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1.  The	
  Human	
  Microbiome	
  
2.  The	
  origins	
  Microbiomics	
  	
  
3.  Disease	
  and	
  Dysbiosis	
  
4.  The	
  NaturalisIc	
  Fallacy	
  
5.  Some	
  Examples	
  you	
  should	
  

know	
  about.	
  
6.  The	
  Future.	
  	
  



Microbiome:	
  The	
  collecIon	
  of	
  all	
  microbial	
  organisms	
  in	
  a	
  given	
  place	
  	
  	
  

Metagenome:	
  The	
  collecIon	
  of	
  all	
  genomes	
  in	
  a	
  given	
  place	
  	
  	
  



We	
  are	
  about	
  90%	
  bacteria.	
   10	
  trillion	
  human	
  cells	
  
100	
  trillion	
  bacterial	
  cells	
  

From	
  Hype	
  to	
  Hope?	
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The	
  Mismeasure	
  of	
  Man	
  (and	
  Microbes)	
  	
  

January	
  6	
  2016	
  Revised	
  es:mates	
  for	
  the	
  number	
  of	
  human	
  and	
  
bacteria	
  cells	
  in	
  the	
  body	
  	
  Ron	
  Sender,	
  Shai	
  Fuchs	
  &	
  Ron	
  Milo1	
  
(BioRxiv)	
  

Original	
  “back	
  of	
  the	
  envelope	
  calculaIon	
  was”	
  
	
  

1011	
  bacteria/gram	
  x	
  1	
  Liter	
  =	
  1014	
  
(assuming	
  that	
  1	
  g	
  =	
  1	
  ml)	
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Colon	
  which	
  has	
  vastly	
  
more	
  bacteria	
  has	
  
350-­‐450	
  ml	
  of	
  volume.	
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  body	
  	
  Ron	
  Sender,	
  Shai	
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70	
  kg	
  “reference	
  man”	
  :	
  	
  
	
  
Bacteria:	
  3.9x1013	
  (25%	
  uncertainty	
  and	
  52%	
  
variaIon	
  over	
  the	
  populaIon)	
  
	
  
Human:	
  3.9x1013	
  (2%	
  uncertainty	
  and	
  14%	
  CV)	
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“Indeed,	
  the	
  numbers	
  are	
  similar	
  enough	
  that	
  
each	
  defeca:on	
  event	
  may	
  flip	
  the	
  ra:o	
  to	
  favor	
  
human	
  cells	
  over	
  bacteria.”	
  	
  



More	
  to	
  you	
  than	
  you	
  think:	
  

1.  In	
  a	
  human	
  body	
  the	
  raIo	
  of	
  Human	
  cells:Microbial	
  cells	
  is	
  about	
  1:1.	
  

2.  1011-­‐1012	
  microbes/ml	
  in	
  GI	
  tract	
  

3.  Bacteria	
  consItute	
  about	
  50%	
  of	
  the	
  content	
  of	
  feces	
  by	
  weight	
  

4.  EsImates	
  of	
  400-­‐600	
  different	
  species	
  of	
  bacteria	
  in	
  mouth	
  and	
  colon.	
  



o  InfecIous	
  disease	
  risk	
  
o Development	
  of	
  gut	
  
o Development	
  of	
  healthy	
  
immunity	
  

o Responses	
  to	
  vaccines	
  
o Obesity	
  
o Nutrient	
  metabolism	
  
o Drug	
  toxicity/
metabolism	
  

o Brain	
  development	
  
o Drug	
  discovery	
  

High	
  Hopes	
  



Originally	
  proposed	
  by	
  Pace	
  NR	
  1986	
  and	
  Olsen	
  et	
  al	
  1986	
  	
  



Originally	
  proposed	
  by	
  Pace	
  NR	
  1986	
  and	
  Olsen	
  et	
  al	
  1986	
  	
  



1993	
  



16S	
  PCR	
  	
  
amplificaIon	
  

ligate	
  
	
  into	
  	
  
plasmids	
  

Microbial	
  Community	
  

transform	
  into	
  
E.coli	
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hybridize	
  to	
  
microarray	
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16S	
  PCR	
  	
  
amplificaIon	
  

hybridize	
  to	
  
microarray	
  	
  Microbial	
  Community	
  

Illumina/Solexa	
  





600	
  Gigabases/run	
  at	
  least=	
  6.0	
  x1011	
  
	
  

Or	
  
	
  
3	
  Gb	
  =	
  One	
  human	
  Genome	
  
	
  
200	
  human	
  genomes	
  in	
  one	
  run	
  
	
  
	
  

	
  
	
  	
  
	
  



Sequencing	
  capability	
  has	
  been	
  doubling	
  every	
  6–9	
  months	
  

Illumina	
  and	
  454	
  hit	
   AcIve	
  Use/Capacity	
  	
  
of	
  Illumina	
  and	
  454	
  	
  



focused studies2,3,5,8,9, each body habitat in almost every subject was
characterized by one or a few signature taxa making up the plurality of
the community (Fig. 3). Signature clades at the genus level formed on
average anywhere from 17% to 84% of their respective body habitats,
completely absent in some communities (0% at this level of detection)
and representing the entire population (100%) in others. Notably, less
dominant taxa were also highly personalized, both among individuals
and body habitats; in the oral cavity, for example, most habitats are
dominated by Streptococcus, but these are followed in abundance by
Haemophilus in the buccal mucosa, Actinomyces in the supragingival
plaque, and Prevotella in the immediately adjacent (but low oxygen)
subgingival plaque10.

Additional taxonomic detail of the human microbiome was pro-
vided by identifying unique marker sequences in metagenomic data11

(Fig. 3a) to complement 16S profiling (Fig. 3b). These two profiles
were typically in close agreement (Supplementary Fig. 3), with the
former in some cases offering more specific information on members
of signature genera differentially present within habitats (for example,
vaginal Prevotella amnii and gut Prevotella copri) or among indivi-
duals (for example, vaginal Lactobacillus spp.) One application of this
specificity was to confirm the absence of NIAID (National Institute of

Allergy and Infectious Diseases) class A–C pathogens above 0.1%
abundance (aside from Staphylococcus aureus and Escherichia coli)
from the healthy microbiome, but the near-ubiquity and broad dis-
tribution of opportunistic ‘pathogens’ as defined by PATRIC12.
Canonical pathogens including Vibrio cholerae, Mycobacterium
avium, Campylobacter jejuni and Salmonella enterica were not
detected at this level of sensitivity. Helicobacter pylori was found in
only two stool samples, both at ,0.01%, and E. coli was present at
.0.1% abundance in 15% of stool microbiomes (.0% abundance in
61%). Similar species-level observations were obtained for a small
subset of stool samples with 454 pyrosequencing metagenomics data
using PhylOTU13,14. In total 56 of 327 PATRIC pathogens were
detected in the healthy microbiome (at .1% prevalence of .0.1%
abundance, Supplementary Table 2), all opportunistic and, strikingly,
typically prevalent both among hosts and habitats. The latter is in
contrast to many of the most abundant signature taxa, which were
usually more habitat-specific and variable among hosts (Fig. 3a, b).
This overall absence of particularly detrimental microbes supports the
hypothesis that even given this cohort’s high diversity, the microbiota
tend to occupy a range of configurations in health distinct from many
of the disease perturbations studied to date3,15.

a Within-sample alpha diversity

Between-sample beta diversity
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Figure 1 | Diversity of the human microbiome is concordant among
measures, unique to each individual, and strongly determined by microbial
habitat. a, Alpha diversity within subjects by body habitat, grouped by area, as
measured using the relative inverse Simpson index of genus-level phylotypes
(cyan), 16S rRNA gene OTUs (blue), shotgun metagenomic reads matched to
reference genomes (orange), functional modules (dark orange), and enzyme
families (yellow). The mouth generally shows high within-subject diversity and
the vagina low diversity, with other habitats intermediate; variation among
individuals often exceeds variation among body habitats. b, Bray–Curtis beta
diversity among subjects by body habitat, colours as for a. Skin differs most
between subjects, with oral habitats and vaginal genera more stable. Although

alpha- and beta-diversity are not directly comparable, changes in structure
among communities (a) occupy a wider dynamic range than do changes within
communities among individuals (b). c, Principal coordinates plot showing
variation among samples demonstrates that primary clustering is by body area,
with the oral, gastrointestinal, skin and urogenital habitats separate; the nares
habitat bridges oral and skin habitats. d, Repeated samples from the same
subject (blue) are more similar than microbiomes from different subjects (red).
Technical replicates (grey) are in turn more similar; these patterns are
consistent for all body habitats and for both phylogenetic and metabolic
community composition. See previously described sample counts1 for all
comparisons.
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DYSBIOSIS	
  à	
  DISEASE	
  





	
  
1.  Primary	
  Focus	
  of	
  Microbiomics	
  to	
  date	
  
2.  Linked	
  to:	
  autoimmune	
  disorders,	
  obesity,	
  type-­‐I	
  diabetes,	
  food	
  sensiIviIes,	
  

colorectal	
  cancer,	
  gasIc	
  cancer,	
  prostate	
  cancer	
  
3.  Age,	
  living	
  situaIon,	
  anIbioIc	
  exposure	
  
4.  Diet	
  is	
  key!	
  
5.  Huge	
  variaIon	
  between	
  individuals/relaIve	
  stability	
  within	
  individuals	
  over	
  Ime	
  
6.  Mechanisms:	
  

1.  “training	
  the	
  immune	
  system”	
  
2.  ProducIon	
  of	
  toxins	
  (inflammaIon,	
  carcinogens)	
  

7.  PrebioIcs	
  and	
  ProbioIcs	
  may	
  influence	
  and	
  show	
  some	
  promise	
  
8.  Fecal	
  transplant:	
  works	
  for	
  recurrent	
  C.	
  diff	
  [being	
  considered	
  for	
  VRE,	
  IBD]	
  

The	
  Gut	
  Microbiome	
  



	
  
1.  Focus	
  on	
  Phyla	
  (Bacteroidetes,	
  Firmicutes,	
  AcInobacteria,	
  Proteobacteria,	
  

Fusobacteria)	
  
2.  Focus	
  on	
  Ecological	
  Paqerns	
  (Diversity,	
  Richness,	
  Evenness)	
  
3.  Focus	
  on	
  specific	
  organisms	
  (Bifidobacterium,	
  Lactobacillus,	
  Staphylococcus)	
  

Parsing	
  the	
  Microbiome:	
  Reducing	
  the	
  Complexity	
  



DYSBIOSIS	
  à	
  DISEASE	
  



Clostridium	
  difficile	
  





FECAL	
  MICROBIAL	
  
TRANSPLANT	
  (FMT)	
  

Lee	
  et	
  al	
  2016	
  JAMA	
  
	
  
	
  Frozen	
  vs	
  Fresh	
  Fecal	
  Microbiota	
  
TransplantaIon	
  and	
  Clinical	
  ResoluIon	
  of	
  
Diarrhea	
  in	
  PaIents	
  With	
  Recurrent	
  
InfecIon	
  A	
  Randomized	
  Clinical	
  Trial	
  
	
  
80-­‐90%	
  cure	
  	
  



Germ	
  free	
  mice:	
  completely	
  free	
  of	
  any	
  miroorganisms	
  
	
  
GnotobioIcs:	
  known	
  microorganisms	
  



DepicIon	
  of	
  Ridaura	
  2013	
  Gut	
  microbiota	
  from	
  twins	
  discordant	
  for	
  obesity	
  
modulate	
  metabolism	
  in	
  mice.	
  
	
  Science	
  



What	
  does	
  health	
  mean	
  to	
  you?	
  



Health	
  may	
  mean:	
  
Being	
  athleIc	
  
Living	
  a	
  long	
  Ime	
  
Not	
  having	
  intrusive	
  thoughts	
  
Being	
  slim	
  
Being	
  the	
  right	
  weight	
  
Being	
  happy	
  	
  
Not	
  having	
  pain	
  	
  
Reproducing	
  beauIful	
  children	
  
Being	
  able	
  to	
  care	
  for	
  children	
  
Being	
  able	
  to	
  work	
  
Being	
  able	
  to	
  make	
  love	
  
Being	
  able	
  to	
  relax	
  
Being	
  you!	
  
	
  



hqp://www.nyImes.com/
2014/11/02/opinion/sunday/
there-­‐is-­‐no-­‐healthy-­‐
microbiome.html?_r=0	
  

There	
  Is	
  No	
  ‘Healthy’	
  Microbiome	
  
	
  
By	
  ED	
  YONG	
  
NOV.	
  1,	
  2014	
  	
  
New	
  York	
  Times	
  



NaturalisIc	
  fallacy:	
  a	
  concept	
  like	
  “good”	
  cannot	
  be	
  defined	
  by	
  some	
  
natural	
  properIes	
  it	
  someImes	
  evokes	
  or	
  represents	
  (happiness,	
  
normal,	
  average,	
  pleasure	
  etc.,)	
  (GE	
  Moore,	
  Principia	
  Ethica,	
  
1873-­‐1958).	
  	
  
	
  
“appeal	
  to	
  nature”	
  

	
  
	
  



NaturalisIc	
  fallacy:	
  a	
  concept	
  like	
  “good”	
  cannot	
  be	
  defined	
  by	
  some	
  
natural	
  properIes	
  it	
  someImes	
  evokes	
  or	
  represents	
  (happiness,	
  
normal,	
  average,	
  pleasure	
  etc.,)	
  (GE	
  Moore,	
  Principia	
  Ethica,	
  
1873-­‐1958).	
  	
  
	
  
“appeal	
  to	
  nature”	
  

	
  
Good	
  things	
  are	
  someImes	
  	
  
natural.	
  	
  	
  
	
  
Natural	
  things	
  must	
  therefore	
  
be	
  good.	
  	
  
	
  



NaturalisIc	
  fallacy:	
  a	
  concept	
  like	
  “good”	
  cannot	
  be	
  defined	
  by	
  some	
  
natural	
  properIes	
  it	
  someImes	
  evokes	
  or	
  represents	
  (happiness,	
  
normal,	
  average,	
  pleasure	
  etc.,)	
  (GE	
  Moore,	
  Principia	
  Ethica,	
  
1873-­‐1958).	
  	
  
	
  
Some	
  other	
  appeals	
  to	
  nature	
  
	
  
Meat	
  eaIng	
  
Vegetarianism	
  
Sexuality	
  (homosexuality,	
  promiscuity	
  etc.,)	
  
Home	
  birth	
  	
  
Vaccines	
  	
  
Warfare	
  
	
  
	
  
	
  
	
  



OPEN	
  vs.	
  CLOSED/MEANINGLESS	
  QuesIons	
  
	
  
I	
  know	
  he	
  is	
  a	
  vegetarian,	
  but	
  does	
  he	
  eat	
  meat?	
  	
  Closed/Meaningless	
  QuesIon	
  
	
  
I	
  know	
  it	
  is	
  pleasurable,	
  but	
  is	
  it	
  good?	
  Open	
  QuesIon	
  



“Almost	
  immediately	
  auer	
  a	
  human	
  being	
  is	
  born,	
  	
  
so	
  too	
  is	
  a	
  new	
  microbial	
  ecosystem…”	
  	
  Palmer	
  et	
  al	
  2007	
  PLoS	
  Biology	
  

Vooreades	
  et	
  al	
  2014	
  



Microbial	
  exposure	
  
has	
  a	
  huge	
  impact	
  
on	
  health	
  	
  



Microbial	
  exposure	
  
has	
  a	
  huge	
  impact	
  
on	
  health	
  	
  



2016	
  Nature	
  Medicine	
  





	
  
	
  

So	
  what	
  is	
  the	
  soluIon	
  to	
  this	
  debate?	
  	
  

DATA	
  and	
  long	
  term	
  follow	
  up!!	
  
	
  
Much	
  more	
  important	
  to	
  avoid	
  unnecessary	
  
anIbioIcs	
  and	
  breast	
  feed.	
  
	
  
Do	
  not	
  do	
  it	
  at	
  home!	
  



Graham	
  Rook,	
  Royal	
  Free	
  and	
  
University	
  Medical	
  School	
  in	
  
London,	
  UK	
  	
  

The	
  Hygiene	
  Hypothesis,	
  old	
  friends	
  hypothesis:	
  EducaIon	
  by	
  our	
  
“friends”	
  	
  

David	
  Strachan,	
  PopulaIon	
  Health	
  Research	
  InsItute	
  	
  
Research	
  InsItute,	
  UK	
  



Marty	
  Blaser	
  MD	
  



	
  

	
  
	
  

Summary:	
  The	
  Naturalist’s	
  Dilemma	
  
	
  

1.  The	
  human	
  microbiome	
  has	
  a	
  complex	
  relaIonship	
  to	
  
human	
  health—Can	
  we	
  study	
  it	
  without	
  changing	
  it	
  or	
  
do	
  we	
  have	
  to	
  change	
  it	
  to	
  study	
  it?	
  

2.  Do	
  not	
  commit	
  the	
  naturalisIc	
  fallacy!-­‐-­‐Health	
  is	
  not	
  a	
  
reasonable	
  scien:fic	
  outcome.	
  	
  But	
  specific	
  outcomes	
  
might	
  be.	
  

3.  Watch	
  out	
  for	
  mushy	
  thinking.	
  	
  	
  



	
  

	
  
	
  

	
  

	
  
	
  

The	
  Respiratory	
  Microbiome	
  
•  75	
  m2	
  surface	
  area	
  

•  Biomass	
  is	
  relaIvely	
  low	
  (controls,	
  techniques	
  are	
  important)	
  

•  10	
  to	
  100	
  bacterial	
  cells	
  per	
  1000	
  human	
  cells	
  

•  Major	
  genera:	
  Pseudomonas,	
  Streptococcus,	
  Staphylococcus,	
  Prevotella,	
  Haemophilus,	
  
Neisseria,	
  Veillonella,	
  Haemophilus,	
  Porphyromonas	
  

•  Don’t	
  forget	
  viruses	
  and	
  fungi!	
  (major	
  cause	
  of	
  exacerbaIon	
  in	
  COPD	
  and	
  Asthma)	
  

•  Heterogeneous	
  changes	
  in	
  different	
  locaIons	
  (microenviroments).	
  	
  
	
  





	
  

	
  
	
  

The	
  Respiratory	
  Microbiome:	
  What	
  do	
  we	
  know	
  so	
  far?	
  

1.  The	
  microbiome	
  of	
  the	
  healthy	
  airway	
  is	
  disInct	
  	
  from	
  asthma,	
  COPD,	
  CF	
  
2.  Origin:	
  Rapid	
  accumula:on	
  aQer	
  birth	
  (Madan	
  et	
  al	
  2012	
  mBio,	
  Gollwitzer	
  et	
  al	
  2014	
  Nat	
  Med)	
  

3.  Core	
  Stabilizes	
  auer	
  first	
  month	
  of	
  life	
  	
  
	
  
	
  
	
  



	
  

	
  
	
  

The	
  Respiratory	
  Microbiome:	
  What	
  do	
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  et	
  al	
  2012	
  mBio)	
  

5.  InteracIon	
  between	
  Gut	
  Microbiome	
  and	
  	
  Respiratory/Allergic	
  disease	
  (Trompeqe	
  
et	
  al	
  2014	
  Nat	
  Med,	
  Madan	
  et	
  al	
  2012	
  mBio,	
  ,	
  Gollwitzer	
  et	
  al	
  2014	
  Nat	
  Med,	
  Ege	
  et	
  al	
  NEJM	
  2011,	
  Abrahamsson	
  2014	
  et	
  
al	
  Clin	
  Ex	
  Allergy,	
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  al	
  2012	
  EMBO,	
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  et	
  al	
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  et	
  al	
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  al	
  2012	
  EMBO,	
  Herbst	
  et	
  al	
  2011,	
  Nembrini	
  et	
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6.  Perhaps	
  a	
  role	
  for	
  prebio:cs/probio:cs	
  (Gollwitzer	
  &	
  Marsland	
  2014	
  Pharm	
  Ther)	
  

7.  Certain	
  Organisms	
  are	
  associated	
  with	
  steroid	
  nonresponsiveness	
  (H.	
  parainfluenzae	
  
[Goleva	
  et	
  al	
  2013])	
  	
  

8.  COPDàviruses	
  and	
  outgrowth	
  of	
  specific	
  pathogens	
  (Mallia	
  et	
  al	
  2012,	
  Molyneaux	
  et	
  al	
  2013,	
  
Goulding	
  et	
  al	
  2011	
  )	
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Species Prevalence Mean	
  Colony	
  Counts

Flu	
  -­‐ Flu	
  + Total P Flu	
  -­‐ Flu	
  + P

Gram	
  +
Staphylococcus	
  lentus 9 10 19 1.0000 268 483 0.3910
Staphylococcus	
  xylosus 9 9 18 1.0000 19 192 0.0264*
Staphylococcus	
  nepalensis 8 7 15 1.0000 24 123 0.4698
Enterococcus	
  faecalis 3 4 7 1.0000 21 21.25 0.3545
Bacillus	
  thuringiensis 4 1 5 0.3108 8 1 0.2556
Enterococcus	
  gallinarum 2 1 3 1.0000 3 4 >	
  0.9999
Staphylococcus	
  cohnii 2 1 3 1.0000 11 106 >	
  0.9999
Aerococcus	
  urinaeequi 0 2 2 0.4762 0 13 0.4762
Jeotgalicoccus	
  halotolerans 0 2 2 0.4762 0 58 0.4762

Gram	
  -­‐
Klebsiella	
  oxytoca 3 5 8 0.6594 2 43 0.1883
Enterobacter	
  hormaechei 4 2 6 0.6351 32 1224 0.6351
Enterobacter	
  absurie 1 4 5 0.3108 7 464 0.1454

Prevalence and Colony Counts by Species
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•  30,000	
  people	
  in	
  the	
  US	
  
•  Predicted	
  median	
  age	
  of	
  
survival,	
  early	
  40’s	
  

•  Defect	
  in	
  CFTR	
  gene	
  
•  Abnormal	
  surface	
  airway	
  
fluid	
  	
  

•  Mucus	
  plugging	
  
•  InfecIon	
  
•  Neutrophil-­‐dominated	
  
inflammaIon	
  

	
  
	
  

Progressive	
  airway	
  obstrucIon	
  is	
  the	
  leading	
  cause	
  of	
  
morbidity	
  and	
  mortality	
  for	
  paIents	
  with	
  CF.	
  



CF	
  is	
  an	
  inflammatory	
  disease	
  and	
  an	
  immunodeficiency	
  	
  

•  CF	
  epithelial	
  cells	
  have	
  an	
  
exaggerated	
  inflammatory	
  
response	
  to	
  bacteria.	
  

•  Increase	
  NFkB	
  	
  

•  Aberrant	
  TLR	
  receptor	
  
localizaIon	
  

•  OxidaIve	
  stress	
  

Cohen	
  &	
  Prince	
  2012	
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Achromobacter	
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Non-­‐tuberculous	
  mycobacteria	
  	
  

Fungi	
  (Genera:	
  Aspergillus,	
  
Scedosporium,	
  Exophiala,	
  Mucor,	
  
Penicillium)	
  



Age-­‐Specific	
  Prevalence	
  of	
  Respiratory	
  
InfecIons	
  in	
  CF	
  PaIents	
  

Source: Cystic Fibrosis Foundation Patient Registry, Annual Data Report 



From	
  Smithsonian	
  Environmental	
  Research	
  Center	
  hqp://
www.serc.si.edu/labs/forest_ecology/succession.aspx	
  	
  	
  

hqp://www.nature.com/scitable/knowledge/library/succession-­‐a-­‐
closer-­‐look-­‐13256638	
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  Born	
  1980	
  



Pulmonary	
  ExacerbaIon	
  Paradigm	
  
one	
  bad	
  bug	
  ruins	
  the	
  airway	
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Microbial	
  Ecology	
  of	
  the	
  CF	
  Lung	
  

Ra:onale:	
  Some	
  reasonably	
  large	
  percentage	
  of	
  
cysIc	
  fibrosis	
  exacerbaIons	
  cannot	
  be	
  clearly	
  
aqributed	
  to	
  a	
  single	
  organism	
  (if	
  any!)	
  

	
  
1.	
  TradiIonal	
  culture	
  might	
  obscure	
  the	
  “true”	
  
ecology.	
  
2.	
  Culture-­‐independent	
  studies	
  have	
  been	
  mostly	
  
cross-­‐secIonal.	
  	
  	
  
3.	
  Few	
  studies	
  in	
  children	
  	
  
	
  
	
  



Microbial	
  Ecology	
  of	
  the	
  CF	
  Lung	
  

Hypothesis	
  1:	
  “Unknown” organisms	
  
are	
  associated	
  with	
  	
  exacerbaIons	
  in	
  
CF.	
  
	
  75%	
  (140-­‐186)	
  of	
  organisms	
  are	
  found	
  in	
  only	
  one	
  sample.	
  	
  

	
  
Hypothesis	
  2:	
  Ecological	
  paherns	
  
(rather	
  than	
  individual	
  pathogens)	
  
are	
  associated	
  with	
  exacerbaIons	
  in	
  
CF.(evenness,	
  richness,	
  abundance)	
  
	
  Decreased	
  diversity	
  in	
  exacerbaIon	
  (cross	
  secIonal)	
  	
  

	
  



Venn	
  diagram	
  showing	
  reported	
  coinfecIons	
  of	
  the	
  CF	
  airways.	
  (NB:	
  coinfecIon	
  does	
  not	
  necessarily	
  imply	
  direct	
  interacIon	
  between	
  species.	
  
Numbers	
  refer	
  to	
  references:	
  1,	
  Petersen	
  et	
  al.	
  (1981);	
  2,	
  Lambiase	
  et	
  al.(2006);	
  3,	
  Wahab	
  et	
  al.	
  (2004);	
  4,	
  Moore	
  et	
  al.	
  (2005);	
  5,	
  Burns	
  et	
  al.	
  (1998);	
  
6,	
  Hoiby	
  (1974);	
  7,	
  Lording	
  et	
  al.	
  (2006);	
  8,	
  Santana	
  et	
  al.	
  (2003);	
  9,	
  Alvarez	
  et	
  al.	
  (2004);	
  10,	
  Anzaudo	
  et	
  al.	
  (2005);	
  11,	
  Ojeniyi	
  et	
  al.	
  (1991)	
  	
  From:	
  
“Microbial	
  ecology	
  of	
  the	
  cys:c	
  fibrosis	
  lung”	
  Freya	
  Harrison	
  2007	
  Microbiology.	
  	
  

A,	
  Aspergillus	
  spp.;	
  	
  
AV,	
  adenovirus;	
  	
  
AX,	
  A.	
  xylosoxidans;	
  	
  
BP,	
  bacteriophage;	
  	
  
C,	
  Candida	
  spp.;	
  	
  
Ent,	
  enterobacteria;	
  
IPV,	
  influenza	
  and/or	
  parainfluenza	
  virus;	
  
K,	
  Klebsiella	
  spp.;	
  	
  
M,	
  mycoplasma;	
  	
  
MA,	
  Mycobacterium	
  abscessus;	
  	
  
N,	
  Neisseria	
  spp.;	
  	
  
OF,	
  oropharyngeal	
  flora;	
  	
  
RSV,	
  respiratory	
  syncy`al	
  virus;	
  	
  
SM,	
  S.	
  maltophilia.	
  	
  



Microbial	
  Ecology	
  of	
  the	
  CF	
  Lung	
  
STUDY	
  PLAN	
  	
  
	
  
•  Longitudinal,	
  prospecIve	
  
•  Target	
  of	
  200	
  subjects	
  	
  
•  Ages	
  0-­‐23	
  
•  clinical	
  variables	
  (eg.,	
  FEV1)	
  
•  16S-­‐based	
  approach	
  	
  

–  Sanger	
  (8F	
  and	
  1391R)	
  n=21	
  	
  
–  454	
  (515F	
  and	
  806R;	
  V4	
  hypervariable)	
  n=84	
  
– MiSeq	
  (515F	
  and	
  806R;	
  V4	
  hypervariable)	
  n=532	
  (out	
  of	
  
600)	
  

•  Samples	
  collected	
  in	
  regular	
  care	
  (3-­‐6	
  month	
  intervals)	
  
•  Case	
  report	
  form	
  based	
  on	
  prescribing	
  anIbioIcs	
  (to	
  catch	
  

exacerbaIons)	
  
•  Sputum,	
  OP	
  Swab,	
  and	
  BAL	
  



PaIent	
  &	
  Sample	
  Demographics	
  
	
  	
   Illumina	
  

(MiSeq)	
  
454	
  	
  

sequencing	
  
Number	
  of	
  Subjects	
   154	
   45	
  

Males	
   80	
  (52%)	
   19	
  (42%)	
  

Females	
   74	
  (48%)	
   26	
  (58%)	
  

Mean	
  Age	
  (years)	
   9.4	
  (+/-­‐6.7)	
   13.2	
  (=/-­‐6.7)	
  

Genotype	
  
	
  	
  	
  	
  	
  -­‐Hom	
  ΔF508	
  
	
  	
  	
  	
  	
  -­‐Het	
  ΔF508	
  
	
  	
  	
  	
  	
  -­‐Other	
  
	
  	
  	
  	
  	
  -­‐Unknown	
  

	
  	
  
37	
  (24%)	
  
67	
  (44%)	
  
39	
  (25%)	
  
11	
  (7%)	
  

	
  	
  
9	
  (20%)	
  
24	
  (54%)	
  
5	
  (11%)	
  
7	
  (6%)	
  

Sample	
  Number	
  
Total	
  
	
  	
  	
  	
  	
  	
  -­‐Sputum	
  
	
  	
  	
  	
  	
  	
  -­‐Swab	
  
	
  	
  	
  	
  	
  	
  -­‐BAL	
  

	
  
618	
  

109	
  (18%)	
  
502	
  (81%)	
  
7	
  (1%)	
  

	
  
82	
  

25	
  (30%)	
  
54	
  (67%)	
  
3	
  (4%)	
  



“Species”	
  4973	
  unique	
  operaIonal	
  taxonomic	
  units	
  
(OTUs)	
  
	
  
Median	
  72	
  (range	
  of	
  11-­‐137)	
  per	
  sample	
  	
  
	
  
Median	
  97	
  (range	
  of	
  49-­‐175)	
  per	
  pa:ent.	
  	
  
	
  
Phyla:	
  	
  23	
  unique	
  
	
  

THE	
  AIRWAY	
  IS	
  NOT	
  THE	
  GUT	
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Diversity	
  is	
  not	
  higher	
  or	
  lower	
  
in	
  different	
  age	
  groups	
  
(adults	
  decrease	
  over	
  Ime)	
  



	
  	
  
Decreased	
  lung	
  funcIon	
  is	
  associated	
  

with	
  decreased	
  diversity	
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Clinical	
  Categories	
  (BETR)	
  	
  
•  BETR	
  ClassificaIon	
  

– Baseline	
  
– ExacerbaIon	
  
– Treatment	
  
– Recovery	
  (1	
  month)	
  

Zhao	
  et	
  al.,	
  2012	
  



Treatment	
  samples	
  stand	
  out	
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Decrease	
  in	
  richness	
  (α)	
  with	
  treatment	
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β	
  diversity	
  with	
  treatment	
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RelaIve	
  Abundance	
  of	
  Species	
  by	
  
Clinical	
  Category	
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Streptoococcus  
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RelaIve	
  Abundance	
  of	
  Species	
  by	
  
Clinical	
  Category	
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Pulmonary	
  ExacerbaIon	
  Paradigm	
  
one	
  bad	
  bug	
  ruins	
  the	
  airway	
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Paradigm	
  shiu	
  in	
  Pulmonary	
  
ExacerbaIon	
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The	
  bacterial	
  community	
  is	
  associated	
  with	
  different	
  health	
  states	
  in	
  CF,	
  but	
  in	
  a	
  complex	
  
way.	
  

	
  	
  
α	
  Diversity-­‐-­‐no	
  change	
  during	
  exacerbaIonà	
  NOT	
  OVERGROWTH	
  OF	
  ONE	
  BAD	
  BUG	
  
	
  
β Diversity	
  is	
  subtleàthere	
  is	
  likely	
  no	
  single	
  common	
  exacerbaIon	
  community	
  but	
  
there	
  may	
  be	
  a	
  baseline	
  community.	
  
	
  
Changes	
  are	
  mostly	
  associated	
  with	
  treatment.	
  	
  
	
  
	
  
	
  

	
  	
  
	
  	
  

	
  
	
  	
  

Summary	
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A	
  hints	
  that	
  ecological	
  paqerns	
  may	
  play	
  a	
  role	
  in	
  disease:	
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Longitudinality	
  of	
  154	
  subjects	
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  154	
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  samples.	
  	
  	
  

Now:	
  187	
  subjects,	
  972	
  
total	
  samples,	
  18	
  
paIents	
  with	
  more	
  
than	
  12	
  samples	
  
(max=36)	
  	
  	
  
	
  	
  


