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Background: Microbial colonization of the upper respiratory tract (URT) during the first years of life differs significantly according to environmental factors. We investigated the association between early nursery attendance, URT infection (URTI) and drugs used for its treatment and the differences in the URT microbiota.



Methods: This prospective study included 33 young children (11 and 22 with and without nursery attendance during their infancy, respectively). URT secretions were collected from the nasopharynx of these children at 2, 4, 6, 12, 18 and 24 months old. Clinical information after the latest sampling, including histories of URTI and the uses of antibiotics or cold medicines, was collected from all children. URT bacteria were identified by a clone library analysis of the 16S rRNA gene.



Results: In the diversity of URT microbiota using the Shannon index, we did not detect any associations between variations in the URT microbiota and environmental factors (nursery attendance, development of URTIs, or the uses of antibiotics or cold medicines). However, in a clustering analysis, the proportion of the samples classified as Corynebacterium propinquum-dominant cluster was significantly lower in children ≥6 months old with nursery attendance than in those without nursery attendance. In addition, the URT microbiota was significantly different between samples from children ≥6 months old with and without a history of ≥3 URTI episodes after the first sampling. Furthermore, the URT microbiota was also significantly different between samples from these children with and without antibiotic use between the previous and present samplings.



Conclusion: Early nursery attendance and its related factors, including the frequency of URTI and antibiotic treatment, may be associated with the differences in the URT flora in young children.
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Introduction

The human body is colonized by large groups of microbes that constitutes a complex ecosystem. The composition and function of these microbial populations vary among different sites in the human body (1, 2). Many studies have reported that the microbiota determine the health of the human body and are required for the normal development of organs, such as the gut, lungs, and brain (3, 4). Like other sites in the human body, the upper respiratory tract (URT) is colonized by a large variety of bacteria constituting the normal microbiota immediately after birth, which play a protective role against pathogen invasion. Pathogenic bacteria, including Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis, also asymptomatically colonize the URT microbiota and occasionally have the potential to cause disease (4).

Microbial colonization of the URT during the first years of life reportedly differs significantly according to internal factors, such as genetic predisposition and external factors, including environmental factors, mode of delivery (vaginal delivery or cesarean section) and type of feeding (5–7). In recent years, the number of children who start nursery attendance from infancy has been increasing in Japan because of the trend toward an increased incidence of nuclear families and double-income household. It is considered that day-care attendance is related to an increased frequency of infectious diseases (8). Furthermore, antibiotics are frequently prescribed for children with acute respiratory tract infections (9). There have been a few studies indicating that day-care attendance was associated with a change in the URT microbiota and the colonization of S. pneumoniae (10, 11). However, the direct factors that change the URT microbiota in children attending day-care remain unclear. We hypothesized that the URT microbiota may be different between children with and without nursery attendance during infancy because the frequencies of the prescription of medicines and URTI are predicted to be different between these 2 populations.

In this study, we investigated the association between early nursery attendance, and drugs often prescribed for infectious diseases and the differences in the URT microbiota.



Materials and methods


Study population and sample collection

This prospective study included 33 children, of whom 11 (33.3%) entered the nursery school affiliated with the University of Occupational and Environmental Health, Japan at <12 months old, while 22 (66.7%) were not sent to any nursery schools during their early infancy (<12 months old). The nursery school subjects were recruited just before nursery attendance, while the other subjects were recruited when they visited either Onga Hospital or Sato Children's clinic to receive vaccines. The enrollment of the subjects was performed from 2015 to 2020. All children completed four doses of the 13-valent pneumococcal conjugate vaccine and H. influenzae type b conjugate vaccine. When the subjects were enrolled in this study, we obtained the demographic information of each child including their gender, gestational-age, birth weight, underlying diseases and family history. The clinical information after their latest sampling, including histories of URT infection (URTI) and the usage of antibiotics and cold medicines, including antitussive agents, expectorant drugs and sinus medicine, was collected from all children. URT secretions were collected from the nasopharynx of children using nasal swabs at 2, 4, 6, 12, 18, and 24 months old, and then were suspended in 1 ml of phosphate-buffered saline just after the sample collection. The samples were stored at −20°C for the bacterial gene analysis. Informed consent was obtained from the parents of the children.



Total bacterial cell counts and cell lysis efficiency analyses

Part of the suspension (100 µl) from the nasal swab sample was added to 900 µl of ethidium bromide solution [100 µg/ml in 0.1 M phosphate buffer (pH 8.5), 5% NaCl, 0.5 mM ethylenediaminetetraacetic acid-2Na]. After vortexing the mixture (1.0 ml), it was left at room temperature for 10 min, and filtered through a 0.2-µm-pore filter (Millipore, Bedford, MA, United States). Subsequently, the filter was placed on a glass slide, and one drop of glycerine was inserted before covering the glass. The number of bacteria was counted in 30 randomly selected fields using an Olympus BX40 epifluorescence microscope (Olympus Optical, Tokyo, Japan), and the number of bacteria per millilitre of solution was then calculated. The same method was used to count the remaining bacteria numbers after DNA extraction treatment in order to check the cell lysis efficiency. The cell lysis efficiency was calculated as the ratio of the number of bacteria remaining after the DNA extraction treatment to the total number before the treatment [100 - (post-extraction number/pre-extraction number) × 100]. We judged the samples to be appropriate for further analyses when the cell lysis efficiency was >80% (12). No further analyses were performed for samples that did not reach an efficiency of 80%.



DNA extraction

Vigorous shaking of the suspension from the nasal swab together with sodium dodecyl sulfate solution n (final concentration, 3.0%) and glass beads was used to extract DNA, as previously reported (13).



Polymerase chain reaction (PCR) of the 16s rRNA gene

After DNA extraction, the partial 16S rRNA gene fragments were amplified via PCR using a Veriti thermocycler (Applied Biosystems, Foster City, CA, USA). Reaction mixtures containing the universal 16S rRNA gene primer set (E341F:5′-CCTACGGGAGG-CAGCAG-3′ and E907R: 5′-CCGTCAATTCMTTTRAGTTT-3′) and AmpliTaq Gold DNA polymerase LD (Applied Biosystems) were incubated in a thermocycler at 96°C for 5 min, followed by 30 cycles at 96°C for 30 s, 53°C for 30 s, and 72°C for 1 min and then 1 cycle for the final elongation step at 72°C for 7 min.



Clone library construction and determining of nucleotide sequences

The amplified PCR products were cloned into Escherichia coli using a TOPO TA cloning kit (Invitrogen, Carlsbad, CA, USA), and then the nucleotide sequences of 96 randomly selected colonies were determined from each clone library for a sequencing analysis. Subsequently, we amplified the partial fragments of the cloning vectors (pCR 4) with AmpliTaq 360 Master Mix, GC Enhancer and a Pre-Seq primer set (F; 5′-GTTTTCCCAGTCACGACG-3′ and R; 5′- CAGGGAACAGCTATGAC-3′; Applied Biosystems). An Exonuclease I and Alkaline Phosphatase (Shrimp) (TaKaRa Bio Inc., Otsu, Shiga, Japan) was used to eliminate the primers and deoxyribonucleotided triphosphate from the PCR mixture in a clean-up process. From that, a 1 µl aliquot was used as a template for the sequencing reaction to perform with primers M13 F and the BigDye Terminator Cycle Sequencing Kit v3.1 (Applied Biosystems). The nucleic acid sequences were determined on a 3130xl Genetic Analyzer (Applied Biosystems) as the final of the process.



Homology search

The Geneious prime software program (Biomatters Ltd., Auckland, New Zealand) was used to check the quality and trimming of the sequences. Approximately 550 base pairs (bp) were screened to detect the sequences. The comparison of highly accurate detected sequences with a database containing 16s rRNA gene sequences of type strains was performed using a basic local alignment search tool algorithm (blastn). A phylotype sharing ≥97% homology with the sequence of the type strain using the basic local alignment search tool algorithm (blastn) was considered to be a presumptive species in this study. H. aegyptius and H. influenzae were described as “H. aegyptius/influenzae”, whereas M. catarrhalis and M. nonliquefaciens were defined as “M. catarrhalis/nonliquefaciens” because they cannot be distinguished by an analysis of 550-bp PCR product amplified by the universal 16S rRNA gene primer set.



Statistical analyses

Data analyses including comparison of environmental factors were performed using the RStudio Desktop (data analysis R packages, ver. 4.0.4). The vegan package-based estimate R function was used to assess the Alpha- diversity by the Shannon index, while the heatmap. 3 package was used to create the heatmap. The BellCurve plugin for Excel, version 3.21 software (Social Survey Research Information, Tokyo, Japan) was used for the clustering analysis. The Mann–Whitney U-test was used to compare quantitative values, and the χ2 or Fisher's exact test was used for the qualitative analyses. P-values <0.05 were considered to be statistically significant.



Ethical approval

Our study was approved by the Institutional Review Board of the University of Occupational and Environmental Health, Japan (H26–201).




Results


Subject characteristics

URT secretions were collected from the 33 enrolled children (19 males, 14 females) and their median age at the first sampling was 2 months old [interquartile range (IQR): 1–11]. A total of 118 samples were obtained from the 33 children. The median number of samples for each subject was 3 (IQR: 2–6). Demographic characteristics of the enrolled children and information on them at the time of sampling are shown in Table 1. The proportions of children treated with antibiotics or cold medicines and those with a total of ≥3 URTI episodes during the investigation period were not markedly different between children with and without nursery attendance (Table 2). However, the proportion of children treated with antibiotics before 12 months old was significantly higher in the nursery attendance group than in the non-nursery attendance group (P = 0.03).


TABLE 1 Demographic characteristics of the enrolled children and information on children at the time of sampling.
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TABLE 2 Comparisons of the demographic and clinical characteristics between children with and without nursery attendance.
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Total bacterial numbers and cell lysis efficiency

The numbers of bacteria in URT secretions counted using epifluorescence microscopy ranged from 1.1 × 104 to 1.8 × 109 cells/ml (median 7.0 × 106 cells/ml). The cell lysis efficiency was ≥80% in all samples (data not shown). There were no significant differences in the total numbers of bacteria between the children with and without nursery attendance, a history of URTI, or those with and without the use of antibiotics or cold medicines between the previous and present samplings.



Diversity of the URT microbiota

We first analyzed the impact of early nursery attendance (entrance to nursery school at <12 months old) on the diversity of the URT microbiota of children using the Shannon index. The diversity of the URT microbiota in the samples collected from 11 children with nursery attendance before the entrance was not significantly different from that in the first samples collected from the 22 children without nursery attendance. The age of children when the first sample was collected (median 2 months old, range 1–11) did not demonstrate any significant differences among the 2 groups. Given that the URT microbiota is continuously changing during infancy, we analyzed it at 4 time points (namely at around 4, 6, 12 and 18 or 24 months old). As the number of the samples collected from children at 24 months old was small, we combined the data obtained from those who were 18 and 24 months old. In all age groups, there was not a significant difference in the diversity of URT microbiota between children with and without nursery attendance (Figure 1A). We then analyzed the impact of environmental factors related to nursery attendance on the diversity of the URT microbiota. As the development of URTI, antibiotic treatment and the drugs often prescribed for URTI are speculated to influence the differences in the URT microbiota, we selected the development of URTI and the usage of antibiotics and cold medicines as the environmental factors. In all age groups, there were no significant differences in the diversity of URT microbiota between children with and without a history of URTI or those with and without the use of antibiotics or cold medicines between the previous and present samplings (Figure 1B–D).


[image: Figure 1]
FIGURE 1
The impact of environmental factors on the diversity of the URT microbiota. (A) early nursery attendance, (B) use of antibiotics, (C) URTI episodes and (D) use of cold medicine. The Shannon index was used for the analyses of the diversity of the URT microbiota. The analyses were performed on the 4 age groups (around 4, 6, 12 and 18 or 24 months old). URTI episodes and the uses of antibiotics and cold medicines are defined as the histories between the previous and present samplings. URTI: upper respiratory tract infection, URT: upper respiratory tract.




Clustering analyses

The relative abundance of all bacteria in each sample and the clustering results based on the composition of the bacteria are shown in Figure 2. The most abundant bacterium in the URT secretions was M. nonliquefaciens/catarrhalis (36.7%), followed by Corynebacterium propinquum (9.5%), H. aegyptius/ influenzae (9.4%), S. aureus (7.8%) and Streptococcus oralis (4.8%). The clustering of samples based on the dendrogram created by the data analysis R packages (ver. 4.0.4) and the composition of the bacteria indicated by the heatmap revealed the following 5 clusters (CLs): CL1, Mixed; CL2, H. aegyptius/influenzae-dominated; CL3, S. aureus-dominated; CL4, C. propinquum-dominated; CL5, M. catarrhalis/nonliquefaciens-dominated. All samples were then classified into these 5 clusters (Figure 2).
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FIGURE 2
Results of clustering analysis at the species level. The relative abundance of all bacteria in each sample and the clustering results based on the composition of the bacteria are indicated by the heatmap. Clustering of samples revealed 5 distinct clusters: CL1) Mixed, CL2) Haemophilus aegyptius/influenzae-dominated, CL3) Staphylococcus aureus-dominated, CL4) Corynebacterium propinquum-dominated and CL5) Moraxella catarrhalis/nonliquefaciens-dominated. CL: cluster.


We investigated the association between the results of the clustering analysis and environmental factors. As children <6 months old had just started to attend nursery school, and their backgrounds related to nursery attendance, such as histories of the antibiotic usage and URTI, were almost the same as those of children without nursery attendance (data not shown), we could not perform any investigations in these children. We used 80 samples from children ≥6 months old consisting of 2 different populations for the investigation. The proportion of the samples classified as CL4 (C. propinquum-dominated cluster) was significantly higher in children without nursery attendance than in those with nursery attendance (P < 0.05, Figure 3A). Conversely, the proportion of the samples classified as CL2 (H. aegyptius/influenzae-dominated cluster) was higher in children with nursery attendance than in those without nursery attendance, although not to a significant extent. The proportion of the samples classified as CL2 was significantly higher in children with the use of antibiotics between the previous and present samplings than in those without the use of antibiotics whereas the opposite tendency was observed in the proportion of the samples classified as CL5 (M. catarrhalis/nonliquefaciens-dominated cluster) (P < 0.05, Figure 3B). The same result was shown in the comparison between samples from children with and without the development of a URTI for ≥3 times after the first sampling (P < 0.05, Figure 3C). The distribution of the 5 clusters was not significantly different between the samples obtained from children with and without the use of cold medicines between the previous and present samplings (Figure 3D). Although the analyses were performed by using multiple samples collected from the same child, these samples were not always classified as the same cluster.
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FIGURE 3
The association between the results of the clustering analysis using the URT secretions from the eligible children and the environmental factors. (A) Nursery attendance, (B) use of antibiotics after the latest sampling, (C) a history of ≥3 URTI episodes after the first sampling and (D) use of cold medicines between the previous and present samplings. The URT secretions from children ≥6 months old were used for these analyses. The 5 clusters indicate Mixed (CL1), Haemophilus aegyptius/influenzae-dominated (CL2), Staphylococcus aureus-dominated (CL3), Corynebacterium propinquum-dominated (CL4) and Moraxella catarrhalis/nonliquefaciens-dominated (CL5). Although the analyses were performed by using multiple samples collected from the same child, these samples were not always classified as the same cluster. URTI: upper respiratory tract infection, URT: upper respiratory tract, CL: cluster.


We further performed the same analysis on 2 different age groups (children around 12 and 18 months old). An analysis of children at around 6 and 24 months old was not performed because of the small sample size. The proportion of the samples classified as CL5 was significantly lower in children at around 12 months old who had been treated with antibiotics between the previous and present samplings than in those without receiving antibiotic therapy (P = 0.005, Figure 4B). No other environmental factors, including nursery attendance, a history of ≥3 URTI episodes after the first sampling and the use of cold medicines between the previous and present samplings, were associated with the distribution of the 5 clusters (Figure 4A,C,D).
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FIGURE 4
The association between the results of the clustering analysis using the URT secretions from children aged around 12 or 18 months old and environmental factors. (A) Nursery attendance, (B) use of antibiotics after the latest sampling, (C) history of ≥3 URTI episodes after the first sampling and (D) use of cold medicines between the previous and present samplings. The 5 clusters indicate Mixed (CL1), Haemophilus aegyptius/influenzae-dominated (CL2), Staphylococcus aureus-dominated (CL3), Corynebacterium propinquum-dominated (CL4) and Moraxella catarrhalis/nonliquefaciens-dominated (CL5). URTI: upper respiratory tract infection, URT: upper respiratory tract, CL: cluster.





Discussion

In this study, we focused on the impact of early nursery attendance on differences in the URT microbiota in young children. A previous study indicated a high abundance and low diversity of bacteria in the URT secretion from children with respiratory symptoms (14). In addition, pathogenic bacteria, including H. influenzae and S. pneumoniae more frequently colonized in the nasopharynx of children with acute respiratory infection than that of asymptomatic children (15, 16). Daycare or kindergarten attendance was associated with a significantly increased risk of both URTI and acute ear infection for children <5 years old (8). Based on these results, we hypothesized that early nursery attendance would lead to a lower diversity of bacteria in the URT microbiota and a high abundance of pathogenic bacteria. Contrary to our expectation, however, there were no significant differences in the diversity of the URT microbiota between children with and without nursery attendance. This may be because the characteristics of the environmental factors were not significantly different between these 2 groups. On the other hand, in the cluster analysis, there was a significant difference between the two groups. The proportion of samples with a high abundance of bacteria commonly isolated from the respiratory tract in children with respiratory infections, such as H. influenzae, was higher in the samples from children with nursery attendance than in those from children without nursery attendance, suggesting that early nursery attendance may be associated with differences in the URT microbiota. Furthermore, the antibiotic therapy and the frequency of the development of URTI were also associated with differences in the URT microbiota. Nursery attendance and the environmental factors related to nursery attendance may be associated with differences in the URT flora in young children.

Nursery attendance increases the risk of the development of URTI in children (16), and viral infection contributes to differences in the URT microbiota (17). H. influenzae was overrepresented in children with viral infection in a previous study (17). In our study, the proportion of the samples classified into the H. influenzae-dominated cluster was high in those collected from children with a high incidence of URTI (≥3 episodes). However, there was no significant difference in the proportion of children with a history of total of ≥3 URTI episodes during the investigation period by nursery attendance. Although the reason for this result is unclear, we speculated that household transmission of various viruses might frequently happen, even in children without nursey attendance, as previous studies indicated that children were more susceptible than adults to the secondary transmission of viruses within households (18–20).

We also found no significant difference in the proportion of children receiving antibiotics between those with and without nursery attendance. However, the proportion of children treated with antibiotics before 12 months old was significantly higher in the nursery attendance group than in the non-nursery attendance group (Table 2). In our study, the proportion of samples classified as the C. propinquum-dominated cluster was significantly higher in children aged ≥6 months old without nursery attendance than in those with nursery attendance. Corynebacterium species are one of the main bacteria forming the URT microbiota in young children (21, 22). In a previous study, antibiotic therapy prior to the collection of URT sample was associated with lower amounts of Corynebacterium and a greater abundance of Haemophilus and Moraxella genera (15). Our data suggested that the use of antibiotics rather than the development of URTI in younger children may primarily influence the difference in the distribution of the clusters between children with and without nursery attendance.

The role of Moraxella in respiratory health is controversial. It has been reported that two distinct Moraxella-dominated microbiota profiles exist in young children: one highly suggestive of M. catarrhalis and the other corresponding to a M. lincolnii (22). M. lincolnii is a typical commensal bacterium from the URT, whereas the predominance of M. catarrhalis in the URT microbiota is associated with ARI episodes and the antibiotics use (4, 15, 22, 23). In this study, there were few samples classified into the M. lincolnii-dominated cluster (data not shown), whereas many samples were classified into the M. catarrhalis-dominated cluster. This result may be because most eligible children had received antibiotics before the latest sampling. In the identification of Moraxella species, the clone library analysis performed in this study may be more useful than next-generation sequencing, which is often insufficient for the identification of bacterium at the species level.

In this study, the proportion of the samples classified into the H. influenzae-dominated cluster was significantly higher in the samples from children using antibiotics between the previous and present samplings than in those who had not been administered antibiotics, whereas the opposite tendency was observed in the proportion of the samples classified into the M. catarrhalis-dominated cluster (Figures 3B, 4B). A previous study indicated that the use of antibiotics was associated with a higher abundance of both bacteria in the URT microbiota (15). On the other hand, another previous culture-based study indicated that colonization with M. catarrhalis in URT was not associated with the use of antibiotics (24). Given the results of the previous studies, as the association between the predominance of M. catarrhalis in the URT microbiota and antibiotic use seems to be controversial, H. influenzae may tend to be more predominant than M. catarrhalis in the URT microbiota of children who have received antibiotics.

In this study, the frequency of URTI episodes before sampling was also associated with differences in the URT microbiota. In the samples from children with a high frequency (≥3 times after first sampling) of URTI episodes, the proportion of the samples classified into the H. influenzae-dominated cluster was significantly higher than those from children with a low frequency of the development of URTI. The opposite result was observed in the proportion of the samples classified into the M. catarrhalis-dominated cluster. This result was similar to that obtained when comparing samples from children with and without receiving antibiotic therapy. A previous study indicated that viral infection was an important factor that modulates bacterial diversity in the URT (17). However, which pathogenic bacteria predominate in the URT microbiota of children with URTI episodes is unclear at present. Given the present findings, H. influenzae may tend to be more predominant in the URT microbiota of children with URTI.

This study was associated with some limitations. First, the study population was relatively small, which could have affected the accuracy of the statistical analysis. Second, some analyses were performed by using multiple samples collected from the same child. Although these samples were not always classified as the same cluster, this factor may raise some concerns regarding reproducibility and validity. Third, the clone library analysis has more technical limitations than the metagenome sequencing analysis. The clone library analysis has an advantage in that it can precisely identify bacteria at the species level because of the relatively long length of sequences compared to next-generation sequencing (25, 26). As we wish to identify bacteria at the species level, a clone library analysis was performed in this study. Finally, it is impossible to amplify all bacterial 16S rRNA genes completely. Although the sensitivity of the primers for the bacterial species used in this study was approximately 92%, not all pathogenic bacteria were able to be detected by using these primers (27).

In conclusion, nursery attendance, the use of antibiotics and recurrent URTI in young children may influence differences in the URT microbiota. Children with nursery attendance tended to receive antibiotics during infancy compared to those without nursery attendance, and antibiotic use was associated with an increase in pathogenic bacteria, such as H. influenzae. Further studies are called for investigating the impact of the increase of pathogenic bacteria in the URT microbiota in children.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board of the University of Occupational and Environmental Health, Japan. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

AA carried out the initial analysis of data for work and drafted the initial manuscript. TH and KK carried out the acquisition and analysis of data for the work and revised the work critically for important intellectual content. KH and NK carried out the acquisition and analysis of data for the work and revised the work critically for important intellectual content. All authors approved the final manuscript as submitted.



Acknowledgments

We thank Masato Ogawa, Tokiko Kumadaki and Kaori Sadasue (Department of Pediatrics, University of Occupational and Environmental Health, Japan) for supporting the data analyses and appreciate the help of Brian Quinn (Japan Medical Communication, Fukuoka, Japan) for editing the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Park H, Shin JW, Park SG, Kim W. Microbial communities in the upper respiratory tract of patients with asthma and chronic obstructive pulmonary disease. PLoS One. (2014) 9:e109710. doi: 10.1371/journal.pone.0109710

2. Guo MY, Chen HK, Ying HZ, Qiu FS, Wu JQ. The role of respiratory flora in the pathogenesis of chronic respiratory diseases. Biomed Res Int. (2021) 2021:6431862. doi: 10.1155/2021/6431862

3. Schenck LP, Surette MG, Bowdish DM. Composition and immunological significance of the upper respiratory tract microbiota. FEBS lett. (2016) 590:3705–20. doi: 10.1002/1873-3468.12455

4. Esposito S, Principi N. Impact of nasopharyngeal microbiota on the development of respiratory tract diseases. Eur J Clin Microbiol Infect Dis. (2018) 37:1–7. doi: 10.1007/s10096-017-3076-7

5. Bosch AATM, Levin E, van Houten MA, Hasrat R, Kalkman G, Biesbroek G, et al. Development of upper respiratory tract microbiota in infancy is affected by mode of delivery. EBioMedicine. (2016) 9:336–45. doi: 10.1016/j.ebiom.2016.05.031

6. Koppen IJN, Bosch AATM, Sanders EAM, van Houten MA, Bogaert D. The respiratory microbiota during health and disease: a paediatric perspective. Pneumonia (Nathan). (2015) 6:90–100. doi: 10.15172/pneu.2015.6/656

7. Biesbroek G, Bosch AA, Wang X, Keijser BJ, Veenhoven RH, Sanders EA, et al. The impact of breastfeeding on nasopharyngeal microbial communities in infants. Am J Respir Crit Care Med. (2014) 190:298–308. doi: 10.1164/rccm.201401-0073OC

8. Kværner KJ, Nafstad P, Jaakkola JJ. Upper respiratory morbidity in preschool children: a cross-sectional study. Arch Otolaryngol Head Neck Surg. (2000) 126:1201–6. doi: 10.1001/archotol.126.10.1201

9. Kronman MP, Zhou C, Mangione-Smith R. Bacterial prevalence and antimicrobial prescribing trends for acute respiratory tract infections. Pediatrics. (2014) 134:e956–65. doi: 10.1542/peds.2014-0605

10. Man WH, Clerc M, de Steenhuijsen Piters WAA, van Houten MA, Chu MLJN, Kool J, et al. Loss of microbial topography between oral and nasopharyngeal microbiota and development of respiratory infections early in life. Am J Respir Crit Care Med. (2019) 200:760–70. doi: 10.1164/rccm.201810-1993OC

11. Bogaert D, van Belkum A, Sluijter M, Luijendijk A, de Groot R, Rümke HC, et al. Colonisation by Streptococcus pneumoniae and Staphylococcus aureus in healthy children. Lancet. (2004) 363:1871–2. doi: 10.1016/S0140-6736(04)16357-5

12. Kawamura M, Hoshina T, Ogawa M, Yamamoto N, Haro K, Kumadaki T, et al. The optimal duration of antimicrobial therapy for lower respiratory tract infection in patients with neuromuscular disorders based on a clone library analysis of the bacterial 16S rRNA gene sequence. Int J Infect Dis. (2020) 100:396–401. doi: 10.1016/j.ijid.2020.09.035

13. Ogawa M, Hoshina T, Haro K, Kumadaki T, Ishii M, Fujino Y, et al. The microbiological characteristics of lower respiratory tract infection in patients with neuromuscular disorders: an investigation based on a multiplex polymerase chain reaction to detect viruses and a clone library analysis of the bacterial 16S rRNA gene sequence in sputum samples. J Microbiol Immunol Infect. (2019) 52:827–30. doi: 10.1016/j.jmii.2019.01.002

14. Haro K, Ogawa M, Saito M, Kusuhara K, Fukuda K. Bacterial composition of nasal discharge in children based on highly accurate 16S rRNA gene sequencing analysis. Sci Rep. (2020) 10:20193. doi: 10.1038/s41598-020-77271-z

15. Teo SM, Mok D, Pham K, Kusel M, Serralha M, Troy N, et al. The infant nasopharyngeal microbiome impacts severity of lower respiratory infection and risk of asthma development. Cell Host Microbe. (2015) 17:704–15. doi: 10.1016/j.chom.2015.03.008

16. Lu CY, Huang LM, Fan TY, Cheng AL, Chang LY. Incidence of respiratory viral infections and associated factors among children attending a public kindergarten in Taipei City. J Formos Med Assoc. (2018) 117:132–40. doi: 10.1016/j.jfma.2017.02.020

17. Henares D, Brotons P, de Sevilla MF, Fernandez-Lopez A, Hernandez-Bou S, Perez-Argüello A, et al. Differential nasopharyngeal microbiota composition in children according to respiratory health status. Microb Genom. (2021) 7:000661. doi: 10.1099/mgen.0.000661

18. Chang LY, Chen WH, Lu CY, Shao PL, Fan TY, Cheng AL, et al. Household transmission of pandemic (H1N1) 2009 virus, Taiwan. Emerg Infect Dis. (2011) 17:1928–31. doi: 10.3201/eid1710.101662

19. Casado I, Martínez-Baz I, Burgui R, Irisarri F, Arriazu M, Elía F, et al. Household transmission of influenza A(H1N1)pdm09 in the pandemic and post-pandemic seasons. PLoS One. (2014) 9:e108485. doi: 10.1371/journal.pone.0108485

20. Lau MS, Cowling BJ, Cook AR, Riley S. Inferring influenza dynamics and control in households. Proc Natl Acad Sci USA. (2015) 112:9094–9. doi: 10.1073/pnas.1423339112

21. Stearns JC, Davidson CJ, McKeon S, Whelan FJ, Fontes ME, Schryvers AB, et al. Culture and molecular-based profiles show shifts in bacterial communities of the upper respiratory tract that occur with age. ISME J. (2015) 9:1246–59. doi: 10.1038/ismej.2014.250

22. Biesbroek G, Tsivtsivadze E, Sanders EA, Montijn R, Veenhoven RH, Keijser BJ, et al. Early respiratory microbiota composition determines bacterial succession patterns and respiratory health in children. Am J Respir Crit Care Med. (2014) 190:1283–92. doi: 10.1164/rccm.201407-1240OC

23. Edouard S, Million M, Bachar D, Dubourg G, Michelle C, Ninove L, et al. The nasopharyngeal microbiota in patients with viral respiratory tract infections is enriched in bacterial pathogens. Eur J Clin Microbiol Infect Dis. (2018) 37:1725–33. doi: 10.1007/s10096-018-3305-8

24. Verhaegh SJ, Lebon A, Saarloos JA, Verbrugh HA, Jaddoe VW, Hofman A, et al. Determinants of Moraxella catarrhalis colonization in healthy Dutch children during the first 14 months of life. Clin Microbiol Infect. (2010) 16:992–7. doi: 10.1111/j.1469-0691.2009.03008.x

25. Murdoch DR, Morpeth SC, Hammitt LL, Driscoll AJ, Watson NL, Baggett HC, et al. The diagnostic utility of induced sputum microscopy and culture in childhood pneumonia. Clin Infect Dis. (2017) 64:S280–8. doi: 10.1093/cid/cix090

26. Pérez-Losada M, Authelet KJ, Hoptay CE, Kwak C, Crandall KA, Freishtat RJ. Pediatric asthma comprises different phenotypic clusters with unique nasal microbiotas. Microbiome. (2018) 6:179. doi: 10.1186/s40168-018-0564-7

27. Yamasaki K, Kawanami T, Yatera K, Fukuda K, Noguchi S, Nagata S, et al. Significance of anaerobes and oral bacteria in community-acquired pneumonia. PLoS One. (2013) 8:e63103. doi: 10.1371/journal.pone.0063103



OPS/images/fped-11-1015872-t002.jpg
Children with Children without P-value

nursery attendance nursery attendance
(n=11) (n=22)

Sex, number of males, (%) 5 (45) 14 (64)

History of admission to NICU, # (%) 0 16) 048
Use of antibiotics,  (%)" 10 (91) 19 (86) 071
Use of antibiotics <12 months, n (%) 10 (91) 11 (50) 003
Use of cold medicines, n (%)" 982 18 (82) 100
Use of cold medicines <12 months, n (%) 8 (72) 11 (50) 028
Development of URTI for a total of 23 times, n (%) 2 (18) 5(23) 0.76
Development of URTI < 12 months, 7 (%) 982 18 (82) 100

NICU, neonatal intensive care unit; URTI, upper respiratory tract infection.
*The items indicate the histories during the investigation period.





OPS/images/fped-11-1015872-t001.jpg
Demographic characteristics

Number of subjects, 7 33
Age at first sampling, months, median (IQR) 2 (1-11)
Sex, number of males, (%) 19 (57.5%)
History of admission to neonatal intensive care unit, (%) 1(3.0%)
Nursery attendance during infancy, # (%) 11 (333%)
on children at the time of sampling
Number of samplings, # 118
Age at the sampling, months, median (IQR) 8 (2-38)
Nursery attendance, # (%) 41 (347%)
kS i h d samplings, r (%) 42 (35.5%)
Use of cold medicines between the previous and present 44 (372%)
samplings, 7 (%)
Development of upper respiratory tract infection for >3 times 12 (100%)

affer first sampling, n (%)

BB A it





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Environmental factors related to differences in the microbiota in the upper respiratory tract in young children: Focusing on the impact of early nursery attendance

		Introduction



		Materials and methods



		Study population and sample collection



		Total bacterial cell counts and cell lysis efficiency analyses



		DNA extraction



		Polymerase chain reaction (PCR) of the 16s rRNA gene



		Clone library construction and determining of nucleotide sequences



		Homology search



		Statistical analyses



		Ethical approval











		Results



		Subject characteristics



		Total bacterial numbers and cell lysis efficiency



		Diversity of the URT microbiota



		Clustering analyses











		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Environmental factors related to
differences in the microbiota in the upper
respiratory tract in young children: Focusing
on the impact of early nursery attendance





OPS/images/fped-11-1015872-g003.jpg
T o
=2

a

Antibiotics

Nursery Attendance

85888888

duepunqy Ja1sn)

suepunqy Jaisn)

No-Antibiotics.

Antibiotics

Nursery

Nursery

26 months

26 months

s
fer)
w3
scL2
i

No-Cold Medicines

Cold Medicines

Cold Medicines

mwmmmwwmwww

a auepunqy a1sny

mas
o2

<3Times

Number of Infections

23Times.

o asuepunqy Jaisn

26 months.

26 months.





OPS/images/fped-11-1015872-g004.jpg
Cluster Abundance

Cluster Abundance

Nursery  No-Nursery

12 months

23Times  <3Times

12 months

Number of Infections.
21 s

Nursery  No-Nursery

18 months.

23 Times <3Times
18 months

#as

nas
=as
was
we2

2

Cluster Abundance

Cluster Abundance

100%
90%
80%
70%
60%
50%
0%
30%
20%
10%

Antibiotics
12 11

Antibiotics  No-Antibiotics  Antibiotics No-Antibiotics

12 months

Cold Medicines  No-Cold
Medicines

12 months

18 months

Cold Medicines  No-Cold
Medicines

18 months






OPS/images/fped-11-1015872-g001.jpg
PRI i i R
. H 5
O i s R i
gt
S i i i i
b ~
§ r-ZB-4{ i i
o
£
@
& e
< 1 - -+
©
<
(72
] = ] =)
- E
Xapuj uouueys
£ 5
q
H
H
- ja g =
f iz % 3% e
5| S H
H
= @
i o= > °
i1 2 R i i S
2 ©
S RS i i o O i

180r24

12

Age (month)

180r24

12
Age (month)

6





OPS/images/fped-11-1015872-g002.jpg
abundance

0.0 1.0

Moraxela nonliquefaciens catarrhalis -
Corynebacterium propinquum
Haemophilus aegyptius/influenzae -
Staphylococcus aureus -
Streptococcus oralis -+
Dolosigranulum pigrum -
Corynebacterium pseudodiphtheriticum
Moraxella lincolnii
Streptococcus pneumoniae -
Streptococcus periodonticum
Haemophilus haemolyticus
Neisseria cinerea -
Rothia amarae -
Staphylococcus epidermidis -
Psychrobacter aestuarii -
Gemella taiwanensis
Neisseria lactamica -

Cutibacterium acnes
Pseudomonas monteili -
Staphylococcus intermedius -
Prevotella melaninogenica
Helcococcus ovis -
others

CL1: Mixed, CL2:H: e-dominated, CL3: Staphylococcus aureus-dominated,
CL4:Corynebacterium propinquum-dominated, CL5: Moraxella catarrhalis/nonliquefaciens-dominated









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





