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BACKGROUND: The respiratory microbiota influences infant immune system maturation. Little is known about how perinatal,
physiological, and environmental exposures impact the nasal microbiota in preterm infants after discharge, or nasal microbiota

differences between preterm and healthy full-term infants.

METHODS: Nasal swabs (from 136 preterm and 299 full-term infants at mean postmenstrual age of 45 weeks from the prospective
Basel-Bern Infant Lung Development cohort) were analyzed by 165-rRNA gene amplification and sequencing (lllumina MiSeq).
Associations were tested with multivariable linear regression and principal coordinate analysis.

RESULTS: Presence of older siblings in preterm infants was associated with pB-diversity (PERMANOVA p = 0.001) and an increased
abundance of Moraxella and Haemophilus. The nasal microbiota of preterm infants exhibited a distinct composition compared to
that of full-term infants (PERMANOVA, R> = 0.014, p = 0.001), characterized by a reduced abundance of the Moraxella and

Dolosigranulum genera (ANCOM-BC, p < 0.05).

CONCLUSION: Our results indicate that, despite both infant groups having similar nasal microbiota patterns, there are some
disparities which suggest that prematurity influences the initial microbiota colonization. In preterm infants the presence of older
siblings had an effect on the nasal microbiota, whereas perinatal and early postnatal factors did not show significant effects.

Pediatric Research; https://doi.org/10.1038/541390-024-03675-6

IMPACT:

® Presence of older siblings affected the nasal microbiota of preterm infants.
® This study demonstrated that microbiota composition differs between full-term and preterm infants, with a lower abundance of

Moraxella and Dolosigranulum in preterm infants.

® Examining the differences in nasal microbiota between preterm and full-term infants may contribute to understanding the
trajectory of the bacterial component of the nasal microbiota of preterm infants.

INTRODUCTION
The early-life nasal microbiota is important for the development of
the immune system and thus an infant's susceptibility to
respiratory infections.' The composition and density of the
nasal microbiota undergoes notable changes in the first weeks
after birth.%” Its maturation is shaped by complex interactions
between host and environmental factors, such as mode of
delivery, exposure to other children, type of feeding, viral
infections, and exposure to probiotics and antibiotics.®®™"3

Most previous studies of the upper respiratory tract microbiota
have focused on full-term infants,"*5%7'° whereas there are only
a few studies that investigate the nasal microbiota in preterm

infants with small sample sizes.*'® Bacterial colonization in
preterm infants may differ from that in healthy full-term infants
because preterm infants are exposed to a variety of interventions
in the neonatal intensive care unit (NICU), including postnatal
antibiotic treatment, intubation and mechanical ventilation, and
prophylactic use of probiotics. Additionally, the NICU environment
is associated with the risk of colonization by pathogenic and
antimicrobial-resistant bacteria."*'”"'® As part of medical treat-
ment, preterm infants receive specialized formula to enhance their
growth, potentially influencing microbiota colonization compared
to breast milk.” However, there is little evidence available about
the nasal microbiota of preterm infants after NICU discharge.
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Given their interrupted airway and immune system develop-
ment, preterm infants are also more susceptible to increased
respiratory morbidity in the first year of life."® Moreover, dysbiosis
of the microbiota also contributes to the high risk of severe
respiratory infection in preterm infants.'® For all these reasons,
understanding the pattern of nasal microbiota in infants and how
it differs from the “optimal” microbiota composition in healthy
full-term infants is crucial for development of novel strategies to
optimize the establishment of the respiratory microbiota in
preterm infants.

In this study, we therefore aimed first, to identify perinatal,
physiological, dietary, pharmacological, and environmental expo-
sures associated with the nasal microbiota in preterm infants at
mean postmenstrual age of 45 weeks, after hospital discharge,
and secondly to compare the microbiota of preterm and full-term
infants.

METHODS AND MATERIALS

Study design and population

The Basel-Bern Infant Lung Development (BILD) cohort study is an ongoing
prospective multicenter study, conducted since 1999 in Bern and since
2011 in Basel, Switzerland (www.bild-cohort.ch), as described previously.20
In brief, infants are recruited antenatally or postnatally and followed-up for
12 years or until loss of follow-up. Exclusion criteria were ethnicity other
than white Central European, severe congenital anomalies, severe perinatal
infections of mother or child, need for ventilation for longer than 3 days in
full-term infants, and maternal drug abuse other than smoking.?° A signed
informed consent from the parents was obtained. The Ethics Committee of
Northwest and Central Switzerland (EKNZ, Basel, Switzerland) and the
Bernese Cantonal Ethics Research Committee (KEK, Bern, Switzerland)
approved the study.

From the overall cohort, a sample of 299 full-term (=37 weeks of
gestation) and 136 preterm infants (<37 weeks of gestationﬂ) born
between April 2010 and July 2020, with available nasal swabs at mean
postmenstrual age of 45 weeks, was included in the present study
(Supplementary Material Fig. E1).

Nasal swabs

Since April 2010, anterior nasal swabs have been obtained by a trained
study nurse from all infants at mean postmenstrual age of 45 weeks during
a visit to the study clinic. Nasal swabs are collected from both nostrils using
2 flexible, sterile swabs (FLOQSwabs® 516CS01; Copan, ltaly) and placed
together in a tube with 3ml medium (UTM-RT™ in Screw-Cap Tube;
Copan, Italy). In the laboratory, the medium with nasal secretion is pipetted
into micro-screw tubes (Sarstedt; Nurnbrecht, Germany) and then stored in
—80 °C freezers until further processing.

The DNA isolation from nasal swabs was conducted by Eurofins
Genomics (Germany) using the NucleoSpin Food Kit (Macherey-Nagel;
Diren, Germany). Subsequently, the variable V3-V4 regions of the bacterial
165-rRNA gene were amplified in 25 PCR-cycles using the primer pair 357F/
800R. Following amplification, library sequencing was performed.®? After
quality control, 34 samples with an amplification PCR product concentra-
tion below 0.2 ng/pl were excluded. Similarly, negative extraction controls
that exhibited insufficient amplification were also excluded from
subsequent sequencing.

Next Generation Sequencing (sequencing-by-synthesis) was carried out
with equimolar amplicon pools on the MiSeq [300PE] Platform (lllumina;
San Diego, CA). More detailed descriptions can be found in the
Supplementary Material.

Data processing

The raw sequencing reads were processed with DADA2 (version 1.18.0)
The forward and reverse reads were trimmed to the length of 280 and 200,
respectively. Otherwise, default parameters were used. For assigning
taxonomy, Silva database version 138.1%* was used.

The raw amplicon sequence variant (ASV) table included a total of 8,999
taxa. First, we removed ASVs with no taxa annotation at the phylum level
(n=155) and those with relative abundance <0.1 in all samples using the
phyloseq package® (v1.34.0). This filtering resulted in an ASV table
consisting of 180 taxa, with 4.96% of reads excluded. Next, we removed
contaminant ASVs, retaining 172 taxa in total. To identify the contaminant
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ASVs, the decontam R package (“frequency” method) was used.?® As
metadata, the proxy DNA concentration of the sample was used. This
method uses the dependence of the number of counts and the
concentration of the input DNA. For the non-contaminant ASVs the
number of counts is expected to be independent from the input DNA. For
the contaminant ASVs the number of counts is expected to be inversely
proportional to input DNA concentration.

Outcomes

The outcomes of interest were nasal microbiota profile including a-
diversity, B-diversity, and relative abundance of phyla, genera, and ASVs. a-
diversity of the nasal microbiota describes the richness (the number of
taxonomically related groups of bacteria) and evenness (relative abun-
dances of bacteria) of its composition and was assessed using Shannon
and Simpson diversity indices. B-diversity is a measure of between-sample
diversity that examines the similarities of bacterial community between
different comparison groups. a-diversity and B-diversity were calculated
using phyloseq®® with filtered counts and ASVs transformed to relative
abundance, respectively.

Exposure data

The following additional data was obtained either from the birth and
hospital records or at the interview: sex (female vs. male), gestational age
at birth (weeks), postmenstrual age at date of nasal swab (weeks),
postnatal age at date of nasal swab (days), season at date of nasal swab
(spring, summer, fall, winter), maternal smoking during pregnancy (yes/no),
use of antibiotics in the 3 months prior to birth (yes/no), intrapartum
antibiotic prophylaxis (IAP, yes/no), chorioamnionitis (yes/no), mode of
delivery (vaginal delivery vs. Cesarean section), any breastfeeding at date
of nasal swab (yes/no), presence of older siblings in household (yes/no),
hospitalization stay at NICU and hospital room (yes/no), length of
hospitalization (calculated as days from birth until discharge), treatments
during hospitalization such as intubation (yes/no), oxygen supplementa-
tion (yes/no), probiotics use (yes/no), postnatal antibiotic use (yes/no), and
the duration of postnatal antibiotic use (days). Prematurity was defined as
a gestational age at birth of less than 37 completed weeks.?'

Statistical analysis

All analyses were performed in R version 4.0.4 within R studio version
1.4.1717. Continuous data were compared using Student’s t-test for data
with a normal distribution and the Mann-Whitney test for those with non-
normal distribution. Categorical data were compared using Pearson’s chi-
square test or Fisher's exact test, as appropriate.

Primary analysis focused on associations of the microbiota profile with
perinatal, physiological, dietary, pharmacological, and environmental expo-
sure factors in preterm infants. The effect of these factors on Shannon and
Simpson a-diversity indices was analyzed using a multivariable linear
regression model with the adjustment using covariates based on associations
from prior studies'®”?® or from our univariable regression model. The
multivariable model for preterm infants was adjusted for presence of older
siblings, sex, postnatal age, use of antibiotics in the 3 months prior to birth,
mode of delivery, probiotics, season, and any breastfeeding at swab
collection. For B-diversity, principal coordinate analysis (PCoA) based on
the Bray—Curtis distance at the ASV level was used to visualize the variability
across different exposure groups. Samples were compared using the
permutational multivariable analysis of variance (PERMANOVA)* implemen-
ted in the vegan package v2.6-2.3° The PERMANOVA analysis was adjusted for
categorical covariates determined in the previous step. Then, we investigated
which genera and ASVs were differentially abundant between exposure
factors that showed associations with a-diversity or (-diversity using: (1)
Mann-Whitney tests, and (2) Analysis of Compositions of Microbiomes with
Bias Correction (ANCOM-BC)®' that employs within the linear regression
framework and corrects for bias resulting from variations among samples.
The ANCOM-BC analysis incorporated the same adjustments as those used
for a-diversity models. By default, taxa that feature in less than 10% of all
samples are removed from further analysis (other options: p_adj_method =
“BH", zero_cut=09, lib_cut=0, struc_zero=T, neg_lb=F, tol=1e-5,
max_iter = 100, alpha=0.05). Multiple testing was accounted for using
Benjamini-Hochberg p-value correction.

Secondary analysis included the comparison of nasal microbiota
between preterm and full-term infants. We examined associations of a-
diversity indices with preterm birth in a multivariable linear regression
model, accounting for all factors considered for adjustment in the primary
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Table 1. Population characteristics.
Preterm infants (N = 136) Full-term infants (N = 299) P-value

Sex, male n (%) 73 (53.7%) 154 (51.5%) 0.751
Gestational age, weeks, mean (SD) 324 (2.9) 39.7 (1.1) <0.001
Postnatal age, days, mean (SD) 85.5 (22.5) 36.0 (6.64) <0.001
Postmenstrual age at nasal swab, weeks, mean (SD) 6 (1.3) 449 (1.3) 0.041
Maternal smoking during pregnancy, yes n (%) 8 (5.9%) 11 (3.7%) 0.42
Presence of older siblings, yes n (%) 4 (32.4%) 170 (56.9%) <0.001
Season of swab collection 0.258

Winter 9 (28.7%) 7 (22.4%)

Spring 0 (22.1%) 3 (24.4%)

Summer 2 (30.9%) 83 (27.8%)

Fall 5 (18.4%) 6 (25.4%)
Cesarean section, yes n (%) 104 (76.5%) 7 (29.1%) 0.001
Probiotics, yes n (%) 5 (40.4%) 1 (0.3%) 0.001
Breastfeeding at date of nasal swab, yes n (%) 8 (57.4%) 266 (89.0%) 0.001
Chorioamnionitis, yes n (%) 7 (27.2%) 1 (0.3%) 0.001
Antibiotics during pregnancy, yes n (%) 0 (44.1%) 73 (24.4%) <0.001
Antibiotics during last 3 months before birth, yes n (%) 1 (37.5%) 35 (11.7%) <0.001
Intrapartal antibiotic prophylaxis (IAP), yes n (%) 6 (70.6%) 0 (26.8%) <0.001
Postnatal antibiotics for neonatal infection, yes n (%) 6 (41.2%) 2 (0.7%) 0.001

Empiric antibiotic, when infection is suspected 3 (76.8%) 2 (100%)

Neonatal infection without focus 0 (17.9%)

Early- and late-onset sepsis 3 (5.7%)
Postnatal antibiotics for neonatal infection, days, mean (SD) 7 (2.29) 0.04 (0.4) <0.001
Hospitalization, yes n (%) 115 (84.6%) 1 (0.3%) 0.001
Length of hospitalization, days, mean (SD) 33.5 (27.4) 0.08 (1.39) <0.001
Intubation, yes n (%) 0 (14.7%) 0 (0%)
Study center, n (%)

Bern 1 (0.7%) 130 (43.5%) <0.001

Basel 135 (99.3%) 169 (56.5%)

P-values were obtained using t-test, Mann-Whitney test, and Fisher exact test, as appropriate.

analysis. Exposure factors affecting a-diversity indices in full-term infants
were assessed using the same approach as for preterm infants. The
bacterial communities between preterm and full-term infants were
compared using PERMANOVA analysis including all variables selected for
adjustment in the a-diversity model except postnatal age. The difference in
the relative abundance of phyla, genera, and ASVs between preterm and
full-term infants was assessed using Mann-Whitney tests and ANCOM-BC
with the same adjustment as those used for the a-diversity model. The
significance was defined as Benjamini-Hochberg-adjusted p-value,q; <
0.05. Additionally, the relative abundance at genus level was visualized
using the heatmap available in the microViz R package.?

Almost all preterm infants were recruited in Basel, while full-term infants
were recruited in both study centers, therefore, we conducted a sensitivity
analysis to compare the microbiota in preterm and full-term infants only
from Basel. Given that PERMANOVA is a non-parametric alternative to
MANOVA, requiring continuous response variables and categorical
predictors, we did not adjust the model for postnatal age. Considering
the higher variability in postnatal age among preterm infants compared to
full-term infants, we assessed the possible correlation of postnatal age with
first two principal components for B-diversity in preterm and full-term
infants.

RESULTS

Population and sample characteristics

Our study population included 136 preterm and 299 full-term
infants (Table 1). There was no difference between preterm and full-
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term infants with respect to sex and maternal smoking during the
pregnancy. In contrast to full-term infants, preterms had fewer older
siblings, were more frequently exposed to antibiotic use during
pregnancy and during the neonatal period, were more frequently
born via Cesarean section, and were less breastfed. Although there
was a statistically significant difference in postmenstrual age
between preterm and full-term infants (mean 44.9 (1.3) weeks vs.
44.6 (1.3) weeks, respectively), the magnitude of this difference was
minimal and may not have clinical significance.

After filtering, a median of 99,801 (Q1, Q3: 79,459, 124,781)
reads was generated per sample (range = 20,500-665,540). This
resulted in an ASV-table containing 172 taxa, represented by four
phyla with the relative abundance (expressed as a mean (standard
deviation)) of phyla Firmicutes (44.1% (33.4)), Actinobacteriota
(25.5% (29.4)), and Proteobacteria (30.4% (35.7)). Less than one
percent of ASVs were assigned to Bacteroidota.

Nasal microbiota of preterm infants
In the univariable model, preterm infants with older siblings had a
significantly lower Shannon diversity index compared to those
without (Supplementary Material Tables E1 and E2, Fig. 1a).
However, after adjustment for risk factors, this association was not
significant (Supplementary Material Tables E3 and E4).

For B-diversity, when we assessed the difference between
exposure groups based on the Bray-Curtis distance, we found a

SPRINGER NATURE
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Fig. 1 Association between the presence of older siblings and nasal microbiota in preterm infants. a Shannon and Simpson diversity in
nasal samples of preterm infants with and without older siblings. b Principal coordinate analysis (PcoA) of nasal samples (PERMANOVA
p =0.013, with adjustment for postnatal antibiotic use, sex, use of antibiotics in the 3 months prior to birth, mode of delivery, probiotics,
season of swab collection, and any breastfeeding at swab collection). Differentially enriched genera (c) and ASVs (d) between infants without
older siblings (green) and those with older siblings (orange). Taxa that feature in less than 10% of all samples were removed from analysis.
Points show the log fold change as given by ANCOM-BC, error bars denote the standard error. The analysis was adjusted for postnatal
antibiotic use, sex, postnatal age, use of antibiotics in the 3 months prior to birth, mode of delivery, probiotics, season of swab collection, and
any breastfeeding at swab collection. ASVs (d) reaching the nominal significance are shown. Asterisks indicate significant p-values following

Benjamini-Hochberg adjustment for multiple testing.

difference depending on presence of older siblings (PERMANOVA
p = 0.013, Fig. 1b). The measure of group separation (R’ statistics
varying from 0—no separation to 1—total separation) for
presence of older siblings was relatively small (R*=0.017, online
Supplementary Table E5). Other exposure factors were not
associated with microbial composition assessed by a- and (-
diversity indices in the adjusted analysis (Supplementary Material
Tables E3-E5).

At the phylum level, infants with older siblings had a higher
abundance of Actinobacteriota than infants without older siblings
(p =0.016, Supplementary Material Fig. E2). Characteristics of the
relative abundance of genera in the nasal microbiota of preterm
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infants by the presence of older siblings are presented in Fig. E2
and Table E6. ANCOM-BC analysis revealed that the presence of
older siblings was positively associated with Haemophilus and
Moraxella abundance (p-value,q; =0.022 and p-value,q; = 0.0001,
respectively, Fig. 1c). No specific ASV was found to be associated
with the presence of older siblings in preterm infants (Fig. 1d).
ANCOM-BC analysis further revealed that the probiotic use was
negatively associated with Dolosigranulum abundance (p-
value,q; = 0.0035, respectively, Fig. E3, Table E7). Lower
probiotic-associated ASVs included genera Dolosigranulum, Tume-
bacillus and a genus without taxa annotation (Fig. E3). Infants with
and without probiotic use differed significantly in population

Pediatric Research



characteristics: those who received probiotics had lower gesta-
tional age and birth weight, were predominantly born by
Cesarean section, and more frequently received postnatal
antibiotics (Table E8).

Difference in nasal microbiota between preterm and full-term
infants

There were no significant differences in any of the measured a-
diversity indices between preterm and full-term infants (Fig. 2a,
Supplementary Material Table E9). In contrast, there was a
significant difference in the overall community structure of the
nasal microbiota between preterm and full-term infants (PERMA-
NOVA p =0.001, R?=0.014, Fig. 2b and Table E10).

The nasal microbiota of preterm infants had a lower relative
abundance of Proteobacteria on average compared with full-term
infants (Fig. 2¢c, Supplementary Material Table E11). At the genus
level, preterm infants’ nasal microbiota had a higher relative
abundance of Staphylococcus and Pseudomonas, and a lower
relative abundance of Moraxella, Dolosigranulum, and Haemophilus
compared to full-term infants (Mann-Whitney test, p-value,q; <
0.05, Table E12). However, in the adjusted model, only Moraxella
and Dolosigranulum were found to be significantly differential in
abundance (ANCOM-BC, p-value,q; = 0.010 and p-value,y; = 0.024,
respectively, Fig. 3a). Notably, full-term infants with older siblings
exhibited a higher abundance of Moraxella compared to preterm
infants with older siblings (Fig. 2e, Mann-Whitney test p = 0.015).
Furthermore, there was no particular ASV that was differentially
abundant between preterm and full-term infants in the adjusted
ANCOM-BC analysis (Fig. 3b).

In a sensitivity analysis we assessed the impact of inter-center
difference on the association of prematurity with the nasal
microbiota, restricting our sample to the Basel study center.
Associations remained similar (Supplementary Material Fig. E4).
We observed no correlation between postnatal age and PCoA1 or
PCoA2 in both preterm and full-term infants (Fig. E5).

DISCUSSION

To our knowledge, this is the first study to investigate the
exposure factors associated with nasal microbiota in preterm
infants after hospital discharge in a large, healthy cohort sharing
the same developmental stage (postmenstrual age) and home
environment prior to the first viral infection. Our findings suggest
that B-diversity measure and relative abundance were affected by
the presence of older siblings, but not other exposure factors.
Moreover, we compared the nasal microbiota between preterm
and healthy full-term infants at mean postmenstrual age of 45
weeks and found significant differences in B-diversity and the
relative abundance of different bacterial taxa. Preterm infants
showed a lower abundance of Moraxella and the health-
associated commensal Dolosigranulum species compared to full-
term infants.

In contrast to previous research that emphasized the impact of
perinatal and early postnatal factors on nasal microbiota in
preterm infants (including the NICU environment, mode of
delivery, and postnatal antibiotic use), we observed no such
effects in our study. For instance, previous studies suggested that
the NICU environment might alter the microbiota of preterm
infants.>* Khamash et al.'® were able to demonstrate colonization
with Staphylococcus aureus especially in hospitalized preterm
infants aged 17-59 days with an initially significantly lower
richness. They concluded that this may indicate that neonates
with lower richness are predisposed to Staphylococcus aureus
dominance or that Staphylococcus aureus dominance reduces co-
colonization with health-associated commensals.'® However, in
our study, hospitalization per se had no independent influence on
nasal microbiota, when adjusted for other risk factors. This
discrepancy may be attributed to the fact that, by postmenstrual
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age of 45 weeks, the effects of perinatal and early postnatal factors
had diminished.

In our study, the nasal microbiota in preterm infants was
associated with the presence of older siblings. While research on
respiratory microbiota is limited and predominantly conducted in
full-term infants, our findings generally align with previous studies.
For example, Hasegawa et al.'" and Christensen et al.>* observed
increased abundance of Moraxella in full-term infants. This
suggests a potential transfer of this specific nasal microbiota
pattern from siblings, potentially associated with a higher
infection risk due to the presence of older siblings. It has been
well-described that a Moraxella-dominant profile is associated
Wit27a higher risk of respiratory infection in the first 2 years of
life.

We also found that the abundance of Dolosigranulum was lower
in the group of preterm infants who received probiotics.
Dolosigranulum is an important age-discriminatory genus that
increases with age over the first 2 months of life;? its reduction has
been associated with antibiotic treatment'® and Cesarean
section.? Probiotic administration depended on gestational age
and weight in our cohort. Typically, preterm infants with a
gestational age of <32 weeks or <1500 g birth weight, or both,
received the probiotic Infloran. Moreover, probiotic use was
strongly associated with more frequent postnatal antibiotic use,
Cesarean section births, and an older postnatal age at the time of
swab collection compared to infants not receiving probiotics.
Thus, the observed negative association between probiotic use
and Dolosigranulum abundance may reflect collinearity with these
variables. The difference in nasal microbiota between preterm and
full-term infants might be partly explained in the context of
existing literature on known influencing factors in early life.*%°
Since preterm infants significantly differ in development during
the first few weeks (e.g., immune development), we suspect that
the immaturity of the preterm infants may add to the differences
in microbiota composition compared to full-term infants.

In typical scenarios, the neonatal period sees a transformation
in the microbiota of the respiratory tract, transitioning from a
prevalence of Staphylococcus to a predominance of Corynebacter-
ium or Dolosigranulum, and eventually to an abundance of
Moraxella at 1.5 months of age.” Additionally, these shifting trends
appear to correlate with infant feeding habits, presence of older
siblings, season of birth, and the frequency of respiratory
infections in the first 2 years of life.**° In our study, we found
that the nasal microbiota of both preterm and full-term infants
was predominantly colonized by four genera: Staphylococcus,
Moraxella, Corynebacterium, and Dolosigranulum. However, pre-
term infants had a higher abundance of Staphylococcus alongside
lower levels of Moraxella and Dolosigranulum. This difference may
be attributed to the influence of the NICU environment on nasal
microbiota development in preterm infants, which could lead to a
higher prevalence of Staphylococcus. Additionally, since preterm
infants have limited or no contact with older siblings during
hospitalization, the transition from Staphylococcus to Corynebac-
terium or Dolosigranulum, and finally to an abundance of
Moraxella, may be delayed. Furthermore, the difference in
Moraxella abundance might also be partially attributed to the
fact that full-term infants with older siblings exhibited a higher
abundance of Moraxella compared to preterm infants with older
siblings.

Preterm infants are typically more often born by Cesarean
section; however, we found no association between the nasal
microbiota and mode of delivery in preterm infants. This is in-line
with other studies, which showed that the difference in microbiota
based on the mode of delivery disappeared® or significantly
decreased® over the first weeks of life. However, we did observe
significant dissimilarity in B-diversity between vaginally born and
Cesarean-section-born full-term infants, as well as when preterm
and full-term infants were combined, but not in preterm infants.

SPRINGER NATURE
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This may be attributed to reduced power due to the smaller
sample size, or it may indicate that postnatal age and other factors
such as probiotic use could modify the effect of mode of delivery
on B-diversity in preterm infants.

In our study, preterm infants were breastfed less frequently
compared to full-term infants and were more likely to receive
antibiotics. Interestingly, we did not observe a significant effect of
breastfeeding on the nasal microbiota in either preterm or full-
term infants. This contrasts with findings from Biesbroek et al.>®
who reported that exclusively breastfed full-term infants had a
Corynebacterium- and Dolosigranulum-dominated nasal micro-
biota at 6 weeks of age, with a concurrent negative association
with Staphylococcus aureus colonization. This difference may be
partly attributed to the very high proportion of breastfed full-term
infants in our cohort. However, it is important to note that the
influence of feeding type on the microbiota of preterm infants has
been studied only in the gut so far, and results were
inconsistent.?”-8

The strengths of our study are the sample sizes with a high
proportion of preterm infants, and the prospective design
involving the collection of a wide range of factors that could
possibly influence the nasal microbiota. In addition, a high
qualitative standard could be maintained throughout the entire
period, as all swabs were taken by trained personnel according to
a uniform protocol. However, since the BILD cohort study is
primarily concerned with lung development in childhood, preterm
and full-term children are followed at the same postmenstrual age
in order to be able to compare the effect of prematurity on lung
development. While this study design is cross-sectional in nature,
it allows comparison with a postmenstrual-age-matched large
control group, however this is a single observation at a given time
point. Since developmental trends and variations are to be
expected, future studies may need to look at the longitudinal
development in the nasal microbiota in both groups of preterm
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and full-term infants. The human microbiota begins to develop at
birth and thus from day one of life and is influenced by external
factors.®3° Nevertheless, no effect of postnatal age or hospital stay
on the microbiota diversity was found in preterm infants.
Therefore, depending on the degree of prematurity, some of the
preterm infants in our study were significantly older in terms of
days of life than the full-term infants. Possible inter-center
differences were elucidated in detail since the number of preterm
infants in Basel was higher than in Bern. Sensitivity analysis
excluding infants from Bern replicated findings from the whole
cohort. Finally, generalization of our findings can only be made
with caution because the study infants were drawn from the
Central European population, which may not be generalizable to
other ethnicities and geographically different locations.

CONCLUSION

In this study, we found that the presence of older siblings was
associated with a difference in nasal microbiota composition.
However, other perinatal and early postnatal factors did not
demonstrate significant effects on the nasal microbiota. Additionally,
differences in the nasal microbiota were observed between preterm
infants and full-term infants at postmenstrual age of 45 weeks, as
assessed by the Bray-Curtis (-diversity index and the relative
abundance. These differences are small and might be partially
explained by the fact that preterm infants are exposed to different
perinatal, physiological, treatment, and environmental factors and
that none of these exposure factors work in isolation. Furthermore,
when compared to other nasal microbiota studies conducted shortly
after birth in the hospital environment, the differences between
preterm and full-term infants are relatively small at the postmenstrual
age of 45 weeks in the home environment, which indicates the
convergence of nasal microbiota in preterm and full-term infants. This
finding may be relevant for the better understanding of the baseline
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starting conditions for airway microbiota development and its role for
subsequent disease development in preterm infants in their natural
home environment.
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