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Building capacity to perform strain addition/replacement in humans
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rCDI clinical trial FMT vs defined consortium (same donor)

Phase Ib Trial
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recurrent C. difficile infection microbial therapy is a restoration of the healthy microbiota

What if the microbiota is intact and we want to replace or suppress specific strains?




Strain-level differences in microbiome
composition determine fecal IgA

Chao Yang




Fecal IgA (ug/mg feces)

Bacteroides ovatus drives fecal IgA
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Immune modulation of a recessive microbial strain phenotype

Human microbiota 1175 = IgA low
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Multiple strains of ovatus share the same niche!

100+ 20~
3 B. fragilis = D. longicatena —
8 80- W B. intestinalis 3 C. clostridioforme 3 15- Bm B ovatus E
& B B. ovatus mm C. perfringens s = B.ovatus K
-cc) - Bl B. theta. B Lachnospiraceae = mm B.ovatus B
5 0 iformi ] s F— |= BovausH
B =3 B. uniformis Lactobacillus _8 10 .
© = B. vulgatus [ P. merdae © 7 =1 B.ovatus C
2 40 = B. longum I Roseburia > 31 B.ovatusJ
"'(-'; =3 Clostridium 3 Ruminococcus '(.% B B ovatus A
D 204 B E. avium 3 Streptococcus > 5- B.ovatus F
e E. coli Bm S. anginosus o B B.ovatus P
A 4= R
O@ Mock F B 4M 8M 0® Mock F B 4M 8M
QKQ’ Post-DMT with B. ovatus Q\Qf Post-DMT with B. ovatus
100~ - 40 -
| B A. stercorihominis
g 80+ - W : g ov:;tus _ o] - M B. ovatus E
© e S 3010 = B B. ovatus K
O O B. vulgatus o T
% B B. adolescentis c — .
% B B. pifidum g 20 M B. ovatus H
0 e . 2 0 BsoausCl  Not all B. ovatus seem to getin...
= Clostridium > O B. ovatus J
% O C. aerofaciens 5 O B. ovatus A
o B E. rectale % 104 M B. ovatus F
B R. obeum
O B. pseudocatenulatum O B. ovatus N
0
<>$ ®°& el g'\‘l 3 o
Yang, et.al., CHM 2020 Q@' e rerd ) O
B. ovatus Q Post-DMT with

B. ovatus




Gut microbiome structure

carrying capacity
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Is there a limit on how many strains of a species can inhabit a gut?
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Calculating strain richness of a species

SR;; = the number of unique strains of bacterial species j in person |

SR; = the average SR; for species j across all people

T )
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[Same strain: >96% genome similarity; all counts from draft genomes]




Strain richness per species in human gut microbiome usually ranges from 1-2

>5K genomes
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Strain richness per species per individual (SR;) is
transferable

rCDI FMT
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Supraphysiologic strain richness therapeutics
test the limits of strain carrying capacity

Ulcerative colitis FMT
FOCUS trial

/N\ T T /N\ % 13 donors
\\ \ // 3-7 donors per recipient
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Strain richness overdose converges to population average over time
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An ecological framework for strain addition and replacement

Expected outcomes
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Decolonization of antimicrobial resistant organism strategy
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High throughput bacterial culturing facility at Mount Sinai
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(MALDI-TOF)

1.
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>150 culture libraries completed

1 week from stool to identified bacteria in multiwell plate
3. Up to 2 culture libraries per week
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Each well contains a
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Bacteroides ovatus drives fecal IgA

—~ 0.4 Monocolonizations

w .

8 —~ 0.4~ Fdkk

@ . § sk

0.3+ *

E :.. My ﬁ 0.3+ .: .

5 5 & o Yang, et.al., CHM 2020

= 0 2— oy a % [ ]

E Cee =1 0.2- oo '}

@ ® a®

% ® <

0.1 P o

2 * o — 0.1+ -

g . » = % % -

< ’ = O o ®

5 00 T T T T T T £ # o "' - 8

o 1 3 7 14 21 0.0- P
Post B. ovatus colonization (day) & P \(\ca\ & WP @,&a & o @
o o o8 & & o F TS
® &7 0
Sequential colonizations
100~ 100-
& fg 0.6+ . fg 0.6+ ) Py
8 @ B. ovatus bsd °® o 8 m B. ovatus
g W B.caccae 2 2 ® . g M B. caccae
= O B. theta. g’ 0.4- % g’ 0.4 . % ﬁ' S O B. theta.
'c% 504 W B.vigatis © s O ¢ ® . Q2 5o W B. vulgatus
o R. gnavus = ° = .‘. 8 —p——
2 M C. bolteae <o, 0.2+ g ?::n 0.24 g . > M C. bolteae
3 = C. aero. = ¥ = © m@ C. aero.
i . E.col g g — § 2 B E. coli
0 L s
O O_T T Q_I_ é !.:.’ 0 0-# |6 T T T O-
0 o NN - S O
G R o) N [P s o
@' Q/‘() < %) 0\\‘@ .0\\6' @@ 09 Q/ 04@




Strain richness is low in the gut relative to other environments
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