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Staying State of the Art 
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The	
  human	
  microbiome	
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NGS	
  Sequencing	
  Costs	
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Anatomical 
• Gut Wall 
• Crypt Depth 
• Gut Barrier 

Inmunologic 
• Constant immune 

training from birth 
• Autoimmunity 
• Alllergies 

Metabolic 
• Liver Like 
• Cardiovascular risk 
• Osteoporosis 
• Lipids 



Gut	
  Microbiome’s	
  composiIon	
  is	
  structured	
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Sommer,	
  Bäckhed.	
  Nat	
  Microb	
  Reviews	
  2013	
  

Immune deterioration 
Susceptibility to infection 
MR Bacteria 
Cdiff. 

Autoimmunity 
IBD 
Allergies 
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“In the land of frailty, confusion, contradiction, and ambiguity 
reign supreme.”


Ferrucci	
  et	
  al,	
  J.	
  of	
  Gerontology,	
  2006,	
  61,	
  260-­‐1	
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Aging	
  &	
  Frailty	
  

FRAILTY: ‘‘liability to be crushed or to decay, either in material or immaterial 
sense ... moral weakness, instability of mind, liability to err or yield to temptation’’


Ferrucci	
  L,	
  MahallaQ	
  A,	
  Simonsick	
  EM:	
  Frailty	
  and	
  the	
  foolishness	
  of	
  Eos.	
  J	
  Gerontol	
  A	
  Biol	
  Sci	
  Med	
  Sci	
  2006,	
  61:260–1.	
  

Chapter X: ‘The happiest,  beyond  all  
comparison,  are those excellent 
struldbrugs, who, being born exempt 
from that universal calamity of 
human nature, have their minds free 
and disengaged, without the weight 
and depression of spirits  caused  by  
the  continual  apprehensions  of  
death!’


‘‘when they come to fourscore years, 
which is reckoned the extremity of 
living in this country, they had not 
only all the follies and infirmities of 
other older men, but many more 
which arose from the dreadful 
prospect of never dying.’’
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Aging	
  &	
  Gut	
  microbiome	
  	
  

•  Changes	
   in	
   the	
   GI	
   tract(masIcaIon	
   funcIon,	
   loss	
   of	
   teeth,	
  
swallowing	
  difficulIes)	
  can	
  lead	
  to	
  nutriIonal	
  imbalance	
  

•  Decreased	
   intesInal	
   moIlity	
   and	
   slow	
   intesInal	
   transit	
   results	
   in	
  
consIpaIon	
   and	
   reducIon	
   of	
   faecal	
   bacterial	
   ma[er	
   with	
   an	
  
associated	
  increase	
  of	
  putrefacIve	
  proccesses.	
  

•  Age	
  associated	
   inflammaIon	
   (‘inflammaging’)	
   is	
   a	
  hallmark	
  of	
  aging	
  
and	
  is	
  linked	
  to	
  immune	
  senescence	
  and	
  and	
  increased	
  acIvaIon	
  of	
  
several	
  pro-­‐inflammatory	
  pathways.	
  

From	
  Woodmansey	
  EJ:	
  IntesQnal	
  bacteria	
  and	
  ageing.	
  In	
  Journal	
  of	
  Applied	
  Microbiology.	
  Volume	
  102;	
  2007:1178–1186.	
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FRAILTY	
  
•  Frailty	
  is	
  a	
  complex	
  mulIfuncIonal	
  syndrome	
  characterized	
  by	
  loss	
  of	
  weight	
  &	
  muscular	
  mass,	
  weakness,	
  

funcIonality	
  loss	
  within	
  and	
  aging	
  background	
  
•  FuncIonally	
  defined	
  by	
  deficit	
  accumulaIon.	
  Different	
  Scales	
  (Fried1,2,	
  Edmonton3,	
  SOF4…).	
  
•  Prevalence	
  of	
  frailty/Pre-­‐frailty	
  increases	
  with	
  age	
  range	
  from	
  ~7-­‐10%	
  or	
  20-­‐30%	
  in	
  >65	
  or	
  >85	
  year	
  old	
  

populaIon.5	
  	
  
•  Biologically	
  characterized	
  to	
  a	
  decreased	
  funcIon	
  of	
  innate	
  and	
  adapIve	
  immune	
  sytem,	
  dysregulaIon	
  of	
  

several	
  key	
  physiological	
  systems,	
  including	
  the	
  neuroendocrine,	
  musculoskeletal,	
  metabolic	
  and	
  inmune/
inflammatory6	
  including	
  increased	
  levels	
  of	
  several	
  inflammaIon	
  markers(IL-­‐6,CRP).	
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The gut microbiome in frailty


The	
  Struldbrugs	
  
Gulliver’s	
  Travels,	
  by	
  Jonathan	
  Swik	
  

13	
  



Bartosch	
  S,	
  Fite	
  A,	
  Macfarlane	
  GT,	
  McMurdo	
  MET:	
  CharacterizaQon	
  of	
  bacterial	
  communiQes	
  in	
  feces	
  from	
  healthy	
  elderly	
  volunteers	
  and	
  hospitalized	
  elderly	
  paQents	
  by	
  
using	
  real-­‐Qme	
  PCR	
  and	
  effects	
  of	
  anQbioQc	
  treatment	
  on	
  the	
  fecal	
  microbiota.	
  Appl	
  Environ	
  Microbiol	
  2004,	
  70:3575–81.	
  

Microbiome	
  in	
  Frailty	
  –	
  Bartosch,	
  2004	
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Microbiome	
  in	
  Frailty	
  –	
  van	
  Tongeren,	
  2005	
  
van	
  Tongeren	
  SP,	
  Slaets	
  JPJ,	
  Harmsen	
  HJM,	
  Welling	
  GW:	
  Fecal	
  microbiota	
  composiQon	
  and	
  frailty.	
  Appl	
  Environ	
  
Microbiol	
  2005,	
  71:6438–42.	
  

•  Cross-­‐secIonal	
  study	
  from	
  23	
  elderly	
  (median	
  86	
  years)	
  in	
  residenIal	
  care	
  
•  Fluorescent	
  in	
  situ	
  hybridizaIon	
  (FISH)	
  
•  GFI	
  (Groningen)	
  frailty	
  scale	
  determines	
  

•  Fecal	
  samples	
  from	
  volunteers	
  with	
  high	
  frailty	
  scores	
  showed	
  a	
  significant	
  
reducIon	
  in	
  the	
  number	
  of	
  lactobacilli	
  (26-­‐fold).	
  

•  At	
  much	
  higher	
  populaIon	
  levels,	
  both	
  the	
  Bacteroides/Prevotella	
  (threefold)	
  
and	
  the	
  Faecalibacterium	
  prausnitzii	
  (fourfold)	
  groups	
  showed	
  a	
  significant	
  
reducIon	
  in	
  percentage	
  of	
  total	
  number	
  of	
  hybridizable	
  bacteria	
  in	
  the	
  elderly	
  
with	
  high	
  frailty	
  scores.	
  

•  In	
  contrast	
  to	
  this,	
  the	
  number	
  of	
  Enterobacteriaceae	
  was	
  significantly	
  higher	
  
(sevenfold)	
  in	
  samples	
  from	
  very	
  frail	
  volunteers.	
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Microbiome	
  signatures	
  in	
  frailty	
  –	
  Jackson,	
  2016	
  

•  Twin	
  Study	
  including	
  728	
  female	
  twins	
  with	
  
(mean	
  age	
  63	
  yo)	
  from	
  twinsUK	
  cohort.	
  

•  16s	
  rRNA	
  sequencing	
  from	
  fecal	
  samples	
  
•  Frailty	
  quanIfied	
  through	
  the	
  Rockwood	
  

Frailty	
  Index.	
  Generally	
  low	
  frailty	
  indices.	
  

•  Frailty	
  negaIvely	
  associated	
  with	
  gut	
  
microbiota	
  diversity	
  

•  F.	
  Prausnitzii	
  and	
  Ruminococcaceae	
  
negaIvely	
  correlated	
  and	
  E.	
  dolichum	
  and	
  E.	
  
lenta.	
  

•  E.	
  lenta	
  has	
  been	
  associated	
  to	
  GI	
  disease	
  
while	
  E.	
  dolichum	
  is	
  enriched	
  in	
  genes	
  
involved	
  in	
  simple	
  sugar	
  processing	
  

Jackson	
  M,	
  et	
  al:	
  Signatures	
  of	
  early	
  frailty	
  in	
  the	
  gut	
  microbiota.	
  Genome	
  Med	
  2016,	
  8:8.	
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The microbiome in extreme longevity


Ferrucci	
  et	
  al,	
  J.	
  of	
  Gerontology,	
  2006,	
  61,	
  260-­‐1	
  17	
  



Microbiome	
  in	
  Centenarian	
  subjects	
  –	
  Biagi,	
  2010	
  
Biagi	
  E,	
  et	
  al:	
  Through	
  ageing,	
  and	
  beyond:	
  gut	
  microbiota	
  and	
  inflammatory	
  
status	
  in	
  seniors	
  and	
  centenarians.	
  PLoS	
  One	
  2010,	
  5:e10667.	
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Microbiome	
  in	
  Centenarian	
  subjects	
  –	
  Biagi,	
  2010	
  
Biagi	
  E,	
  et	
  al:	
  Through	
  ageing,	
  and	
  beyond:	
  gut	
  microbiota	
  and	
  inflammatory	
  
status	
  in	
  seniors	
  and	
  centenarians.	
  PLoS	
  One	
  2010,	
  5:e10667.	
  

•  Microbial	
  composiIon	
  and	
  diversity	
  of	
  the	
  gut	
  ecosystem	
  of	
  young	
  adults	
  and	
  seventy-­‐years	
  old	
  
people	
  was	
  similar	
  and	
  both	
  differed	
  significantly	
  from	
  that	
  of	
  the	
  centenarians,	
  which	
  showed	
  lower	
  
bacterial	
  diversity.	
  

•  Firmicutes	
  phylum	
  rearrangement	
  in	
  centenarians	
  with	
  an	
  enrichment	
  in	
  anaerobes,	
  notably	
  
pathobionts,	
  which	
  associates	
  with	
  increased	
  inflammatory	
  status,	
  with	
  a	
  parallel	
  decrease	
  in	
  
F.prausnitzii	
  and	
  other	
  bacterial	
  species	
  with	
  anI-­‐inflammatory	
  properIes.	
  

•  Notably,	
  E.	
  limosum,	
  E.	
  lenta	
  and	
  A.	
  Muciniphila	
  were	
  increased	
  in	
  centenarians.	
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Microbiome	
  in	
  Centenarian	
  subjects	
  –	
  Biagi,	
  2016	
  
Biagi	
  E,	
  et	
  al:	
  Gut	
  Microbiota	
  and	
  Extreme	
  Longevity.	
  Curr	
  Biol	
  
2016,	
  26:1480–1485.	
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The microbiome through age


Ferrucci	
  et	
  al,	
  J.	
  of	
  Gerontology,	
  2006,	
  61,	
  260-­‐1	
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The	
  Frail	
  Microbiome	
  –	
  Claesson,	
  2011	
  
Claesson	
  MJ,	
  et	
  al:	
  ComposiQon,	
  variability,	
  and	
  temporal	
  stability	
  of	
  the	
  intesQnal	
  microbiota	
  of	
  the	
  
elderly.	
  Proc	
  Natl	
  Acad	
  Sci	
  U	
  S	
  A	
  2011,	
  108	
  Suppl:4586–91.	
  

Phylum	
  Level	
  

Elder	
  
Younger	
  

•  Cross-­‐SecIonal	
  study	
  of	
  170	
  individuals	
  (161	
  >65yo	
  &	
  9	
  younger)	
  from	
  
ELDERMET	
  consorIum.	
  3-­‐month	
  follow-­‐up	
  of	
  26	
  individuals.	
  V3-­‐V4	
  rRNA	
  
gene	
  pyrosequencing.	
  

•  Different	
  Bacteroidetes/Firmicutes	
  raIo	
  found	
  in	
  young	
  and	
  elder	
  
populaIon	
  highly	
  variable	
  microbiome	
  

•  A	
  Bacteroidetes	
  dominated	
  and	
  disInct	
   core	
  microbiome	
  was	
   found	
   for	
  
elders	
  composed	
  whereas	
  younger	
  subjects	
  had	
  one	
  unique	
  Bacteroides	
  
species	
   and	
   were	
   Firmicutes	
   phylum	
   dominated	
   in	
   a	
   highly	
   variable	
  
context.	
  

•  A	
   given	
   microbiota	
   aker	
   3	
   mo	
   was	
   more	
   like	
   to	
   localize	
   to	
   its	
   original	
  
composiIon	
  than	
  to	
  any	
  other	
  sample	
  analyzed,	
  thus	
  indicaIng	
  temporal	
  
stability	
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Claesson	
  MJ,	
  et	
  al:	
  Gut	
  microbiota	
  composiQon	
  correlates	
  with	
  diet	
  and	
  
health	
  in	
  the	
  elderly.	
  Nature	
  2012,	
  488:178–184.	
  

Fecal	
  microbiota	
  characterizaIon	
  of	
  178	
  individuals:	
  
-­‐  83	
  community	
  dwelling	
  subjects	
  (CD)	
  
-­‐  20	
  a[ending	
  out-­‐paIent	
  day	
  hospital	
  (DH)	
  
-­‐  15	
  in	
  short-­‐term	
  rehabilitaIon	
  (RH)	
  
-­‐  60	
  in	
  long-­‐term	
  residenIal	
  care,	
  meaning	
  >6	
  weeks	
  (LC)	
  
-­‐  13	
  young	
  adults	
  (median	
  age	
  36	
  y.o.)(YH)	
  
Health	
  state	
  characterizaIon	
  
Diet	
  QuesIonnaires	
  

Unweighted(a)	
  and	
  Weighted(B)	
  UniFrac	
  PCoA	
  analysis	
  of	
  
47,563	
  OTUs	
  

•  The	
   microbiota	
   of	
   older	
   people	
   displays	
   greater	
   inter-­‐
individual	
  variaIon	
  than	
  that	
  of	
  younger	
  adults.	
  	
  

•  Clear	
   separaIon	
   between	
   community-­‐dwelling	
   and	
   long-­‐
stay	
  subjects	
  using	
  both	
  weighted	
  and	
  un-­‐weighted	
  analysis	
  

•  The	
  faecal	
  microbiota	
  composiIon	
  from	
  178	
  elderly	
  subjects	
  
formed	
   groups,	
   correlaIng	
   with	
   residence	
   locaIon	
   in	
   the	
  
community,	
   day-­‐hospital,	
   rehabilitaIon	
   or	
   in	
   long-­‐term	
  
residenIal	
  care.	
  

The	
  Frail	
  Microbiome	
  –	
  Claesson,	
  2012	
  



Hierarchical	
  Ward-­‐linkage	
  clustering	
  based	
  on	
   the	
  Spearman	
  correla\on	
  coefficients	
  of	
  
the	
  propor\on	
  of	
  OTUs,	
  filtered	
  for	
  OTU	
  subject	
  prevalence	
  of	
  at	
  least	
  20%.	
  

Microbiota	
  and	
  Residence	
  Loca\on	
  –	
  Claesson,	
  2012	
  

Samples	
  

Otus	
  

1.	
  Claesson	
  MJ,	
  et	
  al:	
  Gut	
  microbiota	
  composiQon	
  correlates	
  with	
  diet	
  and	
  health	
  in	
  the	
  elderly.	
  Nature	
  2012,	
  488:178–184.	
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Microbiome	
  &	
  Diet	
  –	
  Claesson,	
  2012	
  

CD	
  DH	
  RH	
  LC	
  YH	
  

11%	
  Variance	
  Explained	
  

Procrustes	
  analysis:	
  Co-­‐
segrega\on	
  of	
  diet	
  and	
  
microbiota	
  along	
  first	
  
axis	
  

Claesson	
  MJ,	
  et	
  al:	
  Gut	
  microbiota	
  composiQon	
  correlates	
  with	
  diet	
  and	
  health	
  in	
  the	
  
elderly.	
  Nature	
  2012,	
  488:178–184.	
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Healthy	
  Diet	
  and	
  Microbiota	
  –	
  Claesson,	
  2012	
  

Drescher,	
  L.	
  S	
  et	
  al.	
  A	
  new	
  index	
  to	
  measure	
  healthy	
  food	
  diversity	
  befer	
  reflects	
  a	
  healthy	
  diet	
  than	
  tradiQonal	
  measures.	
  2007.	
  	
  The	
  Journal	
  of	
  NutriQon,	
  137(3),	
  647–51.	
  	
  

•  Healthy	
  food	
  diversity	
  index	
  (HFD)	
  is	
  based	
  on	
  a	
  distribuIon	
  measure	
  mainly	
  applied	
  in	
  economic	
  and	
  ecological	
  
studies.	
  It	
  considers	
  3	
  aspects	
  important	
  for	
  healthy	
  food	
  diversity:	
  number,	
  distribuIon,	
  and	
  health	
  value	
  of	
  
consumed	
  foods	
  

Claesson	
  MJ,	
  et	
  al:	
  Gut	
  microbiota	
  composiQon	
  correlates	
  with	
  diet	
  and	
  health	
  in	
  the	
  
elderly.	
  Nature	
  2012,	
  488:178–184.	
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Aging	
  Microbiota	
  &	
  Health	
  Correla\ons	
  –	
  Claesson,	
  2012	
  

Regression	
  tests	
  of	
  associa\ons	
  between	
  clinical	
  measurements	
  and	
  
microbiota	
  composi\on	
  (Using	
  PCoA	
  PCs)	
  

-­‐  Charlson	
  Comorbidity	
  index	
  (CCI)	
  
-­‐  Geriatric	
  depression	
  Test(GDT)	
  
-­‐  Barthel	
  Index	
  
-­‐  FuncIonal	
  Independence	
  

Measure	
  (FIM)	
  
-­‐  Mini-­‐mental	
  state	
  Exam	
  (MMSE)	
  
-­‐  Mini	
  NutriIIonal	
  assessment	
  

(MNA)	
  

Claesson	
  MJ,	
  et	
  al:	
  Gut	
  microbiota	
  composiQon	
  correlates	
  with	
  diet	
  and	
  health	
  
in	
  the	
  elderly.	
  Nature	
  2012,	
  488:178–184.	
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Microbiota	
  structure	
  evolu\on	
  –	
  Claesson,	
  2012	
  

Co-­‐abundance	
  Groups	
  (CAG):	
  Groups	
  of	
  bacteria	
  genera	
  that	
  co-­‐variate	
  along	
  samples	
  

Claesson	
  MJ,	
  et	
  al:	
  Gut	
  microbiota	
  composiQon	
  correlates	
  with	
  
diet	
  and	
  health	
  in	
  the	
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Wiggum	
  Plot	
  

Microbiota	
  structure	
  evolu\on	
  –	
  Claesson	
  2012	
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Microbiota	
  structure	
  evolves	
  through	
  aging	
  and	
  
residency	
  –	
  Claesson,	
  2012	
  

Community	
  

Long	
  Stay	
  

Claesson	
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  microbiota	
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Bacterial	
  modules	
  associated	
  to	
  subject	
  characteris\cs	
  –	
  Jeffery,	
  2015	
  	
  

Four	
  microbiota	
  modules	
  idenIfied	
  by	
  iBBiG	
  (M1,	
  M2,	
  M3	
  and	
  M9)	
  in	
  732	
  samples	
  (371	
  subjects)	
  
M1:	
  Core	
  microbiota(Co),	
  bacterial	
  genera	
  present	
  in	
  most	
  microbiome	
  profiles	
  in	
  high	
  abundance	
  
M2:	
  Diversity	
  associated	
  (DA),	
  bacterial	
  genera	
  associated	
  with	
  health	
  or	
  healthy	
  diets	
  and	
  high	
  
microbiota	
  diversity	
  present	
  in	
  ~1/3	
  of	
  the	
  profiles	
  
M3:	
  Long-­‐stay	
  associated	
  (LA)	
  
M9:	
  Reduced	
  Core	
  (RC).	
  A	
  subset	
  of	
  the	
  Co	
  module	
  

Jeffery	
  IB,	
  Lynch	
  DB,	
  O’Toole	
  PW:	
  ComposiQon	
  and	
  temporal	
  stability	
  of	
  the	
  gut	
  
microbiota	
  in	
  older	
  persons.	
  ISME	
  J	
  2015,	
  10:170–82.	
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Microbial	
  modules	
  shif	
  through	
  age	
  and	
  residen\al	
  care	
  –	
  O’Toole,	
  2015	
  

O’Toole	
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  Jeffery	
  IB:	
  Gut	
  microbiota	
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  aging.	
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  (80-­‐	
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  2015,	
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•  Abundance	
  of	
  bacterial	
  modules	
  with	
  aging	
  and	
  length	
  of	
  stay	
  in	
  residenIal-­‐care	
  
•  As	
  elderly	
  people	
  age	
  and/or	
  spend	
  Ime	
  in	
  a	
  long-­‐stay	
  residenIal	
  facility,	
  they	
  gain	
  a	
  long-­‐	
  

stay–associated	
  defined	
  populaIon	
  of	
  bacteria	
  that	
  are	
  associated	
  with	
  increased	
  frailty	
  
	
  

Bacterial	
  modules	
  associated	
  to	
  subject	
  characteris\cs	
  –	
  O’Toole,	
  2015	
  	
  

Community	
  Dwelling	
   Long-­‐Stay	
  Residence	
  

O’Toole	
  PW,	
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  microbiota	
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  (80-­‐	
  )	
  2015,	
  350:1214–1216.	
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Summary	
  
•  Measures	
  of	
  increased	
  inflammaIon	
  and	
  increased	
  frailty	
  related	
  to	
  both	
  dietary	
  and	
  

microbiome	
  composiIon	
  support	
  a	
  diet–	
  microbiota	
  link	
  to	
  these	
  indicators	
  and	
  
underlines	
  and	
  important	
  role	
  of	
  environmental	
  factors	
  related	
  to	
  residence	
  sesng	
  

•  Elder	
  bacterial	
  microbiome	
  gradually	
  differenIates	
  from	
  that	
  of	
  younger	
  populaIon,	
  is	
  
stable	
  over	
  Ime	
  but	
  shows	
  higher	
  inter-­‐individual	
  variability.	
  	
  

•  Bacterial	
  diversity	
  is	
  reduced	
  in	
  non-­‐frail	
  aging	
  and	
  is	
  	
  further	
  reduced	
  in	
  frail	
  aging,	
  but	
  
comparaIvely	
  increased	
  in	
  extreme	
  longevity.	
  Frailty	
  is	
  also	
  characterized	
  by	
  reducIon	
  
of	
  several	
  aging	
  related	
  bacterial	
  components	
  and	
  an	
  increase	
  in	
  Proteobacteria	
  and	
  
Enterobacteria.	
  

•  In	
  long	
  living	
  subject,	
  SCFAs	
  producing	
  bacteria	
  such	
  as	
  Akk.	
  Muciniphila,	
  Clostridium	
  
XIVa	
  cluster	
  and	
  Christensenellaceae	
  show	
  to	
  be	
  consistently	
  increased	
  compared	
  to	
  
“young”	
  populaIon.	
  

•  A	
  loss	
  	
  of	
  F.	
  Prausnitzii	
  is	
  associated	
  with	
  frailty	
  whereas	
  and	
  an	
  enrichment	
  A.	
  
muciniphila	
  is	
  correlated	
  with	
  longevity,	
  respecIvely.	
  These	
  species	
  have	
  been	
  shown	
  to	
  
be	
  important	
  players	
  in	
  other	
  diseases	
  with	
  an	
  important	
  inflammatory	
  component.	
  

•  Importantly,	
  aging/frailty	
  associated	
  microbiome	
  changes	
  are	
  highly	
  populaIon-­‐specific	
  
and	
  may	
  depend	
  on	
  a	
  combinaIon	
  environmental	
  factors	
  such	
  as	
  residence,	
  
psychosocial	
  factors,	
  diet	
  and	
  presence	
  of	
  co-­‐morbidiIes.	
  



The	
  FRAME	
  Study	
  -­‐	
  
The	
  gut	
  microbiome	
  
in	
  frail	
  aging	
  



Study	
  Design	
  

Study	
  PopulaIon:	
  
-­‐	
  	
  	
  	
  	
  Approx	
  200	
  individuals	
  
-­‐  65	
  yo	
  or	
  older	
  
-­‐  With	
  no	
  GI	
  diseases	
  

Clinical	
  EvaluaIon:	
  
•  Frailty	
  Scales:	
  

•  Fried	
  
•  OARS	
  
•  Barthel	
  
•  Pfeiffer	
  
•  Get	
  up	
  &	
  Go	
  
•  Depression	
  

•  Blood	
  &	
  Hormone	
  Test	
  
•  Immune	
  and	
  InflammaIon	
  markers	
  

•  sCD14	
  &	
  LBP	
  (TranslocaIon)	
  
•  Zonuline	
  (Gut	
  Perm)	
  
•  IFABP	
  (Enterocyte	
  damage)	
  
•  CRP,	
  D-­‐dimer,	
  IL-­‐6,	
  IP10,	
  G-­‐CSF	
  

Microbiome	
  CharacterizaIon	
  
-­‐  Sequencing	
  of	
  16s	
  rRNA	
  V3-­‐V4	
  region	
  with	
  NGS(Illumina)	
  
-­‐  High-­‐Throughput	
  Whole	
  (Meta)Genome	
  sequencing	
  
-­‐  Metabolomics:	
  Restricted	
  to	
  SCFA	
  

NutriIonal	
  InformaIon:	
  
-­‐  PREDIMED	
  QuesIonnaire.	
  	
  
-­‐  14	
  point	
  scoring.	
  

Data	
  CollecIon:	
  
-­‐  On-­‐line	
  data	
  collecIon	
  
-­‐  Secure/Encrypted	
  DB	
  
-­‐  OpenClinica	
  data	
  forms	
  designed	
  for	
  this	
  

study	
  

Screening	
  visit:	
  Consent	
  and	
  material	
  
Baseline	
  Visit:	
  EvaluaIon	
  and	
  sample	
  
collecIon	
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