthy to 

highlight the presence of several bacteria acknowledged as potential opportunistic/pathogenic, 

as Enterococcus faecalis, S. aureus, Klebsiella oxytoca, Citrobacter freundii, Citrobacter braaki 

and Acinetobacter pitti, in the same mother-child pair, and interestingly the mother has a 

healthcare-related job. 
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Table VI: Microorganism prevalence (%) per study group and type of samples for all identified isolates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H: Healthy; O: Obesity; HTN: Arterial hypertension; TOTAL: Healthy, Obesity and Arterial hypertension; -: No results found; aStatistical analyses were performed using Chi-Square test. 

D
iv

is
io

n
 

Family Mother saliva Mother breastmilk Child oral swab 

Species H O HTN P valuea TOTAL H O HTN P valuea TOTAL H O HTN P valuea TOTAL 

A
c

ti
n

o
b

a
c

te
ri

a
 Brevibacteriaceae                         

Brevibacterium casei 2.4 - - 0.673  1.5 - - - - 0 - - - - 0 

Corynebacteriaceae                         

Corynebacterium propinquum 2.4 - - 0.673  1.5 - - - - 0 - - - - 0 

Micrococcaceae                         

Kocuria kristinae 2.4 - - 0.673  1.5 - - - - 0   - - - 0 

F
ir

m
ic

u
te

s
 

Bacillaceae                         

Bacillus altitudinis - - - - 0 3.0 - - 0.673  2.1 - - - - 0 

Bacillus amyloliquefaciens - - - - 0 - 14.3 - 0.126  2.1 - - - - 0 

Enterococcaceae                      

Enterococcus faecalis - - - - 0 - - - - 0 2.4 - - 0.673  1.4 

Staphylococcaceae           
  

            

Staphylococcus aureus 14.3 18.2 23.1 0.924  16.7 18.2 - - 0.057  12.5 19.0 10.0 11.8 0.364  15.9 

Staphylococcus argentus 2.4 - - 0.673  1.5 - - - - 0 - - - - 0 

Staphylococcus epidermidis 31.0 54.5 38.5 0.376  36.4 36.4 42.9 50.0 0.619  39.6 19.0 20.0 29.4 0.366  21.7 

Staphylococcus equorum - - 7.7 0.183  1.5 - - 12.5 0.183  2.1 - - 5.9 0.183  1.4 

Staphylococcus haemolyticus 2.4 - - 0.673  1.5 - - 12.5 0.183  2.1 - 10.0 - 0.126  1.4 

Staphylococcus hominis - 9.1 7.7 0.243  3.0 9.1 14.3 25.0 0.810  12.5 23.8 30.0 5.9 0.136  20.3 

Staphylococcus lugdunensis - - - - 0 - - - - 0 - 10.0 17.6 0.087  7.2 

Staphylococcus saprophyticus 16.7 - - 0.030  10.6 12.1 14.3 - 0.372 10.4 11.9 - - 0.101  7.2 

Staphylococcus succinus - - 7.7 0.183  1.5 - - - - 0 - - 11.8 0.030  2.9 

Staphylococcus warneri 4.8 9.1 7.7 0.952  6.1 - - - - 0 7.1 - - 0.280  4.3 

Macrococcus caseolyticus 2.4 - - 0.673  1.5 - - - - 0 - - - - 0 

P
ro

te
o

b
a
c
te

ri
a

 

Comamonadaceae                               

  Delftia acidovorans 2.4 - - 0.673  1.5 - - - - 0 - - - - 0 

Enterobacteriaceae                         

  Citrobacter braaki - - - - 0 3.0 - - 0.673  2.1 2.4 - - 0.673  1.4 

  Citrobacter freundii - - - - 0 3.0 - - 0.673  2.1 2.4 - - 0.673 1.4 

  Enterobacter asburiae - - - - 0 3.0 - - 0.673  2.1 2.4 - 5.9 0.577  2.9 

  Enterobacter bugandensis - - - - 0 - - - - 0 - 10.0 - 0.126  1.4 

  Escherichia coli - - - - 0 - - - - 0 2.4 - - 0.673  1.4 

  Klebsiella oxytoca 2.4 - - 0.673  1.5 3.0 - - 0.673 2.1 2.4 - - 0.673  1.4 

  Klebsiella pneumoniae - - - - 0 - - - - 0 - - 5.9 0.183  1.4 

  Morganella morganii - - - - 0 - - - - 0 - - 5.9 0.183  1.4 

  Pantoea agglomerans 2.4 - 7.7 0.577  3.0 - - - - 0 - - - - 0 

  Serratia liquefaciens - 9.1 - 0.126  1.5 - - - - 0 - - - - 0 

  Serratia marcescens - - - - 0 - 14.3 - - 2.1 - 10.0 - - 1.4 

Moraxellaceae                         

Acinetobacter pitti   - - - 0 3.0 - - 0.673  2.1 - - - - 0 

Pseudomonadaceae                         

Pseudomonas koreensis 2.4 - - 0.673  1.5 3.0 - - 0.673  2.1 - - - - 0 

Pseudomonas oryzihabitans   - - - 0 3.0 - - 0.673  2.1 - - - - 0 

Xanthomonadaceae                         

Stenotrophomonas maltophilia 9.5 - - 0.171  6.1 - - - - 0 2.4 - - 0.673  1.4 
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Furthermore, as demonstrated in Figure 7, 86.7% of mother-child pairs presented a 

simultaneous presence of bacterial species from mothers´ saliva and/or breastmilk, which was 

statistically significant when compared to mother-child pairs that did not share the same 

microorganisms (Chi Square test; P<0.001). Additionally, we observed that healthy mother-

child pairs presented the highest percentage for simultaneous presence of the same bacterial 

species (Chi-square test; P=0.235). 

 

 
 

 
 
 
 

 
 
 
 

 
 
 
 

 

 Additionally, an analysis was conducted regarding the possible different pathways 

through which the microorganisms can be transmitted from mother to child. Overall, it was 

verified that in 45.0% (n=18) of the pairs, the child shared the same bacterial species with both 

mother saliva and breastmilk, 32.5% (n=13) only by breastmilk and 22.5% (n=9) by saliva. 

Inclusive, this potential transmission through mother saliva and/or breastmilk can be also 

observed, in Table VII. Particular species of Staphylococcus were the most shared between 

mother-child pairs, through mothers´ saliva, breastmilk, or both types of samples. It was 

observed that S. epidermidis (41.7%), followed by S. aureus (16.7%), were the most shared 

species between mother-child pairs. Consequently, the mothers’ saliva and/or breastmilk seem 

to contribute for this potential transmission of microorganisms to the child (Table VII). 

Additionally, the species K. oxytoca, C. braakii, C. freundii were only shared by one mother-

child pair in which the mother is a healthcare worker. 
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Figure 7: Simultaneous presence (%) of microorganism’s species per study group. 
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Table VII: Simultaneously presence of the microorganisms in mother and child samples. 

 

  

Mother  
saliva and/or 
breastmilk                                    

+                                                            
Child oral 

swab 

Mother  
saliva and  
breastmilk                            

+                                                 
Child oral 

swab 

Mother 
saliva        

+                         
Child oral 

swab 

Mother 
breastmilk   

 +                             
Child oral 

swab 

S. epidermidis 41.7 (15) 66.7 (10) 20.0 (3) 13.3 (2) 

S. aureus 16.7 (6) 83.3 (5) 16.7 (1) 0 (0) 

S. hominis 11.1 (4) 25.0 (1) 25.0 (1) 50.0 (2) 

S. saprophyticus 8.3 (3) 66.7 (2) 0 (0) 33.3 (1) 

S. equorum 2.8 (1) 100 (1) 0 (0) 0 (0) 

S. warneri 2.8 (1) 0 (0) 100 (1) 0 (0) 

K. oxytoca 2.8 (1) 0 (0) 0 (0) 100 (1) 

C. freundii 2.8 (1) 0 (0) 0 (0) 100 (1) 

C. braakii 2.8 (1) 0 (0) 0 (0) 100 (1) 

S. maltophilia 2.8 (1) 0 (0) 100 (1) 0 (0) 

S. marcescens 2.8 (1) 0 (0) 0 (0) 100 (1) 

E. asburiae 2.8 (1) 0 (0) 0 (0) 100 (1) 

Results are shown in prevalence % (number of mother-child pairs). 
 

 
 

3.2.2 Microorganism diversity 

In this study, the diversity of microorganism species per sample type was also analysed 

(mothers’ saliva and breastmilk and children’ oral swab samples) as presented in Figure 8. 

Comparing the results obtained, it was observed that a highest diversity of species, was 

present in healthy mothers (particularly in mothers’ saliva) and their children. Additionally, 

although no differences were observed between the study groups regarding the mother’s saliva 

diversity, we observed that the healthy mother’s saliva had a higher diversity when compared 

to the other risk factor groups (Kruskal-Wallis; P=0.17). Furthermore, a correlation was 

obtained between the mother’s saliva diversity and the child’s diversity (Spearman test; 

P=0.029). On the other hand, the mother’s breastmilk diversity and the child’s diversity almost 

achieved a statistically significant correlation (Spearman test; P=0.060). 
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  3.2.3 Correlations between the presence of microorganisms 

and maternal factors 

 Finally, a statistical analysis was conducted with the purpose of associating the 

presence of the shared microorganisms in mother-child samples with several and relevant 

maternal factors. Correlations were only carried out between the same species in order to 

analyse the possibility of microorganism transmission amidst mother-child pairs. Thus, it was 

possible to verify that, for different shared Staphylococcus species, the statistically significant 

correlations were mostly observed between mothers’ breastmilk and children’ oral swab 

samples (Table VIII). 
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Figure 8: Heat map demonstrating the microorganism diversity per sample type for each study group. 
Legend: 0 - absence of samples;1 to 5 - number of bacterial species.  
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Table VIII: Correlation between microorganisms in mother-child pair samples. 

aStatistical analyses were performed using Chi-Square test.  

*P value not statistically significant (P>0.05), however considered relevant for discussion. 

 

 Moreover, several correlations were observed between the different maternal factors 

studied and the presence of the referred Staphylococcus species in each type of samples, 

namely mother saliva (Table IX), breastmilk (Table X) and child oral swab (Table XI). The 

majority of the correlations obtained for different Staphylococcus species were related to 

specific mothers’ habits of infant care, namely pacifier licking (Table XI). 

Table IX: Correlation between mother saliva microorganisms and maternal factors. 

Mother saliva microorganisms Maternal factors P valuea 

S. aureus   

Maternal migraine 0.017  

Maternal asthma 0.028  

Healthcare working mother 0.061* 

Parental pacifier licking 0.097* 

S. epidermidis 
Gestational diabetes 0.057* 

Parental pacifier licking 0.079* 

S. equorum  Parental pacifier licking 0.015 

S. hominis  
Complementary means of hygiene 0.003  

Consumption of alcohol since delivery 0.026  

S. saprophyticus  Maternal anxiety disorder 0.008  
 aStatistical analyses were performed using Chi-Square test. 

*P value not statistically significant (P>0.05), however considered relevant for discussion. 

 
 
Table X: Correlation between mother breastmilk microorganisms and maternal factors. 

aStatistical analyses were performed using Chi-Square test. 
*P value not statistically significant (P>0.05), however considered relevant for discussion.

Microorganism shared between 
mother-child pairs 

Type of samples P valuea 

S. aureus  

Mother breastmilk/Child oral swab <0.001 

Mother saliva/Child oral swab 0.002 

S. epidermidis Mother breastmilk/Child oral swab 0.061* 

S. saprophyticus Mother breastmilk/Child oral swab 0.003 

S. hominis Mother breastmilk/Child oral swab 0.046 

Mother breastmilk microorganisms  Maternal factors P valuea 

S. aureus  Antibiotic postpartum 0.017 

S. epidermidis  Positive preeclampsia screening 0.055* 

S. hominis  Gestational diabetes 0.041 
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Table XI: Correlation between child swab microorganisms and maternal factors. 

 

aStatistical analyses were performed using Chi-square test. 
*P value not statistically significant (P>0.05), however considered relevant for discussion. 

 
 

Subsequently, numerous correlations between the diversity of microorganisms and 

maternal factors can be observed in Table XII. Interestingly, it was verified that the diversity of 

microorganisms in children’ oral swab samples correlated positively with the diversity of 

microorganisms in maternal saliva samples, which corroborates the data presented in Figure 

8.  

Table XII: Correlation between microorganism diversity and maternal factors. 

Statistical analyses were performed using Point-Biserial Correlation. 
              *P value not statistically significant (P>0.05), however considered relevant for discussion. 

 

  

 

 

Child swab microorganisms  Maternal factors P valuea 

S. aureus  Parental pacifier licking 0.097* 

S. epidermidis  Intrapartum antibiotic prophylaxis 0.028 

S. equorum  Parental pacifier licking 0.015  

S. hominis  Healthcare working mother 0.070*  

S. saprophyticus  Parental pacifier licking 0.032 

Diversity of 
microorganism 

Maternal factors Test value; P value 

Diversity Mother saliva Healthcare related job 0.324; 0.080* 

Diversity Mother breastmilk  Heart disease -0.413; 0.032 

Diversity Child swab   

Maternal Asthma 0.615; 0.001 

Type of delivery (caesarean) 0.451; 0.024 

Parental kisses on child’s mouth 0.324; 0.087* 

Parental pacifier licking -0.354; 0.070* 
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4. Discussion 
 

The seeding and maturation of the child´s microbiome are essential to institute a healthy 

symbiosis between host and microbiome. Moreover, the mother seems to play a crucial role in 

the transmission of microorganisms to the child. Despite the vertical mother-child microbiome 

transmission arguably being the most paramount interplay in early life, the source and 

transmission routes by which the infants obtain these pioneering microorganisms remain largely 

unexplored.(19) Thereby, this study arises with the intent to identify potential pathogenic and 

opportunistic bacteria in the oral cavity of mother-child pairs and correlate the bacterial profiles 

detected in the samples with maternal cardiovascular risk factors, as well as other external 

factors that may potentially affect their colonization.  

The carried analysis demonstrated differences between the prevalence of microorganisms and 

the type of sample, namely mothers’ saliva, breastmilk and children’ oral swab samples. In 

gram-positive species, S. epidermidis, followed by S. aureus, were the most prevalent in saliva 

samples of mothers with cardiovascular risk factors, as obesity and arterial hypertension. 

Conversely, S. epidermidis and S. hominis were the dominant species in breastmilk and 

children’ oral swab from hypertensive and obese mothers, respectively. In fact, S. epidermidis 

mainly colonizes skin and mucous membranes(20), but also frequently detected in oral cavity(21), 

which is concordant with the obtained results. Also, due to its association with oral 

inflammations, such as gingivitis and endodontic infections and its involvement in hospital-

acquired infections, this microorganism is considered a clinically relevant opportunistic 

bacteria.(22) Additionally, S. succinus was mainly found in children oral swab samples of 

hypertensive mothers, however there is a lack of reports regarding the presence of this 

microorganism in the oral cavity. Furthermore, no information was found as regards to its 

correlation with the child’s hypertensive mothers. Concerning S. aureus, the oral cavity has 

shown to be an important reservoir, functioning as a point of dissemination to the lower 

respiratory tract and cross-infection among individuals.(23) In fact, studies already revealed that 

S. aureus, an opportunistic pathogen, which can cause nosocomial and community-acquired 

infections, is a common resident species in oral cavity, frequently found in saliva samples, as 

observed in our study.(24, 25) Besides, S. aureus was associated with the healthy study group, 

particularly in breastmilk and children oral swab samples, confirming other reports which 

revealed an oral colonization of S. aureus amongst healthy adults and children.(26, 27) However, 

due to the lack of information regarding its status, S. aureus is still seen as a transient colonizer 

of the oral flora.(24) S. hominis is known to be common commensal member of the human
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microbiome, and occasionally found in the oral cavity.(28) Nevertheless, S. hominis, was already 

associated with bloodstream infections and currently considered an emerging opportunistic 

pathogen.(25, 28-31) Additionally, S. saprophyticus, primary cause of community-acquired urinary 

tract infections mainly in sexually active women, was clearly correlated with healthy 

participants.(32) Still, a previous study demonstrated the presence of S. saprophyticus in only 

5.8% of healthy women, which slightly contradicts our results (16.7%-saliva and 12.1%-

breastmilk from healthy mothers). (33) Moreover, there is lack of evidence reporting the presence 

of S. saprophyticus in the oral cavity, being mainly found in other human habitats, as the 

gastrointestinal tract, vagina and perineum.(32, 34) Thereby, more studies are needed to better 

understand its oral colonization.  

Concerning gram-negative bacteria, overall, the highest prevalence was observed in 

specific species, which were related with particular samples and/or study groups. Namely, S. 

maltophilia in healthy mother saliva samples, S. marcescens and E. bugandensis (both 10.0%) 

in children’ oral swab from obese mothers and S. marcescens in breastmilk samples also from 

obese mothers (14.3%). S. maltophilia is increasingly recognized as an important cause of 

nosocomial and community-acquired infections, including associated with multidrug-

resistance.(35, 36) Moreover, although not considered highly virulent, S. maltophilia infection is 

associated with high morbidity and mortality rates, which is of concern for immunologically 

immature individuals, as newborns.(37, 38) Enterobacter species, despite being ubiquitous and 

extremely well adjusted to the environment in healthcare institutions, they are considered one 

of the “ESKAPE” pathogens (an acronym for Enterococcus faecium, Staphylococcus aureus, 

Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter 

species), representing a global threat to human health, due to a large number of infections in 

clinical and community settings, with limited therapy options.(39, 40) Particularly, E. bugandensis 

is a highly virulent pathogenic species, being associated with neonatal sepsis and several 

outbreaks, and thereby becoming a clinically relevant pathogen.(41, 42) Regarding S. marcescens, 

an opportunistic pathogen whose clinical significance only emerged recently, although being a 

rare cause of community-acquired infections, reports have shown its relevance as a nosocomial 

pathogen, including frequently associated with neonatal outbreaks.(43-46)  

Moreover, a high diversity of microorganisms was found in this study (total of 33 bacterial 

species). The microbiome diversity refers to the number of different species present in an 

individual and evaluates how evenly the microorganisms are dispersed through the community. 

The richness of the microbiota species is an important indicator of human health.(47) 

Contrariwise, the decrease of diversity is a marker of dysbiosis and has been associated with 
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non-healthy individuals, as cardiovascular risk factors.(48, 49) In fact, in our study, a higher 

diversity of microorganisms was observed in all three type of samples (mother saliva, breastmilk 

and child oral swab) of healthy study group, contrasting with the cardiovascular risk groups 

studied (obesity and arterial hypertension), which were associated with a lower diversity. 

Additionally, the saliva samples presented a higher number of different species when compared 

to breastmilk samples, which has also been described by Davé et al. (2016).(49) 

In our study, the presence of S. aureus and S. hominis in samples from mothers with a 

healthcare-related job and their children were nearly statistically significant. Remarkably, in a 

particular mother-child pair in which the mother was a healthcare worker, a high diversity of 

clinically relevant bacteria was detected (E. faecalis, S. aureus, K. oxytoca, C. freundii, C. braaki 

and A. pitti). Actually, healthcare workers have been recognized as susceptible reservoirs and 

propagators of pathogenic microorganisms, due to their direct and long-term exposure to 

infectious agents, including multidrug-resistant.(50-52) Moreover, studies regarding the oral 

colonization of healthcare workers have demonstrated the presence of diverse opportunistic 

and pathogenic microorganisms, particularly Staphylococcus sp., E. faecalis and Serratia sp.(52, 

53) In particular, S. aureus was identified as the principal colonizer of healthcare workers.(52) 

The process of oral colonization is influenced by manifold key factors including maternal 

comorbidities, mode of delivery, maternal antibiotic usage, gestational age at birth, feeding 

mode and diet.(14, 19, 54-57) Furthermore, other factors such as maternal oral health behaviours 

and habits that predispose microbe transmission have been associated to the early microbiome 

acquisition and succession in the infant.(58) Some studies have shown an association with 

gestational diabetes, the most frequent pregnancy complication, and the child’s development of 

metabolic diseases such as obesity and diabetes mellitus.(59) Our results showed an almost 

significant correlation between mothers who developed gestational diabetes and the absence 

of S. epidermidis and S. hominis in their saliva and breastmilk samples, respectively. In fact, a 

previous study reported a reduced abundance of the phylum Firmicutes (phylum of 

Staphylococcus sp.) in women with gestational diabetes.(60) Regarding preeclampsia diagnosis, 

it has been reported a shift in the microbiome composition and consequently a decrease in the 

microbiome diversity of mothers with a positive preeclampsia screening.(61) In our study S. 

epidermidis nearly obtained a negative correlation with mothers with a positive screening of 

preeclampsia, corroborated by a report that demonstrated the negative correlation in general 

with Staphylococcus genus.(61) Also, a recent study reported a positive correlation between the 

bacterial genus, such as Fusobacterium, and the presence of a positive preeclampsia 
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screening.(61) Concerning other diseases, this study showed a positive correlation between the 

presence of S. aureus in mother saliva with asthma. Although the lack of information regarding 

oral carriage of S. aureus and respiratory diseases, it was already suggested a modest 

association between S aureus nasal prevalence and asthma.(62) Furthermore, our study has 

demonstrated a statistical difference between S. aureus in mother saliva samples and 

migraines. Interestingly, a study has reported a possible association between nitrate-reducing 

bacteria, such as S. epidermidis, including several Streptococcus sp., present in the oral cavity 

and migraines.(63) Also, our study shows a positive correlation between anxiety disorder and S. 

saprophyticus. Nevertheless, there is a scarcity of studies associating mental disorders, such 

as anxiety, with the oral presence of microorganisms. In regard of certain heart diseases, it was 

previously shown that there was a decrease of microorganism diversity, which corroborates with 

our results.(64) 

Other clinical factors, as the administration of Intrapartum Antibiotic Prophylaxis (IAP), is 

more prevalent in pregnancies in which the children are delivered by caesarean section, in order 

to prevent the development of complications in newborns.(65) During the perinatal period, the 

maternal and child exposure to antibiotics has been associated with an increased risk of 

developing late onset diseases, such as obesity and asthma.(66, 67) It has been demonstrated 

that this approach causes shifts in the qualitative and quantitative parameters of the oral and 

breastmilk microbiota.(68) In fact, differences have been identified in the child´s oral microbiota, 

of mothers administered with IAP, in the early days of life, leading to a decrease in the alpha 

diversity and microbiome taxonomic stability.(69) For example, it was reported a lower 

abundance of Actinobacteria and Bacteroidetes phyla, contrasting with the higher levels of 

Firmicutes phylum.(70) In fact, our study showed a positive association between IAP and the 

presence of S. epidermidis in child´s oral swab. In addition, the postpartum use of antibiotics 

can alter the child´s microbiome through breastfeeding, causing reduced levels of Lactobacilli 

and Bifidobacteria and an increase in Bacteroides and Atopobium.(71) In our study, we found a 

positive correlation between the presence of S. aureus in breastmilk samples of mothers 

administered with antibiotics postpartum, but there are no studies analysing these variables, as 

far as we know. Therefore, further studies are needed to investigate the influence of postpartum 

antibiotic use on oral microbiome and infant health. The analysis regarding the mother´s alcohol 

consumption since delivery demonstrated a positive correlation with S. hominis. Currently, it is 

known that alcohol can cause dysbiosis in the gut microbiome, particularly an increase in the 

presence of gram-negative bacteria and a decrease in the prevalence of Firmicutes phylum, 

which is the opposite of our findings.(72) 
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Also, the feeding mode is an essential source of early microbial colonization and allows 

the maturation of the infant’s microbiome. Breastfeeding introduces new microbial communities 

that stimulates growth, functions as a microbiome modulator and is utmost to the newborn 

development and health.(73) In fact, infants exclusively breast-fed were reported to present an 

increased richness of Streptococcus, Staphylococcus, Enterococcus and Lactobacillus.(73) On 

the other hand, while the abundance of Clostridium and Bacteroides is significantly higher in 

formula-fed infants, their pool of skin-associated microorganisms is reduced, due to the lack of 

skin contact during breastfeeding.(71, 74) Curiously, although breast-fed infants have a more 

stable and uniform stool of microbes, they have a lower alpha diversity when compared to 

formula-fed infants, whose gut microbiome is more diverse.(75) However, a study from 2016 

showed that formula-fed infants harbour a less diversity of microorganisms in their gut 

microbiota.(76) Such correlation was not possible to verify in our analysis, because in our study 

it was included only two infants exclusively formula fed. Nevertheless, the influence of the 

feeding mode in the development and maturation of the gut microbiome is exceedingly more 

explored than in the oral microbiome, urging the need for more longitudinal studies.(73, 77)  

Other determinant key in the establishment of the initial microbiome, is the delivery mode, 

which also allows exchanges between mother and child and exposure to a broad variety of 

microorganisms.(78) Vaginally delivered infants harbour microorganisms that are similar to the 

mothers vaginal composition, which include higher proportions of Lactobacillus, Prevotella and 

Bacteroides.(79) Conversely, caesarean-born babies are enriched with microbiota similar to the 

mother’s skin bacteria, dominated by Staphylococcus sp., Corynebacterium sp., 

Propionibacterium sp. and Clostridium difficile.(79) Regarding our study, no associations were 

obtained between the microorganism prevalence in the child’s oral swab and the type of 

delivery. Previous articles have demonstrated that caesarean-born infants, contrarily, exhibit a 

reduced microbial diversity in saliva and have an increased susceptibility for immune and 

metabolic disorders such as, obesity, diabetes, asthma and allergies.(80) Regarding the 

microbiome diversity, conversely as shown in our results, infants delivered vaginally come in 

contact with a greater variety of microorganisms, presenting significantly more bacterial taxa.(81, 

82) Thus, concerning the impact of the mother´s factors on the child´s microbiome, our results 

suggest that the type of delivery has a great impact on the infant´s oral microbiome diversity.  

 In regards to the microorganism transmission between mother-child pairs, recent studies 

proved, by Whole Genome Sequencing (WGS), the infant’s acquisition of maternal microbes, 

such as Streptococcus mutans, through saliva and breastmilk.(83-86) Other studies, with DNA 
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fingerprinting by Arbitrarily Primed Polymerase Chain Reaction (AP-PCR), have shown 

clusters of Streptococcus sp. containing highly related strains in mother-child pairs with a high 

level of similarity from 77.0% up to 94.4%.(87-89) In this study, the majority of mother-child pairs 

(86.7%) presented a similarity of bacterial species, and correlations between the same 

microorganism present in the child´s oral swab and mother saliva and/or breastmilk. In addition, 

the correlation observed between the diversity found in the child oral microbiome and the 

mother saliva and breastmilk microbiome further reinforces the possible vertical transmission 

of bacteria from mother to child. Therefore, our study suggests that saliva and breastmilk are 

possible pathways of microorganism vertical transmission between mothers and their 

respective children.  

Oral health behaviours involve a variety of attitudes and knowledges that conditions the 

mother and the child´s health. Certain studies have shown that the mother´s oral health during 

pregnancy is associated with the future child´s oral health.(90, 91) Also, it was reported that a 

good oral hygiene during pregnancy reduces the transmission of microorganism to infants, 

particularly Streptococcus mutans.(92) Several mother´s health behaviours, as toothbrushing 

frequency, number of dental visits and the use of complementary means of hygiene, were 

evaluated and correlated with the remaining variables. In our study we observed an association 

between the absence of S. hominis in the mother saliva and the use of complementary means 

of hygiene, however there is still scarce literature regarding the impact of oral health hygiene 

on the oral carriage of this microorganism. Moreover, an association between the mother´s 

educational level and health behaviours was previously reported, contrasting with our study.(93) 

About the mother´s habits of infant care, as licking the pacifier and kissing the mouth, 

studies have shown that these patterns expose the infants to the parents´ oral 

microorganisms.(93, 94) In our study, it was verified an association between the parental licking 

of the pacifier and the presence of Staphylococcus sp. in saliva samples, including an 

association between an increased diversity in child microbiome with mother´s kissing the child 

on the mouth and a reduction of diversity in children whose mother licked their pacifier. 

Nevertheless, more studies are needed to better understand the real impact of specific 

maternal habits and behaviours in on the oral bacteria transmission to the infant and its 

influence on the child´s microbiome composition and diversity.  

 Finally, our study presented some limitations, which must be considered in the 

interpretation of the results. Firstly, this research was initiated with a pilot study in order to verify 

possible methodological limitations and optimize our protocol and understand the type of 

results we would obtain. The major limitation encountered was the use of Mitis Salivarius agar, 
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selective and differential culture medium to detect Streptococcus sp. bacteria. In fact, this 

medium revealed to not be specific for Streptococcus sp. due to the detection of other genus 

bacteria. Besides, it was verified that with this medium was very difficult to obtain some of the 

most relevant bacteria in the oral cavity such as, Streptococcus vestibularis, Streptococcus 

salivarius, S. mutans, Streptococcus sobrinus and Streptococcus sanguis, suggesting the 

limited potential of Mitis Salivarius agar medium for Streptococcus sp. studies. Additionally, 

MALDI-TOF MS system demonstrated to have a limited discriminatory power for highly related 

species, as Streptococcus sp., which results in misidentifications. Consequently, due to these 

limitations, it was decided to not proceed for the detection of Streptococcus sp. Another 

limitation was the participants self-reported data, which could introduce unconscious errors 

while filling the questionnaire, in particular regarding the use of intrapartum antibiotics because 

most participants do not have the medical records of antibiotic administration during delivery. 

Lastly, due to the prevention measures against COVID-19, the oral health evaluation 

conducted in the beginning our study had to be suspended, namely DMFS, CAL>3, BOP and 

PI. Therefore, only part of our participants undertook this evaluation which means correlations 

were not carried out as their number was insufficient for a feasible analysis. Despite that, the 

data obtained from participants with oral health evaluation was not excluded from our results, 

considering the relevance they may have in future outputs.  

Regarding the future perspectives of this study, it will be crucial to confirm the mother-

child transmission through strain level analysis, to confirm the bacterial potential pathogenicity 

by the detection of virulence factors and to verify the antibiotic resistant bacteria by evaluating 

the antimicrobial susceptibility.
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5. Conclusion 
 

 

In summary, in this study, the impact of maternal obesity and arterial hypertension on 

the oral microbiota composition of the infants was suggested, due to a decrease in microbiome 

diversity. Consequently, this less diverse microbial community seems to increase the lifelong 

risk of developing various diseases. Also, it was highlighted a possible vertical transmission of 

oral opportunistic and pathogenic bacteria acquisition in early-life, via maternal oral contact 

and breastfeeding routes. In fact, several maternal factors, oral health behaviours, and habits 

of infant care seem to be crucial for the acquisition of potential pathogenic and opportunistic 

bacteria. Consequently, this may impact the infants’ initial oral colonizers, which play a key role 

in the development of the oral microbiome and its diversity. Therefore, this study underlines 

the need to implement oral health programs to reinforce the relevance of an adequate oral 

health and to create awareness towards the impact of oral health behaviours on the child´s 

health. Moreover, healthcare professionals should educate parents about infant oral care 

habits and encourage mothers to periodically undergo an oral check-up, in order to avoid future 

complications. 

Nevertheless, further studies are needed in order to confirm this vertical transmission 

by strain-level analyses, as well as to better understand how the mother´s oral hygiene can 

directly impact the child´s microbiome diversity and future oral health. 
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