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We are pleased  to  present  the  abstract  book  of  the  12th  edition  of  The  Barcelona  Debates  on  the  
Human  Microbiome , an international  meeting  dedicated  to  showcasing  the  latest  advances  in 
microbiome  research . 

This year,  a total  of  56  abstracts  have  been  accepted,  reflecting  the  breadth  and excellence  of  
innovative  work  conducted  by  researchers  worldwide . All submissions  were  evaluated  through  a 
rigorous  blind  peer - review  process  carried  out  by  the  Scientific  Committee,  composed  of  10 
distinguished  experts . This careful  selection  process  ensures  that  the  contributions  included  
represent  the  highest  standards  of  scientific  quality,  advancing  our  understanding  of  the  human  
microbiome  in health  and disease .

All accepted  abstracts  will  be presented  as flash  communications  during  the  meeting . 
Furthermore,  the  Scientific  Committee  has identified  six  outstanding  abstracts  of  exceptional  
merit ; among  these,  one will  be distinguished  with  the  Best  Abstract  Award  in recognition  of  its  
scientific  excellence  and potential  impact .
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1. A Customizable  Consensus  Framework  for  Microbiome  Differential  Abundance

Martina  Cardinali¹,  Toni  Gabaldón²

¹ IRB Barcelona / CIBERINFEC/ BSC, Barcelona, Spain ; ² IRB Barcelona / CIBERINFEC/ BSC / ICREA, Barcelona, Spain

Differential  abundance  (DA) analysis  in microbiome  studies  is highly  method -dependent,  and different  tools  
can produce  discordant  results  because  of  differences  in statistical  assumptions,  normalization  strategies,  
sparsity  handling,  and false  discovery  control . This variability  complicates  interpretation,  reduces  confidence  
in the  final  set  of  candidate  taxa  and makes  it  difficult  to  compare  the  results  across  studies .
We are developing  a consensus -based  framework  to  combine  multiple  DA methods  and improve  the  
robustness  of  microbiome  findings .
Several  DA methods  were  assessed  on simulated  microbiome  datasets  with  known  ground  truth  and varying  
signal  characteristics . Their  performance  was summarized  using  false  discovery  rate  (FDR) and F1 score,  
taking  into  account  both  taxon  identity  and direction  of  effect . These  results  were  then  used  to  define  
consensus  strategies  that  combine  evidence  across  methods  and prioritize  taxa  showing  more  consistent  
support . Consensus  rules  and thresholds  were  calibrated  on the  simulated  data  and then  applied  to  the  real  
dataset . The biological  plausibility  of  the  resulting  taxa  was  further  explored  by  comparison  with  condition -
associated  microbial  signatures  reported  in BugSigDB.
In preliminary  analyses,  the  consensus  framework  showed  a more  favorable  balance  between  FDR control  and 
F1 score  in the  simulated  datasets  than  individual  methods  considered  separately . The approach  also reduced  
disagreement  across  methods  and yielded  a  more  interpretable  set  of  candidate  taxa  in the  real dataset . 
Comparison  with  BugSigDB suggested  that  the  consensus -derived  findings  were  biologically  plausible  and 
consistent  with  previously  reported  condition -associated  microbial  patterns .
This work  presents  a simulation -calibrated  consensus  framework  for  microbiome  DA analysis  that  aims to  
improve  robustness,  interpretability,  and transparency  in integrating  multiple  methods .

Back

Back
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2. Benchmarking  the  Identification  of  Mobile  Genetic  Elements  from  de  Novo  Gut  
Metagenome  Assemblies

Arnau  Noguera -Segura¹,  Marc  Pons-Tarín¹,  Sara  Vega -Abellaneda¹,  Zaida  Soler¹, Chaysavanh  Manichanh¹

¹ Vall d'Hebron Institut de Recerca (VHIR), Barcelona, Spain

As shotgun  sequencing  becomes  more  widely  available,  taxonomic  and functional  profiling  of  bacterial  
communities  has become  increasingly  possible . However,  characterizing  mobile  genetic  elements  (MGEs) such  
as plasmids  and bacteriophages  remains  challenging,  although  they  have  an important  role  in microbiome  
community  dynamics  and,  particularly,  in horizontal  gene  transfer . Accurate  detection  and quantification  of  
MGEs in metagenomic  datasets  are hindered  by  their  high  diversity  and variability,  and their  frequent  
sequence  similarity  with  host  genomes .
In this  work,  we employ  simulated  reads  from  mock  communities  composed  of  bacteria,  archaea,  plasmids,  
and viruses  to  determine  the  optimal  bioinformatic  workflow  for  assembly -based  MGE analysis . Bacterial  and 
archaeal  compositions  reproduce  those  observed  in real faecal  samples,  while  plasmids  and phages  are 
randomly  selected  among  those  with  bacterial  hosts  present  in the  community . This framework  enables  direct  
benchmarking  against  a known  truth .
We explore  a range  of  assembly -based  pipelines,  including  strategies  to  improve  assemblies  such  as binning  
and contig  grouping  based  on gene  coabundance  among  several  samples . Performance  is assessed  at several  
points  of  the  pipeline  through  standard  metrics  like precision,  recall,  F- score  and the  completeness  and 
correctness  of  recovered  sequences . Additionally,  we explore  the  effects  of  sequencing  depth  and community  
complexity  on MGE recovery .
By providing  a reproducible  benchmarking  framework,  this  study  aims to  identify  strengths  and limitations  of  
current  approaches  and to  inform  the  development  of  best -practice  workflows  for  MGE profiling  in complex  
metagenomes . Ultimately,  this  work  seeks  to  support  more  robust  investigations  of  microbial  ecology,  
evolution,  and horizontal  gene  transfer  using  shotgun  metagenomic  data .

8
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3. Funomic 3: Optimized  Pipeline  and  Databases  for  Mycobiome  Profiling

Sara  Vega-Abellaneda¹,  Zixuan  Xie¹, Arnau  Noguera -Segura¹,  Gerard  Serrano -Gomez¹, Maria  Tarrat -Castells¹,  Chaysavanh  
Manichanh¹

¹ Vall d'Hebron Institut de Recerca (VHIR), Barcelona, Spain

Despite  the  critical  role  of  the  gut  mycobiome  in human  health,  research  has been  predominantly  centred  on 
bacteria,  leaving  fungal  communities  understudied,  primarily  due to  technical  limitations  in current  
methodologies . To address  these  challenges,  we previously  developed  FunOMIC, a tool  comprising  both  
taxonomic  and protein  databases  alongside  a pipeline  for  profiling  the  mycobiome  in shotgun  metagenomic  
samples,  and FunOMIC2, an enhanced  version  of  the  original  tool  featuring  updated  databases  and an 
improved  analysis  pipeline . Here we present  FunOMIC3, with  the  intention  to  refine  fungi  detection  in low  
fungal  biomass  samples . This tool  presents  an improved  database  creation  pipeline,  which  allows  its  
expansion  from  around  2M marker  sequences  to  around  13M marker  sequences,  as well  as including  1640 
more  fungal  species . The new  taxonomy  profiling  pipeline  has been  refined  to  improve  the  fungal  species  
quantification  and avoid  overrepresentation  of  most  studied  species . Some parameters  have  been  optimized  
to  improve  species  detection  while  avoiding  false  positives . Simulated  mock  communities  were  employed  to  
compare  the  performance  of  the  new  FunOMIC3 pipeline  and databases  with  the  previous  FunOMIC2 
(FunOMIC1 could  not  be included  in the  analysis  due to  lack  of  maintenance) . This comparison  demonstrates  
that  FunOMIC3 is capable  of  increasing  the  average  F-score  from  0.55 to  0.74, primarily  by  decreasing  the  
false  positives  by 56%. The new  pipeline  also shows  an improvement  on the  fungal  quantification,  assessed  by  
the  root  mean square  error  between  the  expected  and predicted  relative  abundance  of  the  true  positives .

Back

Back
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4. Implementing  a Robust,  Scalable  Pipeline  for  ȃßăžᵊα Fecal -Sample  Biobank  Metagenomic  
Analyses

Ángel García de la Torre García¹, Lara Nonell¹, Stefania Napoli¹, Alba Santiago¹, Laura Boleda¹, Diego Arregui¹, Mónica
Aguilera¹, Garazi Serna¹, Lidia Alonso¹, Paolo Nuciforo¹

¹ Vall  ŘΩIŜōǊƻƴ Institute  of  Oncology  (VHIO), Barcelona,  Spain

Introduction : At VHIO we have  a growing  repository  of  fecal  patient  samples,  the  pan-cancer  stool  biobank,  to  
better  understand  the  role  of  the  gut  microbiome  in cancer . Since shotgun  metagenomics  provides  more  
comprehensive  and quantitative  insights  into  microbial  communities,  we adopted  shotgun  sequencing  as the  
standard  approach  for  these  stool  samples . Consequently,  a robust,  scalable  bioinformatics  pipeline  is 
required  to  (i) process  sequencing  data  under  optimal  conditions  and (ii)  handle  the  increasing  volume  of  
samples . 
Methods : We built  a reproducible  pipeline  for  shotgun  metagenomics  analysis  based  on the  nf - core  taxprofiler  
workflow  and a suite  of  custom  downstream  scripts  and applied  it to  294  stool  sequencing  runs from  175 
longitudinally  collected  samples . 
The pipeline  was configured  for  ȃßăžᵊα high -performance  computing  cluster  with  the  following  steps : (i) initial  
pre -processing,  quality  control  and host  read . (ii)  taxonomic  classification  of  non-human  reads  using  Kraken2, 
followed  by  abundance  re-estimation  with  Bracken . Bracken  outputs  are converted  into  Phyloseq -compatible  
format,  filtered  and normalized  for  downstream  analyses .  
Results : The pipeline  was successfully  deployed  at ȃßăžᵊα HPC and applied  to  the  pilot  dataset . Quality  control  
of  raw  sequencing  data  indicated  high  overall  read  quality . Over 85% of  the  samples  had less than  20% of  
reads  that  map to  the  human  genome,  with  an average  of  9%. The pipeline  efficiently  classified  82% of  all non-
host  reads  as bacterial  taxa . Downstream  analyses  included  exploratory  compositional  profiling,  alpha-  and 
beta -  diversities  and differential  abundance  testing . 
Conclusions : We have  assembled  a standardized,  scalable  and reproducible  bioinformatics  pipeline  for  the  
analysis  of  shotgun  metagenomic  data  from  VHIO biobank  stool  samples . The framework  is integrated  in the  
internal  HPC and can be extended  to  incorporate  additional  sample  types  and other  cancer  indications ..

12
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5. Benchmarking  Fungal  Taxonomic  Assignment  Using  ITS2 Sequences

Nerea Carrón¹, Antonio Sánchez¹, Adrià Cruells¹, Manuel García¹, Pedro González¹

¹ Microomics  Systems  S.L., Barcelona,  Spain

Background : Fungal  taxonomic  profiling  based  on ITS2 remains  challenging  due to  the  high  sequence  
variability  of  this  marker  and the  limited  benchmarking  available  for  different  analytical  strategies . While ASV-
based  approaches  are widely  used  in 16S rRNA studies,  their  suitability  for  ITS2 fungal  profiling  is still  
uncertain . We compared  ASV, k-mer bGased  and zOTU approaches  to  evaluate  their  ability  to  recover  the  
expected  composition  of  simulated  ITS2 communities .
Methodology : A total  of  500  benchmarking  samples  were  generated  from  the  UNITE database  by  randomly  
extracting  ITS2 regions . Taxonomic  classification  was performed  using  DADA2 (ASV inference),  Centrifuger  (k-
mer bGased)  and VSEARCH (zOTU clustering  at 97% and 99 % similarity)  at the  genus  level  using  the  UNITE 
database . Alpha and beta  diversity,  sensitivity,  positive  predictive  value  (PPV) and ǉΆʢȶΒ̮ȶ̵ᵊα correlation  
coefficient  ᴛӐᴜ were  used  as performance  metrics .
Results : ASV showed  the  lowest  performance  across  alpha metrics  (Table  1), markedly  underestimating  
richness  (mean  8.08  vs 16.5 expected,  Fig. 1) and Shannon  index  (Fig.2). ASV also showed  the  highest  Bray-
Curtis  mean dissimilarity  (0.797, Table  2), the  lowest  mean sensitivity  (0.555 ), lower  mean PPV (0.768 ), and a 
negative  correlation  (-0.426 ) to  the  theoretical  profile  (Table  3). In contrast,  k-mer bGased  and both  Zotu  
strategies  remained  much  closer  to  theoretical  values . zOTU approaches  at both  97% and 99% similarity  
showed  the  best  overall  performance ; no differences  were  observed  between  them .
Conclusions : Under  these  benchmark  conditions,  ASV inference  was less suitable  for  reconstructing  ITS2 
fungal  communities  than  k-mer bGased  and zOTU approaches . zOTU clustering  revealed  higher  sensitivity  than  
k-mer-based  approaches . Both  zOTU strategies  recovered  more  accurately  the  expected  composition,  
supporting  their  use as more  robust  alternatives  for  ITS2-based  fungal  profiling  studies .

Table  1. Comparison  of  alpha  diversity  
metrics  across  methodological  
approaches . Richness  (referred  as 
Observed)  and Shannon  index  were  
calculated  for  the  simulated  reference,  
ASV inference,  both  zOTU 
methodological  groups  and k- mer-
based  methods .

Table  2. Distance  between  simulated  
data  and alternative  methodological  
approaches . Distances  were  
calculated  using  Bray CGurtis  
dissimilarity  for  ASV inference,  k- mer-
based  methods,  and both  zOTU 
groups,  using  the  simulated  dataset  as 
the  reference .
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Table  3. Performance metrics across
methodological approaches .
Sensitivity , positive predictive value
(PPV), and Spearman correlation
coefficient (Ӑᴜ for the simulated
reference , ASV inference , k- mer-
based methods , and both zOTU
methodological groups .

Figure  1. Richness  (y-axis)  distribution  boxplots  across  the  simulated  
reference,  ASV inference,  k-mer- based  and both  zOTU methodological  
groups  (x- axis) . The horizontal  line indicates  the  median  and boxes  show  the  
interquartile  range  (IQR). 

Figure  2. Shannon  index  (y-axis)  distribution  boxplots  across  the  simulated  
reference,  ASV inference,  k- mer based  and both  zOTU methodological  
groups  (x-axis) . The horizontal  line indicates  the  median  and boxes  show  the  
interquartile  range  (IQR). 
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6. GAIA  Clinical  RUO: a Metagenomics  Pipeline  for  Pathogen  and  Antimicrobial  Resistance  
Detection

Erik Malinverni¹,  Guillermo  Andrés  Reig¹, Roberto  Chumaceiro¹,  Daniel  Julian¹,  Jair  Dilmó  Capó¹,  Riccardo  Aiese Cigliano¹,  
Andreu  Paytuví -Gallart¹

¹ Sequentia Biotech S.L., Barcelona, Spain

Background : The rising  threat  of  pathogenic  bacteria  and antimicrobial  resistance  (AMR) necessitates  rapid  
diagnostic  tools . Metagenomic  next -generation  sequencing  (mNGS) offers  a hypothesis - free  method  for  
simultaneous  pathogen  detection  and resistance  profiling . We validated  GAIA Clinical  RUO v1.0, a 
bioinformatics  pipeline  for  comprehensive  pathogen  identification,  AMR, and virulence  factor  (VF) genotyping  
in clinical  research .
Methods : GAIA Clinical  integrates  alignment -based  taxonomic  classification  with  dedicated  AMR and VF 
profiling  modules . Performance  was  evaluated  using  an in silico  validation  strategy  with  simulated  Illumina  
paired -end  reads . Three  datasets  were  used : (A) 28 bacterial  pathogens  with  defined  AMR/VF profiles ; (B) 
negative  controls ; and (C) Escherichia  coli  pathotypes . Samples  were  simulated  at varying  read  depths,  and 
performance  metrics  (sensitivity,  specificity,  PPV, NPV, and LOD) were  calculated  against  ground - truth  data .
Results : For pathogen  detection,  the  pipeline  demonstrated  robust  species  identification  (sensitivity  1.00 , 
specificity  0.987 ). The limit  of  detection  (LOD) was determined  for  all targets,  ranging  from  479  to  24 ,281 
reads . E. coli  pathotyping  achieved  high  performance  (sensitivity  1.00 , specificity  0.997 ). For AMR/VF gene 
detection,  high  specificity  (0.962  in Dataset  A) and moderate  sensitivity  (0.855  in Dataset  A) were  achieved . 
AMR/VF sensitivity  was strongly  depth -dependent,  typically  requiring  >25,000  reads  for  saturation,  while  
specificity  remained  consistently  high  (>0.95).
Conclusions : GAIA Clinical  RUO v1.0 offers  robust  performance  for  bacterial  pathogen  identification  with  low  
limits  of  detection . Accurate  AMR and VF genotyping  is achievable  with  high  specificity,  although  it  requires  
higher  sequencing  depth  than  taxonomic  identification . This tool  is a reliable  solution  for  comprehensive  
metagenomic  analysis  of  complex  bacterial  infections .

Figure  1. Schematic  overview  of  the  GAIA Clinical  RUO 1.0 bioinformatics  pipeline . The workflow  processes  raw  input  reads  (FASTQ) through  an initial  phase  of  
trimming,  quality  control  (QC), and taxonomy  profiling,  which  together  comprise  the  foundational  GAIA pipeline  (highlighted  in green) . The extended  GAIA Clinical  RUO 
workflow  (grey)  subsequently  isolates  reads  aligned  to  target  pathogens  into  intermediate  FASTQ files . These  filtered  reads  undergo  targeted  mapping  to  identify  
antimicrobial  resistance  (AMR) and virulence  genes,  culminating  in the  generation  of  a comprehensive  HTML report . 
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Figure  2. The multi -panel  plot  assesses  the  analytical  sensitivity  (blue)  and specificity  (orange)  of  antimicrobial  resistance  (AMR) gene  detection  across  28  bacteria  as 
a function  of  input  read  depth  (log10 counts) . Specificity  is robust,  while  sensitivity  sharply  increases  with  depth,  consistently  reaching  optimal  performance  (1.0) at  
the  species -specific  Limit  of  Detection  (LOD). Vertical  dashed  lines mark  this  empirically  established  LOD, the  minimum  sequence  count  needed  for  reliable  AMR 
determinant  identification .

Figure  3. The multi - panel  plot  assesses  the  analytical  sensitivity  (blue)  and specificity  (orange)  of  virulence  gene  detection  across  28 bacteria  as a function  of  input  
read  depth  (log10 counts) . Specificity  is robust,  while  sensitivity  sharply  increases  with  depth,  consistently  reaching  optimal  performance  (1.0) at the  species -specific  
Limit  of  Detection  (LOD). Vertical  dashed  lines mark  this  empirically  established  LOD, the  minimum  sequence  count  needed  for  reliable  AMR determinant  identification .
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7. Benchmark  of  GAIA  3: A Versatile  and  Accurate  Pipeline  for  Both  Short - /Long - Read Shotgun  
and  Amplicon  Metagenomics

Roberto Malinverni¹, Erik Andrés Reig¹, Guillermo Chumaceiro¹, Daniel Julian¹, Riccardo Aiese Cigliano¹, Andreu Paytuví -
Gallart¹

¹ Sequentia Biotech S.L., Barcelona, Spain

Background : Despite  advances  in sequencing,  accurate  microbial  profiling  remains  challenging . GAIA 3 was  
developed  to  address  this  with  a multi - stage  workflow : raw  FASTQ reads  undergo  quality  control  and 
trimming,  high -quality  reads  are aligned  to  curated  databases  with  reliable  alignments  selected,  and for  
whole -genome  shotgun  samples,  a genome  coverage  module  filters  false  positives . The purpose  of  this  study  
was to  benchmark  GAIA 3 against  state -of - the -art  tools .
Methods : GAIA 3 was benchmarked  on long - read  shotgun  datasets  from  PacBio HiFi and ONT R9/R10, 
compared  to  11 established  tools  including  Kraken2, Bracken,  MEGAN-LR, and Sourmash . For 16S rRNA 
profiling,  125 short - read  Illumina  samples  were  assessed  at the  genus  level  against  DADA2, Mothur , QIIME 2, 
PathoScope  2.0, and Kraken2; 18 long - read  ONT samples  were  tested  at the  species  level  against  EMU and 
LAST.
Results : GAIA 3 outperformed  alternative  tools  across  all sequencing  methods . In long - read  shotgun  
metagenomics,  it  achieved  the  highest  F1 score  (0.949 ), balancing  sensitivity  and specificity  through  its  
genome  coverage  module . For 16S rRNA data,  GAIA 3 achieved  top  accuracy  for  short - read  genus - level  (F1 = 
0.787) and long - read  species - level  (F1 = 0.532 ) classification . NCBI and SILVA databases  performed  similarly  
for  short  reads,  but  NCBI gave  higher  precision  for  long - read  species  classification,  while  SILVA increased  
recall  at the  cost  of  precision .
Conclusions : GAIA 3 demonstrates  state -of - the -art  accuracy  and versatility  across  short -  and long - read  
metagenomics . By minimizing  false  positives  and performing  robustly  across  reference  databases,  it  provides  
a reliable,  unified  solution  for  high - resolution  microbial  characterization .
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Figure  1. Averaged  classification  performance  of  evaluated  methods  in terms  of  
F1-score  (above)  and precision  and recall  (below)  for  all long - read  samples .

Figure  2. Averaged  classification  performance  of  evaluated  methods  in terms  of  
precision  and recall  for  all short - read  samples .
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8. GBM2 Expands  Functional  Interpretation  of  Microbiome GGut BGrain  Pathways  in  Genomes  and  
Metagenomes

Albert  Garcia -Valiente¹,  Viviana  Rossi¹, Ismael  Vera -Muñoz¹,  Samia  Squizani¹,  Aitor  Blanco -aƛƎǳŜȊшщΣ Francesco  Asnicar³,  
Sara  Vieira -Silva²,  Gwen  FalonyъΣ Nicola  SegataщыΣ Mireia  Vallès -Colomer¹

¹ MELIS Department,  Universitat  Pompeu  Fabra  (UPF), Barcelona,  Spain ; ²  Laboratory  of  Molecular  Bacteriology,  Department  of  Microbiology  
and  Immunology,  Rega Institute,  KU Leuven,  Leuven,  Belgium ; ³  Department  of  Cellular,  Computational  and  Integrative  Biology  (CIBIO), 
University  of  Trento,  Trento,  Italy ; щ PreBiomics  S.r.l., Italy ; ъ Host - Microbe  Interactomics  Group,  Animal  Sciences  Department,  Wageningen  
University  & Research,  Wageningen,  Netherlands ; ы European  Institute  of  Oncology,  IRCCS, Milan,  Italy

Microbial  metabolites  produced  in the  gut  can modulate  neurotransmission,  immune  responses,  and behavior,  
highlighting  the  microbiome  as a relevant  component  of  the  gut bGrain  axis. Despite  the  growing  burden  of  
mental  and neurological  disorders,  the  field  still  lacks  a comprehensive  view  of  microbial  neuroactive  
metabolism,  in part  because  current  methods  do not  capture  many  recently  described  pathways  and 
compounds  and often  rely  on outdated  or proprietary  annotation  systems .
GBM2 (Gut-Brain Modules  2) is an open -source  computational  framework  for  systematic  profiling  of  the  
neuroactive  metabolic  potential . It expands  previous  approaches  by  manually  curating  187 gut -brain  metabolic  
modules,  each  corresponding  to  a metabolic  conversion  spanning  short - chain  fatty  acids,  tryptophan - , 
tyrosine - , arginine - , and glutamate -derived  metabolites,  as well  as bile  acid,  vitamin,  and hormone - related  
pathways ..

1. Valles-Colomer, M. et al. The neuroactive potential of the human gut microbiota in quality of life and depression. Nat Microbiol  4, 623 6G32 (2019) 
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9. Detecting  Parallel  Adaptive  Changes  in  the  Gut  Microbiome

Aina  Martinez  i Zurita¹,  Sharon  Greenblum²,  Nandita  Garud¹

¹ University  of  California,  Los Angeles  (UCLA),  Los Angeles,  United  States ; ²  Joint  Genome Institute,  Berkeley,  United  States

The human  gut  microbiome  contains  a diverse  ecosystem  of  microorganisms  that  impact  many  aspects  of  
human  health . Due to  the  large  population  size of  bacteria  in each  human  host  and their  short  generation  time,  
it  is estimated  that  an average  human  microbiome  experiences  billions  of  de-novo  mutations  every  day . With  
such  a large  mutational  input,  the  same mutation  may arise  in multiple  hosts,  and if  beneficial,  could  rise to  
high  frequency  in these  hosts . Mutations  changing  in frequency  in parallel  across  many  hosts  in response  to  
similar  selection  pressures  may be adaptive  and thus  have  important  functional  relevance  to  the  microbiome . 
Statistical  methods  to  detect  such  parallelism  have  proved  insightful  in metazoan  populations,  yet  
complementary  methods  that  account  for  the  unique  features  of  complex  bacterial  populations  have  not  yet  
been  developed  or rigorously  tested . Here we develop  a statistical  framework  to  detect  cases  of  parallelism  in 
temporally  sampled  metagenomic  datasets  across  many  hosts . We first  demonstrate  our  method  is capable  of  
detecting  adaptive  loci  in a previously  identified  antibiotic  resistance  gene,  DNA gyrase  subunit  A (gyrA ), using  
a temporally  sampled  metagenomic  dataset  of  60  patients  undergoing  a 5-day  ciprofloxacin  antibiotic  
treatment . We further  uncover  elevated  effect  sizes  across  multiple  other  genomic  loci  during  the  antibiotic  
exposure  and post -exposure  in several  bacterial  species . Our work  begins  to  uncover  the  dynamics  of  
adaptive  variants  that  may have  been  previously  missed  due to  subtle  yet  consistent  allele  fraction  changes .
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10. From  Birth  to  Brain : Specific  Early  Microbes  and  Perinatal  Factors  Shaping  Cognitive  
Development . Evidence  from  a Spanish  Child  Cohort  at  Seven  Years  of  Age

Silvia  Arboleya¹,  Nicole  Duhau¹,  David  Herrero -Morín²,  Sonia  González³,  Jorge  Luis !ǊƛŀǎщΣ Natalia  !ǊƛŀǎъΣ Miguel  
Gueimonde¹

¹ Department  of  Microbiology  and  Biochemistry  of  Dairy  Products,  IPLA- CSIC, Oviedo,  Spain ; ²  Pediatrics  Service,  SESPA, Asturias,  Spain ; ³  
Department  of  Physiology,  University  of  Oviedo,  Spain ; щ Department  of  Psychology,  University  of  Oviedo,  Spain ; ъ Nebrija  University,  Madrid,  
Spain

Background  and  Aims : The gut  microbiome  is increasingly  recognized  as a key  regulator  of  human  health,  
beginning  in early  life . Its colonization  is a gradual  process  shaped  by  perinatal  factors  such  as delivery  mode,  
feeding  practices,  gestational  age, and antibiotic  exposure . The microbiota hGost  cross - talk  provides  essential  
stimuli  for  homeostasis,  with  both  immediate  and long - term  consequences,  making  the  first  1,000  days  a 
critical  ᵎϷ˥̵ʐͅϷ of  opportunity .  kGut and brain  development  occur  concurrently  in this  period . Over the  last  
decade,  significant  efforts  have  focused  on deciphering  the  communication  between  these  two  organs,  
particularly  in relation  to  psychiatric  and neurodegenerative  disorders,  yet  the  influence  of  early  microbial  
colonizers  on cognitive  development  remains  poorly  understood . This study  explores  the  relationship  between  
early - life  gut  microbiome  composition,  perinatal  factors  and infant  diet,  and their  impact  on cognitive  
performance  at seven  years  of  age in a cohort  of  Spanish  children . 
Methods : A longitudinal  cohort  of  60  healthy  full - term  infants  from  Asturias,  Northern  Spain, was  followed  
from  birth  until  seven  years  of  age. Gut microbiota  composition  and derived  metabolites  during  the  first  four  
years  were  analysed  using  16S rRNA sequencing,  qPCR, and gas chromatography . Infant  diet,  anthropometric  
measurements  and clinical  data  were  collected  prospectively . Cognitive  performance  at seven  years  was  
assessed  using  the  BAS- II and ENFEN tools . 
Results : Specific  early - life  gut  microbes  were  associated  with  later  verbal  and non-verbal  cognitive  scores . 
Memory  and attention  outcomes  were  also correlated  with  gut  microbiome  composition . Certain  perinatal  
factors,  particularly  infant  feeding  practices  and subsequent  dietary  patterns,  significantly  shaped  the  early  
microbiome  and indirectly  influenced  neurodevelopment .
Conclusions : These  findings  support  the  concept  that  early - life  microbiome gGut bGrain  axis interactions  have  
lasting  effects  on cognitive  development . Promoting  healthy  microbial  and perinatal  environments  during  
infancy  may represent  key  modifiable  factors  influencing  neurocognitive  outcomes . 
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