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Abstract 

Pregnant women undergo a myriad of physiological changes during this stage, including important 
hormonal variations. Pregnancy gingivitis is a condition that affects up to 30% to 100% of women, is 
related to hormonal modifications, and could play an important role in gestational gut colonization 
and immunological training in the newborn. Nonetheless, oral health is not always considered part 
of routine prenatal care. In this study, we collected saliva samples of pregnant women with and 
without pregnancy gingivitis and analyzed the oral microbiota through 16S sequencing. In addition, 
meconium from the infants of participating women was also analyzed. The oral microbiota of 
pregnant women with and without pregnancy gingivitis did not show significant diversity 
differences. However, significant differences in microbiome composition were observed. In addition, 
it appears that microbiome composition of the offspring of mothers with gingivitis may also differ 
from that of mothers without gingivitis, although the number of available samples did not allow 
definite conclusions. As such, a larger cohort and deeper sequencing methods are needed to 
demonstrate the differences in the oral microbiota of pregnant women with and without gingivitis 
and to explore the possibility of bacterial translocation from the maternal gingiva to the fetal gut. 

Keywords: oral microbiota; microbiota; metagenomics; pregnancy gingivitis; newborn 
 

1. Introduction 

During pregnancy, women experience multiple modifications at the hormonal, immunological, 
and metabolic levels. The maternal oral microbiota experiences notable changes during pregnancy, 
particularly in the context of pregnancy gingivitis (PG). Balan et al. (2018) highlighted that hormonal, 
metabolic, and immunological factors influence the oral microbiome, leading to dysbiosis associated 
with PG [1]. Their findings reveal a pathogenic shift in the oral microbiome during pregnancy, which 
reverts to a healthy state postpartum. This change underscores the potential role of oral dysbiosis in 
adverse pregnancy outcomes. La et al. (2022) further elucidated this transition by characterizing the 
oral microbiota from preconception to late pregnancy [2]. Their study indicates a significant reduction 
in microbial diversity during the third trimester, with an increase in pathogenic taxa such as Prevotella 
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and Atopobium parvulum. Notably, women with better oral hygiene practices exhibited lower richness 
and diversity of pathogens, suggesting that oral hygiene may mitigate the adverse effects of 
dysbiosis. Collectively, these studies suggest that the maternal oral microbiota is susceptible to 
changes during pregnancy, particularly in the presence of gingivitis, emphasizing the importance of 
maintaining oral health to support both maternal and fetal well-being. 

Alterations in maternal oral microbiota during pregnancy, especially those related to PG, could 
influence the neonatal gut colonization. Whether microbial colonization occurs during the fetal stage 
of not is still a debate. At present, there is no consensus about the origin of the infant’s intestinal 
colonization, and in this ongoing debate, bacteria from the intestinal, oral, vaginal, and skin from the 
maternal microbiota have been proposed as potential sources [1,2]. 

Recent studies have detected bacterial DNA in the placenta, umbilical cord blood, meconium, 
and amniotic fluid, indicating the presence of microbes before birth [3–5]. Some of these microbes, 
including species of Streptococcus, Fusobacterium, and Porphyromonas, are commonly found in the oral 
cavity, supporting the hypothesis of potential vertical transmission of the maternal oral microbiota 
to the fetus, especially in women with PG [6]. Maternal oral bacteria that colonize the fetus may prime 
the immune system, influencing susceptibility to infections, allergies, and metabolic conditions later 
in life. However, dysbiosis—an imbalance in microbial communities—may have negative 
consequences[7]. 

One possible mechanism of the origins of colonization was proposed by Zaura et al, who 
reported that moderate gingivitis during pregnancy is a physiological and non-pathological process 
that aims to translocate the oral bacteria via the bloodstream into the placenta, and finally to the fetus 
[8]. PG is the inflammation and bleeding of the gums during the gestational stage [9]. Of note, 
dysbiosis of the oral microbiota has been reported in the presence of gingivitis; if such changes occur 
during pregnancy, this might have a significant impact in the immune system training of the newborn 
[10]. However, the specific contribution of maternal oral microbiota on neonatal intestinal 
colonization remains poorly understood. 

In this study, we describe the oral microbiota of pregnant women with and without PG. In 
addition, we analyzed the relationship between maternal oral microbiota and meconium microbiota 
from their respective newborns, to assess the potential role of the oral cavity as a source for the first 
bacterial colonization in infants. 

2. Materials and Methods 

We recruited 30 pregnant women (15 with PG and 15 without it (NPG group)) at the Obstetrics 
and Gynecology Service at Hospital Central “Dr. Ignacio Morones Prieto”. The study was approved 
by the Ethics and Research Committee from the hospital with approbation number: 35-19. The 
inclusion criteria were Mexican healthy pregnant women aged 18 or older, with a gestational age 
from 30 to 42 weeks. The non-inclusion criteria were women with systemic or chronic disease, 
gestational diabetes, preeclampsia or eclampsia, ongoing antibiotic treatment, orthodontic treatment, 
and periodontal disease. 

2.1. Sample Collection 

Unstimulated saliva was collected during prenatal care visits, in a Zymo Research DNA/RNA 
shield Saliva Collection Kit (Zymo Research Corp, United States) from the recruited women; also, 
shortly after birth a meconium sample was collected from the diaper in a Fecal Collection tube 
DNA/RNA Shield TM (Zymo Research Corp, United States) of their newborn infants.  

2.2. DNA Extraction, 16s Amplicon PCR, and Sequencing 

DNA was extracted from saliva and meconium samples using the ZymoBIOMICS Miniprep Kit 
(Zymo Research Corp, United States), following the manufacturer´s instructions. 
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A 16S rRNA PCR was performed using the Illumina primers 16S Amplicon PCR (Forward 
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG and Reverse 
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC). 

Cycle conditions were 95 °C (3 min), then 35 cycles of 95 °C (30 s), 55 °C (30 s), 72 °C (30 s), then 
a final extension of 72 °C (5 min). Libraries were purified using Select-a-Size DNA Clean & 
Concentrator MagBead Kit (Zymo Research Corp; United States) according to the Illumina 16S 
metagenomic sequencing library protocol. Dual indices and Illumina sequencing adapters from the 
Illumina Nextera XT index kits v2 B and C (Illumina, San Diego, USA) were added to the target 
amplicons in a second PCR step using GoTaq Colorless Master Mix (Promega, United States). The 
DNA sequences of the amplicon library were determined using the Illumina MiSeq platform at 
Laboratorio de Genómica Funcional y Comparativa at the Instituto Potosino de Ciencia y Tecnología 
(IPICYT). 

2.3. Bioinformatic Analysis  

To perform the analysis, we used the FASTQ files generated by the Illumina MiSeq platform. 
Then, a quality check was performed using the FASTQC tool [11], and then the R package DADA2 
v1.16.0 [12] was used to analyze the 16S sequencing data obtained by first, trimming 10nt at the left 
and on the right sides of the fragments. The forward primer AGRGTTYGATYMTGGCTCAG and the 
reverse primer RGYTACCTTGTTACGACTT were removed by using the removePrimers () function, 
with default parameters. 

By using the dada2 function the sample composition was inferred using default parameters. 
Chimeras were removed using the removeBimeraDenovo () function and then the assignTaxonomy () 
function for the taxonomy assignment. To obtain the amplicon sequence variant (ASV), we used the 
silva_nr99_v138 database. 

2.4. Taxa Abundance Analysis 

Taxa abundances were processed using custom R v4.0.2 [13] scripts.  

2.5. Diversity 

R package vegan v2.5.6 [14] was used to calculate the alpha diversity index with the diversity() 
function with default parameters. 

2.6. Pathway’s Inference 

We have used Tax4Fun2  [15] to perform the pathway prediction for the 16S sequencing data. 
First, we used the runRefBlast () and then the makeFunctionalPrediction() functions, with default 
parameters. The input to these functions was the ASV quantification profiles. We used the reference 
RF99NR in both steps. The resulting pathway prediction table was used to perform a sparse Partial 
Least Squares Discriminant Analysis (sPLS-DA). To perform this, we used the function spls-da() from 
the R package MixOmics with default parameters [16]. We used in-house R scripts to generate the 
plots to represent the results of the sPLS-DA [17]. 

2.7. Statistical Analysis 

The frequency of detection of individual phyla and genera between mothers with and without 
PG were compared using Fisher’s exact test of the chi-square test, as appropriate. Analyses were 
carried out using OpenEpi, Version 3.01 (Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source 
Epidemiologic Statistics for Public Health, Version 3.01. Available at: www.OpenEpi.com; Accessed 
2025/11/08) 
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3. Results 

We collected 30 maternal salivary samples (15 with PG and 15 NPG). We also collected 
meconium samples from the corresponding babies, but only 6 samples from the NPG group and 3 
from the PG group were suitable for sequencing of the 16S rRNA gene. We sequenced the 30 maternal 
samples, as well as the 9 neonatal samples to describe the characteristics of microbiota, at phylum 
and genera level, and the differences in diversity and abundance between the study groups of 
mothers and newborns. Maternal characteristics are shown in Table 1. 

Table 1. Baseline characteristics of study participants 

  
Mothers without gingivitis 

(NPG) (n=15) 
Mothers with gingivitis 

(PG) (n=15) p 

Age (years) 26.21 (±6.2) 28.13 (±5.9) 0.35
Gestation age at recruitment (weeks) 33.5 (±1.9)  35.4 (±1.9) 0.77

Pregnancy number 2.5 (±1.2) 2.3 (±1.2) 0.72

3.1. The Diversity Between the Two Groups 

Alpha diversity indexes were obtained to observe differences within the samples. Comparisons 
of the Chao1 and ACE indexes (Figure 1a, 1b) on the saliva samples showed no statistical differences 
between the two groups (PG and NPG).   

Using the Shannon and Simpson indexes (Figure 1c, 1d), we did not find significant differences 
between newborns or mothers. However, there was a higher diversity level in the meconium samples 
from infants of NPG than those from PG. 

 
Figure 1. Alpha diversity. Diversity index. (a) Chao1 index (p value= 0.9). (b) ACE index (p value= 0.8). (c) 
Shannon index (0.7. (d) Simpson index (p value= 0.7). 

3.2. Relative Abundance of Bacteria at Phylum and Genus Level in Saliva Samples from Mothers 

Phylum composition on saliva samples from women in the NPG group were: Bacillota (85.5%), 
Actinomycetota (9.1%), Pseudomonadota (3.15 %), and Bacteroidota (2.11%) (Figure 2). Women with 
PG showed a similar composition, although there were differences in the contribution of each 
phylum: Bacillota (74.3%), Bacteroidota (13.7%), Pseudomonadota (10.5%), and Actinomycetota 
(1.2%) (Figure 2). Bacillota was the predominant phylum in all, but two mothers; these two mothers 
belonged to the PG group. Pseudomonadota contributed significantly (>5% of phyla) in 7 of 15 
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(46.7%) PG mothers compared with 1 of 15 (6.7%) NPG mothers (P=0.035). Bacteroidota were present 
(>5% of phyla) in 9 of 15 (46.7%) PG mothers compared with 5 of 15 (26.7%) NPG mothers (P=0.45). 
Overall, microbiota was composed almost entirely by Bacillus and Actynomycetota (>90% of phyla) 
in 10 of 15 (66.7%) NPG mothers, while such composition was identified in 6 of 15 (40%) PG mothers 
(P=0.27) 

The top 5 genera present in saliva samples from women from the NPG group were Streptococcus 
(85.5%), Rothia (8.1%), Haemophilus (3.1%) and Prevotella (2.1%), while in those having PG the top 
5 were Streptococcus (73.5%), Prevotella (13.7%), Haeomophilus (10.5%), and Schaalia (1.2%) (Figure 
3). Streptococcus was the predominant genus in most mothers (13 of 15 in both groups). Of note, 
Haemophilus contributed significantly to the microbiota (>5% of genera detected) of 7 of 15 (46.7%) 
mothers in the PG group compared with 1 of 15 (6.7%) mothers in the NPG group (P=0.035). 

 
Figure 2. Barchart (a) and Heatmap (b) showing the relative abundance at phylum level in maternal saliva 
samples. 

 
Figure 3. Relative abundance at the genus level. Cumulative relative abundance from saliva from NPG and PG 
groups, respectively. 

3.3. Relative Abundance of Bacteria at Phylum and Genus Level in Newborn Samples 

In the meconium samples of newborns from NPG women, at phylum level the composition was: 
Bacillota (70.3%), Pseudomonadota (11.1%), Bacteroidota (10.2%), Actinomycetota (4.5%) and 
Fusobacteriota (0.3%), (Figure S1a), and in the meconium from the PG group: Pseudomonadota (64.5%), 
Bacillota (23.8%), Actinomycetota (6%), Bacteroidota (2.8%)and Cyanobacteriota (1%), (Figure S1b). 

The five predominant genera in meconium samples of newborns from NPG mothers were 
Streptococcus (65.4%), Lactobacillus (15.1%), Prevotella (9.2%), Haemophilus (7.2%), and Rothia (2.1%) 
(Figure S2a). On the other hand, the predominant genera in the meconium samples of newborns from 
PG mothers were Streptococcus (52.1%), Enterobacter (33.3%), Haemophilus (14.2%), Enhydrobacter 
(11.3%), and Brevudimonas (7.6%) (Figure S3b).  

3.4. Differential Genera Were Found Between Groups 

By using permutation and sPLS-DA analysis we obtained the differential genera between study 
groups. 

Comparing the results of saliva samples from women between the two groups (NPG vs PG), 
differences in microbiota composition were identified with the following genera present 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 December 2025 doi:10.20944/preprints202512.1509.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.1509.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 13 

 

predominantly in the NPG: Actinomyces, Shwartzia, Rothia, Jeotbalibaca, Stomatobaculum, Campylobacter, 
Alloprevotela, Megasphaera, and Alloscardovia. In contrast, Catonella, Haemophilus, Mycoplasma, 
Peptococcus, Olsenella, Filifactor, Prevotela, Cutibacterium, Faucicola, Kingella, Odoribacter, 
Aggregatibacter, Neisseria, Phocaeicola, Bifidobacterium, Dialister, Tannerella, Lactobacillus, and 
Defluvitaleaceae UCG-10. were the genera present predominantly in the PG group (Figure 4). 

Analysis of the meconium samples of newborns from both groups (meconium NPG vs 
meconium PG) showed the presence of Granulicatella, Streptococcus, Gemella, Filifactor, Prevotellla 
7, Bifidobacterium, Parabacteroides, TM7x, Candidatus Scharimonas, Megasphaera, Acholeplasma, 
Rothia, Abiotrophia, Veillonella, Campylobacter, Oceanivirga, Stomatobaculum, Oribacterium, 
Neisseria, and Prevotella in the NPG group, while Streptomyces, Sneathia, Ralstonia, 
Lentimicrobium, Klebsiella, Hydrogenobacter, Enterobacter, Brevudimonas, Enhydrobacter, 
Streptobacillus, Solobacterium, Lachnoanaerobaculum, Catonella, and Bergeyella were identified in 
the PG group (Figure S4).   

 
Figure 4. sPLS-DA at genera level. Saliva PG (red) vs Saliva NPG (blue). 

3.5. Phylum and Genera Coincidence Analysis by Study Group 

At the phylum level, both at the meconium and saliva samples from the NPG and PG groups 
were characterized by presence of Bacillota, Bacteroidota, Actinomycetota and Pseudomonadota. 

The coincidental genera present in both samples from at least one mother and infant pair were 
Streptococcus, Prevotella, Haemophilus, Rothia, and Schaalia in the NPG group. In the PG group, only 
Streptococcus, and Prevotella were found in both mother and infant in at least one pair.  

3.6. Metabolic Pathway Prediction 

Prediction of the metabolic pathways related to the main genera present in each study group 
was carried out using the Tax4Fun2 R package. The identified metabolic pathways were plotted using 
Sparse Partial Least Squares Discriminant Analysis (sPLS-DA).  
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Comparison between maternal NPG vs PG saliva samples showed that lysine biosynthesis, 
glucagon signaling pathway, D-alanine metabolism, phenylalanine metabolism, retinol metabolism, 
arginine biosynthesis, fructose and manose metabolism, peptidoglycan biosynthesis, two-component 
system, glycerolipid metabolism, biosynthesis of aminoacids, degradation of aromatic compounds, 
atrazine degradation, naphthalene degradation, and MAPK signaling pathway were more 
predominant in the NPG group, while glycerophospholipid metabolism, glutathione metabolism, 
pyruvate metabolism, phosphatidylinositol signaling system, cationic antimicrobial peptide (CAMP) 
resistance, bacterial secretion system, carbon fixation in photosynthetic organisms, monobactam 
biosynthesis, lipopolysaccharide biosynthesis, mismatch repair, biotin metabolism, oxidative 
phosphorylation, NOD-like receptor signaling pathway, one carbon pool by folate, sulfur relay 
system, fatty acid metabolism, fluid shear stress and atherosclerosis, riboflavin metabolism, and 
metabolic pathways were more frequent in the PG group (Figure 5). 

Analyses based on results from newborn meconium samples showed that biofilm formation-
vibrio cholerae related, biotin metabolism, plant-pathogen interaction, biofilm formation- 
pseudomonas aeruginosa, two-component system, prodigiosin biosynthesis, nitrogen metabolism, 
and bacterial secretion system pathways were more relevant in the meconium NPG group, while 
glucagon signaling, RNA polymerase, central carbon metabolism in cancer, lysine biosynthesis, 
nucleotide excision repair, base excision repair, longevity regulating pathway- multiple species, 
homologus recombination, staphylococcus aureus infection, D-alanine metabolism, aminoacyl-tRNA 
biosynthesis, purine metabolism, photosynthesis, DNA replication, ribosome, glycerophospholipid 
metabolism, pyrimidine metabolism, and D-glutamine and D-glutamate metabolism pathways were 
relevant in the PG group (Figure S5). 

 
Figure 5. Metabolic pathways. Saliva PG (red) vs Saliva NPG (blue). . 

4. Discussion 

In recent years, the composition of the microbiome has been associated with diverse health 
outcomes, and it is possible that these effects could begin from early infancy. Therefore, 
understanding the mechanisms leading to intestinal colonization in infants is of great interest. 
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Diverse factors (such as mode of delivery) and potential sources (including vaginal secretions, 
breastmilk, skin, and saliva) may contribute to shaping each individual microbiome [18,19]. Several 
studies have suggested that enteral colonization by bacteria may start during the prenatal period, 
and the maternal oral microbiome may contribute significantly to this process [20–24]. While this 
hypothesis is still controversial, this would imply that conditions that alter the microbiome during 
pregnancy could have an important effect on the composition of the microbiome in neonates, with 
the consequent short and long-term health effects. In the present study we sought to determine if PG, 
a frequent condition during pregnancy, is associated with significant changes in the oral microbiome, 
and explore if this could have an impact on the offspring’s microbiome.  

The oral microbiota is constantly changing due to environment exposures, through eating and 
drinking, and oral hygiene habits. During pregnancy, gingivitis has been associated with the presence  
of higher levels of the genera Prevotella, Streptococcus, Veilonella, and Neisseria [25]. Balan et al. 
previously described that pregnancy leads to significant changes in the oral microbiota, with 
pregnant women (with or without gingivitis) exhibiting higher diversity than healthy non pregnant 
women [9]. In addition, gingivitis (in general) is associated with microbiome changes characterized 
by dominance of species such as Streptococcus vestibularis, Treponema sp., Veillonella dispar, 
Fusobacterium naviformis, and Selenomonas sp.[26] However, microbiome composition during PG 
shows distinct characteristics, as it is most often a result of hormonal changes, in contrast with 
gingivitis outside of pregnancy which is usually the result of poor oral hygiene.  

In the present study, we identified differences in the microbiome of women with and without 
PG. Streptococcus was the most abundant genus in both groups, but its abundance was lower in the 
PG group compared with the NPG group; in addition, there was also a lower abundance of Rothia, 
while there was a higher abundance of Haemophilus in the PG group. Among the dominant genera, 
Rothia and Schaalia (from the Actinomycetota phylum) are typically associated with a healthy 
microbiota [27]. In contrast, Haemophilus (from the Pseudomonadota phylum) is a gram negative 
aerobic genus linked to plaque formation [28].  Prevotella and Streptococcus are generally associated 
with gingivitis [29]. Overall, the NPG group showed mostly commensal bacteria, while the PG group 
has presence of opportunistic pathogens.  

We also predicted and compared the metabolic pathways between saliva from women with and 
without PG. Interestingly, despite the similarity in the top phyla and genera, the pathway analysis 
revealed significant functional differences. This indicates that microbiome changes associated with 
PG have an impact on microbial activity, networks, and functions [1,7,30,31]. The microbiota in the 
NPG group, showed central metabolism, stress metabolism, and repair mechanisms, while the PG 
group had activated energy metabolism and bacterial growth, lipid metabolism, and virulence 
pathways. The PG group also showed activation of the NOD-like pathway, which would indicate a 
response of the host immune system to bacterial components like peptidoglycans [32]. This suggest 
a pro-inflammatory metabolic state in the PG group, consistent with previous reports on maternal 
oral microbiota associated with gingivitis [33].  

Unfortunately, we obtained sufficient DNA for sequencing in only 6 meconium samples from 
infants in the NPG group and 3 from infants in the PG group; this was likely due to the composition 
of meconium, which is a complex matrix that includes mucus, amniotic fluid, and other substances, 
that act as PCR inhibitors [37]. Nevertheless, comparison of the microbiome of meconium of infants 
from mothers with and without PG showed interesting findings. While Streptococcus was present in 
infants of both groups, the frequency was lower in the PG group. In addition, Enterobacter was the 2nd 
most abundant genus in infants of the PG group, and Enhydrobacter and Brevudimonas wer identified 
only in this group. In contrast, Lactobacillus was found exclusively in the NPG group.  

Overall, genera identified in each infant group showed important differential patterns: 
Streptococcus, Prevotella, Granulicatella, Gemella, Veilonella, Campylobacter and Sneatia distinguished 
newborn samples from the NPG group, while Ralstonia, Estreptomyces, Brevusimonas, Enterobacter and 
Lachnoanaerobaculum, were identified as differential in newborns from the maternal PG group. 
Streptococcus and Rothia, which are characteristic of the oral microbiota, have been previously 
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described to be present in the meconium microbiota [34,35]. In women with oral dysbiosis, 
hematogenous transport across the placenta or by extracellular vesicles, could be a route of fetal 
exposure of these bacteria [35,36]. Prevotella, Granulicatella, Gemella, Veilonella, Campylobacter, and 
Sneatia are also commonly found in oral microbiota; however, they can be found in gut microbiota 
mostly as commensal bacteria that can transition to opportunistic pathogens [36–39]. On the other 
hand, Ralstonia has been found abundant in meconium microbiota in some preterm infants [40], 
Streptomyces is known for its antibiotic production and immunoregulation [41], Enterobacter is a well-
known member of the meconium microbiota as an opportunistic member [42], Brevudimonas is 
considered a potential opportunistic microbe [43], and Lachnoanaerobaculum is a contributor to 
saccharolytic and butyrate-producing functions of the early gut [44]. Thus, meconium from the NPG 
group contained mostly commensal bacteria, while the PG group featured bacteria that could 
generate a pro-inflammatory environment. 

Predicted metabolic pathways from the meconium samples further supported this idea. The PG 
group showed activated processes related with bacterial infection and pathogenicity, like the two-
component system, biofilm formation, and biotin metabolism. The two component system regulates 
the expression of the virulence genes [45], while biotin metabolism is essential for activation of 
carboxylases, with synthesis vital for survival and pathogenicity in bacteria [46]. In contrast, the NPG 
group displayed activation of pathways like glucagon signaling pathway, RNA polymerase, central 
carbon metabolism, and lysine biosynthesis. The glucagon signaling pathway is specific to eukaryotic 
physiology [47], but in here, it could be related to the ability to respond to nutritional stress [48], the 
RNA polymerase pathway could be due to high transcriptional and metabolic activity[49], the central 
carbon metabolism [50] and lysine biosynthesis [51]could be related to metabolic versatility from the 
bacteria [52]. This aligns with the genera present, depicting a pro-inflammatory, potentially 
pathogenic ecosystem in the PG newborns, in contrast to a focus on  growth and homeostasis in the 
NPG group.   

Recent studies provide context to our findings, Park et al. (2023) published a study where they 
collected 160 meconium samples in a Korean hospital and described the microbiota, as well as the 
association with microbiota from several anatomic sites of the mother. The most frequent genera 
identified in meconium samples were Lactobacillus, Staphylococcus, and Ureaplasma [53]. A study 
performed in Taiwan, sequenced meconium samples to describe their composition. They reported 
that the top phylum levels were Proteobacteria, Firmicutes, Bacteroides, Actinobacteria, and 
Fusobacteria [54]. The observed differences with our study suggest that regional or population 
characteristics may also have a significant impact on bacterial gut colonization in the newborn period.   

In conclusion, we observed a healthier oral microbiota in NPG mothers, and a potentially pro-
inflammatory one in mothers with PG. This profile was consistent with the microbiota found in 
meconium of their newborns. This could be the result of vertical transmission of oral bacteria during 
pregnancy via bloodstream, as supported by previous studies [25,55,56]. While the number of 
meconium samples with available results was small, the potential impact of PG on microbial 
colonization of the fetus supports the need of additional studies to confirm our findings. 
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