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Early-life microbial exposures profoundly impact individuals’ lifelong health trajectories by
shaping immune maturation and modulating disease risk, e.g. as typified by the "hygiene hy-
pothesis.” Childcare facilities represent a critical yet understudied source of microbial expo-
sures where preschool-aged children spend 7-10 hours daily during key developmental peri-
ods. This study presents the first multi-omic and multi-kingdom investigation of microbial trans-
mission and ecology across childcare environments, integrating microbiome samples from
both high-touch and low-touch surfaces with children's nasal and oral microbiomes. We used
full-length bacterial and fungal amplicons (16S and ITS) and paired SR and LR shotgun
metagenomics, which in combination provide enhanced taxonomic resolution and the abillity to
assess functional elements such as genes, lateral transfers, and evolution. This work high-
lights previously understudied components of early-life microbial exposures in childcare envi-
ronments, and it provides methods for identifying potential pathogen reservoirs, tracking trans-
mission routes, and developing targeted interventions.
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* Functional elements
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Technical Innovations: improved taxonomic and genomic resolution
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Full-length amplicon sequencing and long-read Drain2

shotgun metagenomics improved species-level tax-
onomic resolution and metagenomic assembly con-
tiguity, enabling more accurate detection of microbi-
al diversity and recovery of novel genomic elements.
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Distinct distribution of 583 unique bacteria
across environments
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* Human-associated communities are more phylogenetically similar than environmental ones.
* Low-touch environments show a greater microbial diversity that differ substantially from hu-

AV

man-associated communities.

» High-touch environments harbor a mix of shared human-associated and environmentally-de-

16S Tree leaf Phylum

® Acidobacteriota ® Fusobacteriota
© Actinobacteriota ® Gemmatimonadota
© Bacteroidota ® Myxococcota
© Bdellovibrionota ® Patescibacteria
® Campylobacterota © Planctomycetota
® Chloroflexi ® Proteobacteria
© Cyanobacteria @ Verrucomicrobiota
© Deinococcota © Other
© Firmicutes ® Unclassified
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v Shared ASV between nasal and environment

Shared ASV between oral and environment

' Shared ASV across all sample types

rived microbes, mostly in Proteobacteria, Firmicutes, and Actinobacteria.

Bacterial transmission mainly driven by
human shedding/behaviors
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Species sharedness was quantified as the proportion of ASVs uniquely or jointly present
across human and environmental samples. Among the top prevalent and abundant species,

those with high transmission included:
 Human-associated taxa from the nasal, oral, and skin microbiomes;

» Lactic acid bacteria commonly found in fermented foods and dairy products;
In contrast, species dominating low-touch environments were exclusively environmentally de-

rived, with contribution from environmental ASVs only.

Functional enrichment associated with
lateral gene transfer

- Universal stress protein family (PF00582)
- Transposase, Mutator family (PF00872)
- Transposase zinc-binding domain (PF14319)
- Transposase 1IS116/1S110/1S902 family (PF02371)
- Transposase DDE domain (PF01609)
- Transposase (PF01610)
- Transposase (PF01527)
- Tn3 transposase DDE domain (PF01526)
- Sulfurtransferase TusA (PF01206)
- Reverse transcriptase (RNA-dependent DNA polymerase) (PFO0078)

Core LGT-facilitating elements were
among the most enriched.

Environmental samples enriched in

additional adaptive features:

e cold-shock DNA-binding proteins
enriched in soil metagenome, reflect-
ing critical adaptation to temperature
variability;

*recoghnized domains of unknown
function enriched In drain samples,
potentially representing uncharacter-
ized mobile elements or novel adap-
tive traits.

mobile elements

- RepB plasmid partitioning protein (PF07506)

- Putative transposase (PF04986)

- Protein of unknown function, DUF417 (PF04224)

- Protein of unknown function (DUF998) (PF06197)
- Protein of unknown function (DUF1725) (PF08333)
- Phage integrase family (PF00589)

- MIaA lipoprotein (PF04333)

- lactate/malate dehydrogenase, alpha/beta C—terminal domain (PF02866)
- L1 transposable element (PF02994)

- IstB-like ATP binding protein (PF01695)

- Integrase core domain (PF00665)

DNA integration proteins | FecR protein (PF04773)

- Domain of unknown function (DUF4158) (PF13700)

- Bacterial regulatory protein, arsR family (PF01022)

- Autoinducer binding domain (PF03472)

- 3—demethylubiquinone-9 3-methyltransferase (PF06983)
- 'Cold—shock' DNA-binding domain (PF00313)
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I Statistically significant (FDR g<0.05) enrichment

An inter-order phage-mediated transfer of a multidrug resistance gene
from Gemella haemolysans to Sitreptococcus sp. in the oral community
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Plasmids as key vectors of gene transfer

Contigs were classified as of chromosomal, plasmid, or viral origin. Plasmids showed distinct

enrichment of mobility-related genes, highlighting their role in microbial plasticity and mobility.
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‘5 Defense mechanisms | e» e *
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©0.25 Posttranslational modification, protein turnover, chaperones | ¢ o * e o *
a Signal transduction mechanisms | e o * e o *
0.00 Chromatin structure and dynamics e o o
RNA processing and modification | e €O
Replication, recombination and repair = co *
1.00 Transcription ¢ ° * e o *
a Translation, ribosomal structure and biogenesis |e ° * e o *
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- Carbohydrate transport and metabolism | ¢ o * e o *
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2 0.50 Energy production and conversion | e o * e o *
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= Lipid transport and metabolism | e o * o > *
g 020 Nucleotide transport and metabolism | e o * o 5 *
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0-00 Function unknown |e * o *
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I Chromosome [ Uncertain — plasmid or chromosomal Normalized proportions
B Plasmid Uncertain — viral or bacterial orediction, © CNTOMOSOMe % Statistically significant (FR < 0.05
. virus Uncertain - too short ® Plasmid Significant enrichment in plasmids
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