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(57) ABSTRACT

The present disclosure relates to compositions and methods
for treating autism spectrum disorder (ASD) by restoring an
ASD patient’s gut microbiota. These methods can be used
with ASD patient with or without ongoing gastrointestinal
symptoms. Provided here is a method for modulating the
abundance of one or more gut microorganisms in a subject
in need thereof, said method comprising administering to
said subject a therapeutically effective amount of a pharma-
ceutical composition comprising a fecal microbe preparation
to achieve at least a 2-fold change of the abundance of said
one or more gut microorganisms, wherein said one or more
gut microorganisms are selected from the group consisting
of Bifidobacterium, Prevotella, Desulfovibrio, Copprococ-
cus, Clostridium, and Bacteroides.



Patent Application Publication  Dec. 21, 2017 Sheet 1 of 38 US 2017/0360848 A1

FIG. 1

3.4
2.8
2.6 ‘,’m% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

~ %,

2.2 gy

2.0 N

18 o T

L6 _—

L4 T

12

Lo , x ‘ ,
0 2 4 6 8 10

GSRS
v

M,MWWN%

Weeks



Patent Application Publication

Dec. 21,2017 Sheet 2 of 38

FIG. 2

US 2017/0360848 A1

3.5
3.0

2.5

SRS

G

2.0 4

15

Lo

#Z Post



US 2017/0360848 A1

Dec. 21,2017 Sheet 3 of 38

Patent Application Publication

HI9d95019aV m
(1 snuman) SPYSO) IFI24Y 4

11

i

B
- .
e il .
P
\\W ——— .A.\,\ -
—, o
B, Y i
& e, .\ -
\.\\ \“» m
-‘,\,\, 7
s \‘.\‘\
\&\..\\. ’
ed \\\\
. \\\
.,

€ "Old

00
Al
o
90

B0
!

(A
L ]
91
81
'



US 2017/0360848 A1

Dec. 21,2017 Sheet 4 of 38

Patent Application Publication

1000
Sd |

0000

€0°0
€000
€00

- onpea-d

W

2
L)

ue

¥ 'Old

4 %

| aommmm
oEw&E&%E

Ananoesdiy

- Adoyoaraig
ASreyie]
Anpiqeag



Patent Application Publication  Dec. 21, 2017 Sheet S of 38 US 2017/0360848 A1

FIG. 5
3.5

3.0

2.5

GSRS

2.4

% Pre
1.5

# Treatment end
B8 weeks post treatment

1.¢ 4%




Patent Application Publication

Dec. 21,2017 Sheet 6 of 38

FIG. 6
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FIG. 9 (panel a)
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FI1G. 9 (panel b)
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FIG. 9 (panel ¢)
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FIG. 9 (panel d)

2001 of .
150-
¢ 100-




Patent Application Publication  Dec. 21, 2017 Sheet 13 of 38  US 2017/0360848 A1

FI1G. 9 (panel ¢)
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FI1G. 14 (panel a)
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F1G. 14 (panel ¢)
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FIG. 18 (panel a)

Faith PD

& ASD: Responder ;
- ASBNon-responder- |-
- s NeUrotypical: Median
Donor {inifialy Median |
s Donor (mainty Median ||

T Hoeaglthy contenl

......................... i:}‘oﬁof ﬁafﬂ{}%e

% Transpiant mcipiand {rexpordad 1o
» fraatment)

Transpland recipient {did not respond o
freulroant)

ms o x Notsignificantly diffarend
T p ek

8¢ n <G

AR s R G RT3



US 2017/0360848 A1

Dec. 21,2017 Sheet 30 of 38

Patent Application Publication

o]
haad
<
yomr
0
Y
e
(

o]
&
o
]
o
-
el
E e
(‘\f‘\

& gl i £ 0

I'd

= geslans wmpm = Gmumﬁmm = {iaslgng = (Hoefans .wm = QRoelang 1718 = gposlang

cziE = onoslang  LELg = Omeelang 6118 = anselang 2118 = aposlang  siig e goelang £11a = apelang

LLLG = ORoslang 8010 = QUOSEING 010 = QEOSlANg  SOLE = QIRlINS 5018 = QEORang  LOLE = poslang

(q Pued) 8T "O1A

3l
o7
£
e
a5
3%

£
(i
0g
a8
O
0%
G4
34

dee



Patent Application Publication  Dec. 21, 2017 Sheet 31 of 38  US 2017/0360848 A1

FI1G. 18 (panel ¢)
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FIG. 19 (panel a)
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METHODS FOR TREATING AUTISM
SPECTRUM DISORDER AND ASSOCIATED
SYMPTOMS

BACKGROUND

[0001] The present disclosure relates to methods of modu-
lating gut microbiome and methods for treating autism
spectrum disorder (ASD). Autism spectrum disorder (ASD)
is a complex neurodevelopmental condition characterized
by widespread abnormalities of social interactions and com-
munication, as well as restricted interests and repetitive
behaviors. ASD typically appears during the first three years
of life and manifests in characteristic symptoms or behav-
ioral traits. A diagnosis of ASD now includes several con-
ditions that used to be diagnosed separately: autistic disor-
der, pervasive developmental disorder not otherwise
specified (PDD-NOS), and Asperger syndrome. All of these
conditions are now encompassed by the diagnostic criteria
for autism spectrum disorder as set forth in the American
Psychiatric Association’s Diagnostic & Statistical Manual of
Mental Disorders, Fifth Edition (DSM-V).

[0002] In addition to the spectrum of symptoms seen
within these principal diagnostic criteria, ASD individuals
display a wide range of neurological comorbidities, includ-
ing intellectual disability, epilepsy, and anxiety and mood
disorders, as well as non-neurological comorbidities, includ-
ing blood hyperserotonemia, immune dysregulation, and GI
dysfunction (e.g., chronic constipation, diarrhea, abdominal
pain, and gastroesophageal reflux).

[0003] To date, there are no FDA-approved treatments for
reducing or eliminating the core symptoms of autism spec-
trum disorder. The only two medications approved by the
FDA for treating autism, risperidone (sold under Risper-
dal®) and aripiprazole (sold under Abilify®), are specifi-
cally indicated for reducing irritability in subjects having
ASD. Accordingly, there remains a need in the art for
improved methods for treating and reducing the severity and
incidence of symptoms associated with autism spectrum
disorder. This application provides a method for treating an
ASD patient (with or without a GI symptom) by transferring
beneficial fecal bacteria to replace, restore, or rebalance the
ASD patient’s gut microbiota, a treatment referred to here as
Microbiota Transfer Therapy (MTT). This application fur-
ther provides a method for treating an ASD in a patient by
selectively modulating the abundance of certain fecal
microbes (e.g., bacteria) or bacteriophages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 presents Gastrointestinal Symptom Rating
Scale (GSRS) data for trial participants.

[0005] FIG. 2 presents GSRS subscale data collected prior
to (“pre”) and following (“post”) MTT treatment.

[0006] FIG. 3 presents continuous improvements of both
average GSRS and average PGI-R scores of the participants.
[0007] FIG. 4 presents Aberrant Behavior Checklist
(ABC) data for MTT trial participants.

[0008] FIG. 5 presents GSRS scores collected 8 weeks
post-treatment.
[0009] FIG. 6 is a graph demonstrating the lack of corre-

lation between age and the degree of CARS score improve-
ment.

[0010] FIG. 7 is a graph demonstrating that end-of-treat-
ment PGI-R scores had little correlation with age.

Dec. 21, 2017

[0011] FIG. 8 is a graph demonstrating the lack of corre-
lation between the degree of improvement on CARS and
initial GSRS score.

[0012] FIG. 9 (including panels a to e) describes the
improvement of GI- and core ASD-related symptoms of 18
ASD-afflicted children treated with MTT. Children were
treated with vancomycin for two weeks followed by the
administering of a fecal bacteria composition for 8 weeks,
with a single follow-up evaluation 8 weeks after treatment
ended. Panel a, Changes in GSRS scores. GSRS is scored on
a Likert scale from 1 (no symptoms) to 7 (very severe
discomfort). Panel b, Changes in PGI-R scores (Overall
autism/related symptoms). PGI-R is scored from -3 (much
worse), =2 (worse), —1 (slightly worse), O (no change), 1
(slightly better), 2 (better) to 3 (much better) compared to
baseline. Panel ¢, CARS assessment pre-treatment, post
treatment and 8 weeks post treatment. Panel d, Total SRS
score pre-treatment, post treatment and 8 weeks post treat-
ment. Panel e, Total ABC score pre-treatment, post treatment
and 8 weeks post treatment. The data points represent 18
individual participants, and some data points overlap in the
box plot. Asterisks (at the top of the box-plot) indicate
whether individuals (at each time points) have significantly
decreased since pre-treatment (Week 0). ns: not-significant,
¥ p<0.05, **: p<0.01, ***: p<0.001 (two-tailed paired
t-test). Two participants who had less than 50% improve-
ment in GSRS scores are defined as non-responders and
color-coded in grey.

[0013] FIG. 10 (including panels a to ¢) provides a break-
down of GSRS components and improvements in patients.
a, GSRS subscores at baseline, MTT treatment end, and 8
weeks after treatment. b, Results of daily stool records,
averaged over 2 weeks. ¢, Subscales of the ABC vs. time. *:
p<0.05, **: p<0.01, ***: p<0.001 (two-tailed paired t-test).
[0014] FIG. 11 demonstrates a correlation between GSRS
and PGI-R (based on the data shown in FIG. 10, panels a and
b). The Pearson correlation test showed r=-0.56 and p<0.
001.

[0015] FIG. 12 shows Vineland Developmental Age (in
years) for different subscales and for the average of all the
subscales, measured at baseline and at the end of observation
4 months later. Note that the average chronological age was
10.9 years at the start of treatment, so at baseline there were
delays in all areas, especially in the core autism areas of
language and social (interpersonal) ability. *: p<0.05, **:
p<0.01, ***: p<0.001 (two-tailed paired t-test).

[0016] FIG. 13 shows subscores of the PGI-R at end of
treatment (week 10). The scale goes from 3 (much better) to
2 (better) to 1 (slightly better) to 0 (no change) to minus 3
(much worse). Scores were similar after 8 weeks of no
treatment (week 18). The data points represent 18 individual
participants, and some data points overlap in the box plot.
[0017] FIG. 14 (including panels a to h) describes stool
microbiota changes in ASD patients received MTT. Panel a,
Changes in Faith’s Phylogenetic Diversity (PD) in the ASD
microbiota as measured from stool samples. Orange line
indicates median PD of the donor samples, and green line
indicates median PD of neurotypical controls at week O.
Panel b, Change in Faith PD tracked on a per individual
basis for all MTT recipients. Most individuals experienced
an increase in gut microbiota PD. Panel ¢, Unweighted
UniFrac distances between ASD gut microbiota and most
relevant donor sample (initial donor sample at weeks 0 and
3, most recent maintenance dose sample at weeks 10 and
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18). Green line indicates the median interpersonal variation
between neurotypical controls and illustrates that prior to
treatment the difference in gut microbiota composition
between MTT recipients and donors was on the order of
normal interpersonal variation. Following treatment, the
MTT recipients were more similar to donors than normal
interpersonal variation. Panel d, Distances between ASD gut
microbiota and donor sample on a per individual basis. Most
individuals became more similar to the donor over the study
period. Panels e to h, Boxplots illustrating abundance of four
genera, Bifidobacterium, Prevotella, Desulfovibrio, and
Bacteroides, in the gut microbiota by group (top), and
change in abundance 8 weeks after MTT in the ASD group
(bottom).

[0018] FIG. 15 (including panels a and b) describes stool
microbiota changes in ASD patients received MTT and
further classified according to the oral or rectal administra-
tion of MMT. Panel a, Changes in Faith’s Phylogenetic
Diversity (PD) in the ASD microbiota as measured from
stool samples. Orange line indicates median PD of the donor
samples, and green line indicates median PD of neurotypical
controls at week 0. Panel b, Unweighted UniFrac distances
between ASD gut microbiota and most relevant donor
sample (initial donor sample at weeks 0 and 3, most recent
maintenance dose sample at weeks 10 and 18). Green line
indicates the median interpersonal variation between neu-
rotypical controls and illustrates that prior to treatment the
difference in gut microbiota composition between MTT
recipients and donors was on the order of normal interper-
sonal variation. Following treatment, the MTT recipients
were more similar to donors than normal interpersonal
variation.

[0019] FIG. 16 presents Change in community richness, as
measure with a non-phylogenetic diversity metric.

[0020] FIG. 17 describes engraftment plots with four
diversity metrics.

[0021] FIG. 18 (including panels a to d) describes micro-
biota analysis of fecal swab samples from ASD patients
received MTT. Each of panels a to d correspond to panels a
to d of FIG. 14, respectively. Panel a, Changes in Faith’s
Phylogenetic Diversity (PD) in the ASD microbiota (n=20).
Orange lines indicates median PD of the donor samples
(dashed line represents initial donor samples (n=4), and
dashed line represents maintenance dose samples (n=2)),
and green line indicates median PD of neurotypical controls
at week 0 (n=18). Panel b, Change in Faith PD tracked on
a per individual basis for all MTT recipients. Panel c,
Unweighted UniFrac distances between ASD gut microbiota
and most relevant donor sample (initial donor sample at
weeks 0 and 3, most recent maintenance dose sample at
weeks 10 and 18). Green line indicates the median interper-
sonal variation between neurotypical controls. Panel d,
Distances between ASD gut microbiota and donor sample on
a per individual basis.

[0022] FIG. 19 (including panels a to d) describes stool
virome changes in ASD patients received MTT. Panel a,
Diversity indices, Shannon’s H’ (a measure of biodiversity
and richness; right) and Peilou’s J (a measure of evenness;
left), of ASD participants. ASD diversity indices decreased
at week 3 following vancomycin and the initial high dose
MMT treatment and then rebounded over time and stabilized
following treatment with maintenance doses of MMT. Fecal
samples were collected at all four time points for four out of
the 12 ASD subjects where the bacteriophage communities
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were assessed. The responders (indicated by a grey line)
rebounded in biodiversity, richness and evenness following
FMT. In contrast, the non-responder (indicated by a red line)
did not recover. Panel b, Nonmetric multidimensional scal-
ing of Bray-Curtis dissimilarity (right; 2D-stress=0.2467)
and Jaccard (left; 2D-stress=0.2212) distances reveal that
ASD gut bacteriophage communities are more similar to
donor gut bacteriophage communities following both the
high and low MTT doses. Panel ¢, Analyses of ASD virome
composition at week 10 shows engraftment of donor bac-
teriophage populations across all ASD subjects. In >80% of
the subjects, the starting (week 0) bacteriophage populations
make up <20% of the virome at week 10. Panel d, In
contrast, analyses of virome composition of the untreated
neurotypical children at week 18 reveals a high percentage
(>60%) of starting (week 0) bacteriophage populations.
[0023] FIG. 20 provides a neighbor-joining phylogenetic
tree of 16S rRNA gene sequences of the type strains of
Prevotella species deposited in GenBank to show the rela-
tionships of strains within the genus. Bootstrap values
(expressed as percentages of 1000 replicates) are shown at
the nodes. The numbers that precede each strain are the
GenBank accession numbers, while those that follow the
species names are the Culture Collection numbers. The type
species of Bacteroides (Bacteroides fragilis, NCTC 9343)
and Porphyromonas (Porphyromonas asaccharolytica,
ATCC 25260), both former members of the same genus, and
Escherichia coli (K12) are included for comparison.
[0024] FIG. 21 describes phylogenetic relationships based
on 16S rRNA gene sequence analyses of the taxa within the
order Desulfovibrionales for which 16S rRNA gene
sequences are available. The scale bar represents 10 inferred
nucleotide substitutions per 100 nucleotides. The dendro-
gram was reconstructed from distance matrices using the
neighbor-joining method.

[0025] FIG. 22 describes a phylogenetic tree constructed
from partial 16S rRNA gene sequences of members of the
family Bifidobacteriaceae. The tree was rooted with
Escherichia coli, and constructed by using the neighbor-
joining method with bootstrap values calculated from 1000
trees (represented as percentages and given at each branch).
For each species, the GenBank accession number for the
respective 16S rRNA gene sequence is indicated. The scale
bar shows the number of nucleotide substitutions per site.

SUMMARY

[0026] In one aspect, this application provides a method
for increasing the abundance of one or more gut microor-
ganisms in a subject in need thereof, the method comprising
treating the subject by administering a therapeutically effec-
tive amount of a pharmaceutical composition comprising a
fecal microbe preparation, wherein the subject exhibits at
least a 2-fold increase of the abundance of the one or more
gut microorganisms after the treatment as compared to
before initiating the treatment, wherein the one or more gut
microorganisms are from a genus selected from the group
consisting of Bifidobacterium, Prevotella, and Desulfovi-
brio.

[0027] In another aspect, this application provides a
method for increasing the phylogenetic diversity of fecal
microbiota, fecal phage virome, or both, of a subject in need
thereof, the method comprising administering to the subject
a therapeutically effective amount of a pharmaceutical com-
position comprising a fecal microbe preparation, wherein
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the subject exhibits at least a two-fold increase of fecal
microbiota or fecal phage virome diversity after the treat-
ment as compared to before initiating the treatment.
[0028] In one aspect, this application provides a method
comprising: determining the relative abundance of one or
more gut microorganisms in a subject having an ASD or
having an ASD sibling, and administering a therapeutically
effective amount of a pharmaceutical composition compris-
ing a fecal microbe preparation to achieve at least a 2-fold
change of the abundance of the one or more gut microor-
ganisms, wherein the one or more gut microorganisms are
from a genus selected from the group consisting of
Clostridium, Bacteroides, Eggerthella, Bifidobacterium,
Prevotella, and Desulfovibrio.

[0029] In another aspect, this application provides a
method for modulating the abundance of one or more gut
microorganisms in a subject in need thereof, the method
comprising administering to the subject a therapeutically
effective amount of a pharmaceutical composition compris-
ing a fecal microbe preparation to achieve at least a 2-fold
change of the abundance of the one or more gut microor-
ganisms, wherein the one or more gut microorganisms are
selected from the group consisting of Bifidobacterium, Pre-
votella, Desulfovibrio, Copprococcus, Clostridium, FEgg-
erthella, and Bacteroides.

DETAILED DESCRIPTION

[0030] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs.

[0031] All publications, patents, and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publica-
tion, patent, or patent application was specifically and indi-
vidually indicated to be incorporated by reference.

[0032] As used herein and in the appended claims, the
singular forms “a,” “an,” and “the” include plural referents
unless the context clearly dictates otherwise. As used herein,
the term “substantially” as in, for example, the phrase
“substantially all peptides of an array,” refers to at least 90%,
preferably at least 95%, more preferably at least 99%, and
most preferably at least 99.9%, of the peptides of an array.
Other uses of the term “substantially” involve an analogous
definition.

[0033] Where a range of values is provided, it is under-
stood that each intervening value, between the upper and
lower limit of that range and any other stated or intervening
value in that stated range is encompassed within the disclo-
sure. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges, and are also
encompassed within the disclosure, subject to any specifi-
cally excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding
either both of those included limits are also included in the
disclosure.

[0034] As used herein, the term “treating” refers to (i)
completely or partially inhibiting a disease, disorder or
condition, for example, arresting its development; (ii) com-
pletely or partially relieving a disease, disorder or condition,
for example, causing regression of the disease, disorder
and/or condition; or (iii) completely or partially preventing
a disease, disorder or condition from occurring in a patient
that may be predisposed to the disease, disorder and/or
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condition, but has not yet been diagnosed as having it.
Similarly, “treatment” refers to both therapeutic treatment
and prophylactic or preventative measures. In the context of
autism spectrum disorder, “treat” and “treating” encompass
alleviating, ameliorating, delaying the onset of, inhibiting
the progression of, or reducing the severity of one or more
symptoms associated with an autism spectrum disorder. In
one aspect, treating can also mean modulating the abun-
dance of selected bacterial genera.

[0035] As used herein, a “subject” can be a human or
animal including, but not limited to, a dog, cat, horse, cow,
pig, sheep, goat, chicken, rodent, e.g., rats and mice, and
primate, e.g., monkey. Preferred subjects are human sub-
jects. The human subject may be a pediatric, adult or a
geriatric subject.

[0036] As used herein, a “microbiota” and “flora” refer to
a community of microbes that live in or on a subject’s body,
both sustainably and transiently, including eukaryotes,
archaea, bacteria, and viruses (including bacterial viruses
(i.e., phage)). A “fecal microbiota” or “fecal microbiota
preparation” refers to a community of microbes present in or
prepared from a subject’s feces. A non-selected fecal micro-
biota refers to a community or mixture of fecal microbes
derived from a donor’s fecal sample without selection and
substantially resembling microbial constituents and popula-
tion structure found in such fecal sample.

[0037] As used herein, “therapeutically effective amount”
or “pharmaceutically active dose” refers to an amount of a
composition which is effective in treating the named disease,
disorder or condition.

[0038] As used herein, “isolated” or “purified” refers to a
bacterium or other entity or substance that has been (1)
separated from at least some of the components with which
it was associated when initially produced (whether in nature
or in an experimental setting), and/or (2) produced, pre-
pared, purified, and/or manufactured by the hand of man.
Isolated or purified bacteria can be separated from at least
about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, or more of
the other components with which they were initially asso-
ciated.

[0039] As used herein, the terms ‘“non-pathogenic” in
reference to a bacterium or any other organism or entity
includes any such organism or entity that is not capable of
causing or affecting a disease, disorder or condition of a host
organism containing the organism or entity.

[0040] As used herein, “spore” or a population of “spores”
includes bacteria (or other single-celled organisms) that are
generally viable, more resistant to environmental influences
such as heat and bacteriocidal agents than vegetative forms
of the same bacteria, and typically capable of germination
and out-growth. “Spore-formers” or bacteria “capable of
forming spores” are those bacteria containing the genes and
other necessary abilities to produce spores under suitable
environmental conditions.

[0041] As used herein, “colony forming units” (cfu) refers
to an estimate of the number of viable microorganism cells
in a given sample. The number of cfu can be assessed by
counting the number of colonies on an agar plate as in
standard methods for determining the number of viable
bacterial cells in a sample.

[0042] As used herein, “viable” means possessing the
ability to multiply. The viability of bacterial populations can
be monitored as a function of the membrane integrity of the
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cell. Cells with a compromised membrane are considered to
be dead or dying, whereas cells with an intact membrane are
considered live. For example, SYTO 9 and propidium iodide
are used to stain and differentiate live and dead bacteria. See
Stocks, Cytometry A. 2004 October; 61(2):189-95. Cell
viability can also be evaluated via molecular viability analy-
ses, e.g., a PCR-based approach, which can differentiate
nucleic acids associated with viable cells from those asso-
ciated with inactivated cells. See Cangelosi and Mescheke,
Appl Environ Microbiol. 2014 October; 80(19): 5884-5891.
[0043] As used herein, “Shannon Diversity Index” refers
to a diversity index that accounts for abundance and even-
ness of species present in a given community using the
formula H=-%,_ ®p, In p,, where H is Shannon Diversity
Index, R is the total number of species in the community,
and p, is the proportion of R made up of the ith species.
Higher values indicate diverse and equally distributed com-
munities, and a value of 0 indicates only one species is
present in a given community. For further reference, see
Shannon and Weaver, (1949) The mathematical theory of
communication. The University of Illinois Press, Urbana.
117 pp.

[0044] As used herein, “antibiotic” refers to a substance
that is used to treat and/or prevent bacterial infection by
killing bacteria, inhibiting the growth of bacteria, or reduc-
ing the viability of bacteria.

[0045] Autism spectrum disorder (ASD) is a neurodevel-
opmental disorder that is characterized by impairments in
social interaction and communication, restricted interests,
and repetitive behavior. Individuals on the autism spectrum
experience widely varying degrees and types of impair-
ments, from mild to severe. Although early detection and
interventions are encouraged to maximize the benefits and
reduce the severity of the symptoms, individuals of any age
can benefit from interventions and therapies that can reduce
symptoms and increase skills and abilities. Appropriate
subjects for the methods described herein include, without
limitation, humans diagnosed as having or suspected of
having autism spectrum disorder. In some cases, appropriate
subjects for the methods provided herein are considered to
be at increased risk (e.g., moderate or high risk) of devel-
oping ASD. In some cases, the subject has been diagnosed
as having a condition meeting diagnostic criteria for ASD as
set forth in the DSM-V. In other cases, the subject has a
well-established DSM-IV diagnosis of autistic disorder,
Asperger’s disorder, or pervasive developmental disorder
not otherwise specified (PDD-NOS).

[0046] The methods provided herein result in, or are
aimed at achieving a detectable improvement in one or more
indicators or symptoms of ASD including, without limita-
tion, including, but not limited to, changes in eye tracking,
skin conductance and/or EEG measurements in response to
visual stimuli, difficulties engaging in and responding to
social interaction, verbal and nonverbal communication
problems, repetitive behaviors, intellectual disability, diffi-
culties in motor coordination, attention issues, sleep distur-
bances, and physical health issues such as gastrointestinal
disturbances.

[0047] Several screening instruments are known in the art
for evaluating a subject’s social and communicative devel-
opment and thus can be used as aids in screening for and
detecting changes in the severity of impairment in commu-
nication skills, social interactions, and restricted, repetitive
and stereotyped patterns of behavior characteristic of autism
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spectrum disorder. Evaluation can include neurologic and
genetic assessment, along with in-depth cognitive and lan-
guage testing. Additional measures developed specifically
for diagnosing and assessing autism include the Autism
Diagnosis Interview-Revised (ADI-R), the Autism Diagnos-
tic Observation Schedule (ADOS-G) and the Childhood
Autism Rating Scale (CARS).

[0048] According to CARS, evaluators rate the subject on
a scale from 1 to 4 in each of 15 areas: Relating to People;
Imitation; Emotional Response; Body Use; Object Use;
Adaptation to Change; Visual Response; Listening
Response; Taste, Smell, and Touch Response and Use; Fear;
Verbal Communication; Nonverbal Communication; Activ-
ity; Level and Consistency of Intellectual Response; and
General Impressions.

[0049] A second edition of CARS, known as the Child-
hood Autism Rating Scale—2 or CARS-2, was developed
by Schopler et al. (Childhood Autism Rating Scale—Second
edition (CARS2): Manual. Los Angeles: Western Psycho-
logical Services, 2010). The original CARS was developed
primarily with individuals with co-morbid intellectual func-
tioning and was criticized for not accurately identifying
higher functioning individuals with ASD. CARS-2 retained
the original CARS form for use with younger or lower
functioning individuals (now renamed the CARS2-ST for
“Standard Form™), but also includes a separate rating scale
for use with higher functioning individuals (named the
CARS2-HF for “High Functioning™) and an unscored infor-
mation-gathering scale (“Questionnaire for Parents or Care-
givers” or CARS2-QPC) that has utility for making
CARS2ST and CARS2-HF ratings.

[0050] Another symptom rating instrument useful for
assessing changes in symptom severity before, during, or
following treatment according to a method provided herein
is the Aberrant Behavior Checklist (ABC). See Aman et al.,
Psychometric characteristics of the aberrant behavior check-
list. Am J Ment Defic. 1985 March; 89(5):492-502. The ABC
is a symptom rating checklist used to assess and classify
problem behaviors of children and adults in a variety of
settings. The ABC includes 58 items that resolve onto five
subscales: (1) irritability/agitation, (2) lethargy/social with-
drawal, (3) stereotypic behavior, (4) hyperactivity/noncom-
pliance, and (5) inappropriate speech.

[0051] The present inventors observed that autistic indi-
viduals, regardless of the presence or absence of comorbid
gastrointestinal distress, have fewer species of gut bacteria
as compared to neurotypical individuals. The present inven-
tors also found that restoring the species diversity of gut
bacteria helps to treat autistic symptoms in patients in need
thereof.

[0052] In one aspect, this application provides a method
for increasing the abundance of one or more gut microor-
ganisms in a subject in need thereof, the method comprising
treating the subject by administering a therapeutically effec-
tive amount of a pharmaceutical composition comprising a
fecal microbe preparation, wherein the subject exhibits at
least a 50-fold increase of the abundance of the one or more
gut microorganisms after the treatment as compared to
before initiating the treatment, wherein the one or more gut
microorganisms are from a genus selected from the group
consisting of Bifidobacterium, Prevotella, and Desulfovi-
brio. In one aspect, a subject being treated exhibits at least
2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30-fold,
40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-
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fold, 110-fold, 120-fold, 130-fold, 140-fold, 150-fold, 160-
fold, 170-fold, 180-fold, 190-fold, or 200-fold increase of
the abundance of one or more Bifidobacterium, Prevotella,
or Desulfovibrio species after a treatment as compared to
before initiating the treatment. In another aspect, this appli-
cation provides a method for modulating the abundance of
one or more gut microorganisms in a subject in need thereof,
the method comprising administering to the subject a thera-
peutically effective amount of a pharmaceutical composition
comprising a fecal microbe preparation to achieve at least a
2-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold,
60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 110-fold, 120-
fold, 130-fold, 140-fold, 150-fold, 160-fold, 170-fold, 180-
fold, 190-fold, or 200-fold change of the abundance of the
one or more gut microorganisms, wherein the one or more
gut microorganisms are selected from the group consisting
of Bifidobacterium, Prevotella, Desulfovibrio, Copprococ-
cus, Clostridium, Eggerthella, and Bacteroides. In a further
aspect, a treated subject exhibit a bacterial abundance fold
increase (e.g., Bifidobacterium, Prevotella, or Desulfovi-
brio) of between 2 and 10, between 3 and 10, between 4 and
10, between 5 and 10, between 6 and 10, between 10 and 20,
between 10 and 30, between 10 and 40, between 10 and 50,
between 10 and 60, between 10 and 70, between 10 and 80,
between 10 and 90, between 20 and 30, between 20 and 40,
between 20 and 50, between 20 and 60, between 20 and 70,
between 20 and 80, between 20 and 90, between 30 and 40,
between 30 and 50, between 30 and 60, between 30 and 70,
between 30 and 80, between 30 and 90, between 40 and 50,
between 40 and 60, between 40 and 70, between 40 and 80,
between 40 and 90, between 50 and 60, between 50 and 70,
between 50 and 80, between 50 and 90, between 50 and 100,
between 50 and 150, between 50 and 200, between 50 and
250, between 50 and 300 fold after 8 or more weeks of
treatment as compared to before initiating the treatment.

[0053] Prevotella is an anaerobic, non-spore forming,
non-motile, rod that stains Gram-negative. Desulfovibrio is
a gram negative, rod shaped, sulfate reducing bacterium,
which is an anaerobe and which may compete with the host
for sulfur. Its metal corroding ability has led to numerous
health and safety concerns; and its production of H,S and
endotoxin can lead to genotoxic and other toxic-related
problems. Bifidobacterium is a Gram-positive, non-acid-
fast, non-sporeforming, and nonmotile anaerobe. FEgg-
erthella are Gram-positive obligately anaerobic bacilli,
which are nonmotile and do not produce endospores. Pre-
votella and Bifidobacterium are generally believed to be
beneficial intestinal bacteria, but the role of Desulfovibrio is
less understood. This application illustrates that increases in
all three are beneficial in children with ASD.

[0054] In one aspect, an increase in Prevotella abundance
is an increase of one or more, two or more, three or more,
four or more, five or more, six or more, or seven or more
species selected from the group consisting of P. intermedia,
P. pallens, P, nigrescens, P. disiens, P. corporis, P. denticola,
P. multiformis, P. melaninogenica, P. veroralis, P. oulorum,
P. salivae, P. copri, P. albensis, P. bivia, P. shahii, P.
loescheii, P. marshii, P. oralia, P. enoeca, P. stercorea, P.
massiliensis, P. timonensis, P. buccalis, P. bergensis, P.
dentalis, P. buccae, P. baroniae, P. multisaccharivorax, P.
brevis, P. ruminicola, P. bryantiii, P. tannerae, P. hepa-
rinolytica, and P. zoogleoformans. In one aspect, an increase
in Prevotella abundance is an increase of one or more, two
or more, three or more, four or more, five or more, six or
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more, or seven or more species listed in FIG. 20. In one
aspect, an increase in Desulfovibrio abundance is an increase
of one or more, two or more, three or more, four or more,
five or more, six or more, or seven or more Desulfovibrio
species listed in FIG. 21. In one aspect, an increase in
Bifidobacterium abundance is an increase of one or more,
two or more, three or more, four or more, five or more, six
or more, or seven or more Bifidobacterium species selected
from the group consisting of B. adolescentis, B. angulatum,
B. animalis, B. asteroides, B. bifidum, B. boum, B. breve, B.
catenulatum, B. choerinum, B. coryneforme, B. cuniculi, B.
denticolens, B. dentium, B. gallicum, B. gallinarum, B.
indicum, B. inopinatum, B. infantis, B. lactis, B. longum, B.
magnum, B. merycicum, B. minimum, B. pseudocatenula-
tum, B. pseudolongum, B. pullorum, B. ruminantium, B.
saeculare, B. subtile, B. thermacidophilum, B. thermophi-
lum, and B. tsurumiense. In one aspect, an increase in
Bifidobacterium abundance is an increase of one or more,
two or more, three or more, four or more, five or more, six
or more, or seven or more Bifidobacterium species listed in
FIG. 22. In one aspect, a change in Eggerthella abundance
is a decrease of one or more or two or more Eggerthella
species selected from the group consisting of Eggerthella
lenta, Eggerthella sinensis, and Eggerthella hongkongensis.

[0055] In one aspect, a bacterial abundance change (e.g.,
increase of Bifidobacterium, Prevotella, or Desulfovibrio, or
decrease of Bacteroides or Eggerthella) is ongoing during a
treatment or sustained after finishing or discontinuing a
treatment. In one aspect, a bacterial abundance change (e.g.,
increase of Bifidobacterium, Prevotella, or Desulfovibrio, or
decrease of Bacteroides or Eggerthella) is assessed at a
specific time point during or post treatment, e.g., about 2, 4,
6,8, 12,18, 24, 32, 40, 48 weeks after initiating a treatment,
orabout 2,4, 6, 8,12, 18, 24,32, 40, 48 weeks after finishing
or discontinuing a treatment.

[0056] In one aspect, a method further comprises deter-
mining in a subject a relative abundance of one or more gut
microorganisms selected from the group consisting of Bifi-
dobacterium, Prevotella, Desulfovibrio, Copprococcus,
Clostridium, Eggerthella, and Bacteroides. In one aspect, a
relative abundance is determined via an assay selected from
the group consisting of qPCR, RT-qPCR, clone libraries,
DGGE, T-RFLP, ARISA, microarrays, FISH, dot-blot
hybridization, and a DNA hybridization method. In another
aspect, a relative abundance is determined via 16S rDNA-
targeted pyrosequencing. In a further aspect, a relative
abundance is determined via a DNA hybridization assay
based on a 16S rDNA sequence. In one aspect, a relative
abundance is determined via detecting one or more proteins
or metabolites specific to one or more gut microorganisms.
In another aspect, a relative abundance is determined via an
assay selected from the group consisting of 2-Dimensional
Gel Electrophoresis, 2-Diminsional Difference Gel Electro-
phoresis (2D-DIGE), MALDI TOF-MS, (2D-) LC-ESI-MS/
MS, AQUA and 1TRAQ.

[0057] In one aspect, this application provides a method
for modulating the abundance of Eggerthella or Bacteroides
in a subject in need thereof, the method comprising treating
the subject by administering a therapeutically effective
amount of a pharmaceutical composition comprising a fecal
microbe preparation, wherein the subject exhibits at least a
20% change in the abundance of Eggerthella or Bacteroides
after the treatment as compared to before initiating the
treatment. In one aspect, a subject being treated exhibits at
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least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
change in Eggerthella or Bacteroides abundance after a
treatment as compared to before initiating the treatment. In
one aspect, a subject being treated exhibits between 20% and
30%, between 20% and 40%, between 20% and 50%,
between 20% and 60%, between 20% and 70%, between
20% and 80%, between 20% and 90%, between 30% and
40%, between 30% and 50%, between 30% and 60%,
between 30% and 70%, between 30% and 80%, between
30% and 90%, between 40% and 50%, between 40% and
60%, between 40% and 70%, between 40% and 80%,
between 40% and 90%, between 50% and 60%, between
50% and 70%, between 50% and 80%, or between 50% and
90% change in Eggerthella or Bacteroides abundance after
a treatment as compared to before initiating the treatment. In
one aspect, a change in Eggerthella or Bacteroides abun-
dance is an abundance increase. In one aspect, a change in
Eggerthella or Bacteroides abundance is an abundance
decrease.

[0058] In another aspect, this application provides a
method for increasing the phylogenetic diversity of fecal
microbiota, fecal phage virome, or both, of a subject in need
thereof, the method comprising administering to the subject
a therapeutically effective amount of a pharmaceutical com-
position comprising a fecal microbe preparation, wherein
the subject exhibits at least a two-fold increase of fecal
microbiota or fecal phage virome diversity after the treat-
ment as compared to before initiating the treatment.

[0059] In one aspect, a subject being treated exhibits at
least 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30-fold,
40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-
fold, 110-fold, 120-fold, 130-fold, 140-fold, 150-fold, 160-
fold, 170-fold, 180-fold, 190-fold, or 200-fold increase of
fecal microbiota or fecal phage virome diversity after a
treatment as compared to before initiating the treatment. In
another aspect, a treated subject exhibit an increase in fecal
microbiota or fecal phage virome diversity of between 2 and
10, between 3 and 10, between 4 and 10, between 5 and 10,
between 6 and 10, between 10 and 20, between 10 and 30,
between 10 and 40, between 10 and 50, between 10 and 60,
between 10 and 70, between 10 and 80, between 10 and 90,
between 20 and 30, between 20 and 40, between 20 and 50,
between 20 and 60, between 20 and 70, between 20 and 80,
between 20 and 90, between 30 and 40, between 30 and 50,
between 30 and 60, between 30 and 70, between 30 and 80,
between 30 and 90, between 40 and 50, between 40 and 60,
between 40 and 70, between 40 and 80, between 40 and 90,
between 50 and 60, between 50 and 70, between 50 and 80,
between 50 and 90, between 50 and 100, between 50 and
150, between 50 and 200, between 50 and 250, between 50
and 300 fold after 8 or more weeks of treatment as compared
to before initiating the treatment. In one aspect, an increase
in fecal microbiota or fecal phage virome diversity is
ongoing during a treatment or sustained after finishing or
discontinuing a treatment. In one aspect, a subject being
treated exhibits at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, or 90% increase of fecal microbiota or fecal
phage virome diversity after a treatment as compared to
before initiating the treatment. In another aspect, a treated
subject exhibit an increase in fecal microbiota or fecal phage
virome diversity of between 20% and 30%, between 20%
and 40%, between 20% and 50%, between 20% and 60%,
between 20% and 70%, between 20% and 80%, between
20% and 90%, between 30% and 40%, between 30% and
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50%, between 30% and 60%, between 30% and 70%,
between 30% and 80%, between 30% and 90%, between
40% and 50%, between 40% and 60%, between 40% and
70%, between 40% and 80%, between 40% and 90%,
between 50% and 60%, between 50% and 70%, between
50% and 80%, or between 50% and 90% after 8 or more
weeks of treatment as compared to before initiating the
treatment. In one aspect, an increase in fecal microbiota or
fecal phage virome diversity is ongoing during a treatment
or sustained after finishing or discontinuing a treatment. In
another aspect, an increase in fecal microbiota or fecal phage
virome diversity is assessed at a specific time point during
or post treatment, e.g., about 2, 4, 6, 8, 12, 18, 24, 32, 40,
48 weeks after initiating a treatment, or about 2, 4, 6, 8, 12,
18, 24, 32, 40, 48 weeks after finishing or discontinuing a
treatment.

[0060] In one aspect, fecal microbiota or fecal phage
virome diversity is assessed using Shannon’s Index. In
another aspect, fecal microbiota or fecal phage virome
diversity is assessed using Faith phylogenetic diversity. In
another aspect, fecal microbiota or fecal phage virome
diversity is assessed using an observed OTUs metric. In one
aspect, fecal microbiota or fecal phage virome diversity is
assessed using a qualitative non-phylogenetic metric (Jac-
card distance), a quantitative non-phylogenetic diversity
metric (Bray-Curtis distance), a qualitative phylogenetic
diversity metric (unweighted UniFrac), or a quantitative
phylogenetic diversity metric (weighted UniFrac).

[0061] In one aspect, this application provides a method
comprising: determining the relative abundance of one or
more gut microorganisms in a subject having an ASD or
having an ASD sibling, and administering a therapeutically
effective amount of a pharmaceutical composition compris-
ing a fecal microbe preparation to achieve at least a 2-fold,
3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40-fold,
50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 110-
fold, 120-fold, 130-fold, 140-fold, 150-fold, 160-fold, 170-
fold, 180-fold, 190-fold, or 200-fold change of the abun-
dance of the one or more gut microorganisms, wherein the
one or more gut microorganisms are from a genus selected
from the group consisting of Clostridium, Bacteroides, Egg-
erthella, Bifidobacterium, Prevotella, and Desulfovibrio. In
another aspect, a subject exhibits an abundance change of
one or more gut microorganisms selected from the group
consisting of Clostridium, Bacteroides, Eggerthella, Bifido-
bacterium, Prevotella, and Desulfovibrio, of between 3 and
10, between 4 and 10, between 5 and 10, between 6 and 10,
between 10 and 20, between 10 and 30, between 10 and 40,
between 10 and 50, between 10 and 60, between 10 and 70,
between 10 and 80, between 10 and 90, between 20 and 30,
between 20 and 40, between 20 and 50, between 20 and 60,
between 20 and 70, between 20 and 80, between 20 and 90,
between 30 and 40, between 30 and 50, between 30 and 60,
between 30 and 70, between 30 and 80, between 30 and 90,
between 40 and 50, between 40 and 60, between 40 and 70,
between 40 and 80, between 40 and 90, between 50 and 60,
between 50 and 70, between 50 and 80, between 50 and 90,
between 50 and 100, between 50 and 150, between 50 and
200, between 50 and 250, between 50 and 300 fold after 8
or more weeks. In one aspect, a subject having an ASD
exhibits no gastrointestinal symptom. In another aspect, a
subject having an ASD does not exhibit one or more, two or
more, three or more, four or more gastrointestinal symptoms
selected from the group consisting of abdominal pain, reflux,
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indigestion, irritable bowel syndrome, chronic persistent
diarrhoea, diarrhoea, flatulence, constipation, and alternat-
ing constipation/diarrhoea. In a further aspect, a subject
having an ASD exhibits no gastrointestinal symptom
selected from the group consisting of abdominal pain, reflux,
indigestion, irritable bowel syndrome, chronic persistent
diarrhoea, diarrhoea, flatulence, constipation, and alternat-
ing constipation/diarrhoea. In one aspect, one or more gut
microorganisms with abundance change are from
Clostridium, and wherein the Clostridium microorganisms
increase their abundance by at least 2 fold. In another aspect,
one or more gut microorganisms with abundance change are
from Bacteroides, and wherein the Bacteroides microorgan-
isms decrease their abundance by at least 2 fold. In another
aspect, one or more gut microorganisms with abundance
change are from Eggerthella, and wherein the Eggerthella
microorganisms decrease their abundance by at least 2 fold.
In another aspect, one or more gut microorganisms with
abundance change are from Bifidobacterium, and wherein
the Bifidobacterium microorganisms increase their abun-
dance by at least 2 fold. In another aspect, one or more gut
microorganisms with abundance change are from Pre-
votella, and wherein the Prevotella microorganisms increase
their abundance by at least 2 fold. In another aspect, one or
more gut microorganisms with abundance change are from
Desulfovibrio, and wherein the Desulfovibrio microorgan-
isms increase their abundance by at least 2 fold.

[0062] In one aspect, a subject being treated has an ASD
and the treatment improves one or more ASD symptoms. In
one aspect, a subject exhibits at least a 10% reduction in
ASD symptom severity after the treatment as compared to
before initiating the treatment, and based on an assessment
system selected from the group consisting of Childhood
Autism Rating Scale (CARS), Childhood Autism Rating
Scale 2—Standard Form (CARS2-ST), Childhood Autism
Rating Scale 2—High Functioning (CARS2-HF), Aberrant
Behavior Checklist (ABC), Social Responsiveness Scale
(SRS), and Vineland Adaptive Behavior Scale II (VABS-II).
[0063] In one aspect, a treatment results in an improve-
ment of at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, or 90% based on the Leiter International Performance
Scale (see Roid, G. H., & Miller, L. J. (1997). Leiter
International Performance Scale—Revised. Wood Dale, I11.:
Stoelting) in an ASD patient. In another aspect, a Leiter
score improvement is measured after at least 8, 16, 24, 32,
40, 50, 60, or 80 weeks of treatment and compared to a
Leiter score prior to the treatment.

[0064] One of ordinary skill in the art understands that the
foregoing assessment systems are only exemplary tools for
evaluating ASD-related social and cognitive symptoms.
Other similar tools can be used or designed to evaluate core
ASD-related symptoms. For example, in one aspect, a
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treatment results in an improvement of at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 90% based on Autism
Treatment Evaluation Checklist (ATEC). See Rimland and
Edelson: Autism Treatment Evaluation Checklist: Statistical
Analyses. Autism Research Institute 2000. In another aspect,
a treatment results in an improvement of at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 90% based on Perva-
sive Developmental Disorders Behavior Inventory (PDD-
BI). See Cohen et al., The PDD Behavior Inventory: a rating
scale for assessing response to intervention in children with
pervasive developmental disorder. J Autism Dev Disord.
2003 33(1):31-45. In yet another aspect, a treatment results
in an improvement of at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, or 90% based on Severity of Autism Scale
(SAS). See Adams et al., The severity of autism is associated
with toxic metal body burden and red blood cell glutathione
levels. J Toxicol. 2009, 2009:532640. In a further aspect, an
improvement of autism-related symptoms or an symptom
severity reduction is assessed based on any one of the system
or scale mentioned in Aman et al., Outcome Measures for
Clinical Drug Trials in Autism, CNS Spectr. 9(1): 36-47
(2004). In a further aspect, an improvement of autism-
related symptoms or an symptom severity reduction is
assessed based on any one of the symptom characterization
systems listed in Table 1. In another aspect, a method
described here achieve an improvement of autism-related
symptoms or an symptom severity reduction of at least 1, 2,
3,4,5,6,7,8,9,or 10 graduations in a scale described here
(e.g., in Table 1). In another aspect, a method described here
achieve an improvement of autism-related symptoms or an
symptom severity reduction of between 1 and 10, between
2 and 10, between 3 and 10, between 4 and 10, between 5
and 10, between 6 and 10, between 1 and 9, between 2 and
9, between 3 and 9, between 4 and 9, between 5 and 9,
between 6 and 9, between 1 and 8, between 2 and 8, between
3 and 8, between 4 and 8, between 5 and 8, between 6 and
8, between 1 and 7, between 2 and 7, between 3 and 7,
between 4 and 7, between 5 and 7, between 6 and 7, between
1 and 6, between 2 and 6, between 3 and 6, between 4 and
6, between 5 and 6, between 1 and 5, between 2 and 5,
between 3 and 5, between 4 and 5, between 1 and 4, between
2 and 4, between 3 and 4, between 1 and 3, between 2 and
3, or between 1 and 2 graduations in a scale described here
(e.g., CARS, CARS2-ST, CARS2-HF, ABC, SRS, VABS-II,
PGI-R2, or a scale in Table 1). In one aspect, an symptom
improvement over any one of the foregoing systems is
measured after at least 8, 16, 24, 32, 40, 50, 60, or 80 weeks
of treatment and compared to a Leiter score prior to the
treatment. In one aspect, an symptom improvement over any
one of the foregoing systems is measured after discontinuing
treatment for at least 2, 4, 6, 8, 10 or more weeks and
compared to a measurement prior to the treatment.

TABLE 1

Selected outcome measures that can be used to monitor core ASD-related social and

cognitive symptoms.
Validated Outcome Measures

Tool Description
Autism Symptoms Rater
ADOS  The Autism Diagnostic Observation Schedule (ADOS) is a gold standards ~ Trained
instrument for diagnosing ASD with the largest evidence base and highest  Examiner

sensitivity and specificity



US 2017/0360848 Al

TABLE 1-continued
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Selected outcome measures that can be used to monitor core ASD-related social and

cognitive symptoms.
Validated Outcome Measures

Tool

Description

OACIS

SRS

SCQ

AIM

ABC

CBCL

BASC

CELF

PLS

VABS

Leiter-R

WISC/
WPPSI

The Ohio Autism Clinical Impression Scale was developed to be sensitive
to subtle, but clinically-meaningful changes in core and associated ASD
symptoms using a focused scaling system that assesses severity and
improvement in ASD behaviors similar to the widely used Clinical Global
The Social Responsiveness Scale is a standardized and validated
quantitative scale that measures the severity and type of social
impairments that are characteristic of ASD

Social Communication Questionnaire is brief instrument that evaluates
communication skills and social functioning. Both the current and lifetime
editions will be used as appropriate

The Autism Impact Measure is a recently developed parent-report measure
that assesses both frequency and impact of current core ASD symptoms
during the past 2-weeks. Initial studies have demonstrated excellent
psychometric properties and construct validity

Behavior

Clinician

Parent or
Teacher

Parent or
Teacher

Parent

The Aberrant Behavior Checklist is a validated questionnaire that rates
symptoms of hyperactivity, irritability, lethargy, and stereotypic behavior
in individuals with developmental disabilities. It has been used in multiple
clinical trials in ASD and has convergent and divergent validity

Child Behavior Checklist is an easy to complete standardized questionnaire
that assesses a wide range of behaviors associated with ASD symptoms,
including anxiety, depression, withdraw, sleep problems, somatic
problems, and aggressive and destructive behavior

The Behavioral Assessment System for Children provides scales of
cognition function, behavior, social function, and academic problems. This
scale measures a wide range of behaviors including hyperactivity,
attention, depression, anxiety, and executive function.

Language

Parent or
Teacher

Parent or
Teacher

Parent or
Teacher

The Clinical Evaluations of Language Fundamentals is one of the only
standardized, well-validated language assessment instruments that spans
the age range of most participants (using both CELF-preschool-2 and
CELF-4). It assesses a wide range of language skills that are only partially
measured by other language tests, including high-level language skills that
are abnormal in individuals with ASD, such as language pragmatics and
has been used in several recent studies focusing on core language deficits
in ASD

The Preschool Language Scale-4 is used in conjunction with the CELF
since it is also a standardized, well-validated language assessment
instrument and can measure subtle changes in language in children with
poor language abilities

Adaptive Behavior

Trained
Examiner

Trained
Examiner

The Vineland Adaptive Behavior Scale is a widely used standardized, well-
validated assessment tool for children with developmental delays that
measures functional abilities within several domains. It is particularly
useful for children with intellectual disability which commonly co-occurs
with ASD and has valid measures of social impairments in children with
ASD

Intellect

Trained
Interviewer

The Leiter-R, due to its non-verbal nature, is an excellent unbiased
measure of intellect when language impairment exists. It assesses a wide
range of ages (2-21 years) and contains attention and memory batteries
which are skills often disrupted in ASD. The Leiter-R is designed to
measure growth in all domains it assesses, making it sensitive to change
due to treatment. Studies have shown good psychometric properties and
verified that it is generally recommended for use in children with ASD

The Wechsler Intelligence Scale for Children is one of the oldest and most
widely used tests of intelligence for children. For children younger than 6
years the Wechsler Preschool and Primary Scale of Intelligence test is used.
One disadvantage when using this with children with ASD is its reliance on
language.

Trained
Examiner

Trained
Examiner
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[0065] In one aspect, a treatment described here achieves
at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or
90% reduction in ASD symptom severity after 2 or more
weeks of treatment as compared to before initiating the
treatment, where the ASD symptom severity is assessed by
a method selected from the group consisting of CARS,
CARS2-ST, CARS2-HF, ABC, SRS, and VABS-II. In one
aspect, a treatment achieves at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% reduction in ASD symptom
severity after 4 or more weeks of treatment as compared to
before initiating the treatment, where the ASD symptom
severity is assessed by a method selected from the group
consisting of CARS, CARS2-ST, CARS2-HF, ABC, SRS,
and VABS-II. In one aspect, a treatment achieves at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
reduction in ASD symptom severity after 6 or more weeks
of treatment as compared to before initiating the treatment,
where the ASD symptom severity is assessed by a method
selected from the group consisting of CARS, CARS2-ST,
CARS2-HF, ABC, SRS, and VABS-II. In one aspect, a
treatment achieves at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, or 90% reduction in ASD symptom sever-
ity after 8 or more weeks of treatment as compared to before
initiating the treatment, where the ASD symptom severity is
assessed by a method selected from the group consisting of
CARS, CARS2-ST, CARS2-HF, ABC, SRS, and VAB S-II.

[0066] In another aspect, a treatment achieves between
10% and 20%, between 10% and 30%, between 10% and
40%, between 10% and 50%, between 10% and 60%,
between 10% and 70%, between 10% and 80%, between
10% and 90%, between 20% and 30%, between 20% and
40%, between 20% and 50%, between 20% and 60%,
between 20% and 70%, between 20% and 80%, between
20% and 90%, between 30% and 40%, between 30% and
50%, between 30% and 60%, between 30% and 70%,
between 30% and 80%, between 30% and 90%, between
40% and 50%, between 40% and 60%, between 40% and
70%, between 40% and 80%, between 40% and 90%,
between 50% and 60%, between 50% and 70%, between
50% and 80%, or between 50% and 90% reduction in ASD
symptom severity after 8 or more weeks of treatment as
compared to before initiating the treatment, where the ASD
symptom severity is assessed by a method selected from the
group consisting of CARS, CARS2-ST, CARS2-HF, ABC,
SRS, and VABS-IIL. In another aspect, a treatment achieves
between 10% and 90%, between 20% and 80%, between
30% and 70%, or between 40% and 60% reduction in ASD
symptom severity after 8 or more weeks of treatment as
compared to before initiating the treatment, where the ASD
symptom severity is assessed by a method selected from the
group consisting of CARS, CARS2-ST, CARS2-HF, ABC,
SRS, and VABS-IIL. In another aspect, a treatment achieves
between 10% and 90%, between 20% and 80%, between
30% and 70%, or between 40% and 60% reduction in ASD
symptom severity after 12 or more weeks of treatment as
compared to before initiating the treatment, where the ASD
symptom severity is assessed by a method selected from the
group consisting of CARS, CARS2-ST, CARS2-HF, ABC,
SRS, and VABS-IIL. In another aspect, a treatment achieves
between 10% and 90%, between 20% and 80%, between
30% and 70%, or between 40% and 60% reduction in ASD
symptom severity after 18 or more weeks of treatment as
compared to before initiating the treatment, where the ASD
symptom severity is assessed by a method selected from the
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group consisting of CARS, CARS2-ST, CARS2-HF, ABC,
SRS, and VABS-IIL. In another aspect, a treatment achieves
between 10% and 90%, between 20% and 80%, between
30% and 70%, or between 40% and 60% reduction in ASD
symptom severity after 24 or more weeks of treatment as
compared to before initiating the treatment, where the ASD
symptom severity is assessed by a method selected from the
group consisting of CARS, CARS2-ST, CARS2-HF, ABC,
SRS, and VABS-IL

[0067] In one aspect, a treatment achieves at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% reduction
in ASD symptom severity and substantially maintains the
symptom severity reduction for at least 8, 12, 16, 20, 24, or
28 weeks after discontinuing the treatment, where the ASD
symptom severity is assessed by CARS. In one aspect, a
treatment achieves at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, or 90% reduction in ASD symptom sever-
ity and substantially maintains the symptom severity reduc-
tion for at least 8, 12, 16, 20, 24, or 28 weeks after
discontinuing the treatment, where the ASD symptom sever-
ity is assessed by CARS2-ST. In one aspect, a treatment
achieves at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, or 90% reduction in ASD symptom severity and
substantially maintains the symptom severity reduction for
at least 8, 12, 16, 20, 24, or 28 weeks after discontinuing the
treatment, where the ASD symptom severity is assessed by
CARS2-HF. In one aspect, a treatment achieves at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
reduction in ASD symptom severity and substantially main-
tains the symptom severity reduction for at least 8, 12, 16,
20, 24, or 28 weeks after discontinuing the treatment, where
the ASD symptom severity is assessed by ABC. In one
aspect, a treatment achieves at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% reduction in ASD symptom
severity and substantially maintains the symptom severity
reduction for at least 8, 12, 16, 20, 24, or 28 weeks after
discontinuing the treatment, where the ASD symptom sever-
ity is assessed by SRS. In one aspect, a treatment achieves
at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or
90% reduction in ASD symptom severity and substantially
maintains the symptom severity reduction for at least 8, 12,
16, 20, 24, or 28 weeks after discontinuing the treatment,
where the ASD symptom severity is assessed by VABS-IL.

[0068] In one aspect, an ASD subject being treated exhib-
its no gastrointestinal (GI) symptom prior to initiating a
treatment. In another aspect, an ASD subject being treated
exhibits one or more GI symptoms prior to initiating a
treatment. In one aspect, an ASD subject being treated
exhibits at least a 20%, 30%, 40%, 50%, 60%, 70%, 80%,
or 90% reduction in GI symptom severity after a treatment
as compared to before initiating the treatment. In one aspect,
GI symptom severity is assessed by the Gastrointestinal
Symptom Rating Scale (GSRS). In another aspect, a treat-
ment achieves between 20% and 30%, between 20% and
40%, between 20% and 50%, between 20% and 60%,
between 20% and 70%, between 20% and 80%, between
20% and 90%, between 30% and 40%, between 30% and
50%, between 30% and 60%, between 30% and 70%,
between 30% and 80%, between 30% and 90%, between
40% and 50%, between 40% and 60%, between 40% and
70%, between 40% and 80%, between 40% and 90%,
between 50% and 60%, between 50% and 70%, between
50% and 80%, or between 50% and 90% reduction in GI
symptom severity in an ASD patient after 8 or more weeks
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of treatment as compared to before initiating the treatment,
where the GI symptom severity is assessed by one or more
symptom assessment systems selected from the group con-
sisting of Gastrointestinal Severity Index (GSI) (Schneider
et al., J Autism Dev Disord 2006; 36: 1053-64); 6-item
Gastrointestinal Severity Index (6-GSI) (Adams et al., BMC
Gastroenterology 2011, 11:22); Gastrointestinal Symptom
Questionnaire—GISQ (Bovenschen et al., Dig Dis Sci
(2006) 51:1509-15); GSRS (original) (Svedlund et al., Dig
Dis Sci 1988; 33: 129-134); GSRS (Likert version) (Revicki
et al., Quality of Life Research Vol 7 1998 75-83); GSRS-
IBS (Wiklund et al., Scand J Gastroenterol 2003; 38(9):
947-954); PROMIS (Spiegel et al., Am J Gastroenterol
2014; 109(11): 1804-1814); PedsQL GI Distress Domain
(Varni et al., JPGN 2014; 59: 347-355); Pediatric Functional
Gastrointestinal Disorders (PFGD) (Caplan et al., J Pediatric
Gastroenterol Nutrition 41, 305-316); Autism Network GI
Symptom Inventory (Mazefsky, Autism Treatment Network.
Autism Treatment Network GI Symptom Inventory Ques-
tionnaire, version 3.0. New York, N.Y.: Autism Speaks;
2005); Questionnaire on Pediatric GI Symptoms (QPGS)
(ROME 1II criteria; Caplan et al., J Pediatric Gastroenterol
Nutrition 2005 4, 296-304); GI Symptom Questionnaire
(Chandler et al., ] Autism Dev Disord 2013; 43: 2737-2747);
Birmingham IBS (Roalfe et al., BMD Gastroenterology
2008; 8:30); Gastrointestinal Symptom Score in Kids
(GISSK) (Brunner et al., J Clin Rheumatol 2005; 11: 194-
204); Gastro-Q (Liebbrand et al., Int J Behav Med 2002; 9:
155-72); IBS-SSS (Francis et al., Aliment Pharmacol Ther
1997, 11: 395-402); and any other similar, corresponding, or
modified systems.

[0069] The GSRS is a disease-specific instrument of 15
items combined into five symptom clusters depicting Reflux,
Abdominal pain, Indigestion, Diarrhoea and Constipation.
See Svedlund et al., Dig. Dis. Sci., 33(2): 129-34(1988). The
GSRS has a seven-point graded Likert-type scale where 0
represents absence of troublesome symptoms and 3 repre-
sents an extreme degree of the symptoms with half-steps to
increase the sensitivity of the scales. In one aspect, a
treatment method provided here reduces, alleviates, or elimi-
nates one or more, two or more, three or more, four or more,
five or more, six or more, or seven or more GI symptoms
selected from the group consisting of epigastric pain, col-
icky abdominal pain, dull abdominal pain, undefined
abdominal pain, heartburn, acid regurgitation, sucking sen-
sations in the epigastrium, nausea and vomiting, borboryg-
mus, abdominal distension, eructation, increased flatus,
decreased passage of stools, increased passage of stools,
loose stool, hard stools, urgent need for defecation, feeling
of incomplete evacuation.

[0070] In one aspect, a treated subject’s abdominal pain
decreases from a more severe level to a less severe level,
where the pain levels are selected from the group consisting
of severe or crippling pains with impact on all social
activities, prolonged and troublesome aches and pains caus-
ing requests for relief and interfering with many social
activities, occasional aches and pains interfering with some
social activities, and no or transient pain.

[0071] In another aspect, a treated subject’s heartburn
decreases from a more severe level to a less severe level,
where the pain levels are selected from the group consisting
of continuous discomfort with only transient relief by ant-
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acids, frequent episodes of prolonged discomfort; requests
for relief, occasional discomfort of short duration, and no or
transient heartburn.

[0072] In another aspect, a treated subject’s acid regurgi-
tation condition improves from a more severe level to a less
severe level, where the condition levels are selected from the
group consisting of regurgitation several times a day; only
transient and insignificant relief by antacids, regurgitation
once or twice a day; requests for relief, occasional trouble-
some regurgitation, and no or transient regurgitation.

[0073] In another aspect, a treated subject’s sucking sen-
sations in the epigastrium improves from a more severe level
to a less severe level, where the condition levels are selected
from the group consisting of continuous discomfort; fre-
quent requests for food or antacids between meals, frequent
episodes of prolonged discomfort, requests for food and
antacids between meals, occasional discomfort of short
duration; no requests for food or antacids between meals,
and no or transient sucking sensation. As used herein,
sucking sensation in the epigastrium represents a sucking
sensation in the epigastrium with relief by food or antacids.
If food or antacids are not available, the sucking sensations
progress to ache, and pains.

[0074] In another aspect, a treated subject’s nausea or
vomiting condition improves from a more severe level to a
less severe level, where the condition levels are selected
from the group consisting of continuous nausea coupled
with frequent vomiting, frequent and prolonged nausea with
no vomiting, occasional nausea episodes of short duration,
and no nausea.

[0075] In another aspect, a treated subject’s borborygmus
condition improves from a more severe level to a less severe
level, where the condition levels are selected from the group
consisting of continuous borborygmus severely interfering
with social performance, frequent and prolonged episodes
which can be mastered by moving without impairing social
performance, occasional troublesome borborygmus of short
duration, and no or transient borborygmus.

[0076] In another aspect, a treated subject’s abdominal
distension condition improves from a more severe level to a
less severe level, where the condition levels are selected
from the group consisting of continuous discomfort seri-
ously interfering with social performance, frequent and
prolonged episodes which can be mastered by adjusting the
clothing, occasional discomfort of short duration, and no or
transient distension.

[0077] In another aspect, a treated subject’s eructation
condition improves from a more severe level to a less severe
level, where the condition levels are selected from the group
consisting of frequent episodes seriously interfering with
social performance, frequent episodes interfering with some
social activities, occasional troublesome eructation, and no
or transient eructation.

[0078] In another aspect, a treated subject’s increased
flatus condition improves from a more severe level to a less
severe level, where the condition levels are selected from the
group consisting of frequent episodes seriously interfering
with social performance, frequent and prolonged episodes
interfering with some social activities, occasional discom-
fort of short duration, and no increase flatus.

[0079] In another aspect, a treated subject’s decreased
stool frequency improves from a more severe level to a less
severe level, where the levels are selected from the group
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consisting of every seventh day or less freluently, every sixth
day, every fifth day, every fourth day, every third day, every
second day, and once a day.

[0080] In another aspect, a treated subject’s increased
stool frequency improves from a more severe level to a less
severe level, where the levels are selected from the group
consisting of seven times a day or more frequently, six times
a day, five times a day, four times a day, three times a day,
twice a day, and once a day.

[0081] In another aspect, a treated subject’s loose-stool
condition improves from a more severe level to a less severe
level, where the levels are selected from the group consisting
of watery, runny, somewhat loose, and normal consistency.

[0082] In another aspect, a treated subject’s hard-stool
condition improves from a more severe level to a less severe
level, where the levels are selected from the group consisting
of hard and fragmented with occasional diarrhea, hard,
somewhat hard, and normal consistency.

[0083] In another aspect, a treated subject’s urgency for
defecation improves from a more severe level to a less
severe level, where the levels are selected from the group
consisting of inability to control defecation, frequent feel-
ings of urgent need for defecation with sudden need for a
toilet interfering with social performance, occasional feel-
ings of urgent need for defecation, and normal control of
defecation.

[0084] In another aspect, a treated subject’s feeling of
incomplete evacuation improves from a more severe level to
a less severe level, where the levels are selected from the
group consisting of defecation extremely difficult with regu-
lar feelings of incomplete evacuation, defecation definitely
difficult with often feelings of incomplete evacuation, def-
ecation somewhat difficult; occasional feelings of incom-
plete evacuation, and feeling of complete evacuation with-
out straining.

[0085] In another aspect, a treated subject’s one or more
additional GI symptoms improve from a more severe level
to a less severe level, where these one or more additional GI
symptoms are selected from the group consisting of unusu-
ally large amount and/or large diameter of stools, unusually
foul-smelling stools, unusual color of stool (medium brown
is normal). In another aspect, a treated subject’s stool also
improves to a form corresponding to Type 3 or 4 of the
Bristol stool scale or improves from a more irregular type to
a type closer of the normal stool form (e.g., from Types 1-2
or Types 5-7 to Type 3 or 4. Bristol stool scale is a medical
aid designed to classify the form of human feces into seven
types. See Lewis and Heaton, Scand J Gastroenterol. 32(9):
920-24 (1997). The seven types of stool are: Type 1:
Separate hard lumps, like nuts (hard to pass); Type 2:
Sausage-shaped, but lumpy; Type 3: Like a sausage but with
cracks on its surface; Type 4: Like a sausage or snake,
smooth and soft; Type 5: Soft blobs with clear cut edges
(passed easily); Type 6: Fluffy pieces with ragged edges, a
mushy stool; and Type 7: Watery, no solid pieces, entirely
liquid.

[0086] In one aspect, a symptom severity reduction (e.g.,
for ASD symptoms, GI symptoms, or both) is ongoing
during a treatment or sustained after finishing or discontinu-
ing a treatment. In one aspect, a symptom severity reduction
(e.g., for ASD symptoms, GI symptoms, or both) is assessed
at a specific time point during or post treatment, e.g., about
2,4, 6,8, 12, 18, 24, 32, 40, 48 weeks after initiating a
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treatment, or about 2, 4, 6, 8, 12, 18, 24, 32, 40, 48 weeks
after finishing or discontinuing a treatment.

[0087] In one aspect, a method further comprises admin-
istering an antibiotic to a subject prior to administering a
pharmaceutical composition comprising a fecal microbe
preparation. In another aspect, a method further comprises
subjecting a subject to a bowel cleanse.

[0088] In another aspect, a pharmaceutical composition
used herein comprises a non-selected and substantially com-
plete fecal microbiota supplemented with one or more
viable, non-pathogenic microorganisms selected from the
group consisting of Bifidobacterium, Prevotella, Desulfovi-
brio, Copprococcus, and Clostridium. In another aspect, a
pharmaceutical composition used herein comprises a syn-
thetic fecal composition of predetermined flora. In another
aspect, a pharmaceutical composition used herein comprises
a predetermined flora comprises a preparation of viable flora
in proportional content that resembles a normal healthy
human fecal flora and comprises no antibiotic resistant
populations. In another aspect, a pharmaceutical composi-
tion used herein is administered as a solid dosage form
selected from the group consisting of capsule, tablet, pow-
der, and granule. In another aspect, a pharmaceutical com-
position used herein is formulated as an acid resistant
capsule.

[0089] In another aspect, provided herein is a method of
treating an autism spectrum disorder in a human subject. In
exemplary aspects, the method comprises or consists essen-
tially of the following steps: administering an antibiotic to a
human subject; subjecting the human subject to a bowel
cleanse; and administering purified fecal microbiota to the
human subject, wherein an autism spectrum disorder is
treated in the human subject.

[0090] Inexemplary aspects, treating ASD comprises alle-
viating, ameliorating, delaying the onset of, inhibiting the
progression of, or reducing the severity of one or more, two
or more, three or more, four or more, five or more, six or
more, seven or more, eight or more symptoms characteristic
of ASD. In one aspect, a treatment alleviates, ameliorates,
delays the onset of, inhibits the progression of, or reduces
the severity of one or more social and cognitive core
ASD-related symptoms. In some aspects, the symptom(s) is
selected from the group consisting of: (i) insistence on
sameness or resistance to change; (ii) difficulty in expressing
needs; (ii1) repeating words or phrases in place of normal,
responsive language; (iv) laughing, crying, showing distress
for reasons not apparent to others; (v) prefers to be alone or
aloof manner; (vi) tantrums; (vii) difficulty in mixing with
others; (viii) may not want to cuddle or be cuddled; (ix) little
or no eye contact; (X) unresponsive to normal teaching
methods; (xi) sustained odd play; (xii) apparent over-sensi-
tivity or under-sensitivity to pain; (xiii) little or no real fears
of danger; (xiv) noticeable physical over-activity or extreme
under-activity; (xv) uneven gross/fine motor skills; and/or
(xvi) non-responsiveness to verbal cues. In some aspects, the
symptom(s) is selected from the group consisting of com-
pulsive behavior, ritualistic behavior, restricted behavior,
stereotypy, sameness, or self-injury. The methods described
here can lead to improvement of any combination of the
foregoing symptoms.

[0091] In exemplary aspects, the human subject exhibits a
significant reduction in autism symptom severity as assessed
according to a ASD rating scale. In some cases, for example,
the human subject exhibits at least a 10% or 20% reduction
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in autism symptom severity as assessed by the Childhood
Autism Rating Scale (CARS) relative to severity as assessed
prior to initiating the method.

[0092] Subjects appropriate for treatment according to a
method provided herein may not present with or report
gastrointestinal distress symptoms prior to initiating a
method as provided herein. In some cases, for example, a
human subject appropriate for treatment according to a
method provided herein manifests no gastrointestinal symp-
toms prior to or at the time at which treatment is begun. In
one aspect, an ASD subject treated herein exhibit one or
more or two or more GI symptoms selected from the group
consisting of abdominal pain, reflux, indigestion, irritable
bowel syndrome, chronic persistent diarrhoea, diarrhoea,
flatulence, constipation, and alternating constipation/diar-
rhoea.

[0093] Regardless of the presence or absence of gastroin-
testinal distress symptoms, human subjects appropriate for
the methods provided herein typically have significantly
fewer species of gut bacteria before the method of treatment
as compared to a neurotypical human. In some cases, the
human subject to be treated by the method exhibits at least
about 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% fewer
species of gut bacterial prior to administration of the purified
fecal microbiota dosage as compared to a neurotypical
human.

[0094] Also provided herein are methods for reducing
autism severity in an autistic human subject. In exemplary
aspects, the method comprises or consists essentially of the
following steps: orally-administering a non-absorbable anti-
biotic to an autistic human subject; subjecting the autistic
human subject to a bowel cleanse; and administering puri-
fied fecal microbiota from a neurotypical human donor to
the human subject, wherein the human subject exhibits a
significant reduction in autism symptom severity as assessed
by the Childhood Autism Rating Scale (CARS) after the
method as compared to before initiating the method. In some
cases, the human subject exhibits at least a 10% or 20%
reduction in autism symptom severity as assessed by the
Childhood Autism Rating Scale (CARS) relative to severity
as assessed prior to initiating the method.

[0095] In one aspect, a fecal microbiota preparation used
in a method described here comprises a donor’s entire or
substantially complete microbiota. In one aspect, a fecal
microbiota preparation comprises a non-selected fecal
microbiota. In another aspect, a fecal microbiota preparation
comprises an isolated or purified population of live non-
pathogenic fecal bacteria. In a further aspect, a fecal micro-
biota preparation comprises a non-selected and substantially
complete fecal microbiota preparation from a single donor.
In another aspect, a therapeutic composition used herein
comprises a mixture of live, non-pathogenic, synthetic bac-
teria or live, non-pathogenic, purified or extracted, fecal
microbiota.

[0096] In one aspect, the preparation of a fecal microbiota
preparation involves a treatment selected from the group
consisting of ethanol treatment, detergent treatment, heat
treatment, irradiation, and sonication, or a combination
thereof. In one aspect, the preparation of a fecal microbiota
preparation involves no treatment selected from the group
consisting of ethanol treatment, detergent treatment, heat
treatment, irradiation, and sonication. In one aspect, the
preparation of a fecal microbiota preparation involves a
separation step selected from the group consisting of filter-
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ing, sieving, density gradients, filtration, chromatography,
and a combination thereof. In one aspect, the preparation of
a fecal microbiota preparation does not require one or more
separation steps selected from the group consisting of fil-
tering, sieving, density gradients, filtration, and chromatog-
raphy. In one aspect, a fecal microbiota preparation is
substantially free of non-living matter. In one aspect, a fecal
microbiota preparation is substantially free of acellular
material selected from the group consisting of residual fiber,
DNA, viral coat material, and non-viable material. In one
aspect, a fecal microbiota preparation is substantially free of
eukaryotic cells from the fecal microbiota’s donor.

[0097] In one aspect, the present disclosure provides a
method for treating ASD in a subject in need thereof, where
the method comprises administering to the subject a phar-
maceutically active dose of a therapeutic composition
described herein. In one aspect, the present disclosure pro-
vides a method for treating ASD in a subject in need thereof,
where the method comprises administering daily to the
subject a pharmaceutically active dose of a therapeutic
composition described herein. In one aspect, a therapeutic
composition is administered to a patient in need thereof at
least once daily for at least two consecutive days. In one
aspect, a therapeutic composition is administered at least
once daily for at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
or 15 consecutive days. In another aspect, a therapeutic
composition is administered at least once daily for at least 1,
2,3,4,5,6,7,8,9,10, 11, or 12 consecutive weeks. In one
aspect, a therapeutic composition is administered at least
once daily for at most 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20 consecutive days or weeks. In another
aspect, a therapeutic composition is administered at least
once daily for at most 1, 2, 3, 4, 5,6, 7,8, 9, 10, 11, or 12
consecutive weeks or months. In a further aspect, a thera-
peutic composition is administered at least once for at least
1,2,3,4,5,6,7,8,9, 10, 11, or 12 consecutive months or
years, chronically for a subject’s entire life span, or an
indefinite period of time.

[0098] In one aspect, a therapeutic composition is admin-
istered to a patient in need thereof at least twice daily for at
least two consecutive days. In one aspect, a therapeutic
composition is administered at least twice daily for at least
3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15 consecutive days.
In another aspect, a therapeutic composition is administered
at least twice daily for atleast 1, 2, 3,4, 5,6, 7,8, 9, 10, 11,
or 12 consecutive weeks. In one aspect, a therapeutic
composition is administered at least twice daily for at most
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
consecutive days or week. In another aspect, a therapeutic
composition is administered at least twice daily for at most
1,2,3,4,5,6,7,8,9, 10, 11, or 12 consecutive weeks or
months. In a further aspect, a therapeutic composition is
administered at least twice for at least 1, 2, 3,4, 5, 6,7, 8,
9,10, 11, or 12 consecutive months or years, chronically for
a subject’s entire life span, or an indefinite period of time.
[0099] In one aspect, a therapeutic composition is admin-
istered to a patient in need thereof at least three times daily
for at least two consecutive days. In one aspect, a therapeutic
composition is administered at least three times daily for at
least 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, or 15 consecutive
days. In another aspect, a therapeutic composition is admin-
istered at least three times daily for at least 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 11, or 12 consecutive weeks. In one aspect, a
therapeutic composition is administered at least three times
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daily for at most 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 consecutive days or weeks. In another
aspect, a therapeutic composition is administered at least
three times daily for at most 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11,
or 12 consecutive weeks or months. In a further aspect, a
therapeutic composition is administered at least three times
foratleast 1,2,3,4,5,6,7,8,9, 10, 11, or 12 consecutive
months or years, chronically for a subject’s entire life span,
or an indefinite period of time.

[0100] In one aspect, the present disclosure provides a
method for treating ASD in a subject in need thereof, where
the method comprises administering orally to the subject a
pharmaceutically active dose of a therapeutic composition
comprising live, non-pathogenic, synthetic bacterial mixture
or live, non-pathogenic, purified or extracted, fecal micro-
biota, where the dose is administered at a dosing schedule of
at least once or twice daily for at least three consecutive days
or weeks. In another aspect, a dose is administered at least
once, twice, or three times daily for a period between 1 and
12 weeks, between 2 and 12 weeks, between 3 and 12 weeks,
between 4 and 12 weeks, between 5 and 12 weeks, between
6 and 12 weeks, between 7 and 12 weeks, between 8 and 12
weeks, between 9 and 12 weeks, between 10 and 12 weeks,
between 1 and 2 weeks, between 2 and 3 weeks, between 3
and 4 weeks, between 4 and 5 weeks, between 5 and 6
weeks, between 6 and 7 weeks, between 7 and 8 weeks,
between 8 and 9 weeks, between 9 and 10 weeks, or between
10 and 11 weeks.

[0101] In one aspect, the present disclosure provides a
method for treating ASD in a subject in need thereof by
administering a pharmaceutical composition described
herein, where the method comprises a first dosing schedule
followed by a second dosing schedule. In one aspect, a first
dosing schedule comprises a treatment or induction dose. In
one aspect, a first dosing schedule comprises a continuous
dosing schedule. In another aspect, a second dosing schedule
comprises a maintenance dose lower than or equal to a
pharmaceutically active dose of a first dosing schedule. In
another aspect, a second dosing schedule lasts for at least
about 2, 4, 6, 8, 10, 12, 18, 24, 36, 48, 72, or 96 months. In
one aspect, a second dosing schedule lasts permanently, for
a treated subject’s entire life span, or an indefinite period of
time. In one aspect, a second dosing schedule is a continuous
dosing schedule. In another aspect, a second dosing schedule
is an intermittent dosing schedule. In a further aspect, a
second dosing schedule is an intermittent dosing schedule
comprising a treatment period of at least 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12, 13, or 14 days followed by a resting period
ofatleast 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, or 14 days.
In another aspect, a second dosing schedule comprises
administering a second dose (e.g., a maintenance dose)
every other day, every two days, orevery 3, 4, 5, 6, 7, 8 days.
In another aspect, a maintenance dose is administered for an
extended period of time with or without titration (or other-
wise changing the dosage or dosing schedule). In one aspect,
the interval between a first and a second dosing schedule is
at least about 1,2, 3,4, 5,6,7,8,9, 10, 11, or 12 weeks. In
another aspect, a second dosing schedule (e.g., a mainte-
nance dose) comprises a dosage about 2, 5, 10, 50, 100, 200,
400, 800, 1000, 5000 or more folds lower than the dosage
used in a first dosing schedule (e.g., an initial treatment
dose). In another aspect, a second dosing schedule (e.g., a
maintenance dosing schedule) has an equal or lower dosing
frequency than a first dosing schedule (e.g., an initial treat-
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ment dosing schedule). In another aspect, a second dosing
schedule (e.g., a maintenance dosing schedule) has a higher
dosing interval than a first dosing schedule (e.g., an initial
treatment dosing schedule).

[0102] In one aspect, a first or second dosing schedule
used in a method can be once-a-week, twice-a-week, or
thrice-a-week. The term “once-a-week” means that a dose is
administered once in a week, preferably on the same day of
each week. “Twice-a-week” means that a dose is adminis-
tered two times in a week, preferably on the same two days
of each weekly period. “Thrice-a-week™ means that a dose
is administered three times in a week, preferably on the same
three days of each weekly period. In one aspect, a first or
second dosing schedule can use fecal microbiota prepared
from two or more different donors. In another aspect, a first
dose schedule (e.g., a treatment, induction, or initial loading
dose) comprises a fecal microbiota preparation from a donor
different from the donor providing the fecal microbiota
preparation used in a second dose schedule (e.g., a mainte-
nance dose).

[0103] In one aspect, a subject being treated is a subject
already with a disorder (e.g., ASD). Administration of a
disclosed therapeutic composition to clinically, asymptom-
atic human subject who is genetically predisposed or prone
to a disorder (e.g., ASD) is also useful in preventing the
onset of clinical symptoms. A human subject genetically
predisposed or prone to ASD can be a human subject having
a close family member or relative exhibiting or having
suffered a disorder (e.g., ASD). In another aspect, a subject
being treated is a subject in which ASD is to be prevented.
In another aspect, a subject being treated is predisposed or
susceptible to a disorder (e.g., ASD). In another aspect, a
subject being treated is a subject diagnosed as having a
disorder (e.g., ASD). In one aspect, a subject being treated
is a patient in need thereof.

[0104] In one aspect, a subject being treated is a human
patient. In one aspect, a patient is a male patient. In one
aspect, a patient is a female patient. In one aspect, a patient
is a premature newborn. In one aspect, a patient is a term
newborn. In one aspect, a patient is a neonate. In one aspect,
a patient is an infant. In one aspect, a patient is a toddler. In
one aspect, a patient is a young child. In one aspect, a patient
is a child. In one aspect, a patient is an adolescent. In one
aspect, a patient is a pediatric patient. In one aspect, a patient
is a geriatric patient. In one aspect, a human patient is a child
patient below about 18, 15,12, 10, 8, 6, 4, 3, 2, or 1 year old.
In another aspect, a human patient is an adult patient. In
another aspect, a human patient is an elderly patient. In a
further aspect, a human patient is a patient above about 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, or 95 years old.
In another aspect, a patient is about between 1 and 5,
between 2 and 10, between 3 and 18, between 21 and 50,
between 21 and 40, between 21 and 30, between 50 and 90,
between 60 and 90, between 70 and 90, between 60 and 80,
or between 65 and 75 years old. In one aspect, a patient is
a young old patient (65-74 years). In one aspect, a patient is
a middle old patient (75-84 years). In one aspect, a patient
is an old patient (>85 years).

[0105] In one aspect, a method comprises administering a
therapeutic composition orally, by enema, or via rectal
suppository. In one aspect, a pharmaceutical composition is
formulated as a geltab, pill, microcapsule, capsule, or tablet.
In one aspect, a therapeutic composition is formulated as an
enteric coated capsule or microcapsule, acid-resistant cap-
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sule or microcapsule, or formulated as part of or adminis-
tered together with a food, a food additive, a dairy-based
product, a soy-based product or a derivative thereof, a jelly,
or a yogurt. In another aspect, a therapeutic composition is
formulated as an acid-resistant enteric coated capsule. A
therapeutic composition can be provided as a powder for
sale in combination with a food or drink. A food or drink can
be a dairy-based product or a soy-based product. In another
aspect, a food or food supplement contains enteric-coated
and/or acid-resistant microcapsules containing a therapeutic
composition.

[0106] In an aspect, a therapeutic composition comprises
a liquid culture. In another aspect, a therapeutic composition
is lyophilized, pulverized and powdered. It may then be
infused, dissolved such as in saline, as an enema. Alterna-
tively the powder may be encapsulated as enteric-coated
and/or acid-resistant capsules for oral administration. These
capsules may take the form of enteric-coated and/or acid-
resistant microcapsules. A powder can preferably be pro-
vided in a palatable form for reconstitution for drinking or
for reconstitution as a food additive. In a further aspect, a
food is yogurt. In one aspect, a powder may be reconstituted
to be infused via naso-duodenal infusion.

[0107] In another aspect, a therapeutic composition is in a
liquid, frozen, freeze-dried, spray-dried, lyophilized, or
powder formulation. In a further aspect, a therapeutic com-
position is formulated as a delayed or gradual enteric release
form. In another aspect, a therapeutic composition com-
prises an excipient, a saline, a buffer, a buffering agent, or a
fluid-glucose-cellobiose agar (RGCA) media.

[0108] In one aspect, a therapeutic composition further
comprises an acid suppressant, an antacid, an H2 antagonist,
a proton pump inhibitor or a combination thereof. In one
aspect, a therapeutic composition substantially free of non-
living matter. In another aspect, a therapeutic composition
substantially free of acellular material selected from the
group consisting of residual fiber, DNA, viral coat material,
and non-viable material.

[0109] Inone aspect, a therapeutic composition comprises
a cryoprotectant. In another aspect, a cryoprotectant com-
prises, consisting essentially or, or consisting of polyethyl-
ene glycol, skim milk, erythritol, arabitol, sorbitol, glucose,
fructose, alanine, glycine, proline, sucrose, lactose, ribose,
trehalose, dimethyl sulfoxide (DMSO), glycerol, or a com-
bination thereof.

[0110] In another aspect, a therapeutic composition com-
prises a lyoprotectant. In one aspect, the same substance or
the same substance combination is used as both a cryopro-
tectant and a lyoprotectant. Exemplary lyoprotectants
include sugars such as sucrose or trehalose; an amino acid
such as monosodium glutamate or histidine; a methylamine
such as betaine; a lyotropic salt such as magnesium sulfate;
a polyol such as trihydric or higher sugar alcohols, e.g.
glycerin, erythritol, glycerol, arabitol, xylitol, sorbitol, and
mannitol; propylene glycol; polyethylene glycol; Pluronics;
and combinations thereof. In one aspect, a lyoprotectant is a
non-reducing sugar, such as trehalose or sucrose. In one
aspect, a cryoprotectant or a lyoprotectant consisting essen-
tially of, or consisting of, one or more substances mentioned
in this paragraph and the paragraph above.

[0111] In one aspect, a lyophilized formulation comprises
trehalose. In one aspect, a lyophilized formulation comprises
2% to 30%, 3% to 25%, 4% to 20%, 5% to 15%, 6% to 10%,
2% to 30%, 2% to 25%, 2% to 20%, 2% to 15%, or 2% to
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10% trehalose. In one aspect, a lyophilized formulation
comprises at least 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
or 15% trehalose. In one aspect, a lyophilized formulation
comprises at most 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
or 15% trehalose. In one aspect, a lyophilized formulation
comprises about 5% trehalose. In one aspect, a lyophilized
formulation comprises trehalose and sucrose. In one aspect,
a lyophilized formulation comprises between about 8% to
12% trehalose with between about 1.5% to 3.5% sucrose and
between about 0.5% to 1.5% NaCl.

[0112] In one aspect, a therapeutic composition also com-
prises or is supplemented with a prebiotic nutrient selected
from the group consisting of polyols, fructooligosaccharides
(FOSs), oligofructoses, inulins, galactooligosaccharides
(GOSs), xylooligosaccharides (XOSs), polydextroses,
monosaccharides, tagatose, and/or mannooligosaccharides.
[0113] In one aspect, a method further comprises pretreat-
ing a subject with an antibiotic composition prior to admin-
istering a therapeutic bacterial or microbiota composition. In
one aspect, an antibiotic composition comprises an antibi-
otic selected from the group consisting of rifabutin,
clarithromycin, clofazimine, vancomycin, rifampicin,
nitroimidazole, chloramphenicol, and a combination
thereof. In another aspect, an antibiotic composition com-
prises an antibiotic selected from the group consisting of
rifaximin, rifamycin derivative, rifampicin, rifabutin, rifa-
pentine, rifalazil, bicozamycin, aminoglycoside, gentamy-
cin, neomycin, streptomycin, paromomycin, verdamicin,
mutamicin, sisomicin, netilmicin, retymicin, kanamycin,
aztreonam, aztreonam macrolide, clarithromycin, dirithro-
mycin, roxithromycin, telithromycin, azithromycin, bismuth
subsalicylate, vancomycin, streptomycin, fidaxomicin, ami-
kacin, arbekacin, neomycin, netilmicin, paromomycin, rho-
dostreptomycin, tobramycin, apramycin, and a combination
thereof. In a further aspect, a method further comprises
pretreating a subject with an anti-inflammatory drug prior to
administration of a therapeutic bacterial or microbiota com-
position.

[0114] In one aspect, every about 200 mg of a pharma-
ceutical composition comprises a pharmacologically active
dose. In one aspect, every about 75, 100, 125, 150, 175, 200,
250, 300, 350, 400, 450, 500, 750, 1000, 1500, or 2000 mg
of a pharmaceutical composition comprises a pharmacologi-
cally active dose.

[0115] In one aspect, a pharmaceutically active or thera-
peutic effective dose comprises at least about 10°, 10°, 107,
108, 10°, 10'°, 10", 10", or 10'® cfu. In another aspect, a
pharmaceutically active therapeutic effective dose com-
prises at most about 10°, 10°, 107, 10%, 10°, 10*°, 10'*, 10*2,
or 10*® cfu. In a further aspect, a pharmacologically active
therapeutic effective dose is selected, from the group con-
sisting of from 10° cfu to 10'* cu from 10° cfu to 103 cfu,
from 10'° cfu to 10'? cfu, from 10° cfu to 10** cfu, from 10°
cfuto 10'2 cfu, from 10° cfu to 10" cfu, from 10° cfu to 10*°
cfu, from 10'° cfu to 10'* cfu, from 10'° cfu to 10*3 cfu,
from 10" cfu to 10 cfu, from 10" cfu to 10'? cfu, from
10'2 cfu to 10'* cf, and from 10'3 cfu to 10'* cfu. In one
aspect, a pharmaceutical composition comprises the forego-
ing pharmaceutically active or therapeutic effective dose in
a unit weight of about 0.2, 0.4, 0.6, 0.8 or 1.0 gram, or a unit
volume of about 0.2, 0.4, 0.6, 0.8 or 1.0 milliliter.

[0116] In one aspect, a pharmaceutically active or thera-

peutic effective dose comprises at least 12, about 10°, 10,
107, 108, 10°, 10'°, 10", 10'3, or 10*? cells or spores. In
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another aspect, a pharmaceutically active or therapeutic
effective dose comprises at most about 10°, 10°, 107, 10%,
10%,10'°, 10", 10", or 10*? total cells or spores. In a further
aspect, a pharmacologically active or therapeutic effective
dose is selected from the group consisting of from 10® to
10, from 10° to 10*3, from 10*° to 102, from 10° to 10*4,
from 10° to 10'2, from 10° to 10", from 10° to 10'°, from
10'° to 10'*, from 10'° to 10'3, from 10" to 10**, from 10"*
to 103, from 10'2 to 10'*, and from 10'3 to 10'* cells or
spores. In an aspect, the pharmaceutically active or thera-
peutic effective dose cell count is directed to live cells. In
one aspect, a pharmaceutical composition comprises the
foregoing pharmaceutically active or therapeutic effective
dose in a unit weight of about 0.2, 0.4, 0.6, 0.8 or 1.0 gram,
or a unit volume of about 0.2, 0.4, 0.6, 0.8 or 1.0 milliliter.

[0117] In one aspect, a therapeutic composition described
and used here comprises one or more, two or more, three or
more, four or more, or five or more isolated, purified, or
cultured microorganisms selected from the group consisting
of Clostridium, Bacillus, Collinsella, Bacteroides, Fgg-
erthella, FEubacterium, Fusobacterium, Propionibacterium,
Lactobacillus, Ruminococcus, Escherichia coli, Gemmiger,

Desulfomonas,  Peptostreptococcus,  Bifidobacterium,
Coprococcus, Dorea, and Monilia.
[0118] In one aspect, a fecal microbiota preparation

described herein comprises a purified or reconstituted fecal
bacterial mixture. In one aspect, a fecal microbiota prepa-
ration described and used here comprises one or more, one
or more, two or more, three or more, four or more, or five
or more live fecal microorganisms are selected from the
group consisting of Acidaminococcus, Akkermansia, Alisti-
pes, Anaerotruncus, Bacteroides, Eggerthella, Bifidobacte-
rium, Blautia, Butyrivibrio, Clostridium, Collinsella, Copro-
coccus, Corynebacterium, Dorea, FEnterococcus,
Escherichia, Eubacterium, Faecalibacterium, Haemophilus,
Holdemania, Lactobacillus, Moraxella, Parabacteroides,
Prevotella, Propionibacterium, Raoultella, Roseburia,
Ruminococcus, Staphylococcus, Streptococcus, Subdo-
ligranulum, and Veillonella. In one aspect, a fecal micro-
biota preparation comprises one or more, one or more, two
or more, three or more, four or more, or five or more live
fecal microorganisms are selected from the group consisting
of Bacteroides fragilis ssp. vulgatus, Collinsella aerofa-
ciens, Bacteroides fragilis ssp. thetaiotaomicron, Pepto-
streptococcus productus 11, Parabacteroides distasonis, Fae-
calibacterium  prausnitzii, Coprococcus eutactus,
Peptostreptococcus productus 1, Ruminococcus bromii, Bifi-
dobacterium adolescentis, Gemmiger formicilis, Bifidobac-
terium longum, FEubacterium siraeum, Ruminococcus
torques, Eubacterium vectale, Eubacterium eligens, Bacte-
roides eggerthii, Clostridium leptum, Bacteroides fragilis
ssp. A, Eubacterium biforme, Bifidobacterium infantis,
Eubacterium rectale, Coprococcus comes, Pseudoflavoni-
fractor capillosus, Ruminococcus albus, Dovea formicigen-
erans, Eubacterium hallii, Eubacterium ventriosum 1, Fuso-
bacterium russi, Ruminococcus obeum, Eubacterium
rectale, Clostridium ramosum, Lactobacillus leichmannii,
Ruminococcus callidus, Butyrivibrio crossotus,
Acidaminococcus fermentans, Eubacterium ventriosum,
Bacteroides fragilis ssp. fragilis, Coprococcus catus, Aeros-
tipes hadrus, Eubacterium cylindroides, Eubacterium rumi-
nantium, Staphylococcus epidermidis, Eubacterium limo-
sum, Tissirella praeacuta, Fusobacterium mortiferum 1,
Fusobacterium  naviforme, Clostridium  innocuum,

Dec. 21, 2017

Clostridium ramosum, Propionibacterium acnes, Rumi-
nococcus flavefaciens, Bacteroides fragilis ssp. ovatus,
Fusobacterium nucleatum, Fusobacterium mortiferum,
Escherichia coli, Gemella morbillorum, Finegoldia magnus,
Streptococcus intermedius, Ruminococcus lactaris, Fubac-
terium tenue, Eubacterium ramulus, Bacteroides clostridii-
formis ssp. clostridliformis, Bacteroides coagulans, Pre-

votella oxalis, Prevotella ruminicola, Odoribacter
splanchnicus, and Desuifomonas pigra.
[0119] In one aspect, a fecal microbiota preparation

described and used here lacks or is substantially devoid of
one or more, one or more, two or more, three or more, four
or more, or five or more live fecal microorganisms are
selected from the group consisting of Acidaminococcus,
Akkermansia, Alistipes, Anaerotruncus, Bacteroides, Egg-
erthella, Bifidobacterium, Blautia, Butyrivibrio,
Clostridium, Collinsella, Coprococcus, Corynebacterium,
Dorea, Enterococcus, Escherichia, Eubacterium, Faecali-
bacterium, Haemophilus, Holdemania, Lactobacillus,
Moraxella, Parabacteroides, Prevotella, Propionibacte-
rium, Raoultella, Roseburia, Ruminococcus, Staphylococ-
cus, Streptococcus, Subdoligranulum, and Veillonella. In
one aspect, a fecal microbiota preparation lacks or is sub-
stantially devoid of one or more, one or more, two or more,
three or more, four or more, or five or live more fecal
microorganisms are selected from the group consisting of
Bacteroides fragilis ssp. vulgatus, Collinsella aerofaciens,
Bacteroides fragilis ssp. thetaiotaomicron, Peptostreptococ-
cus productus 11, Parabacteroides distasonis, Faecalibacte-
rium prausnitzii, Coprococcus eutactus, Peptostreptococcus
productus 1, Ruminococcus bromii, Bifidobacterium adoles-
centis, Gemmiger formicilis, Bifidobacterium longum,
Eubacterium siraeum, Ruminococcus torques, Fubacterium
rectale, Fubacterium eligens, Bacteroides eggerthii,
Clostridium leptum, Bacteroides fragilis ssp. A, Eubacte-
rium biforme, Bifidobacterium infantis, Eubacterium rec-
tale, Coprococcus comes, Pseudoflavonifractor capillosus,
Ruminococcus albus, Dorea formicigenerans, Fubacterium
hallii, Eubacterium ventriosum 1, Fusobacterium russi,
Ruminococcus obeum, Eubacterium rectale, Clostridium
ramosum, Lactobacillus leichmannii, Ruminococcus calli-
dus, Butyrivibrio crossotus, Acidaminococcus fermentans,
Eubacterium ventriosum, Bacteroides fragilis ssp. fragilis,
Coprococcus catus, Aerostipes hadrus, Eubacterium cylin-
droides, Eubacterium ruminantium, Staphylococcus epider-
midis, Eubacterium limosum, Tissivella praeacuta, Fusobac-
terium mortiferum 1, Fusobacterium naviforme, Clostridium
innocuum, Clostridium ramosum, Propionibacterium acnes,
Ruminococcus flavefaciens, Bacteroides fragilis ssp. ovatus,
Fusobacterium nucleatum, Fusobacterium mortiferum,
Escherichia coli, Gemella morbillorum, Finegoldia magnus,
Streptococcus intermedius, Ruminococcus lactaris, Fubac-
terium tenue, Eubacterium ramulus, Bacteroides clostridii-
formis ssp. clostridliformis, Bacteroides coagulans, Pre-

votella oxalis, Prevotella ruminicola, Odoribacter
splanchnicus, and Desuifomonas pigra.
[0120] In another aspect, a therapeutic composition com-

prises a fecal microbiota further supplemented, spiked, or
enhanced with a fecal microorganism. In one aspect, a fecal
microbiota is supplemented with a non-pathogenic (or with
attenuated pathogenicity) bacterium of Clostridium, Collin-
sella, Dorea, Ruminococcus, Coprococcus, Prevotella, Veil-
lonella, Bacteroides, Fggerthella, Bacillus, or a combination
thereof. In another aspect, a therapeutic composition com-
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prises a fecal microbiota further supplemented, spiked, or
enhanced with a species of Veillonellaceae, Firmicutes,
Gammaproteobacteria, Bacteroidetes, or a combination
thereof. In another aspect, a therapeutic composition com-
prises a fecal microbiota further supplemented with fecal
bacterial spores. In one aspect, fecal bacterial spores are
Clostridium spores, Bacillus spores, or both. In another
aspect, a therapeutic composition comprises a fecal micro-
biota further supplemented, spiked, or enhanced with a
Bacteroides species selected from the group consisting of
Bacteroides coprocola, Bacteroides plebeius, Bacteroides
massiliensis, Bacteroides vulgatus, Bacteroides helcogenes,
Bacteroides pyogenes, Bacteroides tectus, Bacteroides uni-
formis, Bacteroides stercoris, Bacteroides eggerthii, Bacte-
roides finegoldii, Bacteroides thetaiotaomicron, Bacteroides
ovatus, Bacteroides acidifaciens, Bacteroides caccae,
Bacteroides nordii, Bacteroides salyersiae, Bacteroides fra-
gilis, Bacteroides intestinalis, Bacteroides coprosuis, Bacte-
roides distasonis, Bacteroides goldsteinii, Bacteroides mer-
dae, Bacteroides forsythus, Bacteroides splanchnicus,
Bacteroides capillosus, Bacteroides cellulosolvens, and
Bacteroides ureolyticus.

[0121] In an aspect, a therapeutic composition comprises
a fecal microbiota from a subject selected from the group
consisting of a human, a bovine, a dairy calf, a ruminant, an
ovine, a caprine, or a cervine. In another aspect, a therapeu-
tic composition can be administered to a subject selected
from the group consisting of a human, a bovine, a dairy calf,
a ruminant, an ovine, a caprine, or a cervire. In an aspect,
a therapeutic composition is substantially or nearly odour-
less.

[0122] In an aspect, a therapeutic composition provided
here comprises a fecal microbiota preparation comprising a
Shannon Diversity Index of greater than or equal to 0.3,
greater than or equal to 0.4, greater than or equal to 0.5,
greater than or equal to 0.6, greater than or equal to 0.7,
greater than or equal to 0.8, greater than or equal to 0.9,
greater than or equal to 1.0, greater than or equal to 1.1,
greater than or equal to 1.2, greater than or equal to 1.3,
greater than or equal to 1.4, greater than or equal to 1.5,
greater than or equal to 1.6, greater than or equal to 1.7,
greater than or equal to 1.8, greater than or equal to 1.9,
greater than or equal to 2.0, greater than or equal to 2.1,
greater than or equal to 2.2, greater than or equal to 2.3,
greater than or equal to 2.4, greater than or equal to 2.5,
greater than or equal to 3.0, greater than or equal to 3.1,
greater than or equal to 3.2, greater than or equal to 3.3,
greater than or equal to 3.4, greater than or equal to 3.5,
greater than or equal to 3.6, greater than or equal to 3.7,
greater than or equal to 3.8, greater than or equal to 3.9,
greater than or equal to 4.0, greater than or equal to 4.1,
greater than or equal to 4.2, greater than or equal to 4.3,
greater than or equal to 4.4, greater than or equal to 4.5, or
greater than or equal to 5.0. In another aspect, a therapeutic
composition comprises fecal microbiota comprising a Shan-
non Diversity Index of between 0.1 and 3.0, between 0.1 and
2.5, between 0.1 and 2.4, between 0.1 and 2.3, between 0.1
and 2.2, between 0.1 and 2.1, between 0.1 and 2.0, between
0.4 and 2.5, between 0.4 and 3.0, between 0.5 and 5.0,
between 0.7 and 5.0, between 0.9 and 5.0, between 1.1 and
5.0, between 1.3 and 5.0, between 1.5 and 5.0, between 1.7
and 5.0, between 1.9 and 5.0, between 2.1 and 5.0, between
2.3 and 5.0, between 2.5 and 5.0, between 2.7 and 5.0,
between 2.9 and 5.0, between 3.1 and 5.0, between 3.3 and

Dec. 21, 2017

5.0, between 3.5 and 5.0, between 3.7 and 5.0, between 31.9
and 5.0, or between 4.1 and 5.0. In one aspect, a Shannon
Diversity Index is calculated at the phylum level. In another
aspect, a Shannon Diversity Index is calculated at the family
level. In one aspect, a Shannon Diversity Index is calculated
at the genus level. In another aspect, a Shannon Diversity
Index is calculated at the species level. In a further aspect,
a therapeutic composition comprises a preparation of flora in
proportional content that resembles a normal healthy human
fecal flora.

[0123] In a further aspect, a therapeutic composition com-
prises fecal bacteria from at least 1, 2,3,4,5,6,7,8, 9, or
10 different families. In an aspect, a therapeutic composition
provided here comprises a fecal microbiota comprising a
weight ratio between fecal-derived non-living material and
fecal-derived biological material of no greater than 0.05%,
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%,
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or 10%. In another
aspect, a therapeutic composition provided here comprises a
fecal microbiota comprising a weight ratio between fecal-
derived non-living material and fecal-derived biological
material of no greater than 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or
95%. In another aspect, a therapeutic composition provided
here comprises, consists of, or consists essentially of, par-
ticles of non-living material and/or particles of biological
material of a fecal sample that passes through a sieve, a
column, or a similar filtering device having a sieve, exclu-
sion, or particle filter size of 2.0 mm, 1.0 mm, 0.5 mm, 0.25
mm, 0.212 mm, 0.180 mm, 0.150 mm, 0.125 mm, 0.106
mm, 0.090 mm, 0.075 mm, 0.063 mm, 0.053 mm, 0.045
mm, 0.038 mm, 0.032 mm, 0.025 mm, 0.020 mm, 0.01 mm,
or 0.2 mm. “Non-living material” does not include an
excipient, e.g., a pharmaceutically inactive substance, such
as a cryoprotectant, added to a processed fecal material.
“Biological material” refers to the living material in fecal
material, and includes microbes including prokaryotic cells,
such as bacteria and archaea (e.g., living prokaryotic cells
and spores that can sporulate to become living prokaryotic
cells), eukaryotic cells such as protozoa and fungi, and
viruses. In one aspect, “biological material” refers to the
living material, e.g., the microbes, eukaryotic cells, and
viruses, which are present in the colon of a normal healthy
human. In an aspect, a therapeutic composition provided or
comprises an extract of human feces where the composition
is substantially odorless. In an aspect, a therapeutic compo-
sition provided or comprises fecal material or a fecal floral
preparation in a lyophilized, crude, semi-purified or purified
formulation.

[0124] In an aspect, a fecal microbiota in a therapeutic
composition comprises highly refined or purified fecal flora,
e.g., substantially free of non-floral fecal material. In an
aspect, a fecal microbiota can be further processed, e.g., to
undergo microfiltration before, after, or before and after
sieving. In another aspect, a highly purified fecal microbiota
product is ultra-filtrated to remove large molecules but retain
the therapeutic microflora, e.g., bacteria.

[0125] In another aspect, a fecal microbiota in a therapeu-
tic composition used herein comprises or consists essentially
of a substantially isolated or a purified fecal flora or entire
(or substantially entire) microbiota that is (or comprises) an
isolate of fecal flora that is at least about 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%,
99.7%, 99.8% or 99.9% isolated or pure, or having no more
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than about 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%,
0.8%, 0.9% or 1.0% or more non-fecal floral material; or, a
substantially isolated, purified, or substantially entire micro-
biota as described in Sadowsky et al., WO 2012/122478 A1,
or as described in Borody et al., WO 2012/016287 A2. In
one aspect, a fecal microbiota preparation comprises a
weight ratio between fecal-derived non-living material and
fecal-derived biological material of no greater than about
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%,
1%, 2%, 5%, 8%, 10%, 15%, 20%, 30%, 408, or 50%.
[0126] In an aspect, a fecal microbiota in a therapeutic
composition comprises a donor’s substantially entire or
non-selected fecal microbiota, reconstituted fecal material,
or synthetic fecal material. In another aspect, the fecal
microbiota in a therapeutic composition comprises no anti-
biotic resistant population. In another aspect, a therapeutic
composition comprises a fecal microbiota and is largely free
of extraneous matter (e.g., non-living matter including acel-
lular matter such as residual fiber, DNA, RNA, viral coat
material, non-viable material; and living matter such as
eukaryotic cells from the fecal matter’s donor).

[0127] In an aspect, a fecal microbiota in a therapeutic
composition used herein is derived from disease-screened
fresh homologous feces or equivalent freeze-dried and
reconstituted feces. In an aspect, a fresh homologous feces
does not include an antibiotic resistant population. In
another aspect, a fecal microbiota in a therapeutic compo-
sition is derived from a synthetic fecal composition. In an
aspect, a synthetic fecal composition comprises a prepara-
tion of viable flora which preferably in proportional content,
resembles normal healthy human fecal flora which does not
include antibiotic resistant populations. Suitable microor-
ganisms may be selected from the following: Bacteroides,
Eggerthella, Eubacterium, Fusobacterium, Propionibacte-
rium, Lactobacillus, Ruminococcus, Escherichia coli, Gem-
miger, Clostridium, Desulfomonas, Peptostreptococcus,
Bifidobacterium, Collinsella, Coprococcus, Dorea, and
Ruminococcus.

[0128] In an aspect, a therapeutic composition is com-
bined with other adjuvants such as antacids to dampen
bacterial inactivation in the stomach. (e.g., Mylanta,
Mucaine, Gastrogel). In another aspect, acid secretion in the
stomach could also be pharmacologically suppressed using
H2-antagonists or proton pump inhibitors. An example
H2-antagonist is ranitidine. An example proton pump inhibi-
tor is omeprazole. In one aspect, an acid suppressant is
administered prior to administering, or in co-administration
with, a therapeutic composition.

[0129] In an aspect, a therapeutic composition is admin-
istered in the form of: an enema composition which can be
reconstituted with an appropriate diluent; enteric-coated
capsules; enteric-coated microcapsules; acid-resistant tablet;
acid-resistant capsules; acid-resistant microcapsules; pow-
der for reconstitution with an appropriate diluent for naso-
enteric infusion or colonoscopic infusion; powder for recon-
stitution with appropriate diluent, flavoring and gastric acid
suppression agent for oral ingestion; powder for reconstitu-
tion with food or drink; or food or food supplement com-
prising enteric-coated and/or acid-resistant microcapsules of
the composition, powder, jelly, or liquid.

[0130] In an aspect, a treatment method effects a cure,
reduction of the symptoms, or a percentage reduction of
symptoms of a disorder (e.g., ASD). The change of flora is
preferably as “near-complete” as possible and the flora is
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replaced by viable organisms which will crowd out any
remaining, original flora. Typically the change in enteric
flora comprises introduction of an array of predetermined
flora into the gastro-intestinal system, and thus in a preferred
form the method of treatment comprises substantially or
completely displacing pathogenic enteric flora in patients
requiring such treatment.

[0131] Inanother aspect, a therapeutic composition can be
provided together with a pharmaceutically acceptable car-
rier. As used herein, a “pharmaceutically acceptable carrier”
refers to a non-toxic solvent, dispersant, excipient, adjuvant,
or other material which is mixed with a live bacterium in
order to permit the formation of a pharmaceutical compo-
sition, e.g., a dosage form capable of administration to the
patient. A pharmaceutically acceptable carrier can be liquid
(e.g., saline), gel or solid form of diluents, adjuvant, excipi-
ents or an acid resistant encapsulated ingredient. Suitable
diluents and excipients include pharmaceutical grades of
physiological saline, dextrose, glycerol, mannitol, lactose,
starch, magnesium stearate, sodium saccharin, cellulose,
magnesium carbonate, and the like, and combinations
thereof. In another aspect, a therapeutic composition may
contain auxiliary substances such as wetting or emulsifying
agents, stabilizing or pH buffering agents. In an aspect, a
therapeutic composition contains about 1%-5%, 5%-10%,
10%-15%, 15-20%, 20%-25%, 25-30%, 30-35%, 40-45%,
50%-55%, 1%-95%, 2%-95%, 5%-95%, 10%-95%, 15%-
95%, 20%-95%, 25%-95%, 30%-95%, 35%-95%, 40%-
95%, 45%-95%, 50%-95%, 55%-95%, 60%-95%, 65%-
95%, 70%-95%, 45%-95%, 80%-95%, or 85%-95% of
active ingredient. In an aspect, a therapeutic composition
contains about 2%-70%, 5%-60%, 10%-50%, 15%-40%,
20%-30%, 25%-60%, 30%-60%, or 35%-60% of active
ingredient.

[0132] In an aspect, a therapeutic composition can be
incorporated into tablets, drenches, boluses, capsules or
premixes. Formulation of these active ingredients into such
dosage forms can be accomplished by means of methods
well known in the pharmaceutical formulation arts. See, e.g.,
U.S. Pat. No. 4,394,377. Filling gelatin capsules with any
desired form of the active ingredients readily produces
capsules. If desired, these materials can be diluted with an
inert powdered diluent, such as sugar, starch, powdered
milk, purified crystalline cellulose, or the like to increase the
volume for convenience of filling capsules.

[0133] In an aspect, conventional formulation processes
can be used to prepare tablets containing a therapeutic
composition. In addition to the active ingredients, tablets
may contain a base, a disintegrator, an absorbent, a binder,
and a lubricant. Typical bases include lactose, sugar, sodium
chloride, starch and mannitol. Starch is also a good disin-
tegrator as is alginic acid. Surface-active agents such as
sodium lauryl sulfate and dioctyl sodium sulphosuccinate
are also sometimes used. Commonly used absorbents
include starch and lactose. Magnesium carbonate is also
useful for oily substances. As a binder there can be used, for
example, gelatin, gums, starch, dextrin, polyvinyl pyrroli-
done and various cellulose derivatives. Among the com-
monly used lubricants are magnesium stearate, talc, paraffin
wax, various metallic soaps, and polyethylene glycol.
[0134] In an aspect, for preparing solid compositions such
as tablets, an active ingredient is mixed with a pharmaceu-
tical carrier, e.g., conventional tableting ingredients such as
corn starch, lactose, sucrose, sorbitol, talc, stearic acid,
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magnesium stearate, dicalcium phosphate or gums, or other
pharmaceutical diluents, e.g. water, to form a solid prefor-
mulation composition containing a homogeneous mixture of
a composition of the present disclosure. When referring to
these preformulation compositions as homogeneous, it is
meant that the active ingredient is dispersed evenly through-
out the composition so that the composition may be readily
subdivided into equally effective unit dosage forms such as
tablets, pills and capsules. This solid preformulation com-
position is then subdivided into unit dosage forms of the type
described above containing a desired amount of an active
ingredient (e.g., at least about 10°, 10, 107, 108, 10°, 10*°,
101, 102, or 10** cfu). A therapeutic composition used
herein can be flavored.

[0135] In an aspect, a therapeutic composition can be a
tablet or a pill. In one aspect, a tablet or a pill can be coated
or otherwise compounded to provide a dosage form afford-
ing the advantage of prolonged action. For example, a tablet
or pill can comprise an inner dosage and an outer dosage
component, the latter being in the form of an envelope over
the former. The two components can be separated by an
enteric layer which serves to resist disintegration in the
stomach and permits the inner component to pass intact into
the duodenum or to be delayed in release. A variety of
materials can be used for such enteric layers or coatings,
such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac,
cetyl alcohol and cellulose acetate.

[0136] In an aspect, a therapeutic composition is formu-
lated as a delayed or gradual enteric release form. In an
aspect, a delayed or gradual enteric release formulation
comprises the use of cellulose acetate, polyethylene glyc-
erol, or both. In an aspect, a delayed or gradual enteric
release formulation comprises the use of a hydroxypropyl-
methylcellulose (HPMC), a microcrystalline cellulose
(MCC), magnesium stearate, or a combination thereof. In an
aspect, a delayed or gradual enteric release formulation
comprises the use of a poly(meth)acrylate, a methacrylic
acid copolymer B, a methyl methacrylate, a methacrylic acid
ester, a polyvinylpyrrolidone (PVP), a PVP-K90, or a com-
bination thereof. In an aspect, a delayed or gradual enteric
release formulation comprises the use of a solid inner layer
sandwiched between two outer layers; wherein the solid
inner layer comprises the pharmaceutical composition and
another component selected from the group consisting of a
disintegrant, an exploding agent, an effervescent or any
combination thereof wherein the outer layer comprises a
substantially water soluble, a crystalline polymer, or both. In
an aspect, a delayed or gradual enteric release formulation
comprises the use of a non-swellable diffusion matrix.

[0137] In another aspect, a delayed or gradual enteric
release formulation comprises the use of a bilayer tablet or
capsule which comprises a first layer comprising a poly-
alkylene oxide, a polyvinylpyrrolidone, a lubricant, or a
mixture thereof, and a second osmotic push layer compris-
ing polyethylene oxide, carboxy-methylcellulose, or both. In
an aspect, a delayed or gradual enteric release formulation
comprises the use of a release-retarding matrix material
selected from the group consisting of an acrylic polymer, a
cellulose, a wax, a fatty acid, shellac, zein, hydrogenated
vegetable oil, hydrogenated castor oil, polyvinylpyrrolidine,
a vinyl acetate copolymer, a vinyl alcohol copolymer, poly-
ethylene oxide, an acrylic acid and methacrylic acid copo-
lymer, a methyl methacrylate copolymer, an ethoxyethyl
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methacrylate polymer, a cyanoethyl methacrylate polymer,
an aminoalkyl methacrylate copolymer, a poly(acrylic acid),
a poly(methacrylic acid), a methacrylic acid alkylamide
copolymer, a poly(methyl methacrylate), a poly(methacrylic
acid anhydride), a methyl methacrylate polymer, a
polymethacrylate, a poly(methyl methacrylate) copolymer, a
polyacrylamide, an aminoalkyl methacrylate copolymer, a
glycidyl methacrylate copolymer, a methyl cellulose, an
ethylcellulose, a carboxymethylcellulose, a hydroxypropyl-
methylcellulose, a hydroxymethyl cellulose, a hydroxyethyl
cellulose, a hydroxypropyl cellulose, a crosslinked sodium
carboxymethylcellulose, a crosslinked hydroxypropylcellu-
lose, a natural wax, a synthetic wax, a fatty alcohol, a fatty
acid, a fatty acid ester, a fatty acid glyceride, a hydrogenated
fat, a hydrocarbon wax, stearic acid, stearyl alcohol, bees-
wax, glycowax, castor wax, carnauba wax, a polylactic acid,
polyglycolic acid, a co-polymer of lactic and glycolic acid,
carboxymethyl starch, potassium methacrylate/divinylben-
zene copolymer, crosslinked polyvinylpyrrolidone, poly
inylalcohols, polyvinylalcohol copolymers, polyethylene
glycols, non-crosslinked polyvinylpyrrolidone, polyvinylac-
etates, polyvinylacetate copolymers, or any combination
thereof. In an aspect, a delayed or gradual enteric release
formulation comprises the use of a microenvironment pH
modifier.

[0138] In an aspect, a therapeutic composition can be a
drench. In one aspect, a drench is prepared by choosing a
saline-suspended form of a therapeutic composition. A
water-soluble form of one ingredient can be used in con-
junction with a water-insoluble form of the other by prepar-
ing a suspension of one with an aqueous solution of the
other. Water-insoluble forms of either active ingredient may
be prepared as a suspension or in some physiologically
acceptable solvent such as polyethylene glycol. Suspensions
of water-insoluble forms of either active ingredient can be
prepared in oils such as peanut, corn, sesame oil or the like;
in a glycol such as propylene glycol or a polyethylene
glycol; or in water depending on the solubility of a particular
active ingredient. Suitable physiologically acceptable adju-
vants may be necessary in order to keep the active ingredi-
ents suspended. Adjuvants can include and be chosen from
among the thickeners, such as carboxymethylcellulose,
polyvinyl pyrrolidone, gelatin and the alginates. Surfactants
generally will serve to suspend the active ingredients, par-
ticularly the fat-soluble propionate-enhancing compounds.
Most useful for making suspensions in liquid nonsolvents
are alkylphenol polyethylene oxide adducts, naphthalene-
sulfonates, alkylbenzene-sulfonates, and the polyoxyethyl-
ene sorbitan esters. In addition many substances, which
affect the hydrophilicity, density and surface tension of the
liquid, can assist in making suspensions in individual cases.
For example, silicone anti-foams, glycols, sorbitol, and
sugars can be useful suspending agents.

[0139] In an aspect, a therapeutic composition comprises
non-pathogenic spores of one or more, two or more, three or
more, or four or more Clostridium species selected from the
group consisting of Clostridium absonum, Clostridium
argentinense, Clostridium baratii, Clostridium botulinum,
Clostridium cadaveris, Clostridium carnis, Clostridium
celatum, Clostridium chauvoei, Clostridium clostridio-
forme, Clostridium cochlearium, Clostridium  fallax,
Clostridium felsineum, Clostridium ghonii, Clostridium gly-
colicum, Clostridium haemolyticum, Clostridium hasti-
forme, Clostridium  histolyticum, Clostridium indolis,
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Clostridium irregulare, Clostridium limosum, Clostridium
malenominatum, Clostridium novyi, Clostridium orvoticum,

Clostridium  paraputrificum, Clostridium  perfringens,
Clostridium  piliforme, Clostridium  putrefaciens,
Clostridium  putrificum, Clostridium  sardiniense,
Clostridium  sartagoforme, Clostridium  scindens,
Clostridium septicum, Clostridium sordellii, Clostridium

sphenoides, Clostridium spiroforme, Clostridium sporo-
genes, Clostridium subterminale, Clostridium symbiosum,
Clostridium  tertium, Clostridium tetani, Clostridium
welchii, and Clostridium villosum. In an aspect, a therapeu-
tic composition comprises one or more, two or more, three
or more, or four or more non-pathogenic Bacteroides species
selected from the group of Bacteroides coprocola, Bacte-
roides plebeius, Bacteroides massiliensis, Bacteroides
vulgatus, Bacteroides helcogenes, Bacteroides pyogenes,
Bacteroides tectus, Bacteroides uniformis, Bacteroides ster-
coris, Bacteroides eggerthii, Bacteroides finegoldii, Bacte-
roides thetaiotaomicron, Bacteroides ovatus, Bacteroides
acidifaciens, Bacteroides caccae, Bacteroides nordii, Bacte-
roides salyersiae, Bacteroides fragilis, Bacteroides intesti-
nalis, Bacteroides coprosuis, Bacteroides distasonis, Bacte-
roides  goldsteinii, Bacteroides merdae, Bacteroides
forsythus, Bacteroides splanchnicus, Bacteroides capillosus,
Bacteroides cellulosolvens, and Bacteroides ureolyticus.
The foregoing Clostridium and Bacteroides can be either
cultured or purified and can be used in combination in a
single combination for a synergistic effect.

[0140] In an aspect, a therapeutic composition comprises
purified, isolated, or cultured viable non-pathogenic
Clostridium and a plurality of purified, isolated, or cultured
viable non-pathogenic microorganisms from one or more
genera selected from the group consisting of Collinsella,
Coprococcus, Dorea, Eubacterium, and Ruminococcus. In
another aspect, a therapeutic composition comprises a plu-
rality of purified, isolated, or cultured viable non-pathogenic
microorganisms from one or more genera selected from the
group consisting of Clostridium, Collinsella, Coprococcus,
Dorea, Eubacterium, and Ruminococcus.

[0141] In an aspect, a therapeutic composition comprises
two or more genera selected from the group consisting of
Collinsella, Coprococcus, Dorea, Eubacterium, and Rumi-
nococcus. In another aspect, a therapeutic composition com-
prises two or more genera selected from the group consisting
of Coprococcus, Dovea, Eubacterium, and Ruminococcus.
In a further aspect, a therapeutic composition comprises one
or more, two or more, three or more, four or more, or five
or more species selected from the group consisting of
Coprococcus catus, Coprococcus comes, Dorea longicat-
ena, Eubacterium eligens, Eubacterium hadrum, Eubacte-

rium hallii, Eubacterium rectale, and Ruminococcus
torques.
[0142] In one aspect, a pharmaceutical composition is in

an anaerobic package or container. In another aspect, a
pharmaceutical composition further comprises an oxygen
scavenger. In one aspect, a container can be made oxygen
free by e.g., incorporating into the container a built in or
clipped-on oxygen-scavenging mechanism, e.g., oxygen
scavenging pellets as described e.g., in U.S. Pat. No. 7,541,
091. In another aspect, the container itself is made of an
oxygen scavenging material, e.g., oxygen scavenging iron,
e.g., as described by O2BLOCK™, or equivalents, which
uses a purified and modified layered clay as a performance-
enhancing carrier of oxygen-scavenging iron; the active iron
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is dispersed directly in the polymer. In one aspect, oxygen-
scavenging polymers are used to make the container itself or
to coat the container, or as pellets to be added; e.g., as
described in U.S. Pat. App. Pub. 20110045222, describing
polymer blends having one or more unsaturated olefinic
homopolymers or copolymers; one or more polyamide
homopolymers or copolymers; one or more polyethylene
terephthalate homopolymers or copolymers; that exhibit
oxygen-scavenging activity. In one aspect, oxygen-scaveng-
ing polymers are used to make the container itself or to coat
the container, or as pellets to be added; e.g., as described in
U.S. Pat. App. Pub. 20110008554, describing compositions
comprising a polyester, a copolyester ether and an oxidation
catalyst, wherein the copolyester ether comprises a
polyether segment comprising poly(tetramethylene-co-alky-
lene ether). In one aspect, oxygen-scavenging polymers are
used to make the container itself or to coat the container, or
as pellets to be added; e.g., as described in U.S. Pat. App.
Pub. 201000255231, describing a dispersed iron/salt particle
in a polymer matrix, and an oxygen scavenging film with
oxygen scavenging particulates.

[0143] In preferred aspects, purified fecal microbiota is
obtained from a carefully screened, healthy, neurotypical
human donor. Microbiota is separated from fecal material
collected from healthy donors, mixed with a cryopreserva-
tive, stored as a frozen liquid suspension with the cryo-
preservative, and thawed prior to administration in liquid
form. Based on the route of administration, the purified fecal
microbiota can be provided as fresh, frozen-thawed, or
lyophilized live microbiota. In some cases, purified fecal
microbiota is administered to a human subject in the form of
an oral dose. In other cases, purified fecal microbiota is
administered in the form of a rectal dose.

[0144] In some cases, the dosage form comprises any
suitable form of live microbiota (fresh, frozen, lyophilized,
etc.) and is formulated for administration to a human subject
orally, by nasogastric tube, by colonoscopy, or anally. In
some cases, the dosage is administered as a solution. In other
cases, the dosage is administered as solid dosage forms such
as, for example, capsules, tablets, powders, and granules. In
such solid dosage forms, purified fecal microbiota is
admixed with at least one inert excipient (or carrier), a filler
or extender (e.g., starches, lactose, sucrose, mannitol, or
silicic acid), a binder (e.g., carboxymethylcellulose, alg-
inates, gelatin, polyvinylpyrrolidone, sucrose, or acacia), a
humectant (e.g., glycerol), a disintegrating agent (e.g., agar-
agar, calcium carbonate, potato or tapioca starch, alginic
acid, a silicate, sodium carbonate), an absorption accelera-
tors, a wetting agent (e.g., cetyl alcohol or glycerol monos-
tearate), an adsorbent (e.g., kaolin or bentonite), and/or a
lubricant (e.g., talc, calcium stearate, magnesium stearate,
solid polyethylene glycols, sodium lauryl sulfate, or mix-
tures thereof). In the case of capsules and tablets, the dosage
forms may also comprise buffering agents.

[0145] A tablet comprising purified fecal microbiota can,
for example, be made by compressing or molding the active
ingredient, optionally with one or more additional ingredi-
ents. Compressed tablets can be prepared by compressing, in
a suitable device, the active ingredient in a free-flowing form
such as a powder or granular preparation, optionally mixed
with one or more of a binder, a lubricant, an excipient, a
surface active agent, and a dispersing agent. Molded tablets
can be made by molding, in a suitable device, a mixture of
the active ingredient, a pharmaceutically acceptable carrier,
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and at least sufficient liquid to moisten the mixture. In
exemplary aspects, the dosage form comprises a powder
prepared by lyophilization (“freeze drying”), whereby the
process involves removing water from purified, frozen fecal
microbiota at extremely low pressures.

[0146] The specific dosage and dosage range that can be
used depends on a number of factors, and the determination
of' dosage ranges and optimal dosages for a particular patient
is well within the ordinary skill of one in the art in view of
this disclosure. It is further understood, however, that the
specific dose level for any particular human will depend
upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health,
gender, and diet of the human, the time of administration, the
route of administration, the rate of excretion, any drug
combination, and the severity of any disorder being treated.
[0147] In exemplary aspect, purified fecal microbiota is
administered to a subject in multiple doses. For example,
purified fecal microbiota can be administered to a subject
according to a method provided herein in multiple doses
over a time period of about two days to about eight weeks.
[0148] Prior to administration of purified fecal microbiota,
any suitable antibiotic can be administered to the subject. In
exemplary aspects, the antibiotic is a non-absorbed or mini-
mally-absorbed antibiotic such as, for example, vancomycin
or rifaximin. Antibiotics are administered to the subject via
any appropriate delivery route. One of skill in the art can
develop appropriate dose delivery methods. Preferably, the
antibiotic is administered to the subject orally. In another
aspect, an ASD treatment method requires no antibiotic
pretreatment. In a further aspect, an ASD treatment method
requires no bowel preparation or bowel cleansing. In another
aspect, an ASD treatment method requires neither antibiotic
pretreatment nor bowel cleansing prior to administering a
pharmaceutical composition comprising a fecal microbiota
preparation.

[0149] In some cases, the antibiotic is administered in
multiple doses before a bowel cleanse is performed. In some
cases, administration of the antibiotic is initiated at least
seven days (e.g., at least 7, 9, 10, 12, 14, 18, or 21 days)
before the bowel cleanse. In preferred aspects, the bowel
cleanse is preceded by fasting of the human subject.
[0150] Following administration of an antibiotic, the sub-
ject undergoes a bowel cleanse. In exemplary aspects, the
bowel cleanse comprises administering to the subject a
product such as MoviPrep®, a commercial bowel prep for
colonoscopy. Preferably, the bowel cleanse removes residual
vancomycin and cleanses the lower gastrointestinal tract.
[0151] In exemplary aspects, the method further com-
prises administering to the subject a stomach acid suppres-
sant. Stomach acid suppressants, also known as gastric acid
suppressants, suitable for use according to a method pro-
vided herein include, without limitation, proton pump
inhibitors (PPIs) and histamine blockers. In some cases, the
stomach acid suppressant is Prilosec and is administered to
the subject one or more days in advance of oral adminis-
tration of purified fecal microbiota. In some cases, the
stomach acid suppressant is administered one week prior to
oral administration of purified fecal microbiota.

[0152] In another aspect, provided herein are unit dosage
forms comprising purified fecal microbiota. In some cases,
unit dosage forms described herein are provided as part of a
kit. Such a kit could include a purified fecal microbiota
dosage and, optionally, a delivery device to administer the

Dec. 21, 2017

composition to the subject or instructions for administering
the dosage to a subject via an appropriate delivery route. In
some cases, the dosage form comprises any suitable form of
live microbiota (fresh, frozen, lyophilized, etc.) and is
formulated for administration to a human subject orally, by
nasogastric tube, by colonoscopy, or anally. As described
herein, dosage forms suitable for kits provided herein
include, without limitation, liquid solutions, capsules, tab-
lets, powders, granules, and lyophilized forms.

[0153] In a further aspect, provided herein is use of a
purified composition for manufacture of a medicament for
treating autism spectrum disorder or for reducing the sever-
ity of one or more symptoms of autism spectrum disorder.
[0154] It will be appreciated that compositions, dosage
forms, and medicaments as described herein include com-
bination pharmaceutical compositions in which one or more
additional compounds or medications are added to or oth-
erwise co-administered with a purified fecal microbiota
composition.

Embodiment 1

[0155] A method for increasing the abundance of one or
more gut microorganisms in a subject in need thereof, the
method comprising treating the subject by administering a
therapeutically effective amount of a pharmaceutical com-
position comprising a fecal microbe preparation, wherein
the subject exhibits at least a 2-fold increase of the abun-
dance of the one or more gut microorganisms after the
treatment as compared to before initiating the treatment,
wherein the one or more gut microorganisms are selected
from the group consisting of Bifidobacterium, Prevotella
and Desulfovibrio.

Embodiment 2

[0156] A method for modulating the abundance of one or
more gut microorganisms in a subject in need thereof, the
method comprising treating the subject by administering a
therapeutically effective amount of a pharmaceutical com-
position comprising a fecal microbe preparation, wherein
the subject exhibits at least a 2-fold change of the abundance
of the one or more gut microorganisms after the treatment as
compared to before initiating the treatment, wherein the one
or more gut microorganisms are selected from the group
consisting of Bifidobacterium, Prevotella, Desulfovibrio,
Copprococcus, Clostridium, Eggerthella, and Bacteroides.

Embodiment 3

[0157] The method of Embodiment 1, wherein the method
further comprises determining in the subject a relative
abundance of the one or more gut microorganisms.

Embodiment 4

[0158] The method of Embodiment 3, wherein the relative
abundance is determined via an assay selected from the
group consisting of gqPCR, RT-qPCR, clone libraries,
DGGE, T-RFLP, ARISA, microarrays, FISH, dot-blot
hybridization, and a DNA hybridization method.

Embodiment 5

[0159] The method of Embodiment 3, wherein the relative
abundance is determined via 16S rDNA-targeted pyrose-
quencing.
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Embodiment 6

[0160] The method of Embodiment 3, wherein the relative
abundance is determined via a DNA hybridization assay
based on a 16S rDNA sequence.

Embodiment 7

[0161] The method of Embodiment 3, wherein the relative
abundance is determined via detecting one or more proteins
or metabolites specific to the one or more gut microorgan-
isms.

Embodiment 8

[0162] The method of Embodiment 7, wherein the relative
abundance is determined via an assay selected from the
group consisting of 2-Dimensional Gel Electrophoresis,
2-Diminsional Difference Gel Electrophoresis (2D-DIGE),
MALDI TOF-MS, (2D-) LC-ESI-MS/MS, AQUA and
1TRAQ.

Embodiment 9

[0163] The method of Embodiment 1, wherein the subject
has an ASD and the method improves one or more ASD
symptoms.

Embodiment 10

[0164] The method of Embodiment 9, wherein the one or
more ASD symptoms are selected from the group consisting
of gastrointestinal (GI) condition, speech, sociability, recep-
tive language, cognition, irritability, mood, anxiety, lethargy,
stereotypy, hyperactivity, and play skills.

Embodiment 11

[0165] The method of Embodiment 1, wherein the subject
exhibits at least a 10% reduction in ASD symptom severity
after the treatment as compared to before initiating the
treatment, and based on an assessment system selected from
the group consisting of Childhood Autism Rating Scale
(CARS), Childhood Autism Rating Scale 2—Standard Form
(CARS2-ST), Childhood Autism Rating Scale 2—High
Functioning (CARS2-HF), Aberrant Behavior Checklist
(ABC), Social Responsiveness Scale (SRS), and Vineland
Adaptive Behavior Scale 11 (VABS-II).

Embodiment 12

[0166] The method of Embodiment 1, where the at least
2-fold increase is achieved after 2 or more weeks of initi-
ating the treatment.

Embodiment 13

[0167] The method of Embodiment 1, where the at least
2-fold increase is maintained for at least 8 weeks after
discontinuing the treatment.

Embodiment 14

[0168] The method of Embodiment 1, where the subject
exhibits no gastrointestinal (GI) symptom prior to initiating
the treatment.
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Embodiment 15

[0169] The method of Embodiment 1, where the subject
further exhibits one or more GI symptoms prior to initiating
the treatment.

Embodiment 16

[0170] The method of Embodiment 15, where the subject
exhibits at least a 50% reduction in GI symptom severity
based on the Gastrointestinal Symptom Rating Scale
(GSRS) after the treatment as compared to before initiating
the treatment.

Embodiment 17

[0171] The method of Embodiment 1, where the method
further comprises administering an antibiotic to the subject
prior to administering the pharmaceutical composition.

Embodiment 18

[0172] The method of Embodiment 1, where the method
further comprises subjecting the subject to a bowel cleanse.

Embodiment 19

[0173] The method of Embodiment 11, where the at least
10% reduction in ASD symptom severity is achieved after 2
or more weeks of initiating the treatment.

Embodiment 20

[0174] The method of Embodiment 11, where the at least
10% reduction in ASD symptom severity is maintained for
at least 8 weeks after discontinuing the treatment.

Embodiment 21

[0175] The method of Embodiment 11, where the subject
exhibits no gastrointestinal (GI) symptom prior to initiating
the treatment.

Embodiment 22

[0176] The method of Embodiment 11, where the subject
further exhibits one or more GI symptoms prior to initiating
the treatment.

Embodiment 23

[0177] The method of Embodiment 22, where the subject
exhibits at least a 50% reduction in GI symptom severity
based on the Gastrointestinal Symptom Rating Scale
(GSRS) after the treatment as compared to before initiating
the treatment.

Embodiment 24

[0178] The method of Embodiment 11, where the method
further comprises administering an antibiotic to the subject
prior to administering the pharmaceutical composition.

Embodiment 25

[0179] The method of Embodiment 11, where the method
further comprises subjecting the subject to a bowel cleanse.
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Embodiment 26

[0180] The method of Embodiment 11, wherein the ASD
is selected from the group consisting of autistic disorder,
pervasive developmental disorder not otherwise specified
(PDD-NOS), and Asperger syndrome.

Embodiment 27

[0181] The method of Embodiment 1, wherein the phar-
maceutical composition is administered orally.

Embodiment 28

[0182] The method of Embodiment 1, wherein the fecal
microbe preparation is lyophilized.

Embodiment 29

[0183] The method of Embodiment 1, wherein the fecal
microbe preparation comprises a non-selected and substan-
tially complete fecal microbiota from a single donor.

Embodiment 30

[0184] The method of Embodiment 29, wherein the non-
selected and substantially complete fecal microbiota is
supplemented with one or more viable, non-pathogenic
microorganisms selected from the group consisting of Bifi-
dobacterium, Prevotella, Desulfovibrio, Copprococcus,
Clostridium, and Bacteroides.

Embodiment 31

[0185] The method of Embodiment 1, wherein the fecal
microbe preparation comprises a synthetic fecal composi-
tion of predetermined flora.

Embodiment 32

[0186] The method of Embodiment 31, wherein the pre-
determined flora comprises a preparation of viable flora in
proportional content that resembles a normal healthy human
fecal flora and comprises no antibiotic resistant populations.

Embodiment 33

[0187] The method of Embodiment 1, wherein the phar-
maceutical composition is administered as a solid dosage
form selected from the group consisting of capsule, tablet,
powder, and granule.

Embodiment 34

[0188] The method of Embodiment 1, wherein the phar-
maceutical composition is formulated as an acid resistant
capsule.

Embodiment 35

[0189] A method for increasing the phylogenetic diversity
of fecal microbiota, fecal phage virome, or both, of a subject
in need thereof, the method comprising administering to the
subject a therapeutically effective amount of a pharmaceu-
tical composition comprising a fecal microbe preparation,
wherein the subject exhibits at least a two-fold increase of
fecal microbiota or fecal phage virome diversity after the
treatment as compared to before initiating the treatment.
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Embodiment 36

[0190] The method of Embodiment 35, wherein the sub-
ject has an ASD and the method improves one or more ASD
symptoms.

Embodiment 37

[0191]

[0192] a. determining the relative abundance of one or
more gut microorganisms in a subject having an ASD
or having an ASD sibling, and

[0193] b. administering a therapeutically effective
amount of a pharmaceutical composition comprising a
fecal microbe preparation to achieve at least a 2-fold
change of the abundance of the one or more gut
microorganisms, wherein the one or more gut micro-
organisms are from a genus selected from the group
consisting of Clostridium, Bacteroides, Bifidobacte-
rium, Prevotella, Eggerthella, and Desulfovibrio.

A method comprising

Embodiment 38

[0194] The method of Embodiment 37, wherein the sub-
ject having an ASD exhibits no gastrointestinal symptom.

Embodiment 39

[0195] The method of Embodiment 37, wherein the sub-
ject having an ASD does not exhibit one or more, two or
more, three or more, four or more gastrointestinal symptoms
selected from the group consisting of abdominal pain, reflux,
indigestion, irritable bowel syndrome, chronic persistent
diarrhoea, diarrhoea, flatulence, constipation, and alternat-
ing constipation/diarrhoea.

Embodiment 40

[0196] The method of Embodiment 37, wherein the sub-
ject having an ASD exhibits no gastrointestinal symptom
selected from the group consisting of abdominal pain, reflux,
indigestion, irritable bowel syndrome, chronic persistent
diarrhoea, diarrhoea, flatulence, constipation, and alternat-
ing constipation/diarrhoea.

Embodiment 41

[0197] The method of Embodiment 37, wherein the one or
more gut microorganisms are from Clostridium, and
wherein the Clostridium microorganisms increase their
abundance by at least 2 fold.

Embodiment 42

[0198] The method of Embodiment 37, wherein the one or
more gut microorganisms are from Bacteroides, and wherein
the Bacteroides microorganisms decrease their abundance
by at least 2 fold.

Embodiment 43

[0199] The method of Embodiment 37, wherein the one or
more gut microorganisms are from Prevotella, and wherein
the Prevotella microorganisms increase their abundance by
at least 2 fold.
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Embodiment 44

[0200] The method of Embodiment 37, wherein the one or
more gut microorganisms are from Desulfovibrio, and
wherein the Desulfovibrio microorganisms increase their
abundance by at least 2 fold.

[0201] The disclosure may be better understood by refer-
ence to the following non-limiting Examples, which are
provided as exemplary of the disclosure. The following
examples are presented in order to more fully illustrate the
preferred aspects of the disclosure and should in no way be
construed, however, as limiting the broad scope of the
disclosure. Therefore, the scope of the appended claims
should not be limited to the description of the aspects
contained herein.

EXAMPLES

Example 1: Treating Autistic Children Using
Microbiota Transfer Therapy (MTT)

[0202] A clinical study (ClinicalTrials.gov Identifier:
NCT02504554) of 20 autistic children, ages 7-17, was
conducted to evaluate the safety and tolerability of a fecal
microbiota-based treatment designed to reduce the symp-
toms of autism by improving the gastrointestinal microbiota
function. This treatment included transfer of purified gut
bacteria from a healthy person to children diagnosed as
having autism spectrum disorder. Details of this trial are
described in PCT Application No. PCT/US2016/033747 and
U.S. application Ser. No. 15/161,654, both filed May 23,
2016 (both incorporated by reference in their entirety).
[0203] The general study design was an open-label clinical
trial involving 18 children (ages 7-17 years) with ASD who
were diagnosed by the Autism Diagnostic Interview-Re-
vised (ADI-R) and had moderate to severe gastrointestinal
problems. Each child participated in the study for 18 weeks
in total, a 10 week treatment and a follow-up 8 week
observation period after the treatment stopped. For the fecal
material transplant (FMT) treatment, two routes of admin-
istration, oral versus rectal, were compared for the initial
dose, followed by a lower maintenance dosage given orally
for 7-8 weeks.

[0204] The protocol was approved by FDA (Investiga-
tional new drug number 15886) and the Institutional Review
Board of Arizona State University (ASU IRB Protocol #:
00001053). The study was advertised by email to approxi-
mately 2500 ASD families in Arizona, using the contact list
of the Autism Society of Greater Phoenix and the Autism/
Asperger’s Research Program at Arizona State University.
Families with children who met the study inclusion and
exclusion criteria had a 1-hour individual phone call to
discuss the study. After the phone call, families who signed
the parent permission form and child assent form were
provided with initial questionnaires to complete. A letter was
also sent to them for their personal physician to double-
check their medications and for the physician to be aware of
the delivery of the vancomycin, Prilosec, and the fecal
transplant

[0205] Beneficial bacteria (a non-selected fecal microbiota
preparation) were prepared from human donor stools. Fecal
samples were collected from carefully-screened healthy
donors (90% of general population rejected) and purified
extensively to retain only bacteria. Specifically, the micro-
biota was separated from fecal material collected from
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carefully screened, healthy donors, stored in a cryopreser-
vative in a frozen liquid suspension with a cryopreservative,
and thawed prior to administration in liquid form. Each
purified sample of beneficial bacteria contained 1000 or
more bacterial species. By comparison, standard commer-
cially available probiotics include 1 to 10 bacterial species.

Example 2: Subject Recruitment

[0206] The study began with a verification of an autism
spectrum diagnosis using the Autism Diagnostic Interview-
Revised (ADI-R), which involved a phone interview of the
parents with our ADI-R evaluator. The study physician
assessed general physical health through an initial 30 minute
meeting with participants and an extensive review of the
participants’ last 2 years of medical records and height/
weight/growth charts in order to check for exclusion criteria.
Participant exclusion criteria include antibiotics in last 6
months and probiotics in last 3 months, single-gene disorder,
major brain malformation, tube feeding, severe GI problems
that require immediate treatment (life-threatening), Ulcer-
ative Colitis, Crohn’s disease, diagnosed Celiac Disease,
Eosinophilic Gasteroenteritis, severely underweight/mal-
nourished, and recent/scheduled surgeries. None of the
neurotypical children was diagnosed with mental disorders
including ASD, ADHD, depression, and anxiety, and neu-
rotypical children did not have first-degree relatives of
individuals with ASD. From participants, initial blood,
urine, and stool samples were collected and parents were
asked to fill in diet diaries of their child for one week at the
beginning of the study. Participants were recruited primarily
from the greater Phoenix, Ariz. area, but three participants
were from outside that area. Neurotypical families were
recruited from friends of the ASD families and professionals
who work with ASD families.

Example 3: Trial Participants

[0207] Eighteen autism participants (each from a different
family) ages 7-17 years with moderate to severe GI prob-
lems and moderate to high cognitive functioning. Twenty
participants were recruited into the study, but two did not
enter the treatment phase of the study before the treatment
started. One participant was disqualified due to a change in
medication, and one decided not to participate. Character-
istics of 18 study participants and their medical history are
listed in Table 2. All 18 participants that entered the treat-
ment phase completed the 19-week trial. The post-treatment
data presented herein were collected for 13 of these 18
participants. In addition, 20 age- and gender-matched neu-
rotypical children from 13 families (6 families had 1 neu-
rotypical participant, and 7 families had 2 neurotypical
participants) are also recruited. These 20 neurotypical chil-
dren were monitored for 18 weeks but not treated.

TABLE 2

Characteristics of study participants and their medical history.

Children with Neurotypical

ASD children p-value
Total Number 18 20
Male/Female 16/2 18/2
Age 11.0 +/- 2.7 11.1 +/- 2.5 n.s.
BMI 199 +/- 54 181 +/-34  ns.
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TABLE 2-continued
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TABLE 3

Characteristics of study participants and their medical history.

Children with Neurotypical

ASD children p-value

GSRS 4-point scale (sum of
all 15 items, minimum score
for no symptoms is 15)
Born by C-Section 61% 16% P<0.01
Number of months of breastfeeding 3.3 +/- 39 9.3 +/- 7.8 P<0.01
exclusively (no formula)

28.1 +/- 4.3 18.8 +/- 4.0 P <0.001

% using non-standard formula 39% 8% P<0.05
(soy or other)

Food allergy (moderate or severe) 56% 5% P<0.01
Other allergies (moderate or 44% 10% P<0.01
severe)

Eczema 56% 5% P<0.01
Fiber consumption - child 89 +/-43 118 +/-49 P<0.07
Fiber consumption - mother 6.7 +- 39 105 +/-45 P<0.02
Oral antibiotic use during first 4 4.6 +/-52 41 +/-6.0 n.s.

years of life (number of rounds)

Example 4: Trial Protocol

[0208] The participants were given oral vancomycin (a
non-absorbable broad spectrum antibiotic that stays in the
GI tract) for 2 weeks to reduce levels of pathogenic bacteria,
and then 1 day of low-volume colonoscopy prep MoviPrep®
(a drink that flushes the bowels, to remove most remaining
gut bacteria and vancomycin) to clear the residual vanco-
mycin and feces. The vancomycin was intended to kill off
harmful bacteria, the fasting was intended to remove any
remaining bacteria and to minimize other luminal fecal
material, and the colon cleanse helped remove the vanco-
mycin and cleanse the lower GI Tract.

[0209] Following vancomycin treatment and bowel
cleanse, participants received either 2 days of high dose oral
Microbiota Transter Therapy (MTT, mixed in a chocolate
milk, milk substitute, or juice) (dosage of 2.5x10** CFU per
day) or a single dose of rectal MTT (dosage of 2.5x10'2
CFU for one given similar to an enema). The rectal dose was
administered under the direct supervision of the study phy-
sician, and the first oral dose was similarly administered in
the presence of the physician. Participants were randomly
assigned to either the oral or rectal route of administration.
If one administration route was not tolerated, or if the family
preferred the other route, then participants had the option of
trying the other route. For the participants with initial oral
dose, a lower oral maintenance dose (2.5x10° CFU) was
followed for 8 weeks right after the major oral initial dose.
Whereas, the major rectal initial dose was followed by
waiting period of 1 week followed by a lower oral mainte-
nance dose (2.5x10° CFU) for 7 weeks. The maintenance
SHGM dose were self-administered orally every day up to
week 10. After treatment was stopped, participants were
monitored for another 8 weeks.

[0210] Prilosec (omeprazole) was administered daily to
reduce stomach acid and thereby increase viability of the
MTT, starting on the 12th day of oral vancomycin treatment
and continuing until the end of the maintenance dose. Table
3 provides a general treatment timeline.

MTT Treatment Timeline Summary.

Time (Day) Initial oral administration  Initial rectal administration
Day 1-14 Vancomycin*
Day 12-74 Prilosec*
Day 15 MoviPrep*
Day 16 Major oral dose of MTT** Major rectal dose of MTT**
Day 17 Major oral dose of MTT —
Day 18-24 Lower maintenance oral —
dose
of MTT
Day 25-74 Lower maintenance oral dose of MTT***
Day 75-130 No treatment, observation period

*Vancomyecin: 40 mg/kg P.O. per day, divided into three doses, not to exceed 2 gm per day;
Prilosec: 20 mg PO QD; MoviPrep: Standard kit was used with half the dosage being
administered at approximately 10 am and the other half at 4 pm on day fifteen only, to
cleanse the bowel of vancomyein and feces. The dosage varies proportionately based on
the body mass.

**Initial oral route: The dosage for the first 2 days will be 8.3 x 101 cells, t.i.d, for a tota]
daily dose of 2.5 x 1012 cells/day, for Day 16 and 17 only; Initial rectal route: 2.5 x 1012
cells, 1x (Day 16 only)

##*Maintenance dose: 2.5 x 10° cells, 1x/day P.O.

Example 5: Fecal Microbiota Preparation Used for
MTIT

[0211] A human microbiota preparation, which comprises
a highly purified standardized extract from human feces
(also called Standardized Human Gut Microbiota (SHGM))
was used. This is a full-spectrum product, containing all the
bacteria present in the gut of very healthy donors. First,
donors were carefully screened using an extensive health
questionnaire and extensive medical testing to ensure opti-
mal GI and overall health; the screening process is so
rigorous that 90% of donors are eliminated, leaving only the
10% healthiest portion of the population. The donated
material is then extensively filtered and standardized, fol-
lowing FDA Good Manufacturing Processes (GMP). The
final product is liquid form which can be frozen, and was
proven to be highly effective for treating C. difficile (Ham-
ilton et al., Am J Gastroenterol. 2012 May; 107(5):761-7).
The SHGM was stored in —80° C. freezers and then deliv-
ered to families on dry ice every week during the study.
Families were instructed to keep the SHGM in a container
with dry ice, and thaw it shortly before use.

[0212] Two different doses of SHGM were used; the high
major dose and a lower maintenance dose. The high-dose
SHGM was at a daily dosage of 2.5x10"2 cells. The rationale
for two days of high dose was that after the MoviPrep and
1-day fast is presumably the most critical time in which to
provide new beneficial bacteria. The low-dose SHGM was at
a dosage of 2.5x10° cells.

Example 6: Toleration of Study Medications

[0213] Vancomycin: The vancomycin was associated with
two types of minor adverse events. One child developed an
allergic rash upon administration of oral vancomycin, but
they were switched to vancomycin without orange flavoring
and the rash disappeared. Twelve of the 18 children had a
behavioral reaction to the vancomycin, starting 1-4 days
after the start of the vancomycin, and lasting 1-3 days in
most cases, although 1 participant had symptoms lasting for
3 weeks. In 7 cases, the symptoms were mild to moderate
increase in hyperactivity, and in 5 cases the symptoms were
mild to moderate increase in tantrumming/aggression. After
these behavioral symptoms disappeared, GI symptoms and
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autism symptoms began improving. Similar results were
reported in a previous study (Sandler, 2000), and parents of
the study subjected had been informed to expect this. The
reaction may be due to release of bacterial toxins as the
vancomycin kills off harmful bacteria.

[0214]

[0215] MoviPrep®: Many children had difficulty consum-
ing this medication due to taste.

[0216] Rectal administration of Microbiota Transfer
Therapy (MTT): This was surprisingly well-tolerated by 6 of
6 recipients.

[0217] Oral administration of high-dose MTT: This was
well-tolerated by 12 of 13 recipients, but 1 participant
experienced vomiting and was switched to the rectal route.

[0218] Oral administration of maintenance dose MTT:
This was well-tolerated by all participants.

[0219] CBC/ChemPanel: There were no major concerns
regarding changes in Complete Blood Count (CBC) or blood
chemistry panel (CBC). The following minor changes were
observed. There was a 5% decrease in potassium (p=0.01)
from beginning to end of treatment, but all levels remain in
the normal range. After the vancomycin (2nd week of
study), there was a 8% increase in platelets (p=0.03). Four
subjects had elevated levels at start, and only 2 had elevated
levels after vancomycin. There was a 26% drop in blood
urea nitrogen (BUN) (p=0.002), but all stayed in normal
range. There was a 6% increase in albumin to globulin (A/G)
ratio (p=0.03), with 1 slightly elevated. There was a 17%
increase in aspartate amino transferase (AST) (p=0.01), but
all remained in normal range. There was a 24% increase in
alanine amino transferase (ALT) (p=0.003), where 1
remained elevated and 2 became slightly elevated. All of
these values (platelets, BUN, A/G, AST, ALT) returned to
similar to baseline at the 3rd and 4th tests. Slight changes
(1-2%) in red blood cell indices (Mean corpuscular volume
(MCV), Mean corpuscular hemoglobin (MCH), Mean cor-
puscular hemoglobin concentration (MCHC), and Red cell
distribution width (RDW)) were observed.

Prilosec: This was generally well-tolerated.

Example 7: Adverse Effects

[0220] Children with ASD experienced temporary adverse
effects at the beginning of vancomycin treatment. As listed
in Table 4, one participant among the 18 children with ASD
(5%) developed an extensive rash, but the rash disappeared
when vancomycin was switched from a natural orange flavor
to an unflavored form. Within 1-4 days after the start of the
vancomycin, 12 children with ASD had a temporary behav-
ioral reaction to the vancomycin either involving hyperac-
tivity (7 out of 12 cases; 39%) or Tantrums/Aggression (5
out of 12 cases; 28%). The symptoms lasted 1-3 days in most
cases, except for one participant that had symptoms lasting
for 3 weeks. After the symptoms disappeared, GI symptoms
and behavioral symptoms began improving, which is similar
to what Sandler et al., Journal of Child Neurology 15,
429-35, (2000) reported in their oral vancomycin therapy for
children with autism. Only one participant did not tolerate
the initial high-dose oral SHGM (nausea/vomiting) and was
switched to initial rectal administration.
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TABLE 4

Adverse effects.

Adverse effect adverse effects

Rash 5% (due to natural orange flavor in vancomycin)
Hyperactivity 39%* (temporary: start of vancomycin only)
Tantrums/Aggression  28%* (temporary: start of vancomyecin only)
Nausea/vomiting 5% (due to high-dose SHGM)

*The severity of symptoms ranged from mild to moderate.

Example 8: Assessments of Gastrointestinal
Symptoms

[0221] Gastrointestinal Symptom Rating Scale (GSRS) is
an assessment of GI symptoms during the previous week,
based on 15 questions, which are then scored in 5 domains:
Abdominal Pain, Reflux, Indigestion, Diarrhea, and Consti-
pation. A score is reported for each domain based on the
average within the questions in that domain. The original
GSRS used a 4-point scale, but a revised version was used
which included 7-point Likert scale which also has simpler
language. The GSRS was assessed on days 0, 7, 14, 21, 28,
35, 42, 56, 74, and 130. One of ordinary skill in the art
understands that GSRS is only one way to assess GI symp-
toms. Other similar tools can be used or designed to evaluate
GI symptoms.

[0222] Daily Stool Records (DSR) were collected at base-
line for two weeks, daily during the treatment phase, and the
last two weeks of the observation period. These records
included a rating of the stool using the Bristol Stool Form
scale (1=very hard, 7=liquid).

Example 9: Assessments of Autism and Related
Symptoms

[0223] Autism Diagnostic Interview-Revised (ADI-R) is a
2-hour structured interview and is one of the primary tools
used for clinical diagnosis of autism and autism spectrum
disorders. It is not designed to be a measure of autism
severity, but higher scores are generally consistent with
more severe symptoms. The ADI-R was be used to verify the
diagnosis of ASD for admission into the study.

[0224] Parent Global Impressions—III is introduced here
as an expanded version of the PGI-R. See Adams et al.,
Effect of a Vitamin/Mineral Supplement on Children with
Autism, BMC Pediatrics, 11:111(2011). The PGI-III evalu-
ates changes in 17 areas (see FIG. 13), and overall, using a
7-point scale ranging from “much worse” to “much better”.
An “Average Change” is computed by computing the aver-
age in all 18 scores of the PGI-2-Final. This tool was chosen
because it was found that it is more reliable to ask parents
directly about observed changes than to have them estimate
symptom severity at beginning and end and then compute a
difference. Also, the use of a 7-point scale to detect changes
seems to yield a high sensitivity to changes.

[0225] Childhood Autism Rating Scale (CARS) is a
15-item scale that can be used to both diagnose autism and
ASD and to assess the overall severity of symptoms. The
CARS assessment was done subsequent to the ADIR assess-
ment by the same evaluator.

[0226] Aberrant Behavior Checklist (ABC) assesses prob-
lem behaviors in five areas common in children with ASD,
including irritability, lethargy, stereotypy, hyperactivity, and
inappropriate speech.
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[0227] Social Responsiveness Scale (SRS) is a 65-item
scale that assesses social impairments, a core issue in
autism, including social awareness, social information pro-
cessing, capacity for reciprocal social communication,
social anxiety/avoidance, and autistic preoccupations and
traits. See Constantino et al., Validation of a brief quantita-
tive measure of autistic traits: comparison of the social
responsiveness scale with the autism diagnostic interview-
revised. J Autism Dev Disord. 2003 August; 33(4):427-33.
[0228] Vineland Adaptive Behavior Scale 11 (VABS-II) is
a measure of the functioning level in four different domains:
Communication, Daily Living Skills, Socialization, and
Motor Skills, and 11 sub-domains. The raw scores were
converted into an age equivalent score. It complements the
ABC, which assesses problem behaviors. See Sara et al.,
Vineland Adaptive Behavior Scales, Second Edition
(Vineland™-1I), Pearson Publishing, 2005.

[0229] The GSRS and PGI-R3 were assessed on days 0, 7,
14, 21, 28, 35, 42, 56, 74, and 130. The Stool Record was
assessed every day during the treatment. The CARS, ABC,
and SRS were assessed at baseline, at the end of treatment,
and at the end of the observation period. The VABS-II was
assessed at baseline and at the end of the observation period
only, because it is lengthy and believed to be less sensitive
to short time periods since it assesses changes in specific
adaptive skills. The CARS was assessed by a professional
evaluator, and the GSRS, PGI-R2, ABC, SRS, and VABS-II
were assessed by parents.

Example 10: Initial Observations

[0230] GI Symptoms:

[0231] During the 2 weeks of vancomycin and then 8
weeks of beneficial bacteria, there was a rapid improvement
in GI symptoms in most children. At the end of treatment
there was an 82% reduction in average scores on the
Gastrointestinal Symptom Rating Scale (GSRS) (FIG. 1 and
FIG. 3). As shown in FIG. 2 and FIG. 5, roughly equal
decrease in all 4 GSRS subscale areas (abdominal pain,
indigestion, diarrhea, constipation). There was no change in
the reflux subscale because none of the children had a
significant reflux problem. Sixteen of 18 children had a 70%
or greater reduction, 1 had a 30% reduction, and 1 exhibited
no change. Similar results were obtained for both the rectal-
administration group and the oral-administration group.
[0232] Autism Symptoms:

[0233] By the end of the treatment phase, the parents rated
their children’s autism symptoms on the Overall scale of the
Parent Global Impressions as: Much Better—4; Better—38;
Slightly Better—?5; Little/No change—1. The largest
improvements were in GI, speech, sociability, receptive
language, cognition, irritability/mood, anxiety, and play
skills (FIG. 3). For the Childhood Autism Rating Scale
(CARS) rated by our experienced evaluator, there was a 22%
decrease in the CARS scores, p<0.001, which is consistent
with the observations by the parents. For the Aberrant
Behavior Checklist (ABC), there was a 27% reduction in the
total score, p=0.001 (FIG. 4). Similar results were obtained
for both the rectal-administration group and the oral-admin-
istration group.

[0234] Post-Treatment:

[0235] Among the first 5 participants that completed the
8-week post-treatment observation period, after two months
of receiving no treatment, on average no change in improve-
ments of GI symptoms was observed (73% reduction in
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GSRS at end of treatment vs. start; 71% reduction after 8
weeks of no treatment vs. start). With respect to post-
treatment autism symptoms, PGI-Scores continued to
improve over those collected at the end of treatment, with
medium to large improvements in 3 participants and no
detected change in 2 participants. (FIG. 7). With regard to
post-treatment CARS scores, these 5 children had a 16%
decrease in CARS scores at the end of treatment, and a 25%
decrease compared to baseline at the end of the no-treatment
(observation) period. So, there appeared to be a surprising
continued improvement in symptoms even after treatment
stopped.

[0236] These data demonstrates a 22% reduction in autism
severity scores assigned using the Childhood Autism Rating
Scale (CARS) after only 10 weeks of the combined therapy
(FIG. 3). The degree of improvement on the CARS did not
appear to correlate with age (FIG. 6). This suggests that the
treatment is useful for both younger children and adults.
Furthermore, the degree of improvement on the CARS did
not correlate with initial GSRS score (FIG. 8). This suggests
that the treatment is helpful to those with mild GI symptoms
as well as those without GI symptoms. In other words, the
treatment appears to be effective to reduce autism symptoms
regardless of the presence or absence of GI symptoms. This
observation is consistent with data reported in our previous
study (Kang et al., PLOS One 8(7):e68322 (2013)), from
which it was concluded that children with ASD had a low
diversity of gut bacteria that was independent of their
gastrointestinal symptoms.

Example 11: Trial Outcome and Analysis

[0237] Clinically, this study was broadly successful. First,
all ASD participants completed the 18-week study. Second,
GI symptoms, as assessed by the Gastrointestinal Symptom
Rating Scale (GSRS), significantly improved for abdominal
pain, indigestion, diarrhea, and constipation, such that the
average GSRS score dropped 82% from the beginning to
end of treatment and remained improved (77% decrease
from baseline) at 8 weeks after treatment stopped (two-tailed
paired t-test t=-9.45, p<0.001, t=-7.64, p<0.001, respec-
tively) (FIG. 9, panel a). A steady and large degree of
improvement in most areas of GSRS evaluation including
abdominal pain, indigestion, diarrhea, and constipation
(FIG. 10, panel a) was observed. There was little change in
reflux since no children had significant reflux at the start of
the study. Notably, two seemingly opposite GI symptoms—
diarrhea and constipation—responded to the MTT treatment
effectively.

[0238] Similarly, the Daily Stool Record (DSR), showed
significant decreases in the number of days with abnormal or
no stools, and those improvements remained after 8 weeks
of no treatment (Table 5, FIG. 10, panel b). The Daily Stool
Record (DSR) was collected and averaged it over two weeks
in order to assess changes in stool hardness/softness during
the study. Overall, a significant decrease was observed in “%
days of abnormal stool” that combines % days of hard,
soft/liquid, and no stool, from 62% to 34% (p=0.001) during
the 10-week MTT treatment (Table 5 and FIG. 10, panel b).
The improvements remained stable for the following 8
weeks during the observation period. In detail, both “% days
of hard stools” (type 1 or 2) and “% days of soft/liquid
stools” (type 6 or 7) significantly decreased during the
10-week MTT treatment, but the decrease in “% days of no
stool” was not significant. (Table 5).
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TABLE 5

27

Dec. 21, 2017

Percent days of no stool, stool hardness and softness based on the daily stool

record (DSR) and the Bristol Stool Form Scale.

8 weeks after

Baseline Treatment end p-value  treatment  p-value
No stool 33% 26% 0.27 26% 0.38
Hard stool (type 1 or 2) 19% 6% 0.04 3% 0.01
Soft/liquid stool (type 6 or 7) 10% 2% 0.05 3% 0.11
Abnormal stool (in total of hard,  62% 34% 0.007 32% 0.001

soft/liquid/, no stool)

[0239] Third, there were only temporary adverse effects
(primarily mild to moderate hyperactivity and tantrums/
aggression) from vancomycin treatment (Table 4), but no
major changes in blood chemistry or long-term adverse
effects.

[0240] Beyond these GI improvements, ASD-related
behavior also improved following MTT. First, the Parent
Global Impressions (PGI-R) assessment, which evaluates 17
ASD-related symptoms, revealed significant improvement
during treatment and no reversion 8 weeks after treatment
ended (FIG. 9, panel b). Further, a significant negative
correlation between GSRS and PGI-R (Spearman correla-
tion test showed r=-0.59 and p<0.001, FIG. 11) suggests
that GI symptoms impact ASD behaviors, and that these can
be altered via MTT. By the end of the MTT treatment at
week 10, the parents rated the change in their children’s
autism symptoms using the PGI-R, and the largest improve-
ments were in the GI subscore among 17 subscales and
“Overall autism/related symptoms” of the PGI-R (FIG. 12).
Specifically, the overall scale of PGI-R was rated as Much
Better: n=4 (22%); Better: n=8 (44%); Slightly Better: n=>5
(28%); Little/No change: n=1 (6%). The improvement in the
other subscales is shown in FIG. 12.

[0241] Second, the Childhood Autism Rating Scale
(CARS), which rates core ASD symptoms, decreased by
22% from beginning to end of treatment and 24% (relative
to baseline) after 8 weeks of no treatment (p<0.001, FIG. 9,
panel c).

[0242] Third, ASD-afflicted children saw improvement in
their scores in the Social Responsiveness Scale (SRS),
which assesses social skill deficits (FIG. 9, panel d), and the
Aberrant Behavior Checklist (ABC), which evaluates irri-
tability, hyperactivity, lethargy, stercotypy, and aberrant
speech (FIG. 9, panel e). FIG. 10, panel ¢ also shows a more
detailed breakdown of ABC analysis to assess treatment
effects on behaviors common in children with ASD: irrita-
bility, lethargy, stereotypy, hyperactivity, and inappropriate
speech. In all five subscales, a significant reduction at the
end of treatment was observed.

[0243] Fourth, the Vineland Adaptive Behavior Scale 11
(VABS-II) scoring found that the average developmental age
increased by 1.4 years (p<0.001, VABS-II) and across all
sub-domain areas (FIG. 13) during MTT; though the final
VABS-II score was still lower than their chronological age.
VABS-II is a measure of the functioning level in four
different domains: Communication, Daily Living Skills,
Socialization, and Motor Skills, based on 11 sub-domains.
Among 11 subscales, Fine and Gross Motor skills were
excluded, since these two subscales for the Vineland are
only calculated up to 6.8 years and most children with ASD
improved near to the limit of the scale. The other 9 subscales

and their average were compared between the baseline and
at the end of the study. The MTT treatment resulted in a
significant increase in average developmental age, from 5.4
years at baseline to 6.8 years at the end of the study
(p<0.001). A gain of 1.4 years within 18 weeks of the study
is a substantial increase, but they still remained below their
chronological age of 10.9 years. Significant improvements
were also observed in all 9 subscale areas with the largest
gains in Interpersonal Skills (2.2 years), Personal Living
Skills (1.8 years), and Coping Skills (1.7 years) (FIG. 13).
It is notable that the major impairments in ASD, namely
Receptive language, Expressive language, and Interpersonal
skills, were among the lowest initial scores, with initial
developmental ages of 3.1 years, 4.5 years, and 2.9 years,
respectively; all three areas had substantial improvements of
1.3, 1.1, and 2.2 years, respectively.

[0244] Finally, the MTT appears to be beneficial across
both younger and older individuals (no significant correla-
tions between age and GSRS or CARS improvement) and
whether the initial MTT does was received orally or rectally.
Under our sample size, no difference was observed in
efficacy of treatment or clinical outcomes whether MTT was
initially administered rectally or orally.

[0245] Together these findings show that MTT is safe and
well-tolerated across an age-diverse cohort of 18 ASD-
afflicted children. MTT is also effective as it led to signifi-
cant improvements in both GI- and behavior-related symp-
toms that were sustained at least 8 weeks after treatment.

Example 12: Gut Microbiome Analysis

[0246] Changes in the bacterial diversity of gut samples
from ASD patients or neurotypical participants were evalu-
ated for correlates to the observed clinical improvements.
Briefly, bacteria were surveyed by standard sequencing of
16S rRNA gene PCR-amplicons and definition of opera-
tional taxonomic units (OTUs). Abundance profiles of
microbial OTUs were then statistically evaluated for
changes over time.

[0247] It was observed that gut microbiota were signifi-
cantly less diverse in ASD children than controls at baseline
(FIG. 14, panel a; one-tailed t-test t=—=2.25, p=0.015, n=18).
After MTT, however, bacterial diversity increased in ASD
children (FIG. 14, panel a; paired two-tailed t-test t=4.56,
p=0.0003, n=18) such that median richness at week 18 was
statistically indistinguishable across the ASD and control
groups (FIG. 14, panel a; two-tailed t-test t=0.47, p=0.64,
n=18). This increase was observed in nearly all individuals
including one of the two non-responders (subjects whose GI
symptoms did not improve) (FIG. 14, panel b). Higher gut
microbiota richness is associated with healthy states. This is
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presumably, without being bound to any scientific theory,
due to resilience afforded by higher functional redundancy.
[0248] It was also observed that the donor microbiota at
least partially engrafted in the recipient gut. Specifically, the
unweighted UniFrac distance, a qualitative measure of
microbiota phylogenetic similarity, between the recipient
gut and their most recent donor sample significantly
decreased over time (FIG. 14, panel ¢; p<0.01 at three weeks
and p<0.001 at 10 and 18 weeks), and remained more similar
to the donor’s microbiota 8 weeks after treatment stopped.
By the end of treatment (week 10) and even 8 weeks after
treatment stopped (week 18), the distance between the
recipient and the donor microbiota was less than normal
interpersonal microbiota variation (FIG. 14, panel ¢). Since
exogenous bacteria are usually washed out within a month
in the human gut, these signatures of engraftment indicate
that MTT overcame “colonization resistance”. The degree of
engraftment varied across participants, which potentially
reflects variation in starting gut microbiota and diets.
[0249] It was further observed that, consistent with a lack
of difference in treatment efficacy between rectal and oral
administration, receiving MTT either orally or rectally did
not lead to different patterns in patients’ gut microbiota
diversity changes. (FIG. 15).

[0250] Procedures for microbiome 16S rDNA library
preparation, sequencing, and analysis are summarized
below.

[0251] Parents were asked to collect stool samples from
their child on approximately days 0, 21, 70, and 126, and to
collect fecal swabs bi-weekly on days 0, 14, 21, 28, 42, 56,
70, 84, 98, 112, and 126. The stool samples were analyzed
to determine the types and amounts of gut microbiota
present. For safety tests, blood and urine samples were also
collected on approximately days 0, 19, 33, and 74. During
the study, the participants met with the physician for an
initial physical evaluation (including review of medical
history) and following evaluations on days 16, 30, and 74.
The physician had a phone consult with families on days 7,
21, 42, and 130, and more frequently if adverse symptoms
occurred, or if families had any questions. Neurotypical
participants did not receive any treatment. They simply
provided stool samples (at weeks O and 19), and swab
samples every 2 weeks.

[0252] Microbial DNA from stools, swabs, and donor
samples was extracted with PowerSoil® DNA Isolation Kit
(Mobio Carlsbard, Calif.). 16S rRNA library for MiSeq
Illumina platform, was constructed according to the protocol
from Earth Microbiome Project. The barcoded primer set
515f-806r for pair-ended sequencing of the 16s rRNA V4
region was used (Caporaso et al. ISME Journal, 6:1621-24
(2012)). Library preparation and sequencing work was per-
formed at the Microbiome Analysis Laboratory in the Swette
Center for Environmental Biotechnology. The used primers
amplify both bacterial and archaeal 16S rRNA. No changes
specific to archaea were observed.

[0253] Sequencing data were analyzed using QIIME 1.9.1
(Caporaso et al. Nature Methods 7:335-36 (2010)), biom-
format version 2.1.5 (McDonald et al. Gigascience, 1:6
(2012)), vsearch version 1.7.0 (https://github.com/torognes/
vsearch), SSU-ALIGN 0.1 (Nawrocki, Bioinformatics,
25:1335-37 (2009)) and FastTree (Price et al. Molecular
Biology and Evolution, 26:1641-50 (2009)). Sequence qual-
ity control and demultiplexing was performed using
QIIME’s split_libraries_fastq.py with default parameters as
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described in (Bokulich et al, Nature Methods, 10:57-U11
(2013)) on a per run basis. The sequences were combined
across runs by merging the resulting files using the cat Unix
command, and sequences were clustered into OTUs at
sequence similarities of 100% and 97%. All commands that
were applied for these analyses are provided in the GitHub
repository available at http://github.com/gregcaporaso/au-
tism-fintl.

[0254] Microbiome profiles across even sampling depths
and OTU percent identity thresholds were analyzed to
achieve the maximum resolution in OTUs. This can reveal
important differences in microbiomes that are apparent only
by observing differences in presence, absence, and abun-
dance of closely related taxa that may be grouped into single
OTUs at the commonly used 97% similarity threshold. Both
100% and 97% OTUs were therefore defined. The analysis
here focused on the 100% OTUs, but also compared features
of the microbiome to those computed based on 97% OTUs
for validation.

[0255] To validate the method, it was further confirmed
that the measures of community richness and composition
used in our study were correlated between the 100% and
97% OTUs, such that if analyses were instead performed on
97% OTUs, similar results would be achieved. Specifically,
Faith PD (Pearson r=0.97038, p<0.001, n=569), unweighted
UniFrac (Mantel r: 0.92999, p<0.001, n=569), and weighted
UniFrac (Mantel r: 0.76651, p<0.001, n=569) were all
highly correlated across the two OTU clustering thresholds,
suggesting that the same conclusions would be drawn with
either approach. Small differences are expected, as there are
many more 100% OTUs than 97% OTUs.

[0256] Similarly, the richness and composition metrics
were computed at even sampling (rarefaction) depths of
5721 and 10,040 on our 100% OTU data. The lower depth
allowed for maximizing the number of samples that could be
analyzed, and comparison to the higher depth allows for
confirming that results would be similar if more sequences
were retained. Faith PD (Pearson r=0.99738, p<0.001,
n=>548), unweighted UniFrac (Mantel r: 0.97296, p<0.001),
and weighted UniFrac (Mantel r: 0.99953, p<0.001) were all
highly correlated across sampling depths, suggesting that the
same conclusions would be drawn based from either sam-
pling depth.

[0257] A customized pipeline was used to compute 100%
OTUs. First, sequences were clustered into 100% OTUs
with vsearch. The resulting data were loaded into a BIOM
table using the biom from-uc command. OTUs that occurred
in only one sample were filtered from the table for compu-
tational efficiency. OTU representative sequences were
aligned with ssu-align, and high entropy positions were
filtered with ssu-mask. A phylogenetic tree was built using
FastTreeMP for phylogenetic diversity analyses. Taxonomy
was assigned to the representative sequences using QIIME’s
RDP Classifier wrapper against the Greengenes 13_5 refer-
ence database. Alpha and beta diversity analyses were
performed using QIIME’s core diversity, analyses.py, at
rarefaction depths of 5721 (to retain as many samples as
possible), and 10,000 to confirm that results were similar
with more sequences per sample. Meanwhile, 97% OTUs
were computed using QIIME’s pick_open_reference_otus.
py with the Greengenes 13_5 reference database and default
parameters. Alpha and beta diversity analyses were per-
formed using QIIME’s core diversity analyses.py at a rar-
efaction depth of 5721.
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Example 13: MTT Changes the Abundance of
Selected Bacterial Genera in ASD Patients

[0258] Several bacterial genera changed their abundance
significantly following MTT. These genera include Bifido-
bacterium (F1G. 14, panel e), Prevotella (FIG. 14, panel 1)
and Desulfovibrio (F1G. 14, panel g) which both increased
in abundance, and Bacteroides (FIG. 14, panel h), which
decreased in abundance. Additional information for taxo-
nomic changes accompanying MTT is provided in Table 6.

[0259] Previous reports asserted that Bifidobacterium
were under-represented in ASD-afflicted children (Buie et
al., Pediatrics 125, S1-S18 (2010); Bravo et al., PNAS
108:16050-55 (2011)). This was also observed in this study
at baseline (two-tailed Mann-Whitney U-test p<0.05), but
following MTT, Bifidobacterium significantly increased
4-fold to a median final relative abundance of 1.0% (FIG.
14, panel e), this suggests strong engraftment by these
microbes in particular.
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[0260] Prevotella were observed to be under-represented
in ASD-afflicted children (at baseline median neurotypical
and ASD abundances were 0.022% and 0.005%, respec-
tively), but following MTT Prevotella increased 250-fold to
a median final abundance of approximately 1.3% (Wilcoxon
statistic: 40, p=0.024, FDR-corrected p=0.075). Along with
Prevotella, Desulfovibrio also increased ~150-fold after
MTT from baseline to 8 weeks after treatment. Without
being bound to any scientific theory, this suggests strong
engraftment by this microbe in particular. Both Desulfovi-
brio and Prevotella were on average more abundant in MTT
recipients following treatment than in the donor samples,
illustrating that the transferred microbiota adapts in its new
host, but also that MTT changes the gut environment in a
way that is more hospitable to recruit new commensal
bacteria. Taken together, these data suggest that MTT suc-
cessfully shifts the ASD microbiota toward that of age/
gender matched healthy controls and to that of their donors.



Dec. 21, 2017

US 2017/0360848 Al

30

SOTRUOLIQIAOINSO(]  ©

L096¥TTO0 S1€00°0 9T €0STOT1800°0 CTELETTTO0'0 T¥BIOPIN00 THL68LT000 LEG00OLYR'E SPOL09ETET ‘eLelBqoajordela( o felepeqosjorg  d ferepeg Y

QBOOBUOLIQIACIINSA(] J {SO[RUONIQIACINSA(] ©

L096¥TTO0 S1€00°0 9T €0STOT1800°0 CTELETTTO0'0 T¥BIOPIN00 THL68LT000 LEG00OLYR'E SPOL09ETET ‘eLelBqoajordela( o feleReqosjorg  d ferepeg Y

RIZINAIDIAPY ™ S ‘0BIOBIDIORQOLIOD ]

L096¥TTO0 S1€00°0 9T 96£661000°0 c0-H68v SO-HET'S 0 CTLTOVLIBOY 0 {S3[BIIOIBAOIIO) O [BIHARBIONO) O BHAOEqOUNRY  d BloRRyg Y

QBOOR[[BATIOIA™ J

LO96¥CC0°0 TT000 144 S0-H00'€ 0 0 0 Jur Jur (SoTR[RATIOIA © ([emrorydspua]] o ‘eeroeydspue d feueloeg Y

L096¥TTO0 8CC00°0 4 S0-H00'¢ 0 0 0 Jui Jul semeqdsnuoTd ferepeg Y

L096¥TTO0 8CC00°0 4 S0-H00'¢ 0 0 0 Jui Jul [erropydsnuog| o ‘semeqdsnuoT d ferepeg Y

LO96¥CC0°0 TT000 144 S0-H00'€ 0 0 0 Jur Jur SOTRI[RATIOIA T © {[euoeydsnua] o ‘ovmeydsnua] d ‘euepeg Y

“Jtera o

L096¥TTO0 $6200°0 €C #9610£100°0 0 0 T€8SE0000 Jui Jul ‘erreorqosjorderdiy o euRREqodj0Ig d eLRpRg Y

T8Iy izeay o

L096¥TTO0 $6200°0 €C #9610£100°0 0 0 T€8SE0000 Jui Jul ‘errejorqosjorderdiy o feuREqodj0rg d elepRg Y

g o

L096¥TTO0 $6200°0 €C #9610£100°0 0 0 T€8SE0000 Jui Jul ‘erreorqosjorderdiy o feuRREqodj0Ig d eLRpRg Y

umnueIS[opqns” 3 9B2ord0000UTUITY ]

L096¥TTO0 L6T00°0 [44 SO-H8¢'S 0 SO-dICY 0 Jui Jul {SO[BIPISO[D O ‘BIPHISO[D ™ o ‘sanoruuty d euaprg Y

B0

68911020°0 S1100°0 0T S0-H79°S 0 0 6815900070 Jur Jur ‘sorelroployyng o ‘eLRIoRqojordelog o ‘euelpeqoolord  d ‘euepeg Y

12730 SRI0

68911020°0 S1100°0 0T S0-H79°S 0 0 6815900070 Jur Jur ‘sorelroployyng o ‘eLRIoRqojordelog o ‘euelpeqoolord  d ‘euepeg Y

UMJJOISRTY S {0Be0rd2000UTUITY |

L096¥770°'0  8€T00°0 61 SO-HILV 0 0 0 Jur Jur {SO[BIPISO[D O ‘BIPHISO[D ™ o ‘sanoruuty d euaprg Y

OLIQIAQIINS2(] S ‘QBIORUOLIQIAOJNSA(] J ‘So[RUOLIQIAOJNSI(] ©

L9E6LTTO0 £€5000°0 14! STTP9£900°0 SO-He¥'v SO-H9E'€ ¥IC081100°0 6ELEO9'LYT  9CEP90YS 9T ‘eLeloBqoajordela(f o felepeqosjorg  d ferepeg Y

QBOORPRUOWIRUIO)

+1S0¥800°0 7€000°0 [ SO-HP8'S 0 0 9€IS0S000°0 Jur Jur ‘sorelroployyng o ‘eLRIoRqojordelog o ‘euelpeqoolord  d ‘euepeg Y

PSRN 3 oreord000UTUITY

$S6€LT000  SO—H8Y'9 S OTHOTEBIO'0 LBIGLE6TO00 1OES6SL00°0 TO8F96500°0 E€THOEFBYT'O SLETTRIN0C ISO[BIPIISO[D ™ © BIPHISO[D o iseopmorry d rerreprg Y

LTS

PS6ELC000  SO—HTL'8 € S$¥9L£6000°0 0 0 €605€0€00°0 Jur Jui {S3[EPIOIAEL O BIPOIjoRY O sajplomioeg  d EuLRg Y

T8 LSS

$S6€LT000  SO-HTL'S € S$¥9L£6000°0 0 0 €60S€0£00°0 Jui Jul ‘soeploreloRg 0 ‘BIplorooryg o iseleprorepey  d leuelpeg Y

12)0BQOTRX() S {9B2OBIDNBAO[EX(D J

$S6€L200°0  SO-HO6'L 0 7T9911000°0 0 0 0 Jur Jur ‘sorelroployyng o ‘elRIoRqojordeing T o ‘euelpeqoolord  d ‘eueprg Y

QB2ORIDIORAO[RXD ]

$S6€L200°0  SO-HIE9 0 9867+1000°0 0 0 S0-901°C Jur Jur ‘sorelroployyng o ‘eLRIoRqojordelog o ‘euelpeqoolord  d ‘euepeg Y

(b) enfea-d  onea-d  UOXOO[IA\  QOUBPUNQE  20UBPUNGR  OOUBPUNQER  QOUBPUNGE NDUIYDLITD JAUNO LT Autouoxe],
PpajoalIod Livating ueIpaul Livating Livating reuy Iouop
-4ad dsV [euld SV repmuy  resrd&jomeN foueq prod pIod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD
Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO
BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

9 H'1dVL



Dec. 21, 2017

US 2017/0360848 Al

31

YETETSLO0  96£20°0 or PCOEYO6L0°'0 €TSBYYLIO0  89S96¥10°0 T1SCISTREO'0 STHOSOTLTC TrereTce1e Buopeqoojord d eLejeg ¥

B[[10A2IJ S {orosR[[l0AlI

YETETSLO0  96£20°0 or 6501T€ET00 SO-HLE'S TSTITTO000 LOYBY60000  LBSECO6'LYT  BYIGILSO'LI ‘soeploreloeg 0 ‘BIplorooryg o iseleprorepey  d leuepeg Y

2B0ORT[I0ARIT

YETETSLO0  96£20°0 or TT08TEETO0 SO-HLE'S TSTITTO000 LOYBY6000'0  ¥TOOCCI'8YT  BYIGILSO'LT ‘soeploreloRg 0 ‘BIplorooryg o iseleprorepey  d leueprg Y

soplorajorg S ‘oB20BpIOINORG |

89.¥0€L0°0  €£01T0°0 6¢ S96S186C°0 BSOETOELY'O BBSYILYTO 9S9900LTT°0 LOYOFEOEI0 T9TS0$89C°0 ‘soeploreloeg 0 ‘BIplorooryg o iseleprorepey  d leuepeg Y

oBOOEpIOIAIORG I

89.¥0€L0°0  €£01T0°0 6¢ 6S6£8186C°0 BSOETOELY'O BBSYILBYT'O 9S9900LCT0 8SBI6E0EI0 T9TS0$89C°0 ‘sofeploreloRg 0 ‘BIplorooryg o iseleprorepey  d leuepeg Y

SNOUNIIOIFRITY S {9Be0Es2000UTUIMY |

TE8TIER00 LT0°0 6¢ S0-HL9'% S0-H8S9 SO—HOL'E SO-HES'T T198+0760L°0 SSIVP8LYTO ISO[BIPIISO[D ™ © BIPHISO[D o iseymorwrry d rerrepryg Y

IOIQ) (OBIORIDODOUTUNTY |

99£98890°0  T¥B10°0 8¢ 90€60600°0 $90605+00°0 656.88800°0 9ELBLELOO0 60LLTISTOT LTEOTELYL'T ISO[BIPIISO[D ™ © BIPHISO[D o isopmorurry d ferreprg Y

99£98890°0  T¥B10°0 8¢ 9ETHOE000'0 €997 10000 S0TC000°0 6£SLPT000'0  €ECSSTELT [£:14:13430) QO ‘somorry d ereRg

99£98890°0  T¥B10°0 8¢ 9E€TP0E000°0 €99TF1000°0 S0TC000°0 6£SLPT000'0  €ECSSTELT [£:14:13430) 1210 SR HRIO [saorurny d ferepeg Y

99£98890°0  T¥B10°0 8¢ 9E€TP0E000°0 €99TF1000°0 S0TC000°0 6£SLPT000'0  €ECSSTELT [£:14:13430) IO MO somorrLy d eueRg Y

99£98890°0  T¥B10°0 8¢ 9E€TP0E000°0 €99TF1000°0 S0TC000°0 6£SLPT000'0  €ECSSTELT [£:14:13430) 120 SR HRYIO SRIO sty d ferreprg Y

86STER90°0 1910°0 LE LYEE08E0S'0 €99L1V00T9°0 ¥VCPLEOVOV'O  6STTI0IT0 86STHBSTR'O LIE8TYPYE0 safeploroloryg O ®IploIaoRy” o iseleplorepey  d eLejeg ¥

86STER90°0 1910°0 LE LYEE08E0S'0 €99L1V00T9°0 ¥VCPLEOVOV'O  6STTI0IT0 86STHBSTR'O LIE8TYPYE0 BIpIoIoReeg o ‘sdeploreeg d fenepeg )

86STER90°0 1910°0 LE 8€990+0S°0 THTLPTOT90 6TISILFOF'O T9TE610TT0 L168ET9TR0 66LS67FFE0 sojoproraloeg  d fEueRBg Y

eS8 8 {oroorLR)ORqOLIO) |

YETETSLO0  6TTT0°0 9¢ SO-HCS'S SO-HTY'6 0 0 TI8STIF8S8S0 0 ‘$9[BHIIOBAOHO) 0 BIHAIIBGONOD T O BHAloRqoUndY d leuepeg Y

90709500 1TC10°0 33 SLOSY6600°0 99STPLT00'0 SOVILTLO00 LISYOCOI00 1680CS9C9°E 60¥899CYL'E BHOPEQOUNOY ™ 0 ‘BLl0rqoundy d ferepeg Y

uniRLiorqopyrgd S (oro0RII00BqOPYId J

YLOPESO'0 60100 [43 6106.8600°0 t¥LS69C00°0 6S6STTLO00 LISYITOI00 666CTLOV99°E 8ECSLILOB™E {SI[EHDIOBAOPYIE O [BHREOUNDY T D felerqouroy d fereleg )

9B20BLIOIORQOPYTH |

YLOPESO'0 60100 [43 1871066000 ¥¥LS69T00°0 6S6SCCLO00 LISYOTOT00 STESOOELIE 8ECSLILOB™E {SI[EHDIOBAOPYIE O [BHRBOUNDY T D felerqouroy d fereleg )

YLOPESO'0 60100 [43 1871066000 ¥¥LS69T00°0 6S6SCCLO00 LISYOTOT00 STESOOELIE 8ECSLILOB™E SI[EIORBQOPYIY O 'BHOIBOUNOY O BLR0BqounRy  d eHopRyg Y

83

6020500 +6.00°0 [43 P8LTE60C0'0 9LS98CEO00 661906S10°0 PIBLLLBIO0 L609LI69E9 TEOLBYEIL'S ISO[BIPIISO[D ™ © BIPHISO[D o isoymorurry d rerrepryg Y

I

6020500 +6.00°0 [43 P8LTE60C0'0 9LS98CEO00 661906S10°0 PIBLLLBIO0 L609LI69E9 TEOLBYEIL'S ISO[BIPIISO[D ™ © BIPHISO[D o isepmorwrry d ferreprg Y

TTETETHO'0 890070 1€ EPPEICIT00 TLOCOLEOO0  61ESYLO0'0 8SO989010°0 +00LYI8TOE 6S8TLS8T BHepRqoUNRY d eLRjRg Y

B[[QUOI[IOA ™ S ‘OBIOR[[OUOI[IOA™ |

YLOPESO'0  ¥TIT00 0¢ 0 SO-H6L8 [UnC 1294 S0-d6s'v 0 8E6EYVCTSO ISO[BIPIISO[D ™ © BIPHISO[D o isepmorurry d ferreprg Y

$80<6¥¥0°0 £800°0 0¢ 7856CE100°0 0 SO-HI¥'e 90€505000°0 Jui Jul euejpEqojordeydy o feHerqoojord  d fEueRBg Y

8 ‘owooroooooidonsordeg

LS0EE0'0  S0S00°0 6C L8LOSYCO0'0  S¥STOT00'0 <CPIBIC00'0 LL6000L000 ¥8TBICEIV'T YLYSTTLIRO ISO[BIPIISO[D ™ © BIPHISO[D ™ o iseoymorurry d rerreprg Y

snososouTuIy 8 ‘erooriidsoutory

CTEITT6E00  STO00°0 214 0 T0L§TT000°0 S0-dZL'6 0 0 0 {SARIPIISO[) ™ O ‘BIPIIsO[) o ‘seynoruuty d eueped Y

seuowoUAING ™ S {[or20RIRqLIOPO] ™

TLOPE6T00  ££700°0 8T 8CYIYSY00°0 0 0 v¥IS01000°0 Jui Jul ‘soeploreloRg 0 ‘BIplorooryg o iseleprorepey  d feuepeg Y

LO96¥TT00  STE00°0 9T €0ST9TB00°0 TELETITO0'0 I¥8IOFIN00 CPLE8LTO00 LEG00OEYR'E SPOL09ETE’T BueRprqosjordelfe o reuepEqodjord d eLejpRg ¥

(b) enfea-d  onea-d  UOXOO[IA\  QOUBPUNQE  20UBPUNGR  OOUBPUNQER  QOUBPUNGE NDUIYDLITD JAUNO LT Autouoxe],
P2302IIoD TRIpaUT URIpaOUT TRIpaUT TRTpaUT Teuy Iotuop
add dsV [euld SV repmuy  resrd&jomeN foueq prod prod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD
Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO
BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

panuiuod-9 HIdvL



Dec. 21, 2017

US 2017/0360848 Al

32

DNDONOOOOOEMDHZM‘(H

6LSTEIBT'O0 169800 1$ LTPSBIOLT'O BELE6GSBSTO €86LESOETO PITLSSOETO  9¥60830TI'T TO68YOLESY'T ISO[BIPIISO[D ™ © BIPHISO[D o isoymorurny d reiepryg Y

[ovaoeyiararssiL]

S96T0S9T'0  €19L0°0 6% SO-HST'S SO-H8T'¢ SO—H88'T SO-HOT'E  6V8TFI66ST LYO6SHY66'0 {SI[BIPIISOT) O BIPHISO[Y™ O ‘saporumty d fereieg )

B][OISRTY] 8 {OBOORIIOIORQOIOIIT J ‘SO[BHIOIOBQOIAUY O

6LSTETRI'0  TLIROO pig 0 90-H9S6 0 0 0 0 ‘elepEqosjordeIILED O fBlRjrqojord d euojRg Y

PEFORBET'0  LLT900 4 8ETTIF000'0 99€¥€9000°0 6LT€6L000°0  +¥8BF000'0  SE6VBIGFIO  L9S99669L°0 SO[RI[I0BOIORTT O T[[oRg o isemorunly d femeleg Y

8 ‘ovooeoudyTy J

PEFORBET'0  LLT900 4 TEP6LLLTO0 T8SESO800°0 6T6VTLE000 TTEL96000'0  8S6TYILOTT LTLOTTOTT'O ‘so[eproralprg O feIplorelprg o sajeplorepeg d eueped Y

S20AUIOUTOY ™ S (0Be0RI00AWIOUNOY |

TPI6SHIT0  8FSL00 Ly 0 SO-ASTE 0 0 0 0 ($9[E20AUIOUTOY 0 [BLIDJOBQOUIRY 9 [BIRPEqounoy d feuepeg Y

snodooIAING S ‘oraoessoocoutuIy J

STrLY6TT'0  80950°0 Ly 9LE868000°0 CTL8VTHO00'0 BLOLESDOO'0 TSSE6EETO00  660€VLP60°T SEYOTISSY'S {SI[BIPIISOTD O BIPHISO[Y O ‘soporumty d ferelpeg

eIr1dso[[osQ 3 ‘orooessooouTUITY J

CSOPILITO  666¥0°0 o 68TYTL6T00 SL9LS60TO0 TO9TITEOTO0  €L000TT0°0  +PILETBLIY'T ¢61206¥CC0 {SI[BIPIISOTD ™ O BIPIISO[Y™ O ‘saporumy d ‘ereieg )

sednsorerny ™ S foveorridsouyoe] I

CSOPILITO  666¥0°0 o SLT6£8000°0 LLOSTFO00'0 T6E9E8000°0 TILTHFSO00'0  60SLOYYLE'T 6689€L9LT'1 {SI[BIPIISOTD O BIPHISO[Y O ‘soporumry d fereleg y

sodnsify ™ 8 ‘oroor[ousyTy J

9LE8980T°0  L¥PH00 34 T8BITBLIO0 SOEVIOFEQ0 6FEFPLSTO0 TEOB00T00'0  #TS698F1S 0 STSTT0850°0 ‘sa[EpIOTaloRg O ‘BIpIoIaORg O ‘soleploroped d fenepeg )

ouqafingopnesgd 8 ‘orooriidsoutory J

99€L99€T°0  LO0900 124 0 SO-HILY 0 T9¥9T1000°0 0 TIVI86ERIT {SI[BIPIISOTD O BIPHISO[Y O ‘soporumry d fereipeg

6¥CSLTOT'0 L6070 124 7800790000  S6¥6£000°0 SSYOTLO00'0 TE€BETSO00'0  6TBSTOOLS'T 8SPTO0TOE T IO BHORRY Y

6¥CSLTOT'0 L6070 124 7800790000  S6¥6£000°0 SSYOTLO00'0 TE€BETSO00'0  6TBSTOOLS'T 8SPTO0TOE T IO SR TIO TAYIQ BHjoRg Y

6¥CSLTOT'0 L6070 124 7800790000  S6¥6£000°0 SSYOTLO00'0 TE€BETSO00'0  6TBSTOOLS'T 8SPTO0TOE T IO RO BLUOPRG Y

6¥CSLTOT'0 L6070 124 7800790000  S6¥6£000°0 SSYOTLO00'0 TE€BETSO00'0  6TBSTOOLS'T 8SPTO0TOE T IO SRO TRYIO IO IOy MR Y

6¥CSLTOT'0 L6070 124 7800790000  S6¥6£000°0 SSYOTLO00'0 TE€BETSO00'0  6TBSTOOLS'T 8SPTO0TOE T IO PO TR BB Y

100 ‘ovoorridsouyorT J

S8ILL6600  S6¥E0°0 34 PLIPPER00'0 9ETI86TIT00 SEBESSETIO0 SSLBITIE00  6TTTST990  6TTOYSLIOE {SI[BIPIISOID ™ O BIPHISO[Y O ‘saporumty d fereleg )

T986.680°0  680€0°0 44 160S¥CI00°0 TOPT99000°0 TTBITSO000  9TPE000'0  TILIGHELB'T 608T91LIC0 SI[EHOREGOIO) O [BINOPEQOHOY 0 ‘BHaeqoundy d ‘BHopeg 3

T986.680°0  680€0°0 44 160S¥CI00°0 TOPT99000°0 TTBITSO000  9TPE000'0  TILIGHELB'T G0BTITLISO BIHOIBGOMO) 0 felelrqounoy d fereleg )

QBOOBIIDIORQOTIO])  J

T986.680°0  680€0°0 44 160S¥CI00°0 TOPT99000°0 TTBITSO000  9TPE000'0  TILIGHELB'T 608T91LIC0 {S3[BIIOIOBAOIIO) O [BIHARBIONO) O BHAOEqOUNRY  d BloRRyg Y

B[[OSUI[[0) T ‘OBOOBIIOIBQOIIOD) |

6¥CSLTOT'0  T66£0°0 184 TE6T95000°0 SO-HSY'L 0 SO—HOT'€  98TCTLTOE'L  8YOLSLITY O {S3[BIIOIBAOIIO) O [BIHARBIONO) O BHA0EqOURY  d BloRRyg Y

9L£89801°0 S¥0°0 It S0-A87°€ 0 0 0 Jur Jur 120 HRTHO BIPINSOI) ™ o senorunry d ‘erejoeg Y

9L£89801°0 S¥0°0 It S0-A87°€ 0 0 0 Jur Jur IDIQO RIPHISOI) ™ 2 sagnoruury d ‘eLejorg ¥

B0

9L£89801°0 S¥0°0 It S0-A87°€ 0 0 0 Jur Jur SO PO BIPLISO[Y 0 isapmorurny d ferepeg Y

oeooepeuoworAydiodJ

PSTETSLOO  96£T00 o €96967970°0  B6TELETO'0 LTEILEITO'O SO8VILE00'0  9T99€T6S6'T 8THOEITTY0 ‘sa[eproraloRyg O ‘BIploraoRg o ‘sapeploropeg d fenepeq Y

soplorajorqered S ‘ovooepruoworiydiod J

PSTETSLOO  96£T00 o T68T8Y9F0°0 €8TEESTCO0 LTEILEITO'0 SOBBILE00'0  986£98790°T TrL6TSEET 0 ‘sa[EpIOTaloRY O ‘BIpIoIAORE O ‘soleploroped d fenepeg )

(b) enyea-d onrea-d  UWOXOO[IQA  QOUBPUNQE 20URPUNGE 20URpPUNGE 20UBpUNGR NDUIYDLITD JAUNO LT Autouoxe],
Pa30aII00 uBIpauI uBIpaur uBIpauI uBTpauI reuy Jouop
-4aid dsv euLl - dsy enm  [esrdfomen foueq prod pIod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD
Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO
BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

panuiuod-9 HIdvL



Dec. 21, 2017

US 2017/0360848 Al

33

SL8CIBEF'0  6667C0 9 LY?9C1000°0 0 60666%000°0 T.6088000°0 Jui Jul soopeus] d ‘BHeRRg

€99112Er'0  €TSLTO €9 965LSS100°0 ¥PLE9TT000 LELELYPOO'0 E€VCISSO00'0  ¥I90LBLIL0  6SLBSOVSTO FBIQOITUIOINIIBA ™ [BIGOIIWOINIPA ™ d fereleg 3

€99112Er'0  €TSLTO €9 965LSS100°0 ¥PLE9TT000 LELELYPOO'0 E€VCISSO00'0  ¥I90LBLIL0  6SLBSOVSTO erqomrwmooniA~ d erery Y

9BOOEBIQOIOTIIOONLIIA | {SO[BIGOIOTUIOONIIOA ™~ O

€99112Er'0  €TSLTO €9 965LSS100°0 ¥PLE9TT000 LELELYPOO'0 E€VCISSO00'0  ¥I90LBLIL0  6SLBSOVSTO ‘FBIQOIDTUIOINIIDA ™D [BIGOINWOINIPA ™ d feroleg 3

SO[BICOIOTUIOONIIOA ™ O

€99112Er'0  €TSLTO €9 965LSS100°0 ¥PLE9TT000 LELELYPOO'0 E€VCISSO00'0  ¥I90LBLIL0  6SLBSOVSTO ‘9BIQOIDTUIOINIIDA ™D [BIGOINWOINIPA ™ d feroleg 3

BISUBULIONYY 8 {9BOOBIGOIOTUIOINLIIA ™ J {SO[BIQOIOTIWIOONLIA O

€99112Er'0  €TSLTO €9 966LSS100°0 BI69ETT000 LELELYPOO'0 E€VCISSO00'0  €EEBOBBTLO  SECTI6LSTO ‘9BIQOIOTUIOINIIDA ™D [BIGOINOINIPA ™ d ‘eroloeg 3

snooosordo)y ™ 8 foeeorrrdsouyoe] I

€99112er'0  1TH9T0 €9 €C06CSST0°0 L6LICT610'0 €C0T690T0°0 vPEBBESEO'0  TLOTTICI®O TL8089058°1 ISO[BIPIISO[D ™ © BIPHISO[D ™ o iseoymorurry d rerreprg Y

12730 SRI0

F01606£°0  60¥CT0 19 8EEBOCCO0'0 TBTLTSTO00 CLEBBYEOD'O T6S08Y7C00°0 120676060  8LYSTSIB6'0 ISO[BIPIISO[D ™ © BIPHISO[D o iseopmorry d rerreprg Y

=00

F01606£°0  60¥CT0 19 8EEBOCCO0'0 TBTLTSTO00 CLEBBYEOD'O T6S08Y7C00°0 120676060  8LYSTSIB6'0 ISO[BIPIISO[D ™ © BIPHISO[) o iseoymorurry d rerreprdg Y

6TTLIT6E0 8¥EC0 19 6766810000  €08ST1000°0 SO—HIS'L SO—HOT'8  9L8YSBIOT'T 8LIOLIOISO IO SRYIQ NI ‘sateprorapeg d erepRg Y

6TTLIT6E0 8¥ET0 19 6766810000  €08ST1000°0 SO—HIS'L SO—HOT'8  9L8YSBIOT'T 8LIOLIOISO IO ‘sepprorepey d eHopRd

6TTLIT6E0 8¥ET0 19 6766810000  €08ST1000°0 SO—HIS'L SO—HOT'8  9L8YSBIOT'T 8LIOLIOISO IO RYIQ ‘seweplorepeg d ferepeg )

6TTLIT6E0 8¥EC0 19 6766810000  €08ST1000°0 SO—HIS'L SO—HOT'8  9L8YSBIOT'T 8LIOLIOISO 12U SR SRYIO SRIO sejeploreieg d eLojrg ¥

oeaorIIdsouyor ] J

€00L0L9€°0 €500 09 S8TIOPIECT'0 €0SE0LSSTO 6C96108L1°0 660L0€TBT'O  S6ET0606L°0  8C690ICIS'T ISO[BIPIISO[D ™ © BIPHISO[D o ‘sepmorurry d rerreprg Y

€PT0C0rE0 TS8O 6S LOEEYOTO0'0 €TI60TTI000 +BEOISTO00  €ILT9T00°0  LPP6SO0V6'0  ¥98TIH0LOV'T e o somorwrty d euepRg T Y

9BOOB[[2INAISEJ ] SOTB[[MAISEJ ©

T1969¥1€°0  8ETLI'O 8¢ SO—HLSO  6LTST0000 8I90T000°0 8¥OLOTO00  6£00CTOEY0 8S67C900°L ‘erelrqosjordetiurey o ererqootord  d EHoRRg Y

So[B[[oMaISEd O

T1969¥1€°0  8ETLI'O 8¢ SO—HLSO  6LTST0000 8I90T000°0 8¥OLOTO00  6£00CTOEY0 8S67C900°L ‘erelrqosjordetiurey o ererqoatord  d fEHoRRg Y

oe2oeo0000)donsoided J

T1969¥1€°0  8ETLI'O 8¢ 90%C80900°0 CI0SIBEO0'0  £OTOFE00'0 686L08CIO0  T¥OreEetr6S’l 8GS09TLSE'E ISO[BIPIISO[D ™ © BIPHISO[D o isopmorurry d rerreprg Y

snn[dowsB 8 {9Bo0B[[2INAISEJ ] {SOB[[MAISEJ O

L8IVEL6T0 €LSTO LS SO-HCLY £566£10000 SO0—H6T9 STIPS6000'0  TSTPPOELEE'0  €9BEEILIB'O ‘erelrqosjordetiurey o fererqootord  d EHeRRg Y

snoocooojdeng™ 3 ‘erooeooosoidens™ J

L8IVEL6T0 €LET°0 LS 8CLTT¥000°0 6L10LS000°0 TE6CHC000'0 LSLOEE000'0  T¥BEOICCL'O  ¥0E9T906S°0 ISI[B[[I0BQOIOBT O (T[[oRg 0 ‘samorunry d eHeRy Y

WNHI9JOBOIOIB[OOSEYJ 8 OBIOB[[QUO[[IOA™ |

L8IVEL6T0 €LET°0 LS $80E09€00°0 T6LCSOTO0'0 9909€9100°0 B8SS60LE000  EPEEIVICY'E  6TBLYPSECS'E ISO[BIPIISO[D ™ © BIPHISO[D o isopmorwrry d rerreprg Y

umipiiso)” 9 ‘oeveorridsouyoe] J

CEVLSYETOD  €081T°0 e C0T8SE900°0 ¥9¥986800°0 BOLEVCCIO'0  €08BL6TO'0  6861SL0L0  808I8610T'C ISO[BIPIISO[D ™ © BIPHISO[D o isoymorury d rerreprg Y

erdsouyoe] S ‘oeoorridsouyoe] J

CEVLSYETOD  €081T°0 e 1C9T0T900°0 ¥8YLETIO0'0 ¥69STCS00'0 9L9TBITCO0  LTICSTIONY'T 8Y6€9911°C ISO[BIPIISO[D O BIPHISO[D o isoymorurry d rerreprg Y

B[[P8IYS™ 8 {OBIOBIIAIOBQOIAINUH  J {SO[BLRIOEqOIAIUY O

SPLY9LTO  880¥T10 €S 0 SO-HS8E 0 S0-d6s'v 0 SOLLEBEGT'T ‘elI0oRqosjoIdeUIIRY O [BRJ0Rq00j0r d FBLRRBY Y

9890800000)dong ™ J

9608LLITO  18901°0 €< 8ETCIF000°0 9T0EBSO00'0 T€6CHC000°0 LSBLOYOO0'0  LLESO690L0  ¥TSEIS669°0 ISI[B[[I0BQOIOBT O ‘I[[oRg o ‘samoruiry d eHeRy Y

[ovoorIiORqLIOPO] S

LOTPT661°0  S¥960°0 [43 C0796L900°0 €£8ITFI00°0 +1LBO6100°0 609LLITO0'0  BLBSSLO6LY  SBSSSITIER'Q ‘sofeploreloRg 0 ‘BIplorooryg o iseleproreey  d leuepeg Y

(b) enfea-d  onea-d  UOXOO[IA\  QOUBPUNQE  20UBPUNGR  OOUBPUNQER  QOUBPUNGE NDUIYDLITD JAUNO LT Autouoxe],
P930a1I00 uBTpauI uBIpauI uBTpauI wBTpauI reuy Jouop
add dsV [euld SV repmuy  resrd&jomeN foueq prod prod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD

Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO
BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

panuiuod-9 HIdvL



Dec. 21, 2017

US 2017/0360848 Al

34

umipiiso)” 8 ‘orvooryoodisAig I

66T7€009°0 961870 1L LSLOTF000'0 STS86¥000°0 68988E000°0 T1L660€000°0  8TOVIF6EC80  ¥6I9LLITOO ‘soeyorofpdisiig o myormopadisArg o fsomorurry d eueprg Y

umipiso;)~ 8 ‘ovoorooosoidensoideg

TLTI9T6S0  €8ILF0 1L TCISEE000°0 8TYPYOTO00'0 CPOTSTO00'0 EVELLTO000  661SHELIT'T C88IT88Y0'1 ISO[BIPIISO[D ™ © BIPHISO[D o iseoymorury d rerreprg Y

UMLI2)0RqIEOE,] S (9Besrss000uUTUMY |

TLTI9T6S0  €8ILF0 1L STOCRY990°0 89665CCSO'0 CI00TYILO0 CTP8YS6LST'O  BLLSICLT'T SLSTBYCCO'E ISO[BIPIISO[D ™ © BIPHISO[) o isoymorurry d errepryg Y

w210 S ‘ovoorIrdsouyor] J

TLTI9T6S0  €8ILF0 1L 8I1CLEOO0 BI9EC6CO00 POISTLFO00 SPO691€00°0 6E6LLLTLTT  vE6CEIVSO'T ISOTBIPIISO[D ™ © BIPHISO[D o iseopmorurry d rerreprg Y

UIMIPIISO[D) ™ 8 {9BeoRIPIISO[D J

€LTOTELS0  I8IHF0 0L 9ETEL6TO0'0 96TBCLEOD'0 SOTYPBTELO0'0 SSOT99S00°0  8ISBLVLEL'0  TTSTOVBIST ISO[BIPIISO[D ™ © BIPHISO[) o iseymorurny d errepryg Y

PO ‘or2seooooodonsoided I

€LTOTELS0  I8IHF0 0L L9S0LTTO00 61E¥STC00'0 69¥SL8T00°0 6LT00L¥00°0  EVLOTLOO'T L61996¥80°C ISO[BIPIISO[D ™ © BIPHISO[D o isoymorury d rerreprg Y

e[ydolig S {9BeORUOLIQIAOJNSA(] J (SO[RUOLIQIAOINSA(] ©

€LTOTELS0  I8IHF0 0L LPLT6ET00°0 TISSBIIO00 +SSTE6000°0 CSTIE0TO00  +OT908FLI'T 69CY6L698°0 ‘elelBqoajordela(r o felepeqosjorg  d ferepeg Y

€LTOTELS0  I8IHF0 0L UG AN SO-d19'% S0-HSL'E 0 $T0£eesIT’T 0 $9[6190AUWOUTIOY ™0 ‘BHARBQOUTRY ™ 0 ‘BIaIveqounoy ™ d BHoped 3

12730 SRI0

€LTOTELS0  I8IHF0 0L L860.£000°0 178TITO000 1STTTTO00°0 Cr11000°0  9TTRBIEVL'T €811099¢6°0 ‘soeploreloeg 0 ‘BIplorooryg o iseleprorepey  d leuepeg Y

=00

€LTOTELS0  I8IHF0 0L L860.£000°0 178TITO000 1STTTTO00°0 Cr11000°0  9TTRBIEVL'T €811099¢6°0 ‘soeploreloRg 0 ‘BIplorooryg o ‘seleproreey  d leuHepeg Y

snyroeqordo)y™ 3 {ovsoryomordisArg ]

€09STS8S0  TLPSHO 69 0 SO-AESY  SO-H6T9 0 0 0 ‘soreyomoredisArg o farmopdisig o somoruuny d wEepEd Y

eInRlg S ‘oveoerrdsouyoe] J

L8EELEIS0  €6TIF0 69 CSYO0T0C0’0 BEEEE96TO0 CLYO9TICO0 TILBYOSTO0  ++80616C0°T C9968£90¢€"1 ISO[BIPIISO[D ™ © BIPHISO[D o iseoymormrry d rerreorg Y

eeINNg 38 ‘ovooruaSieory J

L8EELEIS0  €6TIF0 69 €6SL9€010°0  LLLOLOO'O P099LE8000 ¥96STCTCO0  YLTST8YOV'T L8LOSTOYT'E  ‘SoRMAPIOYIMY O ‘ELoREqO0Ideleg O BHRRqodtord d BHeRRY Y

2e00rUaSIRITY J

L8EELEIS0  €6TIF0 69 I8GTTPOT00  LLLOLOO'0 ¥099LEBOO'0  60TBTCCO0  VLEVOSTLY'T 68L0TT8YT'E  ‘SORLAPIOTIMY O ‘BLoREqO0IdRIog O BHRRq0atord  d BHORRY Y

oeooryomodisArg ]

€9CTI8YFS0 61680 89 10790CE00°0 C095C8900°0 6109€LLO00 6L¥10T900°0  €9STELEOV0 981958060 ‘soeyorofpdisiig o myormopadisiry o fsomorurry d feuepeg Y

€9CTI8YFS0 61680 89 10790CE00°0 C095C8900°0 6109€LLO00 6L¥10T900°0  €9STELEOV0 981958060 rgommofadisArg o fsamoruury d fererg Y

€9CTI8YFS0 61680 89 10790CE00°0 C095C8900°0 6109€LLO00 6L¥10T900°0  €9STELEOV0 981958060 soeyorofpdisiig o ‘myormopadisArg o fsomorury d feueeg Y

umueioRqouToR S ‘oveserrdsouyor] J

L8EELEIS0  8BTIVO 89 S0-H6¢'8 S0-H18'8 S0-H60'6  ¥66L000°0 SBICBLYLEO T6LLLITLO6 {SI[BIPIISOTD O BIPIISO[Y O ‘soporumty d femeipeg y

€9CTI8YFS0 61680 89 TOTBLETTO0  9TSOELO00 +099LEBOO'0 €ETIESBECO'0  €90EVSLSS T COPITESOT'E SA[EHOPIOYLINY 0 ‘BLRPEqodjordelag O BHeRRqootord  d BHoRY Y

€9CTI8YFS0 61680 89 6071100  9TS0EL00°0 +099LE800°0 €£TOEEVETO'0  8PLTLLIOST COPITESOT'E BHRjORqojordeiog o eLeBqoajord d eLejRg ¥

PTEITIES0  TH8EE0 L9 LOOETFO8E'0 ¥SOSTLETED TOETTOETS0 TSOLE6LITSO  8S0968L9T°T LTSSS6109'T saorwryd ‘ereReg

8 ‘ovoorRLIORqOLIO)

16088710 SEFPED 99 £€16801000°0 SO-HSH'8 S0-H60'6 ¥¥ISOT000'0 LO66VLEBBL'T 61706LEYCT T ‘$9[BHAIOBAOHO) 0 (BIHAIIBGON0) 0 [BHAloRqoUndY T d eueg Y

— 3 ‘ovcoryomoredisArg

TTE66SEY'0  £098T°0 9 9I97E6100°0 STSSTHHO00 £€8680£S00°0 £709500°0 TS6EIBEY'0  TOTITT69T'T ‘soeyorofpdisiig o myormopadisAr o fsomorurry d euepeg Y

TTE66SEY'0  £098T°0 9 90€00TTOE0  TOEEO9TE0 €66£C6S6V'0 6CEYYOSISO  €OLETSTIT'T Cr68805C9'1 SO[BIPIISO[D ™ © BIPIISO[) o ‘sopnorurry d ferreprg Y

TTE66SEY'0  £098T°0 9 90€00TTOE’0  T0EE69TE'0 TECLITO6V'0 6CEVVOSISO  €OLETSTITT Cr68805C9'1 BIPIISO[) ™ O samorwiry d ‘BHoReg

(b) enfea-d  onea-d  UOXOO[IA\  QOUBPUNQE  20UBPUNGR  OOUBPUNQER  QOUBPUNGE NDUIYDLITD JAUNO LT Autouoxe],
P2302IIoD TRIpaUT URIpaOUT TRIpaUT TRTpaUT Teuy Iotuop
add dsV [euld SV repmuy  resrd&jomeN foueq prod prod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD
Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO
BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

panuiuod-9 HIdvL



Dec. 21, 2017

US 2017/0360848 Al

35

8 {[ovooruorqISoIN]

YOLLES8'0  T6VBLO 08 CrPCS8000°0 ¥Cr68¥000°0 8SLLEVTN0'0  S99SS000°0 LBOETLIVL'T 9L99GELET'T ISO[BIPIISO[D O BIPHISO[D o isoymorury d rerreprg Y

BIOLIAUDSH S {9BOORLIAIORQOINNIT | SO[RLI2I0RQOINNU ©

YOLLES8'0  T6VBLO 08 8LYES6000°0 +CBE6Y000°0 TI8EFCO00'0 9E€TS0S000'0 ¥SSI080L6'1 S16906¢C01 ‘erelrqosjordetiurey o ererqootord  d EHoRRg Y

— 3 ‘ovoorridsouyoe] J

YOLLES8'0  YOLPL'O 6L 886V1S800°0 SOVSSYCIO0 CreEr6LYI00 EVPLITEED'D 9S9¥EIERI0 €8CTI60L9°C ISO[BIPIISO[D ™ © BIPHISO[D o isoymorurry d rerreprg Y

8 ‘orooR[[PURSTRISLITD |

8869€618°0  LL60L0 8L C8TIYL000'0 6LEETS000'0 LOTO0TI00'0 TT9SLTO000 €TOEELEVY'T SOTLLBIESO ISO[BIPIISO[D ™ © BIPHISO[D o iseoymorry d rerreprg Y

[snosoooumumy] S ‘oeveorrrdsouyoe]

YOOTTIVL'0  SELESO oL €8ELTEBOO'0 8LOSEBLOO'O TEOIF9L00'0 CTIBTIVBLOO'O 6661SL790°1 C¢CS10900°1 ISOTBIPIISO[D ™ © BIPHISO[D o iseopmorurry d rerreprg Y

CCHINS ™ B [oB0BIPIISOI) ™ §

T89ELE0L0  SETO90 SL 8981¢C000°0 ¥C68C000°0 €€910C000°0 SPIS6000'0 8ESSBSI9L'0 Y61L0L96T C ISO[BIPIISO[D ™ © BIPHISO[D o isopmorurry d rerreprg Y

9200RIP0AWOUTOY |

CTE0L0L69°0 1506570 YL S0-H€TT SO-HLv'E 0 0 LP6T6TLY90 0 {$3[B10AUWIOUTOY ™ 0 [BHRRBQOUTRY ™ 0 ‘BlLaveqounoy ™ d ‘BHoped 3

eLNGesOy S ‘oveorrrdsouyoe] J

S6E8SL9°0  ¥T8ISO YL PLSTIO0C0'0  CTLO0LBTO0 €90€98TH0'0 TIEBITFLO'0 SLIOC6LILO CTTO98EEBS™C ISO[BIPIISO[D ™ © BIPHISO[D o isoymorurry d rerreprg Y

[umureoeqnyg]— 8 ‘oveoeyomriofadisArg ™ J

OLTITOMO0  80SECO €L S0-H6S9 €L0LSTO000 6SECTCO000 0 I8C0SS61Y°0 0 ‘soeyorofpdisiig o myormopadisAry o fsomorurry d euepeg Y

umIpImse[)” 8 ‘eraorosocouTmIy  J

S098L199°0  61CSS0 €L SO-HC6'L SO-H6L8 S0-H6C9 0 T880LS106°0 0 “S9BIPIISO[D ™ O BIPHISO[) ™ 0 somorunry d fenard Y

9BEORIPINISOID J

8T6TLITO0  £6T0S0 [42 8GL6BEO00 E£EETBEO000 ¥BSBENS00'0 T0EC69800'0 VIEBLLOTOO SLOVYITOE T ISO[BIPIISO[D ™ © BIPHISO[D o isoymorrry d rerrepeg Y

eIURURP[OY 3 ‘ovcoryomodisArg

OTLY88T90  69C1C0 [42 819€11000°0 SO0-H96'L S0-H6T'6 8YLEBIN000 89FOCOBTY'1 89909¥60¢°C ‘soeyorofpdisiig o myormopadisir o fsomorurry d euepeg Y

8 ‘ewooRIpIISO])

109112+9°0 9LTS0 [42 8780TC000°0 SO—H89'T €CTLIL6000°0 SO-HITY  6LOTV6VI'El  9V6TSEROST “S9BIPIISO[D ™ O BIPHISO[) ™ 0 somorunry d fenard Y

(b) enfea-d  onea-d  UOXOO[IA\  QOUBPUNQE  20UBPUNGR  OOUBPUNQER  QOUBPUNGE NDUIYDLITD JAUNO LT Autouoxe],
P2302IIoD TRIpaUT URIpaOUT TRIpaUT TRTpaUT Teuy Iotuop
add dsV [euld SV repmuy  resrd&jomeN Jouo( prod prod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD
Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO

BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

panuiuod-9 HIdvL



Dec. 21, 2017

US 2017/0360848 Al

36

8 ‘ovoorooocouTUIY J

165020860 170860 <8 SOTPP6C10°0 €0TSTISIO0 PPBLSBIE0'0 Y6CEOLOTO0 €LTLOE9SROD  BIPPIIBOL'O ISO[BIPIISO[D O BIPHISO[) o iseoymorurry d errepryg Y

165020860 170860 <8 LT99100°0 ¥10LLTIO00 9€S6SL000°0 S+06CTC00'0  LOETTOCOL T TOLETSSYL'T eLIRORqOdjOIdRIIIIRD D BHRRqoRI0rd d ooy )

9BOIRT[OULYTY J

SOF08TS6'0  L90¥6°0 78 PrOEr0Er0'0 LIBYISYSO'0  6VLL6EE00  TSTOEE00'0 I8PTRBS68L'0  869195090°0 ‘soeploreloeg O ‘BIplorooryg o iseleproropey  d leuepeg Y

12j0BqUIOPQ 3 {[oreorIolRqUIOPO]

SOF08TS6'0  L90¥6°0 78 PI9€6L100°0 S$T6€00100°0 1CCCSOT00°0 SO¥PCLOTO00 TTBECLOVL'L €C0TSTRI0T ‘sofeploreloRg 0 ‘BIplorooryg o iseleproreey  d leuepeg Y

QBOIR[UOI[IOA ™ I

PECERYT6'0  LTI06°0 €8 66¥C17900°0 88BITE900°0  6S0S0600°0 99SLEEOE0'0 LTLESTYBO'0  STYLIVOO8Y ISO[BIPIISO[D ™ © BIPHISO[) o isoymorurry d rerreprg Y

[ovaornrajoRqISoN]

PECERYT6'0  LTI06°0 €8 CrPCS8000°0 vC681¥000°0 BSLLEVIN0'0  S99SS000°0 LBOECLIVL'T  9L99SELET'T ISO[BIPIISO[D ™ © BIPHISO[D o iseoymorurry d rerreprg Y

3 {[ovooerarsoured]J

PECERYT6'0  LTI06°0 €8 LELT66000°0 SO-HE6'E BOEESTLO0'0 B686LEO000  LEOVPRET'ST  SSIVC6L99°6 ‘soeploreloeg 0 ‘BIplorooryg o iseleprorepey  d leuepeg Y

[ovooeotsoured]

PECERYT6'0  LTI06°0 €8 LELT66000°0 SO-HE6'E TPBIBSLOO'0 B686LE0000  LEOVPRET'ST  SSIVC6L99°6 ‘soeploreloRg 0 ‘BIplorooryg o iseleprorepey  d leueprg Y

IOIQ ‘orOOR]OUANTY J

L680¥806'0  TIT98°0 8 STEEST00'0 STTEBTCO00 I8IOISTO00  9F9EL000'0 THIS0S60T T ELSTIELYTO ‘soeploreloeg 0 ‘BIplorooryg o iseleprorepey  d leuepeg Y

IO (OBAORIIOIORQOIAIIT [ {SORIRIOBRQOIAIIH O

L680¥806'0  TIT98°0 8 €01811000°0 L¥+901000°0 SO-HIC’L SO-HEY'S TE60LET6E’ T LLLOVBO0SO ‘erelrqosjordetiurey o ererqootord  d EHoRRg Y

SOTRIIOIOBRQOIAIIH O

L680¥806'0  TIT98°0 8 OP8STICI00'0 9EBOELO000  BIEEO00'0 SOPCBITO00 P66LE9€99'T  LETO6COTOE'T ‘ereleqosjordetiurey o ereeqootord  d EHoRRyg Y

9BOORIIOIORQOINNI ] {SO[RLI2I0RQOINUT ©

L680¥806'0  TIT98°0 8 OP8STICI00'0 9EBOELO000  BIEEO00'0 SOPCBITO00 P66LE9€99'T  LETO6COTOE'T ‘erelrqosjordetiurey o fererqootord  d EHoRRg Y

IOISI[RI(] S {OBOIB[[OUOI[IOA ™ I

L680¥806'0  TIT98°0 8 L96LSF000°0 6608970000  BOPLEE00'0 8ISEVFECO'0  6900C80L'T SLSYBEVILY ISO[BIPIISO[D ™ © BIPHISO[) o ‘seoymorurry d rerrepryg Y

YOLLES8'0  T6VBLO 08 88SSETO00°0 SOSOPCO00'0 BSLSPTO00'0 SEL66C000'0 ESPTILSS6'0  969SE€6STITT Sa[EIOPEIM] O {T[[oRg 0 sy d BHoRRd

9BOORINVEQIOLNT ]

YOLLES8'0  T6VBLO 08 88SSETO00°0 SOSOPCO00'0 BSLSPTO00'0 SEL66C000'0 ESPTILSS6'0  969SE€6STITT IS3[RIPEQIMY O (T[[Rg 0 ‘somoruiry d ‘eHeRRy Y

I0J0BRQIOIINL S (0BO0BIOIOBRQIOINL I

YOLLES8'0  T6VBLO 08 88SSETO00°0 SOSOPCO00'0 BSLSPTO00'0 SEL66C000'0 ESPTILSS6'0  969SE€6STITT IS3[RIPEQIMY O (T[[Rg 0 ‘somoruiry d feHeRRg Y

SNOO020UTIITY S {9B20BI0000UTIINTY  J

YOLLES8'0  T6VBLO 08 LS6£606C0°0 BLLSOT6TO0  TBELEVO'O0 8S68BIBCO'0  EvPS8YIST  ¥COOV6TLY'T ISO[BIPIISO[D ™ © BIPHISO[D o isoymorurry d rerrepryg Y

QBOIR[UISUNISI D™ |

YOLLES8'0  T6VBLO 08 Y6LL000°0 6LEETS0000 L9TOOYTIO00 TC9SLCO000 8YSOSTRICTT SOTLLBIES O ISO[BIPIISO[D ™ © BIPHISO[D o iseopmorry d rerreprg Y

(b) enfea-d  onea-d  UOXOO[IA\  QOUBPUNQE  20UBPUNGR  OOUBPUNQER  QOUBPUNGE NDUIYDLITD JAUNO LT Autouoxe],
P2302IIoD TRIpaUT URIpaOUT TRIpaUT TRTpaUT Teuy Iotuop
add dsV [euld SV repmuy  resrd&jomeN Jouo( prod prod

“B[[UMOBS:] PUE SOpIOIR}oBe :9SEaI0dp JUEOYIUSIS AJ[EUISIEUT B POMOUS SNUoD

Sutmor[o] o1, ‘OUIQIACINSS(] PUE ‘B[[210ARI] ‘UMIISIORQOPYTY :2SeaIdul Jueoyrusis B mors erouwes Sutmoriof o1, ‘Sunse) sisomiod£y oydnmur
I0] UOTRRLI0D IoYE (01°0 > b) Jueoymusis Aqeursrews o (¢0°Q > b) JweoymusTs are synsar yargm moys sonfea b oy pue ‘Sunsey siseqiodAy opdiymnur Jop
TOTI0RLI0D NOM JUeoYTuSTS AJ[EOTISTIRIS oI8 S)[NSaT YoT M mors senjea-d o], “dnorS SV oyl Tof LI IoYE SYoom § PUE QUT[OSE] 18 BIIDIOB] JO
BIOUST JULIDYIP JO SOUBPUNGE 2T SMOYS 9[qe) STIL, "TLIA 01 osuodsor Ul eouepunge 19173 25ueys eoues [RII910B]G [B99) PRIOdos

panuiuod-9 HIdvL



US 2017/0360848 Al

Example 14: Microbiome Analysis Across Common
Diversity Metrics

[0261] Parallel analyses were performed for multiple
diversity metrics to understand the effect of metric on the
microbiome findings. With the Observed OTUs metric (a
count of the number of OTUs observed at least one time in
a sample (FIG. 16), the same patterns as in FIG. 14, panel
a were observed. This confirms that both phylogenetic and
non-phylogenetic metrics illustrate the same patterns of
change in community richness with MTT.

[0262] Similarly, pairwise distances were computed
between samples using four diversity metrics, a qualitative
non-phylogenetic metric (Jaccard distance), and quantitative
non-phylogenetic diversity metric (Bray-Curtis distance), a
qualitative phylogenetic diversity metric (unweighted Uni-
Frac), and a quantitative phylogenetic diversity metric
(weighted UniFrac) (FIG. 17). While the same pattern was
observed with the first three metrics, no significant engraft-
ment was seen with weighted UniFrac (though less variation
was observed across individuals at weeks 10 and 18 than in
earlier timepoints). Quantitative metrics give more weight to
higher abundance OTUs than qualitative metrics. Because
differences were observed in composition with our quanti-
tative non-phylogenetic metric but not our quantitative phy-
logenetic metric, without being bound to any scientific
theory, this may suggest that when changes occur in high
abundance OTUs, those OTUs are generally closely related
(thus the change is down-weighted with a phylogenetic
diversity metric relative to a non-phylogenetic diversity
metric).

Example 15: Microbiome Analysis Based on Fecal
Swab Samples

[0263] In addition to stool collection over the 18 week
period, fecal swab samples were collected nearly every other
week. These samples were obtained by swabbing bottoms or
used toilet paper with a sterile swab, and thus are easier to
collect than stool samples. The general patterns observed
from the stool data are present in the swab data. However,
the fecal swab samples did not achieve the same statistical
significance as in the stool samples (FIG. 18). This could be
due to greater variability in the handling of the swab
samples, which were shipped to our collection facility at
ASU, and thus spent a varied amount of time at ambient
temperature, ranging from a few hours to multiple days.

Example 16: Bacteriophage Virome Analysis

[0264] Changes in the phage diversity of gut samples from
ASD or neurotypical participants were also evaluated.
Briefly, phages were surveyed by sequencing community
DNA from purified viral fraction samples, assembling them,
and defining phage populations from the assembled contigs
as established in Brum et al., Patterns and ecological drivers
of ocean viral communities. Science 348, doi:10.1126/sci-
ence.1261498 (2015). Abundance profiles of phage popula-
tions were then statistically evaluated for changes over time.
[0265] In contrast to the microbiota, phage richness and
evenness did not significantly change following MTT during
the timeframe of this study (FIG. 19, panel a). Without being
bound to any scientific theory, at the population level, phage
communities are reliant on their host communities and, thus,
significant changes in phage diversity can lag behind bac-
terial community changes (Rodriguez-Brito et al. 2010).
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However, a number of metrics suggested phage communi-
ties also responded to MTT as follows.

[0266] First, in four individuals tracked across all four
stool samples, phage diversity of three MTT responders
decreased and then recovered, while the non-responder
decreased but did not recover. Second, analyses of quanti-
tative (Bray-Curtis; FIG. 19, panel b, right) and qualitative
(Jaccard; FIG. 19, panel b, left) measures of community
dissimilarity between samples revealed phage communities
of ASD-afflicted children were significantly more similar to
those from the donor following MTT. Permutation based
fitting of subject variables to Bray-Curtis and Jaccard
NMDS plots uncovered significant clustering based on sub-
ject type (e.g. autism, neutrotypic and donor; r*=0.2120,
p-value<0.0001, 9999 permutations) and among ASD sub-
jects based on treatment stage (r*=0.4021, p<0.0002, 9999
permutations), and high (r*20.2066, p<0.0149, 9999 permu-
tations) and low (r*z0.1851, p=0.0023, 9999 permutations)
dose donor. Not surprisingly, in addition to microbiota, FMT
also transfers phages. Indeed, phage communities of ASD
children appear driven by the successful transfer of donor
viral populations during MTT (FIG. 19, panel c¢). Following
the high and low doses of MTT, phage populations from the
donor engrafted across all ASD subjects, while the abun-
dance of phage populations originally in their pre-MTT
virome were completely eliminated or decreased (FIG. 19,
panel c). In contrast, across neurotypical subjects high
abundance (>60%) of phage populations of the starting
virome remained indicating that the changes observed are
not due to normal temporal variability (FIG. 19, panel d).
The results indicate that MTT shifts phage communities of
ASD children towards those of donors

[0267] Procedures for gut virome preparation, sequence,
and analysis are summarized below. Viral DNA was isolated
from stool samples as previously described by (Minot et al.
Genome Research 21:1616-25 (2011)) with slight modifi-
cations. Briefly, 0.5 g of stool was resuspended into 40 mL
of SM buffer and spun down at 4000 rpm for 30 min and the
supernatant was filtered at 0.2 um. The filtrate was then
ultra-centrifuged in a step CsCl gradient as detailed in
(Thurber et al., Environmental Microbiology 11:2148-63
(2009)). To target dsDNA bacteriophages, the 1.35-1.5 g/ml.
fraction was collected from the CsCl column, treated with
chloroform (Vega Thurber et al 2009) and then with DNase
1 (100 U/mL) followed by the addition of 0.1M EDTA and
0.1M EGTA to halt enzyme activity as described (Hurwitz et
al., Environmental Microbiology 15:1428-40 (2013)). Viral
DNA was then extracted using the DNeasy Blood and Tissue
Kit.

[0268] Following DNA extraction, the NexteraXT kit was
used to prepare the sequencing libraries with two minor
changes. During the library preparation, input DNA was
PCR amplified with 18-25 cycles. When input DNA con-
centrations was low, the buffer ATM was added at a 1:10
dilution. Sequencing was performed on a MiSeq v3 2x300
at one-sixth of a lane per sequencing library.

[0269] For Virome bioinformatic analysis, reads were
QC’d using Trimmomatic (Bolger et al., Bioinformatics
30:2114-20 (2014)) to remove adaptors, trim low-quality
ends of reads (reads were cut as soon as the base quality
dropped below 20 on a 4 bp window), and discard short
reads (<50 bp). The reads from each sample were then
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assembled using Idba_ud (Peng et al., Bioinformatics
28(11):1420-8(2012)) with kmer size varying from 20 to 100
by increment of 10.

[0270] The assembled contigs were screened with Vir-
Sorter (Roux et al., 2015) to identify and remove all micro-
bial genomes sequences (i.e. all contigs >10 kb and not
detected as viral by VirSorter in “virome decontamination”
mode). Then, a non-redundant dataset of viral contigs was
generated by clustering all viral contigs with Cd-hit (Li et
al., Bioinformatics 22:1658-59 (2006), threshold of 95%
ANI on 80% of the shortest sequence). This resulted in 4,759
non-redundant viral sequences longer than 10 kb.

[0271] To determine the viral population relative abun-
dances in the initial samples, the QC reads were mapped
back to this non-redundant contigs database with bowtie2
(Langmead et al., Nature Methods 9:357-U354 (2012),
option-non-deterministic and -sensitive, default otherwise).
A contig was considered as detected in a sample if covered
by reads on more than 75% of its length, and its abundance
was computed as the contig average coverage (number of bp
mapped to the contig divided by contig length) normalized
by the total number of bp sequenced in the metagenome (as
in Brum et al., Science 348, doi:10.1126/science.1261498
(2015)).

[0272] The diversity indices, Shannon’s H' and Peilou’s J,
and Bray-Curtis distances analyses were calculated using the
vegan package (Oksanen et al., Community ecology pack-
age, version 2 (2013)) in R version 3.2.3 (R Core Team,
2015). Bray-Curtis distances were statistically ordinated
using the nonmetric multidimensional scaling (NMDS) and
then the influence of the metadata on sample ordination was
evaluated using the “envfit” function with a total of 9999
permutations in the vegan package.

1. A method for increasing the abundance of one or more
gut microorganisms in a subject in need thereof, said method
comprising treating said subject by administering a thera-
peutically effective amount of a pharmaceutical composition
comprising a fecal microbe preparation comprising a sub-
stantially complete fecal microbiota from a single donor,
wherein said subject exhibits at least a 2-fold increase of the
abundance of said one or more gut microorganisms after said
treatment as compared to before initiating said treatment,
wherein said one or more gut microorganisms are selected
from the group consisting of Bifidobacterium, Prevotella
and Desulfovibrio.

2. A method for modulating the abundance of one or more
gut microorganisms in a subject in need thereof, said method
comprising treating said subject by administering a thera-
peutically effective amount of a pharmaceutical composition
comprising a fecal microbe preparation comprising a sub-
stantially complete fecal microbiota from a single donor,
wherein said subject exhibits at least a 2-fold change of the
abundance of said one or more gut microorganisms after said
treatment as compared to before initiating said treatment,
wherein said one or more gut microorganisms are selected
from the group consisting of Bifidobacterium, Prevotella,
Desulfovibrio, Copprococcus, Clostridium, Eggerthella, and
Bacteroides.

3. The method of claim 1, wherein said method further
comprises determining in said subject a relative abundance
of said one or more gut microorganisms.

4. The method of claim 1, wherein said subject has an
autism spectrum disorder (ASD) and said method improves
one or more ASD symptoms.
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5. The method of claim 4, wherein said one or more ASD
symptoms are selected from the group consisting of gastro-
intestinal (GI) condition, speech, sociability, receptive lan-
guage, cognition, irritability, mood, anxiety, lethargy, ste-
reotypy, hyperactivity, and play skills.

6. The method of claim 1, wherein said subject exhibits at
least a 10% reduction in assessment score after said treat-
ment as compared to before initiating said treatment based
on an assessment system selected from the group consisting
of Childhood Autism Rating Scale (CARS), Childhood
Autism Rating Scale 2—Standard Form (CARS2-ST),
Childhood Autism Rating Scale 2—High Functioning
(CARS2-HF), Aberrant Behavior Checklist (ABC), Social
Responsiveness Scale (SRS), and Vineland Adaptive Behav-
ior Scale 11 (VABS-II).

7. The method of claim 1, where said at least 2-fold
increase is achieved after 2 or more weeks of initiating said
treatment.

8. The method of claim 1, where said at least 2-fold
increase is maintained for at least 8 weeks after discontinu-
ing said treatment.

9. The method of claim 1, where said subject exhibits no
gastrointestinal (GI) symptom prior to initiating said treat-
ment.

10. The method of claim 1, where said subject further
exhibits one or more GI symptoms prior to initiating said
treatment.

11. The method of claim 10, where said subject exhibits
at least a 50% reduction in assessment score based on the
Gastrointestinal Symptom Rating Scale (GSRS) assessment
system after said treatment as compared to before initiating
said treatment.

12. The method of claim 1, where said method further
comprises administering an antibiotic to said subject prior to
administering said pharmaceutical composition.

13. The method of claim 1, wherein said pharmaceutical
composition is administered orally.

14. The method of claim 1, wherein said fecal microbe
preparation is lyophilized.

15. The method of claim 1, wherein said fecal microbe
preparation comprises a non-selected and substantially com-
plete fecal microbiota from a single donor.

16. The method of claim 1, wherein said fecal microbe
preparation comprises a preparation of viable flora in pro-
portional content that resembles a normal healthy human
fecal flora and comprises no antibiotic resistant populations.

17. The method of claim 1, wherein said pharmaceutical
composition is formulated as an acid-resistant capsule.

18. A method comprising

a. determining a relative abundance of one or more gut

microorganisms in a subject having an ASD or having
an ASD sibling, and

b. administering to said subject a therapeutically effective

amount of a pharmaceutical composition comprising a
fecal microbe preparation comprising a substantially
complete fecal microbiota from a single donor to
achieve at least a 2-fold change of the abundance of
said one or more gut microorganisms, wherein said one
or more gut microorganisms are from a genus selected
from the group consisting of Clostridium, Bacteroides,
Bifidobacterium, Prevotella, Eggerthella, and Desulfo-
vibrio.

19. The method of claim 18, wherein said subject having
an ASD exhibits no gastrointestinal symptom.
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20. The method of claim 18, wherein said subject having
an ASD does not exhibit one or more, two or more, three or
more, four or more gastrointestinal symptoms selected from
the group consisting of abdominal pain, reflux, indigestion,
irritable bowel syndrome, chronic persistent diarrhoea, diar-
rhoea, flatulence, constipation, and alternating constipation/
diarrhoea.



