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(57) Abstract: A correlative finding between increased Clostridiales bacterial abundance in the gut and intestinal barrier maturation of
preterm neonates at-risk for development of necrotizing enterocolitis (NEC) is disclosed. These findings form the basis for the methods
of identifying preterm infants at risk for developing necrotizing enterocolitis (NEC), the methods of treating such infants, as well as the
methods of characterizing intestinal permeability in preterm infants disclosed herein.
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COMPOSITION AND METHODS FOR PREDICTING NECROTIZING
ENTEROCOLITIS IN PRETERM INFANTS

STATEMENT OF FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0001] This invention was made with government support under Grant Number AT006945

awarded by the National Institutes of Health. The government has certain rights in the invention.

BACKGROUND OF INVENTION

[0002] The colonization of animal intestinal tracts with microorganisms starts at birth and
undergoes rapid shifts in composition and structure as the host matures over time (Koenig et al
2011; Sharon et al., 2013; Grier et al., 2017; de Muinck and Trosvik, 2018). These
microorganisms perform essential functions mechanistically linked to the immune system
development, nutrient acquisition and energy regulation, opportunistic pathogens suppression, as
well as intestinal barrier competency, which includes epithelial metabolism, proliferation and
survival, mucin and antimicrobial compound production, and cell-cell communication signaling
molecule secretion (Neish, 2009; Belkaid and Hand, 2014; Yu et al., 2016).

[0003] Disruption of the intestinal microbiota leads to dysbiosis, a state of ecological
imbalance where the community loses diversity, key bacterial species, and more critically
metabolic capacity with reduced colonization resistance to opportunistic pathogens (Arrieta et
al., 2014). Early life gut dysbiosis is associated with disease susceptibility along with short-term
and lifelong health issues, such as necrotizing enterocolitis (Madan et al., 2012), sepsis (Madan
et al., 2012), asthma and allergies (Arrieta et al., 2015), type 1 diabetes (Vatanen et al., 2016),
celiac disease (Cenit et al., 2015), inflammatory bowel disease (Gevers et al., 2014) and obesity
(Cho et al., 2012), among others.

[0004] In particular, necrotizing enterocolitis (NEC) is a life-threatening, gastrointestinal
emergency that affects approximately 7-10% of preterm neonates with mortality as high as 30—
50% (Guner et al., 2009). In this condition, bacteria cross the intestinal wall leading to local and
systemic infection and inflammation, and bowel wall necrosis and perforation. Intestinal barrier
immaturity, characterized as elevated intestinal permeability, or “leaky gut,” is the proximate
cause of susceptibility to NEC in preterm neonates (Anand et al., 2007; Fitzgibbons et al., 2009;
Fox and Godavitarne, 2012; Bergmann et al., 2013).
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[0005] It is critical to characterize the preterm infant intestinal microbiota to identify
dysbiotic states associated with increased intestinal leakiness, as well as beneficial bacteria
associated with improved intestinal barrier function, for subsequent stratification of early
diagnosis, early intervention and primary prevention of leaky gut and its sequelae. The present

invention is directed to these ends and to other important goals.

BRIEF SUMMARY OF INVENTION

[0006] As disclosed herein, the impact of intestinal microbiota development on intestinal
mucosal barrier maturation was evaluated in preterm neonates. As discussed in detailed below, a
cohort of preterm infants < 33 weeks gestation was monitored for intestinal permeability (IP) and
fecal microbiota during the first two weeks of life. Rapid decrease in IP indicating intestinal
barrier function maturation correlated with significant increase in gut bacteria community
diversity. In particular, members of the orders Clostridiales and Bifidobacteriales were highly
transcriptionally active, and progressively increasing abundance of Clostridiales was
significantly associated with decreased intestinal permeability, an indication of epithelial barrier
maturation. Further, neonatal factors previously identified to promote intestinal barrier
maturation, including early exclusive breastmilk feeding and shorter duration antibiotic
exposure, were found to associate with the early colonization of the intestinal microbiota by
members of the Clostridiales, which altogether are associated with improved intestinal barrier
function in preterm infants. Given that intestinal barrier immaturity, or “leaky gut,” is the
proximate cause of susceptibility to necrotizing enterocolitis (NEC) in preterm neonates, these
findings form the basis of the invention disclosed herein.

[0007] For example, and in a first embodiment, the invention is directed to a method of
characterizing intestinal permeability (IP) in a subject.

[0008] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, wherein when the amount
of Clostridiales and/or Bifidobacteriales bacteria is about 5% or less by relative abundance of the
total amount of bacteria in the sample, the IP of the subject is characterized as high, and wherein
when the amount of Clostridiales and/or Bifidobacteriales bacteria is more than about 5% by

relative abundance of the total amount of bacteria in the sample, the IP of the subject is
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characterized as low. In particular aspects, the subject may be a preterm infant. In particular
aspects, the sample is a stool sample.

[0009] In a second embodiment, the present invention is directed to a method of treating or
preventing high intestinal permeability in a subject.

[0010] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for high intestinal
permeability to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in
the sample is about 5% or less by relative abundance of the total amount of bacteria. In particular
aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool sample.
[0011] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for high intestinal
permeability to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria is
within a pre-established range of amounts of Clostridiales and/or Bifidobacteriales bacteria
associated with high intestinal permeability. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0012] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a treatment or preventive agent for high
intestinal permeability to the subject when the amount of Clostridiales and/or Bifidobacteriales
bacteria in the samples decreases over time. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0013] In certain aspects, the methods of treating or preventing high intestinal permeability
in a subject result in a decrease in IP of at least 10% compared with a subject that does not
receive the treatment or preventive agent for high intestinal permeability.

[0014] In a third embodiment, the present invention is directed to a method of identifying a
subject at elevated risk for developing necrotizing enterocolitis (NEC).

[0015] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, wherein when the amount

of Clostridiales and/or Bifidobacteriales bacteria is about 5% or less by relative abundance of the



WO 2019/226751 PCT/US2019/033488

total amount of bacteria in the sample, the subject is identified as at elevated risk for developing
NEC. In particular aspects, the subject may have high intestinal permeability. In particular
aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool sample.
[0016] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and comparing the amount
to pre-established ranges of amounts of Clostridiales and/or Bifidobacteriales bacteria associated
with NEC, wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria in the
sample is within pre-established range of amounts of Clostridiales and/or Bifidobacteriales
bacteria associated with NEC, the subject is identified as at elevated risk for developing NEC. In
particular aspects, the subject may have high intestinal permeability. In particular aspects, the
subject may be a preterm infant. In particular aspects, the sample is a stool sample.

[0017] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points,
wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria in the samples
decreases over time, the subject is identified as at elevated risk for developing NEC. In particular
aspects, the subject may have high intestinal permeability. In particular aspects, the subject may
be a preterm infant. In particular aspects, the sample is a stool sample.

[0018] In a fourth embodiment, the present invention is directed to a method of treating or
preventing NEC incidence in a subject.

[0019] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for NEC to the subject when
the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by
relative abundance of the total amount of bacteria. In particular aspects, the subject may be a
preterm infant. In particular aspects, the sample is a stool sample.

[0020] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for NEC to the subject when
the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of
amounts of Clostridiales and/or Bifidobacteriales bacteria associated with NEC. In particular

aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool sample.
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[0021] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a treatment or preventive agent for NEC
to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the samples
decreases over time. In particular aspects, the subject may be a preterm infant. In particular
aspects, the sample is a stool sample.

[0022] In certain aspects, the methods of treating or preventing NEC incidence in a subject
result in a decrease in NEC incidence of at least 10% compared with a subject that does not
receive the treatment or preventive agent for NEC.

[0023] In a fifth embodiment, the present invention is directed to a method of treating or
preventing leaky gut in a subject.

[0024] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for leaky gut to the subject
when the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or
less by relative abundance of the total amount of bacteria. In particular aspects, the subject may
be a preterm infant. In particular aspects, the sample is a stool sample.

[0025] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for leaky gut to the subject
when the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established
range of amounts of Clostridiales and/or Bifidobacteriales bacteria associated with leaky gut. In
particular aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool
sample.

[0026] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a treatment or preventive agent for leaky
gut to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the
samples decreases over time. In particular aspects, the subject may be a preterm infant. In

particular aspects, the sample is a stool sample.
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[0027] In certain aspects the methods of treating or preventing leaky gut in a subject result in
a decrease in IP of at least 10% compared with a subject that does not receive the treatment or
preventive agent for leaky gut.

[0028] In a sixth embodiment, the present invention is directed to a method of improving
intestinal barrier function in a subject.

[0029] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about
5% or less by relative abundance of the total amount of bacteria. In particular aspects, the subject
may be a preterm infant. In particular aspects, the sample is a stool sample.

[0030] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-
established range of amounts of Clostridiales and/or Bifidobacteriales bacteria associated with
intestinal barrier malfunction. In particular aspects, the subject may be a preterm infant. In
particular aspects, the sample is a stool sample.

[0031] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a live biotherapeutic product (LBP)
comprising a culture of one or more of Clostridiales, Lactobacillus, Bifidobacteriales and
Negativicutes bacteria to the subject when the amount of Clostridiales and/or Bifidobacteriales
bacteria in the samples decreases over time. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0032] In certain aspects, the methods of improving intestinal barrier function in a subject
result in an improvement in function of at least 10% compared with a subject that does not

receive the LBP.
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[0033] In a seventh embodiment, the present invention is directed to a method of promoting
intestinal barrier maturation in a subject.

[0034] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about
5% or less by relative abundance of the total amount of bacteria. In particular aspects, the subject
may be a preterm infant. In particular aspects, the sample is a stool sample.

[0035] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-
established range of amounts of Clostridiales and/or Bifidobacteriales bacteria associated with an
immature intestinal barrier. In particular aspects, the subject may be a preterm infant. In
particular aspects, the sample is a stool sample.

[0036] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a live biotherapeutic product (LBP)
comprising a culture of one or more of Clostridiales, Lactobacillus, Bifidobacteriales and
Negativicutes bacteria to the subject when the amount of Clostridiales and/or Bifidobacteriales
bacteria in the samples decreases over time. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0037] In certain aspects, the methods of promoting intestinal barrier maturation in a subject
result in a maturation of at least 10% compared with a subject that does not receive the LBP.
[0038] In an eighth embodiment, the present invention is directed to a method of reducing
gut inflammation in a subject.

[0039] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the

subject a therapeutically effective amount of an agent to reduce gut inflammation when the
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amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by
relative abundance of the total amount of bacteria. In particular aspects, the subject may be a
preterm infant. In particular aspects, the sample is a stool sample.

[0040] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to reduce gut inflammation when the
amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of
amounts of Clostridiales and/or Bifidobacteriales bacteria associated with high gut inflammation.
In particular aspects, the subject may be a preterm infant. In particular aspects, the sample is a
stool sample.

[0041] In certain aspects, the methods of reducing gut inflammation in a subject result in a
decrease in inflammation of at least 10% compared with a subject that does not receive the agent
to decrease gut inflammation.

[0042] In a ninth embodiment, the present invention is directed to a method of maintaining
gut homeostasis in a subject.

[0043] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to induce gut homeostasis when the
amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by
relative abundance of the total amount of bacteria. In particular aspects, the subject may be a
preterm infant. In particular aspects, the sample is a stool sample.

[0044] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to induce gut homeostasis when the
amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of
amounts of Clostridiales and/or Bifidobacteriales bacteria associated with dysregulated gut
homeostasis. In particular aspects, the subject may be a preterm infant. In particular aspects, the
sample is a stool sample.

[0045] In certain aspects, the methods of maintaining gut homeostasis in a subject result in
an improvement in gut homeostasis of at least 10% compared with a subject that does not receive

the agent to induce gut homeostasis.
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[0046] In a tenth embodiment, the present invention is directed to a live biotherapeutic
product (LBP) comprising a culture of one or more of Clostridiales, Lactobacillus,
Bifidobacteriales and Negativicutes bacteria.

[0047] In each of the embodiments and aspects of the invention defined herein, the preterm
infant is an infant of less than 37 weeks of gestational age.

[0048] In relevant embodiments and aspects of the invention defined herein, the amount of
Clostridiales and/or Bifidobacteriales bacteria in the sample may be based, for example, on the
relative abundance of one or more selected genes corresponding to the bacteria in the sample or
the relative abundance amount of the bacteria in the sample. When the amount of bacteria in the
sample is based on the relative abundance of one or more selected genes, the genes may be, for
example, a 16S rRNA gene variable region of the bacteria, such as, but not limited to, the V3-V4
variable region of 16S rRNA genes.

[0049] In relevant embodiments and aspects of the invention defined herein, when samples
are obtained from a subject at two or more time points, the time points are separated by at least 7
days plus or minus 1 to 2 days.

[0050] In relevant embodiments and aspects of the invention defined herein, the LBP
comprises Clostridiales and Bifidobacteriales. In other embodiments and aspects of the
invention, the LBP comprises each of Clostridiales, Lactobacillus and Bifidobacteriales. In
further embodiments and aspects of the invention, the LBP comprises each of Clostridiales,
Lactobacillus, Bifidobacteriales and Negativicutes. In further embodiments and aspects of the
invention, the LBP comprises one or more of Bifidobacterium, Lactobacillus, Acetoanaerobium,
Acidaminobacter, Anaerocellum, Anaerovirgula, Anaerovorax, Carboxydocella, Casaltella,
Epulopiscium, Fenollaria, Flavonifractor, Fusibacter, Gottschalkia, Guggenheimella,
Howardella, Intestinimonas, Levyella, Metabacterium, Mogibacterium, Natranaerovirga,
Proteiniborus, Proteocatella, Pseudoflavonifractor, Sulfobacillus, Thermaerobacter, and
Veillonella bacteria.

[0051] In relevant embodiments and aspects of the invention defined herein, a decrease in the
amount of Clostridiales and/or Bifidobacteriales bacteria in the samples over time is a decrease
of at least about 10%.

[0052] In some of the embodiments and aspects of the invention, the methods include

administering a treatment to the subject, such as a treatment for (i) high intestinal permeability,
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(i1) NEC, and (ii1) leaky gut. Suitable treatment includes, but are not limited to, LBP, antibiotics,
prebiotics, synbiotics, and intestinal environment parameters modifying small molecules.

[0053] In some of the embodiments and aspects of the invention, the methods include
administering a preventive agent to the subject, such as an agent for preventing (i) high intestinal
permeability, (i1) NEC, and (ii1) leaky gut. Suitable agents include, but are not limited to, LBP,
antibiotics, prebiotics, synbiotics, and intestinal environment parameters modifying small
molecules.

[0054] In some of the embodiments and aspects of the invention, the methods include
administering an agent to modulate gut inflammation or induce gut homeostasis to the subject.
Suitable agents include, but are not limited to, LBP, antibiotics, prebiotics, synbiotics, and
intestinal environment parameters modifying small molecules.

[0055] The methods of the invention that include treatment or prevention may further
comprise administering breast milk to the subject, especially when the subject is a preterm infant,
and/or reducing exposure of the subject to antibiotics. As discussed in the examples, these
additional steps have been shown to increase Clostridiales and/or Bifidobacteriales bacteria
abundance in the subject. Such an increase may lead to improved treatment outcomes and further
reduce the likelihood that the subject will develop one of the conditions or diseases discussed

herein.

[0056] The foregoing has outlined rather broadly the features and technical advantages of the
present invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described herein, which
form the subject of the claims of the invention. It should be appreciated by those skilled in the art
that any conception and specific embodiment disclosed herein may be readily utilized as a basis
for modifying or designing other structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that such equivalent constructions
do not depart from the spirit and scope of the invention as set forth in the appended claims. The
novel features which are believed to be characteristic of the invention, both as to its organization
and method of operation, together with further objects and advantages will be better understood
from the following description when considered in connection with the accompanying figures. It

is to be expressly understood, however, that any description, figure, example, etc. is provided for
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the purpose of illustration and description only and is by no means intended to define the limits

of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0057] Figure 1. A, Urinary La/Rh ratio by GA strata and study time points. B, percent with
normal intestinal barrier function (La/Rh ratio < 0.05). C and D, cluster IP patterns and exclusive
breast milk feeding. Data are expressed as mean + SD or present. *P < .05.

[0058] Figure 2. Alternative measures of IP. A, Serum zonulin expressed relative to a healthy
term control by GA strata and study time points. B, Serum zonulin/urinary La/Rh ratio
correlation. C, Fecal A1AT concentration (ug/g stool). Data are expressed as mean + SD or
present. *P < .05.

[0059] Figure 3. Heatmap of the 50 most abundant intestinal bacterial taxa relative
abundance in samples collected from 38 preterm infants enrolled in the study. The microbiota of
64 fecal samples were successfully characterized by high-throughput sequencing of the V3-V4
variable regions of 16S rRNA genes. The three sidebars indicate cluster, time, and intestinal
permeability category, respectively. Ward linkage clustering was used to cluster samples based
on their Jensen-Shannon distance calculated in vegan package in R (Oksanen et al., 2011). The
samples with no IP assessment were included to generated the clusters. The low and high
intestinal permeability category was defined by a La/Rh > 0.05 or <= 0.05 respectively (Saleem
et al., 2017). Taxonomic profiling of corresponding metagenomes further resolved Klebsiella
spp. to Klebsiella pneumoniae, FEnterococcus spp. to Enterococcus faecalis, and Bifidobacterium
spp. to Bifidobacterium breve.

[0060] Figure 4. Boxplots comparing levels of intestinal permeability and microbial
community diversity at study days 1, 8, and 15 in a cohort of 38 preterm infants (<33 weeks
gestational age). Intestinal permeability is measured by non-metabolized sugar probes lactulose
(La) (marker of intestinal paracellular transport)/thamnose (Rh) (marker of intestinal
transcellular transport). Microbial community diversity was calculated by OTU (Operational
Taxonomic Units) richness. Wilcoxon rank sum test and a false discovery rate of 5% was used in
significance test. Median values and interquartile of the values were shown in box. A, Intestinal

permeability (p-value = 0.002) and community diversity at the three study time points (p-value =
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0.02). B, Community diversity (p-value < 0.001) in infants with low and high intestinal
permeability defined by a La/Rh > 0.05 or <0.05 respectively (Saleem et al., 2017).

[0061] Figure 5. A, Evaluation of the effect of demographic, obstetric, and neonatal factors
as covariates on microbial community composition and structure. Difference in R’ of the model
(y-axis) was used to access the effect of covariates on overall variance of microbial community.
Subject, PMA, and IP were shown to have the most explanatory covariates, together they
explained 63.4% of the observed variation of the intestinal microbial community. B,
Discriminatory scheme for high or low IP.

[0062] Figure 6. Comparison of relative abundance of bacterial groups in stool samples
associated with high and low IP (La/Rh) measurements. A, Cumulative abundance between
phase II/III subjects (6—24 months of age) and phase I infants (within first 2 weeks of life) with
high and low IP. B, Cumulative abundance at study day 1, 8, and 15 for phase I infants with high
and low IP. C, Cumulative abundance at study day 1, 8, and 15 for phase I infants that had first
day starting breastmilk feeding at day 1 or 2, or day 3 and later. D, The relative abundance of
Clostridiales of each sampling point and the number of samples at study day 1, 8, and 15 for
phase I infants with high or low IP. Bars represent the relative abundance of Clostridiales in each
sample. Dotted line and solid line represent mean, and median relative abundance, respectively.
Clostridiales was identified to be significantly discriminative with respect to the IP class (p-
value = 0.0002, logarithmic linear discriminant analysis (LDA) score is 4.996) using LDA effect
size (LEfSe) analysis (Segata et al., 2011). The alpha threshold value for the pairwise non-
parametric Kruskal-Wallis test was 0.05 and the threshold for the logarithmic LDA model score
(Fisher, 1936) for discriminative features was 2.0. An all-against-all comparison in multi-class
analysis was performed. The low and high IP category was defined by a La/Rh > 0.05 or <0.05
respectively.

[0063] Figure 7. Bacterial species transcriptional activity in preterm infant stools. Fecal
samples are represented in columns and taxonomic composition quantified using MetaPhlAn
(Segata et al., 2012) version 2 are shown in rows, both are organized by hierarchical clustering.
Normalization using Witten-Bell smoothing was performed, and the relative expression of a gene
in a sample was calculated by normalizing the smoothed value of the expression level in the
metatranscriptome by the smoothed value of the corresponding gene abundance in the

metagenome (Franzosa et al., 2014; Franzosa et al., 2015). Color scheme indicates an
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approximate measure of the species’ clade-specific transcriptional activity (Franzosa et al.,
2014). The colored branches show the clustering of bacterial species that are consistently

transcriptionally active (yellow) or consistently transcriptionally inactive (blue) across samples.

DETAILED DESCRIPTION OF THE INVENTION

L Definitions

[0064] As used herein, “a” or “an” may mean one or more. As used herein when used in
conjunction with the word “comprising,” the words “a” or “an” may mean one or more than one.
As used herein “another” may mean at least a second or more. Furthermore, unless otherwise
required by context, singular terms include pluralities and plural terms include the singular.
[0065] As used herein, “about” refers to a numeric value, including, for example, whole
numbers, fractions, and percentages, whether or not explicitly indicated. The term “about”
generally refers to a range of numerical values (e.g., +/- 5-10% of the recited value) that one of
ordinary skill in the art would consider equivalent to the recited value (e.g., having the same
function or result). In some instances, the term “about” may include numerical values that are

rounded to the nearest significant figure.

11 The Present Invention

[0066] Despite the critical role of the microbial community in intestinal barrier function, its
contributions to newborn intestinal permeability (IP) has been unknown. In particular, the
microbiota of preterm neonates with measured elevated IP, a high-risk population for NEC, has
not been previously studied. However, the inventors hypothesized that the intestinal microbiota
plays a pivotal role in modulating IP and that the presence of “beneficial” bacteria will be
associated with improved intestinal barrier function in preterm infants.

[0067] As reported in detail below, to investigate this hypothesis three time points during the
first 2 weeks of life were sampled in preterm human infants, which is a critical period
corresponding to the initiation of the intestinal microbiota development process (Mackie et al.,
1999; Mshvildadze et al., 2008; Saleem et al., 2017). A rapid decrease in IP was found to
correlate with an increasing abundance of Clostridiales, indicating intestinal barrier function

maturation over the first 2 weeks of life with a shift in the composition and structure in intestinal
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microbial community. Further, neonatal factors previously identified to promote intestinal barrier
maturation, including early exclusive breastmilk feeding and less antibiotic exposure, were found
to associate with the early colonization of the intestinal microbiota by members of the
Clostridiales, which altogether are associated with improved intestinal barrier function in preterm
infants. The results highlight the multifactorial processes involved in intestinal barrier
maturation, and the importance of considering microbiological and neonatal factors when
diagnosing, monitoring, and modulating IP in preterm infants in NEC treatment and prevention.
The invention disclosed herein is based on these findings.

[0068] As will be apparent from the various embodiments and aspects of the invention
described and defined herein, the basis for the invention is the discovery of a correlation between
the amount of bacteria from the orders Clostridiales or Bifidobacteriales in the gut of a subject
and intestinal permeability. Generally, and particularly in the case of preterm infants, when the
amount of Clostridiales and/or Bifidobacteriales bacteria is about 5% or less by relative
abundance of the total amount of bacteria in a sample from a subject, the intestinal permeability
(IP) of the subject is characterized as high, and wherein when the amount of Clostridiales and/or
Bifidobacteriales bacteria is more than about 5% by relative abundance of the total amount of
bacteria in the sample, the IP of the subject is characterized as low. Higher IP is generally
preferred over low IP. Based on this surprising correlation, the various related embodiments of

the invention were developed.

Methods of Characterizing Intestinal Permeability (IP)

[0069] For example, the invention is directed to a method of characterizing intestinal
permeability (IP) in a subject. Characterization of IP in a subject means primarily determining
whether the IP of the subject is low or high, relative to a subject having a normal level of IP. In
most cases, low IP is equivalent to normal IP and means the permeability of the subject’s
intestine functions normally.

[0070] This method generally comprises determining the amount of Clostridiales and/or
Bifidobacteriales bacteria in a sample obtained from a subject, wherein when the amount of
Clostridiales and/or Bifidobacteriales bacteria is about 5% or less by relative abundance of the
total amount of bacteria in the sample, the IP of the subject is characterized as high, and wherein

when the amount of Clostridiales and/or Bifidobacteriales bacteria is more than about 5% by
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relative abundance of the total amount of bacteria in the sample, the IP of the subject is
characterized as low. In particular aspects, the subject may be a preterm infant. In particular

aspects, the sample is a stool sample.

Methods of Treating or Preventing High Intestinal Permeability

[0071] The invention is also directed to a method of treating or preventing high intestinal
permeability (IP) in a subject. High IP means that the IP of the subject is high, relative to a
subject having a normal level of IP. High IP also means the permeability of the subject’s
intestine is not functioning normally in that barrier function of the intestine improperly permits
substances to enter the bloodstream that would normally be retained in the gut.

[0072] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for high intestinal
permeability to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in
the sample is about 5% or less by relative abundance of the total amount of bacteria. In particular
aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool sample.
[0073] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for high intestinal
permeability to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria is
within a pre-established range of amounts of Clostridiales and/or Bifidobacteriales bacteria
associated with high intestinal permeability. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0074] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a treatment or preventive agent for high
intestinal permeability to the subject when the amount of Clostridiales and/or Bifidobacteriales
bacteria in the samples decreases over time. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0075] These methods thus include treating or preventing high intestinal permeability in a

subject, such as a preterm infant. In such methods, a decrease in IP of at least about 5, 10, 15, 20,
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25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a subject that
does not receive the treatment or preventive agent for high intestinal permeability, is achieved. In

one aspect, a decrease in IP of at least about 10% is achieved.

Methods of Identifying Elevated Risk for NEC

[0076] The invention is further directed to a method of identifying a subject at elevated risk
for developing necrotizing enterocolitis (NEC). NEC is a life-threatening, gastrointestinal
emergency that affects approximately 7-10% of preterm neonates with mortality as high as 30—
50% (Guner et al., 2009). In this condition, bacteria cross the intestinal wall leading to local and
systemic infection and inflammation, and bowel wall necrosis and perforation. Intestinal barrier
immaturity, characterized as elevated intestinal permeability, or “leaky gut,” is the proximate
cause of susceptibility to NEC in preterm neonates (Anand et al., 2007; Fitzgibbons et al., 2009;
Fox and Godavitarne, 2012; Bergmann et al., 2013).

[0077] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, wherein when the amount
of Clostridiales and/or Bifidobacteriales bacteria is about 5% or less by relative abundance of the
total amount of bacteria in the sample, the subject is identified as at elevated risk for developing
NEC. In particular aspects, the subject may have high intestinal permeability. In particular
aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool sample.
[0078] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and comparing the amount
to pre-established ranges of amounts of Clostridiales and/or Bifidobacteriales bacteria associated
with NEC, wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria in the
sample is within the pre-established range of amounts of Clostridiales and/or Bifidobacteriales
bacteria associated with NEC, the subject is identified as at elevated risk for developing NEC. In
particular aspects, the subject may have high intestinal permeability. In particular aspects, the
subject may be a preterm infant. In particular aspects, the sample is a stool sample.

[0079] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points,
wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria in the samples

decreases over time, the subject is identified as at elevated risk for developing NEC. In particular
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aspects, the subject may have high intestinal permeability. In particular aspects, the subject may
be a preterm infant. In particular aspects, the sample is a stool sample.

[0080] As used herein, the phrase “at elevated risk for developing necrotizing enterocolitis”
means the subject, such as a preterm infant, has a risk of developing necrotizing enterocolitis that
is higher than a subject in which the amount of Clostridiales and/or Bifidobacteriales bacteria in
a sample from the subject is more than about 5% by relative abundance of the total amount of

bacteria in the sample.

Methods of Treating or Preventing NEC

[0081] The invention is also directed to a method of treating or preventing NEC incidence in
a subject.

[0082] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for NEC to the subject when
the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by
relative abundance of the total amount of bacteria. In particular aspects, the subject may be a
preterm infant. In particular aspects, the sample is a stool sample.

[0083] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for NEC to the subject when
the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of
amounts of Clostridiales and/or Bifidobacteriales bacteria associated with NEC. In particular
aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool sample.
[0084] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a treatment or preventive agent for NEC
to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the samples
decreases over time. In particular aspects, the subject may be a preterm infant. In particular
aspects, the sample is a stool sample.

[0085] These methods thus include treating or preventing NEC incidence in a subject, such

as a preterm infant. In such methods, a decrease in NEC incidence of at least about 5, 10, 15, 20,
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25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a subject that
does not receive the treatment or preventive agent for NEC, is achieved. In one aspect, a

decrease in NEC incidence of at least about 10% is achieved.

Method of Treating or Preventing Leaky Gut

[0086] The invention is further directed to a method of treating or preventing leaky gut in a
subject. As used herein, the phrase “leaky gut” means the condition where the tight junctions
between the cells of the intestinal walls malfunction and allow substances, such as bacteria and
toxins that are normally retained in the gut, to pass from the gut into the bloodstream. When the
gut is “leaky”, bacteria and toxins are disseminated via the blood stream which in turn can lead
to widespread inflammation and possibly trigger a reaction from the immune system. Symptoms
associated with leaky gut syndrome include bloating, food sensitivities, fatigue, digestive issues
and skin problems.

[0087] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for leaky gut to the subject
when the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or
less by relative abundance of the total amount of bacteria. In particular aspects, the subject may
be a preterm infant. In particular aspects, the sample is a stool sample.

[0088] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a treatment or preventive agent for leaky gut to the subject
when the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established
range of amounts of Clostridiales and/or Bifidobacteriales bacteria associated with leaky gut. In
particular aspects, the subject may be a preterm infant. In particular aspects, the sample is a stool
sample.

[0089] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a treatment or preventive agent for leaky

gut to the subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the
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samples decreases over time. In particular aspects, the subject may be a preterm infant. In
particular aspects, the sample is a stool sample.

[0090] These methods thus include treating or preventing leaky gut in a subject, such as a
preterm infant. In such methods, a decrease in IP of at least about 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a subject that does not receive
the treatment or preventive agent for leaky gut, is achieved. In one aspect, a decrease in IP of at

least about 10% is achieved.

Methods of Improving Intestinal Barrier Function

[0091] The present invention is also directed to a method of improving intestinal barrier
function in a subject. An improvement in intestinal barrier function is an improvement in one or
more of the barrier functions typically associated with the intestine, including, but not limited to,
blocking entry of bacteria and toxins from passing through the wall of the intestine and entering
the bloodstream.

[0092] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about
5% or less by relative abundance of the total amount of bacteria. In particular aspects, the subject
may be a preterm infant. In particular aspects, the sample is a stool sample.

[0093] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-
established range of amounts of Clostridiales and/or Bifidobacteriales bacteria associated with
intestinal barrier malfunction. In particular aspects, the subject may be a preterm infant. In
particular aspects, the sample is a stool sample.

[0094] In a third aspect, this method comprises determining the amount of Clostridiales

and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
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and administering a therapeutically effective amount of a live biotherapeutic product (LBP)
comprising a culture of one or more of Clostridiales, Lactobacillus, Bifidobacteriales and
Negativicutes bacteria to the subject when the amount of Clostridiales and/or Bifidobacteriales
bacteria in the samples decreases over time. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[0095] The methods thus include improving intestinal barrier function in a subject, such as a
preterm infant. In such methods, an improvement in intestinal barrier function of at least about 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a
subject that does not receive LBP, is achieved. In one aspect, an improvement in intestinal

barrier function of at least about 10% is achieved.

Methods of Promoting Intestinal Barrier Maturation

[0096] The invention is further directed to a method of promoting intestinal barrier
maturation in a subject. Promoting intestinal barrier maturation means increasing the ability of
the intestine to act as a barrier. Barrier functions typically associated with the intestine include,
but are not limited to, blocking entry of bacteria and toxins into the bloodstream via passage
through the wall of the intestine.

[0097] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about
5% or less by relative abundance of the total amount of bacteria. In particular aspects, the subject
may be a preterm infant. In particular aspects, the sample is a stool sample.

[0098] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering a
therapeutically effective amount of a live biotherapeutic product (LBP) comprising a culture of
one or more of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the
subject when the amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-

established range of amounts of Clostridiales and/or Bifidobacteriales bacteria associated with an
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immature intestinal barrier. In particular aspects, the subject may be a preterm infant. In
particular aspects, the sample is a stool sample.

[0099] In a third aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in samples obtained from a subject at two or more time points
and administering a therapeutically effective amount of a live biotherapeutic product (LBP)
comprising a culture of one or more of Clostridiales, Lactobacillus, Bifidobacteriales and
Negativicutes bacteria to the subject when the amount of Clostridiales and/or Bifidobacteriales
bacteria in the samples decreases over time. In particular aspects, the subject may be a preterm
infant. In particular aspects, the sample is a stool sample.

[00100] These methods thus include promoting intestinal barrier maturation in a subject, such
as a preterm infant. In such methods, an a maturation of the intestinal barrier of at least about 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a
subject that does not receive LBP, is achieved. In one aspect, a maturation of the intestinal

barrier of at least about 10% is achieved.

Methods of Reducing Gut Inflammation

[00101] The invention is also directed to a method of reducing gut inflammation in a subject.
Such methods serve to reduce the level of inflammation in the gut to normal or near-normal
levels.

[00102] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to reduce gut inflammation when the
amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by
relative abundance of the total amount of bacteria. In particular aspects, the subject may be a
preterm infant. In particular aspects, the sample is a stool sample.

[00103] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to reduce gut inflammation when the
amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of

amounts of Clostridiales and/or Bifidobacteriales bacteria associated with high gut inflammation.
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In particular aspects, the subject may be a preterm infant. In particular aspects, the sample is a
stool sample.

[00104] These methods thus include reducing gut inflammation in a subject, such as a preterm
infant. In such methods, a decrease in gut inflammation of at least about 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a subject that does not
receive an agent to modulate gut inflammation, is achieved. In one aspect, a decrease in gut

inflammation of at least about 10% is achieved.

Methods of Maintaining Gut Homeostasis

[00105] The invention is further directed to a method of maintaining gut homeostasis in a
subject. Such methods take a prophylactic approach the ensuring normal gut function in the
subject. Such methods generally ensure a normal and healthy gut microbiota is maintained in the
subject.

[00106] In a first aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to induce gut homeostasis when the
amount of Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by
relative abundance of the total amount of bacteria. In particular aspects, the subject may be a
preterm infant. In particular aspects, the sample is a stool sample.

[00107] In a second aspect, this method comprises determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject, and administering to the
subject a therapeutically effective amount of an agent to induce gut homeostasis when the
amount of Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of
amounts of Clostridiales and/or Bifidobacteriales bacteria associated with dysregulated gut
homeostasis. In particular aspects, the subject may be a preterm infant. In particular aspects, the
sample is a stool sample.

[00108] These methods thus include maintaining gut homeostasis in a subject, such as a
preterm infant. In such methods, an improvement in gut homeostasis of at least about 5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% or more, compared with a subject
that does not receive an agent to induce gut homeostasis, is achieved. In one aspect, an

improvement in gut homeostasis of at least about 10% is achieved.
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Live Biotherapeutic Products

[00109] The invention is also directed to a live biotherapeutic product (LBP) comprising a
culture of one or more of Clostridiales, Lactobacillus, Bifidobacteriales and/or Negativicutes
bacteria. The invention is thus directed to LBPs comprising Clostridiales and Bifidobacteriales
bacteria, or Clostridiales and Lactobacillus bacteria, Clostridiales and Negativicutes bacteria, or
Bifidobacteriales and Lactobacillus bacteria, or Bifidobacteriales and Negativicutes bacteria, or
Lactobacillus and Negativicutes bacteria, or each of Clostridiales, Bifidobacteriales and
Lactobacillus bacteria, or each of Clostridiales, Bifidobacteriales and Negativicutes bacteria or
each of Bifidobacteriales, Lactobacillus and Negativicutes bacteria, or each of Clostridiales,
Lactobacillus, Bifidobacteriales and Negativicutes bacteria. Particular genera of bacteria from
these groups that may be included in LBPs of the invention include those known in the art to be
effective in such formulations including, but are not limited to, one or more of Bifidobacterium,
Lactobacillus, Acetoanaerobium, Acidaminobacter, Anaerocellum, Anaerovirgula,
Anaerovorax, Carboxydocella, Casaltella, Epulopiscium, Fenollaria, Flavonifractor, Fusibacter,
Gottschalkia, Guggenheimella, Howardella, Intestinimonas, Levyella, Metabacterium,
Mogibacterium, Natranaerovirga, Proteiniborus, Proteocatella, Pseudoflavonifractor,

Sulfobacillus, Thermaerobacter, and Veillonella bacteria.

Subjects

[00110] In each of the embodiments and aspects of the invention defined herein, the subject is
a human, a non-human primate, bird, horse, cow, goat, sheep, a companion animal, such as a
dog, cat or rodent, or other mammal. In particular embodiments and aspects, the subject is a
human, such as a preterm infant, a term infant, a toddler, a child, a pre-teen, a teenager, or an

adult. A preterm infant is an infant of less than 33, 34, 35, 36 or 37 weeks of gestational age.

Samples

[00111] In each of the embodiments and aspects of the invention defined herein, the sample
contains gut bacteria. In preferred aspects, the sample is a stool sample. However, it will be
apparent that other biological specimens obtained from a subject will also contain sufficient

quantities of gut bacteria for use in the methods of the invention. Such specimens include, but are
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not limited to, rectal swabs, intestinal biopsy, intraluminal stool and fluid, stomach contents such

as those obtained via gastric lavage, and colon contents such as those obtained via an enema.

Bacteria Amounts

[00112] In relevant embodiments and aspects of the invention defined herein, the amount of
Clostridiales and/or Bifidobacteriales bacteria in a sample is the amount based on the total
amount of bacteria present in a sample. The amount of selected bacteria in a sample may be
determined using well-known techniques. For example, the amount may be based on the relative
abundance of one or more genes corresponding to selected bacteria in the sample or the relative
amount of the bacteria in the sample by weight. When the amount of bacteria in the sample is
based on the relative abundance of one or more genes, the genes may be, for example, a 16S
rRNA gene variable region of the bacteria, such as, but not limited to, the V3—V4 variable region
of 16S rRNA genes.

[00113] In some of the embodiments and aspects of the invention, samples obtained at
different time points are analyzed. When samples are obtained from a subject at two or more
time points, the time points are separated by at least 1, 2, 3,4, 5,6, 7, 8,9 or 10 days. In a
preferred example, the time points are separated by 7 days plus or minus 1 to 2 days. In certain
embodiments and aspects of the invention, samples may be obtained from a subject at 3, 4, 5, 6
or more time points.

[00114] In some of the embodiments and aspects of the invention, the methods include
observing a decrease in the amount of Clostridiales and/or Bifidobacteriales bacteria in the
samples over time. The decrease is decrease of at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95% or more of the relative abundance of bacteria in the samples
over time. In one aspect, the decrease is at least about 10% of the relative abundance of bacteria
in the samples over time.

[00115] In some of the embodiments and aspects of the invention, the methods include
administering a treatment to the subject, such as a treatment for (i) high intestinal permeability,
(11) NEC, (ii1) leaky gut, (iv) reducing gut inflammation, and (v) inducing gut homeostasis.
Suitable treatments include, but are not limited to, LBP, antibiotics, prebiotics, synbiotics, and

intestinal environment parameters modifying small molecules.
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[00116] In some of the embodiments and aspects of the invention, the methods include
administering a preventive agent to the subject, such as an agent for preventing (i) high intestinal
permeability, (1) NEC, and (iii) leaky gut. Suitable agents include, but are not limited to, LBP,
antibiotics, prebiotics, synbiotics, and intestinal environment parameters modifying small
molecules.

[00117] In some of the embodiments and aspects of the invention, the methods include
administering an agent to modulate gut inflammation or induce gut homeostasis to the subject.
Suitable agents include, but are not limited to, LBP, antibiotics, prebiotics, synbiotics, and
intestinal environment parameters modifying small molecules.

[00118] The methods of the invention that include treatment or prevention may further
comprise administering breast milk to the subject, especially when the subject is a preterm infant,
and/or reducing exposure of the subject to antibiotics. As discussed in the examples, these
additional steps have been shown to increase Clostridiales and/or Bifidobacteriales bacteria
abundance in the subject. Such an increase may lead to improved treatment outcomes and further
reduce the likelihood that the subject will develop one of the conditions or diseases discussed
herein.

[00119] Asused herein, the phrase “pre-established range of amounts of Clostridiales and/or
Bifidobacteriales bacteria” means amounts of Clostridiales and/or Bifidobacteriales bacteria
determined in earlier experiments to be associated with certain conditions or diseases, such as
high intestinal permeability, necrotizing enterocolitis, leaky gut, intestinal barrier malfunction,
immature intestinal barrier, high gut inflammation, and dysregulated gut homeostasis.

[00120] As used herein, the phrase “high intestinal permeability”, “the IP of the subject is

2

characterized as high” and related expressions means the subject exhibits a La/Rh ratio of > 0.05.

2% LC
2

Conversely, the phrase “low intestinal permeability”, “the IP of the subject is characterized as
low” and related expressions means the subject exhibits a La/Rh ratio of <0.05. This high or low
IP definition was validated and applied previously (Saleem et al., 2017). The lactulose/rhamnose
ratio (La/Rh ratio) is calculated as the fractional excretion of lactulose divided by that of
rhamnose (Rouwet et al., 2002; Haase et al., 2000; Mishra et al., 2012; Beach et al., 1982).
[00121] Asused herein, the terms “treat”, “treating”, and “treatment” have their ordinary and

customary meanings, and include one or more of: blocking, ameliorating, or decreasing in

severity and/or frequency a symptom of a disease or condition defined or otherwise mentioned
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herein in a subject. Treatment means blocking, ameliorating, decreasing, or inhibiting by about
1% to about 100% versus a subject in which the methods of the present invention have not been
practiced. Preferably, the blocking, ameliorating, decreasing, or inhibiting is about 100%, 99%,
98%, 97%, 96%, 95%, 90%, 80%, 70%, 60%, or 50% versus a subject in which the methods of

the present invention have not been practiced.

2% LC
2

[00122] Asused herein, the terms “prevent”, “preventing” and “prevention” have their
ordinary and customary meanings, and include one or more of, stopping, averting, avoiding,
alleviating or blocking. Prevention means stopping by at least about 95% versus a subject to
which the prevention has not been administered. Preferably, the stopping is about 100%, about
99%, about 98%, about 97%, about 96% or about 95%. The results of the prevention may
continue for a period of days (such as 1, 2, 3, 4, 5, 6 or 7 days), weeks (such as 1, 2, 3 or 4
weeks) or months (such as 1, 2, 3, 4, 5, 6 or more months).

[00123] In each of the methods of the present invention, a “therapeutically effective amount”
of a treatment, preventative agent, LBP or other active agent is administered to a subject. The
effective amount these “active substances” will vary between subjects and the identity of the
disease or condition being treated or prevented. However, the effective amount is one that is
sufficient to achieve the aim or goal of the method.

[00124] While the active substances may be administered directly to a subject, the methods of
the present invention are preferably based on the administration of a pharmaceutical formulation
comprising one or more of the active substances and a pharmaceutically acceptable carrier or
diluent. Thus, the invention includes pharmaceutical formulations comprising one or more of the
active substances defined herein and a pharmaceutically acceptable carrier or diluent.

[00125] Pharmaceutically acceptable carriers and diluents are commonly known and will vary
depending on the particular active substance being administered and the mode of administration.
Examples of generally used carriers and diluents include, without limitation: saline, buffered
saline, dextrose, water-for-injection, glycerol, ethanol, and combinations thereof, stabilizing
agents, solubilizing agents and surfactants, buffers and preservatives, tonicity agents, bulking
agents, and lubricating agents. The formulations comprising the active substances will typically
have been prepared and cultured in the absence of any non-human components, such as animal

serum (e.g., bovine serum albumin).
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[00126] Pharmaceutical formulations comprising one or more active substances may be
administered to a subject using modes and techniques known to the skilled artisan. Characteristic
of the diseases and conditions defined herein may make it more amenable to treatment and
prevention using colonic delivery of active substances, i.e., targeted delivery of active substances
to the lower Gl tract, e.g., the large intestine or colon. Other modes of delivery include, but are
not limited to, oral, anal, via intravenous injection or aerosol administration. Other modes
include, without limitation, intradermal, subcutaneous (s.c., s.q., sub-Q, Hypo), intramuscular
(1.m.), intraperitoneal (i.p.), intra-arterial, intramedulary, intracardiac, intra-articular (joint),
intrasynovial (joint fluid area), intracranial, intraspinal, and intrathecal (spinal fluids).

[00127] Depending on the means of administration, the dosage may be administered all at
once, such as with an oral formulation in a capsule or liquid, or slowly over a period of time,
such as with an intramuscular or intravenous administration.

[00128] The amount of active substances, alone or in a pharmaceutical formulation,
administered to a subject is an amount effective for the treatment or prevention of the target

disease or condition.

Example 1 - Intestinal Barrier Maturation in Very Low Birthweight Infants: Relationship to
Feeding and Antibiotic Exposure

Methods

A. Subjects

[00129] All admissions to the University of Maryland Medical Center and Mercy Medical
Center NICUs who were 24%7-32%7 weeks gestation <4 days of age were screened for study
eligibility and parental consent of eligible subjects was obtained (Clinical Trials.gov:
NCTO01756040). The institutional review boards of both institutions approved the study.
Exclusion criteria included nonviability or planned withdrawal of life support; triplet or higher
order multiples; severe asphyxia (Apgar score < 3 at 5 minutes and cord pH < 7.0); lethal
chromosomal abnormalities; cyanotic congenital heart disease; intestinal atresia or perforation;
abdominal wall defects; significant gastrointestinal dysfunction (e.g. heme-positive stools,
abdominal distension (girth > 2 cm baseline) or bilious emesis/aspirates, and infants with
galactosemia or other forms of galactose intolerance. Before study procedures, a complete

physical examination including vital signs, weight, height, and head circumference was
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performed. Demographic, clinical, and adverse events data were collected from the medical
record.

[00130] Both participating clinical centers used the same standardized feeding protocol. Feeds
were initiated between the first and fourth days of life depending on clinical stability. After
initial feeds of 10 mL/kg expressed breast milk or 20 kcal/oz preterm formula daily for 3-5 days,
feedings were advanced by 20 mL/kg/d until 100 mL/kg/d was reached. Subsequently, caloric
density was advanced to 24 kcal/oz before increasing feeding volume by 20 mL/kg/d to 150
mL/kg/d. Feedings were held or discontinued for signs of feeding intolerance, such as abdominal

distension, gastric residuals, or hematochezia, or for clinical deterioration.

B. Lactulose/Rhamnose Sugar Absorption Test and Sample Collection

On each of the three study days (days 1, 8 £ 2, and 15 + 2), participants received 1 mL/kg La/Rh
solution (8.6 g of lactulose (Cumberland Pharmaceuticals, Nashville, TN) + 140 mg of rhamnose
(Saccharides, Inc., Calgary, Alberta, Canada)/100 mL) by nipple or by gavage via a clinically
indicated orogastric tube (Rouwet et al., 2002). A minimum of 2 mL of urine was collected over
a 4-hour period after the La/Rh dose was administered, with cotton balls placed in the infants’
diaper. The total urine volume recorded included the volume extracted from the cotton balls in
addition to the estimated volume of urine that leaked into the diaper determined by the diaper
weight. The test was repeated the next day if <2 mL urine was collected. If there were signs of
feeding intolerance (increased abdominal girth > 2 cm, heme-positive stools, or gastric
residuals), the sugar solution administration was either delayed until resolution of symptoms
within the study four day window for each time-point or not done. Serum (total 0.5 mL) was
collected by heel stick 90-120 minutes after La/Rh dosing to measure La/Rh (Haase et al. 2000)
and serum zonulin. A stool sample (~1 g) was collected within 8 hours of the sugar probe dosing
for ATAT analysis. Urine, serum, and stool samples were stored at —80°C until analysis. The
amount of lactulose and rhamnose in each sample was measured using high-performance liquid
chromatography and adjusted for urine volume (Hilsden et al., 1996). The fractional urinary
excretion of lactulose and rhamnose was calculated as the ratio of the total urinary excretion of
each sugar probe to the total oral dose of the probe. For each subject, the lactulose/rhamnose

ratio (La/Rh ratio) was calculated as the fractional excretion of lactulose divided by that of
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rhamnose (Mishra et al., 2012). A La/Rh ratio of >0.05 was considered indicative of increased IP

(Beach et al., 1982).

C. Serum Zonulin Western Blot

[00131] Serum samples (70 mg per well) were run under non-denaturing conditions on 4%-
20% Tris-Glycine gels (Invitrogen, Waltham, Massachusetts). Protein was transferred onto a
PVDF membrane (Millipore, Billerica, Massachusetts) and probed with 1.5 mg/mL mouse
monoclonal zonulin antibody (Bio-Rad, Hercules, California). Bands were detected with Alexa
Flor 680 conjugated goat anti-mouse IgG antibodies (ThermoFisher, Waltham, Massachusetts).
Bands were visualized and densitometry was measured using Image Studio software (LICOR
Biosciences, Lincoln, Nebraska). All samples were normalized to a healthy term control

reference sample run separately on each gel.

D. Stool AIAT ELISA
[00132] Stool samples diluted 1:250 according to the manufacturer’s protocol were analyzed
by double sandwich LISA (Eagle Biosciences, Nashua, New Hampshire) and results expressed

as micrograms per gram of stool.

L. Statistical Analysis

[00133] The La/Rh ratio, serum zonulin, and stool A1AT data are represented as the mean and
SD at each of the three time points. Categorical data were compared using the y” test and
continuous data were compared with the Student 7 test. To quantify the association between urine
La/Rh ratio, serum zonulin, and stool A1AT, Pearson correlation coefficients between the gold
standard urinary La/Rh ratio and each of the other IP measures were calculated. IP patterns were
differentiated using cluster analysis based on Ward minimum variance method, as implemented

in SAS 9.3 (SAS Institute, Cary, North Carolina).

Results
[00134] Forty-four subjects were enrolled over an 18-month period from April 15, 2013, to
October 15, 2014, and 43 subjects received >1 dose of sugar solution. Demographic

characteristics of the participants are represented in Table 1. Because there was interest in the
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maturation of intestinal barrier function in the extremely low gestational age (GA) infants, the
data was analyzed for the entire cohort and stratified by GA < 28 weeks (n = 12) and GA > 28
weeks (n =31). The GA strata were similar in sex and race composition and obstetrical factors.
However, feeding was delayed and antibiotic exposure more common and for longer durations in
the less mature infants (GA <28 weeks). There was a trend toward higher exclusive breast milk
feedings in the less mature infants. No subject developed NEC during their neonatal intensive

care unit stay.

Table 1 - Study cohort clinical variables stratified by GA*

Variables Total GA<28wk | GA>28wk Pvalue
cohort n=12) n=31)
(n=43)

Sex (male) 23 (53) 8 (67) 15 (52) .33
Race (African American) 23 (55) 8 (67) 15 (48) .33
GA (wk) 30+£23 26.6+1.0 31.3+£1.0 <.0001
Birth weight (g) 1336 £ 421 862 + 94 1519 + 348 <.0001
POL 17 (40) 7 (58) 10 (32) 17
Duration ROM (hr) 1.0

<1 19 (44) 6 (50) 13 (42)

1-72 18 (42) 542) 13 (42)

>72 5(12) 1(8) 4 (13)

Unknown 1(2) 0 1(3)
PPROM 13 (30) 4 (33) 9(29) 1.0
Pre-eclampsia 9(21) 4 (33) 5(16) 24
Antenatal corticosteroids 36 (84) 11 (92) 25 (81) 65
Clinical chorioamnionitis 2 (5) 0 2 (6) 1.0
Maternal antibiotics 29 (67) 6 (50) 23 (74) .16
Cesarean delivery 31(72) 8 (67) 23 (74) 71
Day first enteral feeding 17

1 19 (44) 542) 14 (45)

2-3 17 (40) 3 (25) 14 (45)

>4 7 (16) 4 (33) 3(10)
Day first full feeding .0002

1-7 8(19) 0 8 (26)

8-14 20 (47) 2 (17) 18 (58)

>15 15 (35) 10 (83) 16 (5)
Exclusive breast milk 25 (58) 10 (83) 15 (48) .08
Days on antibiotics 0019

None 8(19) 0 8 (26)

1-3 14 (33) 1(8) 13 (42)

>4 21 (49) 11 (92) 10 (32)

POL, preterm onset of labor; PPROM, preterm premature rupture of membranes; ROM, rupture of membranes.
*Data are expressed as n (%) or mean + SD.
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[00135] As shown in Figure 1A, on average IP was increased on study day 1, decreased over 2
weeks, but remained higher in infants born at <28 weeks of gestation compared with IP in infants
born at >28 weeks of gestation (P = .015, study day 8). Only one-third of infants <28 weeks of
gestation developed normal intestinal barrier function (La/Rh < 0.05) by study day 15 (Figure
1B). A cluster analysis of 35 subjects who had urine samples successfully collected at all 3 time
points revealed that there were 3 distinct patterns of IP during the first 2 weeks of life (cluster 1,
normal maturation: n =20 [57%]); cluster 2, decrease IP during the first week and subsequent
substantial increase: n = 5 [14%]); and cluster 3, delayed maturation: n = 10 [29%]) (Figure 1C).
Further analysis of factors associated with abnormal IP patterns (clusters 2 and 3) revealed trends
toward a more prolonged duration of antibiotic exposure (>4 days) (10/15 [67%] vs 7 [35%]; P =
.092) and delayed initiation of feeding (>4 days) (5 [33%] vs 1 [5%]; P =.064) in infants with
abnormal maturation patterns compared with infants with normal maturation. There was a trend
towards greater co-exposure to prolonged antibiotics and delayed feeding of >4 days in infants
with abnormal maturation patterns than in infants with normal maturation (4/15 [27%] vs 1/20
[5%]; P =.141). Compared with infants fed preterm formula with or without expressed breast
milk (n = 18), infants fed exclusively with expressed breast milk (n = 25) demonstrated more
rapid improvement in intestinal barrier function on study day 15 (P = .0088) (Figure 1D).
Gestational and postnatal age-dependent changes in serum zonulin relative to a healthy full-term
control infant are represented in Figure 2A. Although serum zonulin levels were low relative to a
healthy full-term control, levels were significantly higher in infants born at >28 weeks of
gestation compared with infants born at <28 weeks of gestation on day 1 (P =.012). Serum
zonulin did not correlate with urinary La/Rh ratios (Figure 2B). Although there was considerable
variability in stool A1AT concentrations on study day 1, stool A1AT decreased over time similar
to urinary La/Rh, indicating maturation of the intestinal barrier (Figure 2C). Although serum
lactulose/thamnose has been measured in serum of infants >4 months of age (Haase et al., 2000),
rhamnose was undetectable in serum samples from the cohort collected 90-120 minutes after
sugar solution dosing, so the La/Rh ratio could not be calculated (data not shown).

[00136] These data suggest that intestinal barrier function is impaired in preterm infants and
maturation depends on gestational and postnatal age, and may be altered by feeding and

antibiotic exposures, with a maturational effect of breast milk feeding. Although intestinal barrier
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function improved over time in 57% of subjects, IP increased during the second week or

maturation was delayed in the remaining infants.

Example 2 - Microbial Biomarkers of Intestinal Barrier Maturation in Preterm Infants
Methods

A. Participants and Intestinal Permeability Measurement

[00137] This study was approved and carried out in accordance with the recommended
protocol by the institutional review boards of the University of Maryland and Mercy Medical
Center. All subjects have obtained written informed parental consent in accordance with the
approved protocol. All methods were performed in accordance with the relevant guidelines and
regulations. Thirty-eight preterm infants 24%7-32%7 weeks GA were enrolled within 4 days after
birth and received 1 ml/kg of the non-metabolized sugar probes lactulose (La) (marker of
intestinal paracellular transport)/rhamnose (Rh) (marker of intestinal transcellular transport) (8.6
g La + 140 mg Rh/100 mL) enterally within 24 h of enrollment on study day 1, and subsequently
on study day 8 + 2 and 15 + 2. La/Rh was measured by high-pressure liquid chromatography
(HPLC) in urine collected over a 4 h period following administration of the sugar probes as
previously described (Saleem et al., 2017). High or low intestinal permeability was defined by a
La/Rh > 0.05 or < 0.05 respectively, as validated and applied previously (Saleem et al., 2017).
Postmenstrual age (PMA) at each study time point was calculated as gestational age at birth plus
postnatal age as defined previously (Grier et al., 2017). Fecal samples (~1 g) were collected at
the same time as the dual sugar administration and stored immediately in 2 ml of RNAlater
(QIAGEN). Urine and fecal samples were archived at -80 C until processed. A standard feeding
protocol was used for all preterm participants. To compare microbiota of infants at different
growth phases (Mshvildadze et al., 2008; Unger et al., 2015), 16 samples from older term infants
at phase II/IIT (6—24 months old) from a previous study (Sellitto et al., 2012) were included in the

comparative analyses.

B. Stool Nucleic Acid FExtraction and Sequencing
[00138] DNA was extracted from all samples as previously reported (Ravel et al., 2011).
Briefly, a 500 ml aliquot of fecal material mixture was homogenized and carefully washed twice

in PBS buffer. Enzymatic lysis using mutanolysin, lysostaphin and lysozyme was performed,
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followed by proteinase K, SDS treatment and bead beating. DNA purification from lysates was
done on a QIAsymphony automated platform. PCR amplification of the V3—V4 variable region
of 16S rRNA gene was performed using dual-barcoded universal primers 319F and 806R as
previously described (Fadrosh et al., 2014). High-throughput sequencing of the amplicons was
performed on an Illumina MiSeq platform using the 300 bp paired-end protocol. Metagenomic
sequencing libraries were constructed from the same DNA using Illumina Nextera XT kit
according to the manufacturer recommendations. Stool specimen was advised to be collected
within the stool mass as much as feasible from diaper to avoid frequent air exposure. The stool
sitting time is 0-3 h and was collected during diaper change every 3 h in NICU. Stool specimen
were stored immediately in RNALater that stabilizes and protects the integrity of RNA to
minimize the need to immediately process or freeze specimen (Gorokhova, 2005). The use of
metatranscriptome in microbiome study is still a very young field, intensive evaluations such as
RNA consistency over time in stool diaper collection are needed for future validation. Total
RNA was extracted from 250 ml of stool homogenized in RNALater. Briefly, lysis was
performed by bead beating using the FastPrep lysing matrix B protocol (MP Biomedicals),
followed with two rounds of protein cleanup using phenol-chloroform in SPRIME heavy phase
lock tubes (QuantaBio) and precipitation of total nucleic acids using isopropanol. Genomic DNA
was removed using TURBO DNase (Ambion). Ribosomal RNAs were depleted using the Gram-
negative and Human/mouse/rat Ribo-Zero rRNA Removal kits (Epicentre Technologies). The
resulting RNA was used for library construction using Illumina TruSeq stranded mRNA library
preparation kit according to the manufacturer’s recommendations. Quantification of the
constructed RNA libraries was performed on an Agilent Bioanalyzer using the DNA 1000 Nano
kit. Both metagenome and metatranscriptome samples were sequenced on an Illumina HiSeq
4000 instrument at the Genomics Resource Center (GRC), Institute for Genome Sciences,

University of Maryland School of Medicine using the 150 bp paired-end protocol.

C. Bioinformatics Analysis of Intestinal Microbiota

[00139] Sequencing read quality assessment was performed using strict criteria to ensure high
quality and complete sequences of the amplified the V3-V4 regions of the 16S rRNA gene,
according to the procedures, programs and citations, and parameters described previously

(Fadrosh et al., 2014). Briefly, a sequence read was trimmed at the beginning of a 4 bp sliding
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window if the average quality score was less than Q15. The sequence read was then assessed for
length and retained if it was at least 75% of its original length. The paired-end reads were
assembled to take advantage of the ~90 bp overlapping region. These sequences were further de-
multiplexed the sequence reads by individual samples. Additional quality filtering was applied
that removed sequences with more than one mismatch in the barcode sequence tag or with
ambiguous nucleotide. Taxonomic assignments were performed on each sequence using the
Ribosomal Database Project trained on the Greengene database (Aug 2013 version), using 0.8
confidence values as cutoff. Clustering taxonomic profiles was performed as previously
described (Ravel et al., 2011). The number of clusters was validated using gap statistics
implemented in the c/uster package in R (Maechler, 2016) by calculating the goodness of
clustering measure. Within-sample diversity was estimated using both observed OTUs to
measure community richness and Shannon diversity index. Linear discriminant analysis (LDA)
effect size (LEfSe) analysis (Segata et al., 2011) was used to identify fecal phylotypes that could
explain the differences between infants with low or high La/Rh ratio on different sampling days.
For LEfSe, the alpha value for the non-parametric factorial Kruskal-Wallis (KW) sum-rank test
was set at 0.05 and the threshold for the logarithmic LDA model (Fisher, 1936) score for
discriminative features was set at 2.0. An all-against-all BLAST search in multi-class analysis
was performed. Balance tree analysis was applied as implemented in Gneiss, and trees were
generated using Ward hierarchical clustering of abundance profiles. Balance was computed as
the isometric log ratio of mean abundances at each bifurcating node in the tree, to characterize
the “flow” of changes in the abundance of a group of correlated bacteria in a microbial
community (Morton et al., 2017). Multivariate response linear regression on the calculated
balances was performed, and multiple factors were included as covariates, including antibiotics
use, maternal antibiotics use, delivery mode, preterm premature rupture of membranes, feeding
pattern and source, intestinal permeability, birthweight, gender, ethnicity, GA and PMA. Leave-
one-variable-out approach was used to calculate the change in R square to evaluate the effect of a
single covariate on the community. Tenfold cross validation was performed to mitigate the

common overfitting issues in statistical modeling.
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D. Statistical Analysis

[00140] An adaptive spline logistic regression model implemented in spmrf R package
(Faulkner and Minin, 2018) was adapted to determine the associations between intestinal
permeability and relative abundance of bacterial phylotypes. This model is a locally adaptive
non-parametric fitting method that operates within a Bayesian framework, which uses shrinkage
prior Markov random fields to induce sparsity and provides a combination of local adaptation
and global control (Faulkner and Minin, 2018). The analysis was performed on the phylotypes
present in at least 15% of all samples, and the effect size was defined as the difference between
the extreme values of the probability of intestinal permeability index. Given that there were
multiple samples collected from each subject, this model takes into consideration of the
dependencies among samples within a subject. Bayesian goodness-of-fit p-value implemented in
R package rstan (Team, 2018) was used to access the significance of the association between
phylotypes and metadata including antibiotics use, maternal antibiotics use, delivery mode,
PPROM, feeding pattern, intestinal permeability, birthweight, gender, ethnicity, gestational age,
and postmenstrual age. Data not shown includes R code implementation of the model. Random
forest supervised machine learning scheme implemented in R package randomForest was further
adapted (Liaw and Wiener, 2002) to test the predictability of the phylotypes of microbial
community on intestinal permeability. The top 15 phylotypes relative abundance with highest
mean decrease gini index importance measure, were fitted to a random effect logistic regression
model of intestinal permeability that was defined as a dichotomous variable high (La/Rh > 0.05)
or low (La/Rh <0.05). The relative abundances of phylotypes were centered to the mean and
scaled by standard deviation to apply to the model to normalize relative abundances. Data not

shown includes R code implementation of the model.

E. Intestinal Microbiome Analyses

[00141] Metagenomic and metatranscriptomic sequence data were preprocessed using the
following steps: (1) human sequence reads and rRNA LSU/SSU reads were removed using
BMTagger v3.101 (Rotmistrovsky and Agarwala, 2011) using a standard human genome
reference (GRCh37.p5) (Church et al., 2011); (2) rRNA sequence reads were removed in silico
by aligning all reads using Bowtie v1 (Langmead et al., 2009) to the SILVA PARC ribosomal-

subunit sequence database (Quast et al., 2013). Sequence read pairs were removed even if only
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one of the reads matched to the human genome reference or to rRNA; (3) the lllumina adapter
was trimmed using Trimmomatic (Bolger et al., 2014); (4) sequence reads with average quality
greater than Q15 over a sliding window of 4 bp were trimmed before the window, assessed for
length and removed if less than 75% of the original length; and (5) no ambiguous base pairs were
allowed. The taxonomic composition of the microbiomes was established using MetaPhlAn
version 2 (Segata et al., 2012). Normalization using Witten-Bell smoothing was performed since
metatranscriptomes are a random sampling of all expressed genes and transcripts can be
identified that correspond to genes not represented in the metagenome, particularly for low
abundance species that were metabolically active (Franzosa et al., 2014). The relative expression
of a gene in a sample was calculated by normalizing the smoothed value of the expression level
in the metatranscriptome by the smoothed value of the corresponding gene abundance in the
metagenome, as suggested previously (Franzosa et al., 2014, 2015). Correlation plots were
generated using R corrplot package (Wei and Simko, 2017). Genotypic variation of Escherichia
coli was performed through reconstructing ML ST loci-sequences from metagenomes using
metaMLST program (Zolfo et al., 2017). The resulting STs were visualized to show related
genotypes of . coli strains on a minimum spanning tree computed by a goeBURST algorithm

(Francisco et al., 2009) implemented in PHYLOViZ (Nascimento et al., 2017).

Results

A. Intestinal Barrier Maturation Correlates With Increased Microbiota Biodiversity Over
the First Two Weeks of Life

[00142] Study days were defined as day 1, day 8 + 2 and day 15 + 2 with the first study day
within 4 days after birth. Of 43 subjects < 33 weeks gestation who were enrolled in the study,
stools samples were available from 38. The demographic, obstetric, and neonatal characteristics
for included subjects are summarized in Table 2. The study cohort has on average birthweight at
1,386 + 404 g and gestational age at 29.9 + 2.2 weeks. The mean IP measurement of this cohort
including all timepoints is 0.10 £ 0.12 and 52.5% of the sampling points have elevated IP. The
microbiota of 64 fecal samples were successfully characterized by high-throughput sequencing
of the V3—V4 variable regions of 16S rRNA genes. A total of 422,444 high-quality amplicon
sequences was obtained, corresponding to 10,544 (£4,029) sequences per sample with an

average length of 428 bp.
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Table 2 - Characteristics of study subjects (preterm infants < 33 weeks gestational age)

N %

Ethnicity

African American 22 57.9

Asian 3 7.9

White 12 31.6

Others 1 2.6
Gender

Female 17 44.7

Male 21 553
Delivery route

Cesarean 26 68.4

Vaginal 12 31.6
Gestational age/Postmenstrual age* (weeks) 299+£2.2/314+£23
Birth weight 1,386 & 404

<1500 g 21 553

>1500 g 17 447
Intestinal permeability** 0.104 £0.123

High 31 52.5

Low 28 47.5
Antibiotic use

None 7 18.4

1-3 days 12 31.6

>4 days 19 50.0
Day start breastmilk feeding

Day 1 17 447

Day 2 or 3 15 39.5

>Day 4 6 15.8
Day reached full breastmilk feeding

<Day 7 5 13.2

Day 8-14 15 39.5

>Day 15 18 47.4
Microbiota type*** (most abundant species)
I (Klebsiella pneumonia) 27 422
11 (Staphylococcus epidermidis) 26 40.6
111 (Escherichia coli) 11 17.2

*Postmenstrual age was calculated as gestational age at birth plus week of life (Grier et at., 2017). **The low and
high intestinal permeability category was defined by a La/Rh > 0.05 or <0.05, respectively (Saleem et al., 2017).
***Microbiota type was defined based on clustering of taxonomic profiles using 16S rRNA gene amplicon in this
study.

[00143] The top 25 most abundant phylotypes are shown in Figure 3. Taxonomic profiles of
all samples were clustered into three distinct groups according to similarities in community
composition and structure. Klebsiella spp., Staphylococcus epidermidis, and Escherichia coli
dominated cluster I, II, and III, respectively. Data not shown includes La/Rh ratio and taxonomic
profile of each sample. Taxonomic profiling of corresponding metagenomes further resolved

Klebsiella spp. to Klebsiella pneumoniae, FEnterococcus spp. to Enterococcus faecalis, and
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Bifidobacterium spp. to Bifidobacterium breve. Taxonomic profiles of stool samples from infants
at 6-24 months of age born at term, or phase II/III as defined previously (Mackie et al., 1999;
Mshvildadze et al., 2008; Unger et al., 2015), clustered together in a different and more diverse
cluster (data not shown). Rapid decrease in IP over the 2-week observation period indicates
intestinal barrier function maturation (p-value = 0.002), which is correlated with a significant
increase in community diversity (p-value = 0.02) (Figure 4A); while delayed increase in
community diversity was associated with persistence of high intestinal permeability (p-value <
0.001) (Figure 4B). The results indicated that preterm infant intestinal barrier maturation
correlates with increased fecal microbiota biodiversity and a change in microbiota composition

and structure.

B. Subject Variation, Postmenstrual Age, and IP Explain Most of the Variation in Intestinal
Microbiota

[00144] A multivariate response linear regression was employed on the “balance” of
microbial community and the effect of covariates of demographic, obstetric, and neonatal factors
was evaluated on the microbiome using Gneiss (Morton et al., 2017). Covariates of antibiotics
use, maternal antibiotics use, delivery mode, preterm premature rupture of membranes
(pPROM), feeding pattern, IP, birthweight, gender, ethnicity, gestational age (GA) and
postmenstrual age (PMA) were included in the analysis. Multivariate response linear regression
was fitted on the “balance”, or isometric log ratio of mean abundances of a group of
phylogenetic correlated bacteria in a microbial community (Lin et al., 1999), to calculate the
change of balance on the whole community with respect to a single covariate. Model was
represented: v~ =R0+Boupiect Lounjentt Brex Xsex tBaaX gat. ., where v represents the matrix of
halances, B represents a vector of coeflicients for covariate 1 and mathovecfX 7] represents the
measures for covanate 1. * Evaluated covariates include antibiotics use, maternal antibiotics use,

delivery mode, PPROM, feeding patterns, IP (intestinal permeability), birthweight, gender,

ethnicity, gestational age (GA) and postmenstrual age (PMA, or corrected GA). Difference in B
of the model (y-axis) was used (o access the effect of covariaies on overall variance of microbnal
conmumumnity. Subject, PMA, and IP were shown to have the most explanatory covariates, together
they explained 63.4% of the observed variation of the intestinal microbial community

composition observed in the cohort (Figure SA).
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[00145] The predicted points lie within the same region as the original communities and the
residuals have roughly the same variance as the predictions within +2, indicating the model is
fitting the data well (data not shown). Overall the result indicates the microbial differences
between subjects are large (R squared difference is 0.023 + 0.01), and the covariate with
strongest effect was PMA (R squared difference is 0.044), suggesting that intestinal microbial
composition has subject-to-subject difference and is development-dependent. IP correlated with
the intestinal microbiota (R squared difference is 0.020), and its effect was lower than PMA and
similar to the average among-subject effect.

[00146] Supporting this postulate is the result from supervised machine learning modeling
(Frank et al., 2004), in which the cohort was stratified into high (>5%) and low (<5%)
Clostridiales abundance groups, that shows infants with early postmenstrual age (<30.3wks) in
the low Clostridiales group are most likely to have elevated IP (Figure 5B). Interestingly, this
discriminatory scheme boosts predictive accuracy to 86.1%, which is significantly higher than
using PMA or Clostridiales abundance alone to identify an aberrant IP that have accuracies of
59.4% and 33.9%, respectively. Thus, a scheme comprising potentially strong predictors of poor

IP and poor intestinal maturation in preterm infants has been identified.

C. Clostridiales Is Associated With Low Intestinal Permeability in Preterm Infants

[00147] Comparative analysis of fecal microbiota with high (La/Rh > 0.05) and low IP (La/Rh
< 0.05) showed that Clostridia, the class containing the only order Clostridiales in this cohort,
was significantly more abundant in samples with low IP compared to those with high IP (p-value
=0.01) (Figures 6A,B). In particular, a progressive and significant increase in members of
Clostridiales over the first 2 week after birth significantly associated with low IP (p-value =
0.0002) as shown in Figure 6D. The significance level was calculated based on all samples from
the three time points. Based on Bayesian non-parametric adaptive smoothing models and
subject-specific changes in relative abundance of Clostridiales at study day 1, 8, and 15, the
results demonstrated: (1) at baseline study day 1 within 4 days of birth, the abundance of
Clostridiales was low in subjects with either high or low IP; (2) however, in samples measures
with low IP but not high IP, a significant increase in Clostridiales was observed that reached
~8% median and >20% maximal relative abundance at study day 8, and ~16% median and ~45%

maximal relative abundance at study day 15; (3) on the other hand, in infants with persistently
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high IP (delayed maturation), members of Clostridiales was almost completely absent on study
day 8 and no increase was observed from study day 1 to 8, and its abundance level on study day
15 was only at ~3% median and ~10% maximal relative abundance; (4) in infants 6—24 months
old, Clostridiales is the most abundant taxonomic groups with >50% median and >85% maximal
relative abundance (data not shown). Interestingly, for the subjects that started breastmilk
feeding within the first 1 or 2 days, it also appears Clostridiales was progressively more abundant
at the end of the first and second weeks. On the contrary for the subjects that started breastmilk
feeding on study day 3 or later, the Clostridiales were less established (Figure 6C), highlighting
the impact of early breastmilk feeding on bacterial colonization that shapes intestinal
community. Together, the results suggest preterm infants at birth have low abundance of
Clostridiales, which became progressively and significantly more abundant only in the group
with rapid progression of intestinal barrier maturation, while remained low in those with
persistent high IP over the first 2 weeks of life.

[00148] The predictive power of microbiota composition was further calculated in classifying
IP using random forest supervised machine learning scheme. The top 15 phylotypes with the
highest mean decrease gini index importance measure (data not shown) were used to fit a
random effect logistic regression model of IP, 4 of which were significantly associated with

low IP (data not shown), including three members of the order Clostridiales, Coprococcus (p-
value = 0.004), Lachnospiraceae (p-value = 0.007), Veillonella dispar (p-value = 0.01), and
Bifidobacterium (p-value = 0.01) from the order of Bifidobacteriales. Interestingly,
Bifidobacteriales was the second most abundant taxonomic groups in infants 6—24 months old,

only lower than Clostridiales (data not shown).

D. Clostridiales and Bifidobacterium Are Highly Active Members of the Intestinal
Microbiome

[00149] The level of bacterial transcriptional activities was characterized by studying the suite
of genes present and expressed in preterm infant intestinal microbiota. A total of 869 million
metagenomics sequence reads (average of ~31.0 million sequence reads per sample) and 694
million metatranscriptomic sequence reads (average of ~53.4 million sequence reads per sample)
were obtained after quality assessment. Figure 7 shows that Bifidobacterium breve

(Actinobacteria), Veillonella and Clostridiales Family XI incerteae Sedis (Clostridiales) were
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the most transcriptionally active bacteria with high ratio of transcript abundances over gene
abundances in all samples. Further, the levels of transcriptional activities of Bifidobacterium
breve and Clostridiales Family XI incerteae Sedis were correlated with a spearman correlation of
0.89, suggesting these two taxonomic groups are either functionally dependent or co-regulated
(data not shown). An increased abundance of both Clostridiales and Bifidobacteriales was
observed through the transition from the first 2 weeks (phase I) to later age of 6—24 months
(phase II/I1I) as further supporting their active contribution to the function of the GI microbiota
after birth. Interestingly, Clostridiales and Bifidobacteriales were also the most abundant
taxonomic groups in the intestinal microbiota of 6—24 months old infants (data not shown).
Specifically, members of the family Clostridiales have an average abundance of 50 + 3% in
phase II and IIT infants, compared to 0.1 = 0.4% in phase I infants. Bifidobacteriales have an
abundance of 26 + 5% in phase II and III as opposed to 0.1 + 0.3% in phase I infants. Together
with the previous observation that Coprococcus (Clostridiales), Lachnospiraceae (Clostridiales),
Veillonella dispar (Clostridiales), and Bifidobacterium (Bifidobacteriales) are significantly
associated with low IP, the results suggest the presence and more importantly the activity of
bacterial members of Clostridiales and Bifidobacteriales are associated with improved intestinal
barrier maturation. Conversely, the two Enterobacteriaceae species, Klebsiella pneumoniae and
Escherichia coli, had low transcriptional activity despite their high relative abundance in the
infant GI microbiota, questioning their functional contribution to the infant stool microbiota.
Interestingly, Enterobacteriaceae and Staphylococcus are the most abundant bacterial taxa

present in phase I infants but are rarely observed in phase II and III (data not shown).

L. Larly Breast Milk Feeding and Shorter Duration Antibiotic FExposure Positively
Correlates With Clostridiales Abundance and Activities

[00150] The associations between intestinal microbiota and demographic, obstetric, and
neonatal factors were also evaluated. Gneiss analysis suggests delivery mode, pPPROM, gender,
ethnicity, birthweight, maternal antibiotics use are not contributing covariates to the intestinal
microbial community variance. Further, no bacterial phylotype was identified to significantly
associate with these factors. However, breast milk feeding pattern and shorter duration infant
antibiotic exposure were significantly associated with increased abundance of Clostridiales.

More specifically, early full exclusive breast milk feeding by study day 10 (p-value = 0.0001)
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and antibiotic exposure limited to no more than 4 days (p-value = 0.05), were associated with the
family Lachnospiraceae in the Clostridiales (p-value = 0.004) (data not shown). On the other
hand, Enterobacteriaceae, particularly Klebsiella pneumoniae (as identified by metagenomics
sequencing), was significantly associated with full breast milk feeding achieved after study day
10 (p-value = 0.01) (data not shown). These results strongly suggest members of the
Clostridiales are significantly associated with low intestinal permeability, early full breast milk

feeding, as well as shorter duration of antibiotic use.

F. Clostridiales Are Highly Prevalent in the GI Microbiota of Preterm Infants

[00151] The most abundant bacterial species that included K. preumoniae, Staphylococcus
epidermidis, E. coli, and Enterococcus faecalis were found with mean abundance of ~10-35%
(S.D. ~15-30%) and ~85-95% prevalence in these samples. In comparison, many species such
as Streptococcus agalactiae, B. breve, B. longum, Clostridium perfringens, Propionibacterium
acnes, Bacteroides fragilis, Veillonella parvula, and Streptococcus thermophiles were present in
15-70% of all samples and had a much lower level of abundance ranging from ~0.0001-1%
(S.D. ~0.0001-6%). Many of the members of Clostridiales were not resolved at the species or
genus-level, while those taxonomically identified Clostridiales included Coprococcus, Blautia,
SMB53, Ruminococcus gnavus, Clostridium spp., Faecalibacterium prausnitzii, Dorea,
Ruminococcus bromii, Roseburia, Pseudoramibacter and Butyricicoccus pullicaecorum were
detected in low or extremely low abundance yet high prevalence (data not shown). Given the
average sequencing depth is ~10°-10° and stool bacterial load per gram of stool is in the range of
~109-101° (Palmer et al., 2007; Abdulkadir et al., 2016; Wandro et al., 2018), it is likely that
some bacterial taxonomic groups with low relative abundance (0.0001-1%) were below the
detection limit. It is expected that the prevalence of the members of Clostridiales are
underestimated and that is actually higher than the currently observed 15-70% among samples in
the GI microbiota of preterm infants.

[00152] Preterm infants are at elevated risk for leaky gut, feeding intolerance, NEC and
sepsis, and other short-term and long-term morbidities (Unger et al., 2015). The pathophysiology
of these disorders is likely multifactorial, involving a combination of intestinal mucosa barrier
immaturity, imbalance in microvascular tone, aberrant microbial colonization and altered

immune responses (Mai et al., 2011; Neu and Walker, 2011; Unger et al., 2015). It has been
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previously demonstrated that neonatal factors such as gestational age, antibiotic exposure, and
exclusive breastmilk feeding affect intestinal mucosa barrier permeability in preterm infants
(Taylor et al., 2009; Saleem et al., 2017). With the rapid development of high-throughput
sequencing technology, recent studies have evaluated the significant association between the
composition of intestinal microbiota, neonatal intestinal health and development (Palmer et al,
2007; Neish, 2009; Belkaid and Hand, 2014; Warner et al., 2016). However, the relationships
between intestinal microbiota and IP have not yet been evaluated in a high-risk preterm
population. In this study, a particular focus was on the intestinal immaturity in the challenging,
yet most demanding population of very early gestational age subjects, and the early development
of the intestinal microbiota and its association with IP was investigated in preterm infants during
the first 2 weeks of life. It was observed that neonatal factors known to be associated with low
IP, including early exclusive breast milk feeding and shorter duration of antibiotic exposure,
significantly associate with the early colonization of the intestinal microbiota by members of
Clostridiales. Given that Clostridiales and Bifidobacterium are most transcriptionally active and
are also the most abundant bacterial groups in later ages (6—18 months), suggesting a process in
which colonization with these two bacterial groups early during intestinal development after
birth appears critical.

[00153] The demonstrated association between IP, intestinal microbiota, and neonatal factors
in this study suggest Clostridiales offer a new opportunity to develop a live biotherapeutic
product (LBP) for the early prevention of NEC, possibly in combination with strains of
Lactobacillus and Bifidobacterium already available. LBP therapies are promising, low-cost, and
constitute a likely safe preventive measure to improve intestinal barrier maturation and reduce
NEC incidence in at-risk preterm infants (Stratiki et al., 2007). There have been at least 11
randomized controlled trials and a recent meta-analysis of LBP supplementation to prevent NEC
in preterm neonates (Deshpande et al., 2010; Bergmann et al., 2013). Although there was a 30%
reduction in NEC incidence in these trials, various formulations, doses, and duration of therapy
were used, infants < 1000 g BW with the highest NEC incidence were under-represented, and no
Food and Drug Administration-approved products are available to assure quality and safety
under good manufacturing practices.

[00154] The taxonomic group Clostridiales was unfortunately known for a few pathogenic

species that include C. botulinum, C. perfringens, C. tetani, and C. difficile in the family of
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Clostridiaceae (Rajilic-Stojanovic et al., 2007). However, Clostridiales has been largely
overlooked because of the difficulties to culture in vifro. Recent application of culture-
independent high-throughput sequencing identified many formerly unculturable Clostridiales
species, and the group is now thought to be one of the predominant groups inhabiting the GI
tract, comprising ~30-40% abundance of the adult intestinal microbiota and 13 bacterial
families, and majority are commensal of the intestinal microbiota (Walker et al., 2011). In fact,
Clostridiales are heterogeneous in terms of their enzymatic and metabolic properties with anti-
inflammatory properties, which often associates with their fermentative metabolism of
carbohydrates and amino acids that produces beneficial short-chain fatty acid (SCFA) such as
acetate, propionate, and butyrate (Smith et al., 2013; Stefka et al., 2014). Further, Clostridiales
have been recently shown to stimulate the production of intestinal epithelial cytokines that have
been associated with the improvement of intestinal dysbiosis, and marked reduction in
inflammation (Atarashi et al., 2011, 2013; Narushima et al., 2014). The recent characterization of
46 strains of newly isolated Clostridiales revealed their ability to induce regulatory T cells and a
protection against colitis and allergic responses (Atarashi et al., 2011). Seventeen strains of
human-derived Clostridiales species were rationally selected using gnotobiotic mice and the
cocktail shown to have prophylactic effect in mouse colitis (Atarashi et al., 2013; Narushima et
al., 2014). In addition, the administration of Clostridiales protects the host from pathogen
infection and abrogated intestinal pathology (McMurtry et al., 2015). In term infants, the
presence of Clostridiales in the intestinal microbiota was demonstrated to prevent colonization
by bacterial pathogens such as S. Typhimurium (Kim et al., 2017). These species form the basis
of the microbiome therapeutics product, SER109, for the treatment of C. difficile infection in
adults (Khanna et al., 2016). Future characterization of Clostridiales species will potentially
prevent microbial community-mediated intestinal dysbiosis in preterm infants to optimize
intestinal maturation and limit the burden of prematurity (Ward et al., 2016).

* * * *
[00155] While the invention has been described with reference to certain particular
embodiments thereof, those skilled in the art will appreciate that various modifications may be
made without departing from the spirit and scope of the invention. The scope of the appended

claims is not to be limited to the specific embodiments described.
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WHAT IS CLAIMED IS:

1. A method of characterizing intestinal permeability (IP) in a subject, comprising
determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a sample obtained
from a subject,

wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria is about 5%
or less by relative abundance of the total amount of bacteria in the sample, the IP of the subject is
characterized as high, and

wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria is more than
about 5% by relative abundance of the total amount of bacteria in the sample, the IP of the
subject is characterized as low.

2. The method of claim 1, wherein the subject is a preterm infant.

3. The method of claim 2, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

4. The method of claim 1, wherein the sample is a stool sample.

5. The method of claim 1, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

6. The method of claim 1, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

7. The method of claim 1, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

8. A method of treating or preventing high intestinal permeability in a subject
comprising:

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a
treatment or preventive agent for high intestinal permeability to the subject when the amount of
Clostridiales and/or Bifidobacteriales bacteria in the sample is about 5% or less by relative
abundance of the total amount of bacteria;

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a

treatment or preventive agent for high intestinal permeability to the subject when the amount of
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Clostridiales and/or Bifidobacteriales bacteria is within a pre-established range of amounts of
Clostridiales and/or Bifidobacteriales bacteria associated with high intestinal permeability; or

(©) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in
samples obtained from a subject at two or more time points and administering a therapeutically
effective amount of a treatment or preventive agent for high intestinal permeability to the subject
when the amount of Clostridiales and/or Bifidobacteriales bacteria in the samples decreases over
time.

9. The method of claim 8, wherein the subject is a preterm infant.

10. The method of claim 9, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

11. The method of claim 8, wherein the sample is a stool sample.

12. The method of claim 8, wherein a decrease in IP of at least 10% compared with a
subject that does not receive the treatment or preventive agent for high intestinal permeability is
achieved.

13. The method of claim 8, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

14. The method of claim 8, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

15. The method of claim 8, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

16. The method of claim 8, wherein when samples are obtained from a subject at two
or more time points in (¢), the time points are separated by at least 7 days plus or minus 1 to 2
days.

17. The method of claim 8, wherein the decrease in the amount of Clostridiales and/or
Bifidobacteriales bacteria in the samples in over time in (¢) is a decrease of at least about 10%.

18. The method of claim 8, wherein the treatment is one or more of live
biotherapeutic product (LBP), antibiotics, prebiotics, synbiotics, and intestinal environment

parameters modifying small molecules.
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19.  The method of claim 8, wherein the preventive agent is one or more of LBP,
antibiotics, prebiotics, synbiotics, and intestinal environment parameters modifying small
molecules.

20. The method of claim 8, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

21. A method of identifying a subject at elevated risk for developing necrotizing
enterocolitis (NEC) comprising:

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, wherein when the amount of Clostridiales and/or
Bifidobacteriales bacteria is about 5% or less by relative abundance of the total amount of
bacteria in the sample, the subject is identified as at elevated risk for developing NEC;

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and comparing the amount to pre-established ranges of amounts
of Clostridiales and/or Bifidobacteriales bacteria associated with NEC, wherein when the amount
of Clostridiales and/or Bifidobacteriales bacteria in the sample is within pre-established range of
amounts of Clostridiales and/or Bifidobacteriales bacteria associated with NEC, the subject is
identified as at elevated risk for developing NEC; or

(©) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in
samples obtained from a subject at two or more time points, wherein when the amount of
Clostridiales and/or Bifidobacteriales bacteria in the samples decreases over time, the subject is
identified as at elevated risk for developing NEC.

22. The method of claim 21, wherein the subject has high intestinal permeability.

23. The method of claim 21, wherein the subject is a preterm infant.

24. The method of claim 23, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

25. The method of claim 21, wherein the sample is a stool sample.

26. The method of claim 21, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

27. The method of claim 21, wherein the amount of bacteria in the sample is based on

the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.
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28. The method of claim 21, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

29. The method of claim 21, wherein when samples are obtained from a subject at
two or more time points in (c), the time points are separated by at least 7 days plus or minus 1 to
2 days.

30. The method of claim 21, wherein the decrease in the amount of Clostridiales
and/or Bifidobacteriales bacteria in the samples in over time in (c) is a decrease of at least about
10%.

31 A method of treating or preventing NEC incidence in a subject comprising

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a
treatment or preventive agent for NEC to the subject when the amount of Clostridiales and/or
Bifidobacteriales bacteria in the sample is about 5% or less by relative abundance of the total
amount of bacteria;

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a
treatment or preventive agent for NEC to the subject when the amount of Clostridiales and/or
Bifidobacteriales bacteria is within a pre-established range of amounts of Clostridiales and/or
Bifidobacteriales bacteria associated with NEC; or

(©) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in
samples obtained from a subject at two or more time points and administering a therapeutically
effective amount of a treatment or preventive agent for NEC to the subject when the amount of
Clostridiales and/or Bifidobacteriales bacteria in the samples decreases over time.

32. The method of claim 31, wherein the subject is a preterm infant.

33. The method of claim 32, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

34. The method of claim 31, wherein the sample is a stool sample.

35. The method of claim 31, wherein a decrease in NEC incidence of at least 10%
compared with a subject that does not receive the treatment or preventive agent for NEC is

achieved.
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36. The method of claim 31, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

37. The method of claim 31, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

38. The method of claim 31, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

39. The method of claim 31, wherein when samples are obtained from a subject at
two or more time points in (c), the time points are separated by at least 7 days plus or minus 1 to
2 days.

40. The method of claim 31, wherein the decrease in the amount of Clostridiales
and/or Bifidobacteriales bacteria in the samples in over time in (c) is a decrease of at least about
10%.

41. The method of claim 31, wherein the treatment is one or more of LBP, antibiotics,
prebiotics, synbiotics, and intestinal environment parameters modifying small molecules.

42. The method of claim 31, wherein the preventive agent is one or more of LBP,
antibiotics, prebiotics, synbiotics, and intestinal environment parameters modifying small
molecules.

43.  The method of claim 31, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

44, A method of treating or preventing leaky gut in a subject comprising:

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a
treatment or preventive agent for leaky gut to the subject when the amount of Clostridiales
and/or Bifidobacteriales bacteria in the sample is about 5% or less by relative abundance of the
total amount of bacteria;

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a
treatment or preventive agent for leaky gut to the subject when the amount of Clostridiales
and/or Bifidobacteriales bacteria is within a pre-established range of amounts of Clostridiales

and/or Bifidobacteriales bacteria associated with leaky gut; or
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(©) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in
samples obtained from a subject at two or more time points and administering a therapeutically
effective amount of a treatment or preventive agent for leaky gut to the subject when the amount
of Clostridiales and/or Bifidobacteriales bacteria in the samples decreases over time.

45.  The method of claim 44, wherein the subject is a preterm infant.

46. The method of claim 45, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

47. The method of claim 44, wherein the sample is a stool sample.

48. The method of claim 44, wherein a decrease in IP of at least 10% compared with
a subject that does not receive the treatment or preventive agent for leaky gut is achieved.

49. The method of claim 44, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

50. The method of claim 44, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

51. The method of claim 44, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

52. The method of claim 44, wherein when samples are obtained from a subject at
two or more time points in (c), the time points are separated by at least 7 days plus or minus 1 to
2 days.

53. The method of claim 44, wherein the decrease in the amount of Clostridiales
and/or Bifidobacteriales bacteria in the samples in over time in (c) is a decrease of at least about
10%.

54. The method of claim 44, wherein the treatment is one or more of LBP, antibiotics,
prebiotics, synbiotics, and intestinal environment parameters modifying small molecules.

55.  The method of claim 44, wherein the preventive agent is one or more of LBP,
antibiotics, prebiotics, synbiotics, and intestinal environment parameters modifying small
molecules.

56. The method of claim 44, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

57. A method of improving intestinal barrier function in a subject comprising:
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(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a live
biotherapeutic product (LBP) comprising a culture of one or more of Clostridiales, Lactobacillus,
Bifidobacteriales and Negativicutes bacteria to the subject when the amount of Clostridiales
and/or Bifidobacteriales bacteria in the sample is about 5% or less by relative abundance of the
total amount of bacteria;

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a live
biotherapeutic product (LBP) comprising a culture of one or more of Clostridiales, Lactobacillus,
Bifidobacteriales and Negativicutes bacteria to the subject when the amount of Clostridiales
and/or Bifidobacteriales bacteria is within a pre-established range of amounts of Clostridiales
and/or Bifidobacteriales bacteria associated with intestinal barrier malfunction; or

(©) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in
samples obtained from a subject at two or more time points and administering a therapeutically
effective amount of a live biotherapeutic product (LBP) comprising a culture of one or more of
Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the subject when the
amount of Clostridiales and/or Bifidobacteriales bacteria in the samples decreases over time.

58. The method of claim 57, wherein the subject is a preterm infant.

59. The method of claim 58, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

60. The method of claim 57, wherein the sample is a stool sample.

61.  The method of claim 57, wherein an improvement in function of at least 10%
compared with a subject that does not receive LBP is achieved.

62. The method of claim 57, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

63. The method of claim 57, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

64. The method of claim 57, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the

sample.
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65. The method of claim 57, wherein when samples are obtained from a subject at
two or more time points in (c), the time points are separated by at least 7 days plus or minus 1 to
2 days.

66. The method of claim 57, wherein the decrease in the amount of Clostridiales
and/or Bifidobacteriales bacteria in the samples in over time in (c) is a decrease of at least about
10%.

67.  The method of claim 57, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

68. A method of promoting intestinal barrier maturation in a subject comprising:

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a live
biotherapeutic product (LBP) comprising a culture of one or more of Clostridiales, Lactobacillus,
Bifidobacteriales and Negativicutes bacteria to the subject when the amount of Clostridiales
and/or Bifidobacteriales bacteria in the sample is about 5% or less by relative abundance of the
total amount of bacteria;

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering a therapeutically effective amount of a live
biotherapeutic product (LBP) comprising a culture of one or more of Clostridiales, Lactobacillus,
Bifidobacteriales and Negativicutes bacteria to the subject when the amount of Clostridiales
and/or Bifidobacteriales bacteria is within a pre-established range of amounts of Clostridiales
and/or Bifidobacteriales bacteria associated with an immature intestinal barrier; or

(©) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in
samples obtained from a subject at two or more time points and administering a therapeutically
effective amount of a live biotherapeutic product (LBP) comprising a culture of one or more of
Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria to the subject when the
amount of Clostridiales and/or Bifidobacteriales bacteria in the samples decreases over time.

69. The method of claim 68, wherein the subject is a preterm infant.

70. The method of claim 69, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

71. The method of claim 68, wherein the sample is a stool sample.
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72. The method of claim 68, wherein a maturation of at least 10% compared with a
subject that does not receive LBP is achieved.

73. The method of claim 68, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

74. The method of claim 68, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

75. The method of claim 68, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

76. The method of claim 68, wherein when samples are obtained from a subject at
two or more time points in (c), the time points are separated by at least 7 days plus or minus 1 to
2 days.

77. The method of claim 68, wherein the decrease in the amount of Clostridiales
and/or Bifidobacteriales bacteria in the samples in over time in (c) is a decrease of at least about
10%.

78. The method of claim 68, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

79. A method of reducing gut inflammation in a subject comprising:

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering to the subject a therapeutically effective
amount of an agent to reduce gut inflammation when the amount of Clostridiales and/or
Bifidobacteriales bacteria in the sample is about 5% or less by relative abundance of the total
amount of bacteria; or

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering to the subject a therapeutically effective
amount of an agent to reduce gut inflammation when the amount of Clostridiales and/or
Bifidobacteriales bacteria is within a pre-established range of amounts of Clostridiales and/or
Bifidobacteriales bacteria associated with high gut inflammation.

80. The method of claim 79, wherein the subject is a preterm infant.

81. The method of claim 80, wherein the preterm infant is an infant of less than 37

weeks of gestational age.
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82. The method of claim 79, wherein the sample is a stool sample.

83. The method of claim 79, wherein a decrease in inflammation of at least 10%

compared with a subject that does not receive the agent to decrease gut inflammation is achieved.

84. The method of claim 79, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

85. The method of claim 79, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

86. The method of claim 79, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

87. The method of claim 79, wherein the agent to reduce gut inflammation is one or
more of LBP, antibiotics, prebiotics, synbiotics, and intestinal environment parameters
modifying small molecules.

88. The method of claim 79, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

89. A method of maintaining gut homeostasis in a subject comprising:

(a) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering to the subject a therapeutically effective
amount of an agent to induce gut homeostasis when the amount of Clostridiales and/or
Bifidobacteriales bacteria in the sample is about 5% or less by relative abundance of the total
amount of bacteria; or

(b) determining the amount of Clostridiales and/or Bifidobacteriales bacteria in a
sample obtained from a subject, and administering to the subject a therapeutically effective
amount of an agent to induce gut homeostasis when the amount of Clostridiales and/or
Bifidobacteriales bacteria is within a pre-established range of amounts of Clostridiales and/or
Bifidobacteriales bacteria associated with dysregulated gut homeostasis.

90. The method of claim 89, wherein the subject is a preterm infant.

91. The method of claim 90, wherein the preterm infant is an infant of less than 37
weeks of gestational age.

92. The method of claim 89, wherein the sample is a stool sample.
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93. The method of claim 89, wherein an improvement in gut homeostasis of at least
10% compared with a subject that does not receive the agent to induce gut homeostasis is
achieved.

94, The method of claim 89, wherein the amount of bacteria in the sample is based on
the relative abundance of one or more selected genes corresponding to the bacteria in the sample.

95. The method of claim 89, wherein the amount of bacteria in the sample is based on
the relative abundance of a 16S rRNA gene variable region of the bacteria in the sample.

96. The method of claim 89, wherein the amount of bacteria in the sample is based on
the relative abundance of the V3—V4 variable region of a 16S rRNA gene of the bacteria in the
sample.

97. The method of claim 89, wherein the agent to induce gut homeostasis is one or
more of LBP, antibiotics, prebiotics, synbiotics, and intestinal environment parameters
modifying small molecules.

98. The method of claim 89, further comprising administering breast milk to the
subject or reducing exposure of the subject to antibiotics, or both.

99. A live biotherapeutic product (LBP) comprising a culture of one or more of
Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria.

100. The LBP of claim 99, wherein the LBP comprises Clostridiales and
Bifidobacteriales.

101.  The LBP of claim 99, wherein the LBP comprises Clostridiales, Bifidobacteriales
and Lactobacillus.

102.  The LBP of claim 99, wherein the LBP comprises Clostridiales, Bifidobacteriales,
Lactobacillus and Negativicutes.

103.  The method of any one of claims 99-101, wherein the bacteria comprise one or
more of Bifidobacterium, Lactobacillus, Acetoanaerobium, Acidaminobacter, Anaerocellum,
Anaerovirgula, Anaerovorax, Carboxydocella, Casaltella, Epulopiscium, Fenollaria,
Flavonifractor, Fusibacter, Gottschalkia, Guggenheimella, Howardella, Intestinimonas, Levyella,
Metabacterium, Mogibacterium, Natranaerovirga, Proteiniborus, Proteocatella,

Pseudoflavonifractor, Sulfobacillus, Thermaerobacter, and Veillonella bacteria.
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Figure 3
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Figure 6
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Figure 6 continued
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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1. l:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
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3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
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D The additional search fees were accompanied by the applicant’s protest but the applicable protest
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Continuation of:
Box No. lIl. Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: claims 1-7, drawn to a method of characterizing intestinal permeability (IP) in a subject.

Group II: claims 8-20, 44-78, 89-98, drawn to a method of treating high intestinal permeability or leaky gut; a method of improving
intestinal barrier function or maintaining gut homeostasis, in a subject.

Group Ili: claims 21-43, drawn to a method of identifying a subject at elevated risk for developing necrotizing enterocolitis (NEC) and a
method of treating NEC.

Group IV: claims 79-88, drawn to a method of reducing gut inflammation in a subject.
Group V: claims 99-103, drawn to a live biotherapeutic product (LBP).

The inventions listed as Groups | through V do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Groups I-IV include the special technical feature of a method which differs from the special technical feature of a composition as
disclosed by Group V.

Group | includes the special technical feature of a method of characterizing intestinal permeability (IP) in a subject, comprising
determining when the amount of Clostridiales and/or Bifidobacteriales bacteria is more than about 5% by relative abundance of the total
amount of bacteria in the sample, not required by Groups II-IV.

Group Il includes the special technical feature of a method of treating high intestinal permeability or leaky gut; a method of improving
intestinal barrier function or maintaining gut homeostasis, in a subject, not required by Groups | and {II-IV.

Group lll includes the special technical feature of a method of identifying a subject at elevated risk for developing NEC and a method of
treating NEC, not required by Groups |, Il, and IV.

Group IV includes the special technical feature of a method of reducing gut inflammation in a subject., not required by Groups I-I1I.

Common Technical Features

The inventions of Groups I-IV share the technical feature of a genetic modification to disrupt a target gene selectively invoived in
gametogenesis.

The inventions of Groups I- IV share the technical feature of a method of determining the amount of Clostridiales and/or Bifidobacteriales
bacteria in a sample obtained from a subject, wherein the amount of Clostridiales and/or Bifidobacteriales bacteria is about 5% or less
by relative abundance of the total amount of bacteria in the sample.

The inventions of Groups II- IV share the technical feature of a method of determining the amount of Clostridiales and/or
Bifidobacteriales bacteria in samples obtained from a subject at two or more time points.

The inventions of Groups II- IV share the technical feature of a method of treating a disorder comprising administering a therapeutically
effective amount of a treatment or preventive agent.

However, these shared technical features do not represent a contribution over prior art in view of US 2011/0091445 A1 to Knol et al.
(hereinafter "Knol").

Knol teaches a method of characterizing intestinal permeability (IP) in a subject, comprising determining the amount of Clostridiales
and/or Bifidobacteriales bacteria in a sample obtained from a subject (para [0006], the inventors hypothesize that this change in flora
contributes to the chronic activation of the immune system during progressive HIV disease and might result in deterioration of the
intestinal barrier function.),

wherein when the amount of Clostridiales and/or Bifidobacteriales bacteria is about 5% or less by relative abundance of the total amount
of bacteria in the sample (para [0005), The relative amount of bifidobacteria (% of total fecal microbiota) was less than 5% of the total
fecal microorganisms in HIV-infected subjects, whereas in healthy populations in general this level varies between 5 and 10%.; [0073],
The numbers of Bifidobacteria in feces of HIV patients was determined by FISH as described previously.).

Knol! teaches a method of determining the amount of Clostridiales and/or Bifidobacteriales bacteria in samples obtained from a subject at
two or more time points (para [007 1}, Stool samples are collected at baseline and after 12 weeks.).

Knol teaches a method of treating a disorder comprising administering a therapeutically effective amount of a treatment or preventive
agent (para [0074], Table 1 shows that treatment of HIV patients with a composition according to the invention comprising dietary fiber
resulted in a significant increase in the percentage of Bifidobacteria compared to total bacterial content in their feces in week 12
compared to start of the study (baseline) (FISH data), whereas the control group did not show any significant change after 12 weeks of
intake of the Placebo product.).

----continued on next sheet----
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Continuation of:
Box No. Ill. Observations where unity of invention is lacking

The inventions of Groups Il and IV share the technical feature of a live biotherapeutic product (LBP) comprising a culture of one or more
of Clostridiales, Lactobacillus, Bifidobacteriales and Negativicutes bacteria.

However, these shared technical features do not represent a contribution over prior art in view of WO 2016/124642 A1 to Winclove
Holding BV (hereinafter "Winclove").

Winclove teaches a live biotherapeutic product (LBP) comprising a culture of one or more of Clostridiales, Lactobacillus,
Bifidobacteriales and Negativicutes bacteria (pg 5, In 7-32, a supplement comprising a multispecies probiotic composition at least
comprising or containing Bifidobacterium bifidum W23 for use in the treatment or prevention of depression or aggression or rumination in
humans. Said multispecies probiotic composition may additionally be provided with tryptophan. This strain, together with Lactobacillus
acidophilus W37 and Lactobacillus brevis W63, was shown to generate the greatest contribution to protect an epithelial cell against
cytokine-induced dysfunction and was also shown to protect against most parameters affecting barrier function tested (see also Table
2).; pg 15, In 23-30, Probiotics are defined by the World Health Organization as "live micro-organisms that, when administered in
adequate amounts, confer a health benefit on the host".).

As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Groups | through V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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