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Miami Leonard M. Miller School of Medicine, with a
special interest in neonatal resuscitation, nutrition,
and probiotic use. In this presentation, Dr. del Moral
reviews the importance of premature infant dysbiosis
and the manipulation of the intestinal microbiota using
probiotics. She discusses the controversies that exist
with the use of probiotics in the population of
premature newborn infants, as well as the potential to
reduce the risk of necrotizing enterocolitis.
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Editor’s Note: This is a transcript of a live presentation on November 7, 2021. It has been edited and condensed for clarity.

I PREMATURE INFANT DYSBIOSIS

Teresa del Moral, MD, MPH,
PhD: The topic | am going to talk
about today is Probiotics in the
NICU: Evidence and
Controversies. The points that
we are going to touch on are the premature
infant dysbiosis and the manipulation of the
microbiota with probiotics: what is the evidence
and what are the controversies, still, in terms of
the use of probiotics in premature infants.

It's more than 100 years now that Elie
Metchnikoff made the observation that the
ingestion of a light bacteria was associated with
prolonged life. We know now that these
organisms, this microbiome, are an important
part of our body, and a relevant part of the
scientific literature. It was in 2008 when the NIH
promoted the Human Microbiome Project to
try to better define these bacteria that are part
of our body and the implication in health and
disease.!

Probiotics, 100 years after
Elie Metchnikoff's observation

Human Microbiome Project (HMP)

Bacterial distribution by body site. This figure shows the
distribution by body site of bacteria that have been sequenced
under the HMP or are in the sequencing pipelines.

Beside the fact that there this organism is
throughout our body, the most relevant part,
the most important part is in the Gl
[gastrointestinal] tract. And in the Gl tract, they
have important biological functions. This
biological function starts with forming a safe
barrier of the intestinal mucosa to prevent the
translocation of the pathogens. Also, these
bacteria, the bacteria that will do the digestion
of the oligosaccharides that are present in
breast milk, these oligosaccharides are the
nutritive for bacteria. Through the digestion
and fermentation of these oligosaccharides, it
will produce vitamins, lactic acid, and short-
chain fatty acids, which are very important for
neurodevelopment.

ROLE OF MICROBIOTA IN THE IMMATURE INTESTINE

Undigested
carbohydrates

Vit K
Lactic, formic acetic acid

Barrier function L .
Short Chaln Fatty Acids

I Digestion’»

Development of tolerance
Modulation immune system

On the other side, these bacteria will interact
with enterocytes through a mechanism that has
been called crosstalk. And through this
mechanism, it's going to promote the
maturation of the immune system. That means
that the development of tolerance and also the
modulation of the immune system, through the
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modulation of inflammatory markers, and also
interaction with B cells, and increase of IgA.

This is an important part of the function of this
microbiome in the intestine. This is very
important, specifically in the first weeks or
months of life. But how do the newborn infants
acquire those bacteria? There are three main
mechanisms, which include the intrauterine,
the delivery through the vaginal channel, and
also the postnatal, which is mainly through the
breast milk.

How does the newborn
get colonized?

* Intrauterine: partial colonization?
+ Delivery: vaginal

*+ Postnatal: breast feeding

Slide 3
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In the last few years, the idea that the placenta
and the amniotic fluid are sterile, when there is
no infection has been challenged, because
there is a study from 2014, in which they found
bacteria in the placenta that is very similar to
the bacteria, which is in the mouth of the
mother.? A few years later, Dr. Collado found
that there was some bacteria that was found in
amniotic fluid.? It was found in the placenta,
and it's similar to the bacteria that is later found
in the breast milk, in the first few days of life, in
the meconium of the newborn.

But this idea that the placenta, that the
colonization may start in prenatal life, the data
are not consistent, so there is still no definitive
confirmation.

* The placenta harbors a unique
microbiome 1]

« Human gut colonization may

be initiated in utero by distinct microbial
communities in the placenta and
amniotic fluid?!

Slide 4

After that, the pass through the vaginal channel
is one of the important ways to colonize the
newborn. This study shows babies who were
born by vaginal delivery, they have bacteria—
which is the red one—that is closer to the
bacteria that is found in the vagina.* [For] these
babies who were born vaginally, the bacteria
are closer to those found in the vagina, versus
the babies who were born by C-section in which
the bacteria [the babies] are colonized with is
closer to the bacteria found in the skin on the
mother.
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Delivery mode shapes the acquisition and structure of the
initial microbiota across multiple body habitats in newborns

Mother's body habitat:
® Oral mucosa
Vagina
Skin

Baby’s delivery mode:
@ Vaginal

@ Cesarean

g

s 8 P
Bacterial 165 rRNA gene surveys reveal that the first microbiotas of human
newborns are primarily structured by delivery mode

> Diminguez Beaa b 5 Figurs ed under the
5 blatiarai Acacemy of x
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After birth, the main source of colonization is
the breast milk. These are fecal samples of
different newborns in which the bacteria that is
found in these fecal samples is the same
bacteria that was found in the breast milk of the
mothers and also, some of these bacteria was
found in the vagina of the mother.>

Studies: Translocation Mechanism

Vaginal Swab Breast milk Infantfeces
Species

Lactobacillus jensenii
Lactobacillus iners '
Lactobacillus crispatus |
Lactobacillus casel

Lb paracasel - - - - - - - e
Lactobacillus thamnosus, - - - - | - 7% T

Lactobacillus gosseri

Lactobacillus fermentum| -

Lactobacillus plantarum

Weisella confusa

Leuconostoc fallax

Leuconostoc citreum

derococcus sp. - - - + .- - o .
The bacterial flora present in human breast milk, including lactebacillus and
bifidobacteria, are transferred and colonize the gut of the newborn infant.

u.un R et al. [ Anpl Microbiol, 2007;103:2638-2644. figure relicated)
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With that, the newborn ends with a very diverse
colonization that is classified, like in this graph,
in which the main symbiotic bacteria are the
Bifidobacterium and the lactobacilli, which are

marked. There are also bacteria that are
potentially pathogens, and those marked in
black are the bacteria that are pathogens.

Gut microbiota of the very-low-birth-
weight infant

[T
{phass Il oo

L BHealth | 77

SCHOOL
mmermmarnss | of MEDICINE

Uluas,e' . Pedictr Res, 2015;77-205-212
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But what happens with the premature baby?
The premature baby, yes, because the baby is
often born by C-section. Also, because they are
in a different environment to be with the
mother, they don't go with the mother, they
stay in our units, and they're exposed to that
environment. Also, often they get antibiotics in
the first few days of life, and the diet is not the
breast milk diet from their mother.® We try to
give breast milk, but often they don't get as
much breast milk as we would like.
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Causes of dysbiosis in
premature infants

Genes,
receptors? Age

Mode of birth Diet
\ composition

Mo —= Gut Microflora &

Non-digestible
carbohydrates,
prebiotics
environment
Antibiotics,

drugs Probiotics

b
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So, that causes changes in this colonization.
This is one of the studies we chose that
represents these changes in colonization.” This
is a graph in which the bars represent the
bands of similarity in terms of the intestinal
bacteria. The babies who are breast fed full
term—which is the last column—the similarity
is low, so the diversity is very high. You see,
compared with the babies who were premature
babies, and three days of life, and through the
first weeks until day 28 of life, the similarity is
much higher, meaning that diversity is very low.
So, that's one of the characteristics of the
colonization of the full-term baby: they have a
very diverse colonization.

Development of the Intestinal Bacterial Composition
in Hospitalized Preterm Infants in Comparison With
Breast-Fed, Full-Term Infants!!)
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12 day 28 day breastfed

infants

Lt 57555

But this is not only dysbiosis in the babies. Also,
this has some clinical implication, as shown in
this study in which the bars represent what is
called the Shannon Index, which is exactly the
opposite of the previous one. This is an index
that measures diversity, and we see on the red
or pink bars that represent the cases, and the
green bars, the controls. And this is a cohort
study in which babies who developed
necrotizing enterocolitis were compared with
babies who did not develop necrotizing
enterocolitis. 8 So, you see, in the control
[group], the diversity goes up over the weeks,
while in the babies who developed necrotizing
enterocolitis, the diversity decreases over time.
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Gut bacteria dysbiosis and necrotizing enterocolitis in very low
birthweight infants: a prospective case-control study!'!
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Shannon diversity indices in wach 15 day analysis interval from the 5t, Louis cohort
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Shows microbial diversi ols from cases and controls, Horlzontal line shows r

bou hiskers show the difference: a
75th ed these boundaries are de dles.
p=0.0004 for time-by-necratizing-enteracolitis interaction indicating significantly discardant trands in
bacterial diversity in stools from cases versus contrals,

. BHSRIEr BE, et al. Loncer. 20 EAE7:P1820- 1006 (figure relicsted)
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These are two of the many studies that show,
that confirm the fact that in premature babies,
dysbiosis is prevalent in premature infants.
Also, dysbiosis in these premature infants is
associated with morbidity. That makes this
population, one of the populations who can
benefit the most of trying to revert dysbiosis
and to use the probiotics to stabilize the
intestinal microbiota.

* Dysbiosis is prevalent in premature
infants
+ Dysbiosis is associated with morbidity

* Premature infants is one of the
populations that can benefit the most
from restoration of intestinal
miocrobiota

e e
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MANIPULATION OF THE MICROBIOTA—
PRrRoOBIOTICS EVIDENCE

Because we know in the last few years, and
probably since 2005, that was the first
randomized clinical trial in which probiotic was
used in premature infants, and [the study]
showed very drastic and impressive changes in
terms of decreasing necrotizing enterocolitis,
decreasing mortality, and decreasing sepsis.

There have been many studies. There are 38
represented in this meta-analysis, in which—
including more than 10,000 premature infants
—showed that the use of probiotics decreases
the risk of necrotizing enterocolitis.’

Prevention of NEC with probiotics: a systematic review and metanalysist™

38 trials ,520 subjects
Severe NEC in all infants. RR 0.53 95% CI (0.420.66)

-.Sawh SC, et al. Peer) 2006;4:€2429.

Slide 12

Not only necrotizing enterocolitis, but 29 of
these 38 randomized, controlled trials, they
also looked at the outcome of mortality, with
more than 9,000 infants included, [and] also
showed that the use of probiotics decreased
the risk of mortality.
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Prevention of NEC with probiotics: a systematic review and metanalysist™

AT 1000%  a79(0se, 083

3
= 0,00, CHP'= 2472, 8= 17 (P £ 050). P = 0%
2= 2102 P =000

trials n=9.507 subjects
All causes mortality RR 0.79 95% CI (0.68 - 0.93)]

-.Sawh SC, et al. Peerf 2006;4:62429.
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We're going to look in more detail at two of the
larger randomized, controlled trials that were
included in that meta-analysis. One of them is
the study that was done in Australia, in which
the study was targeting the decrease of
nosocomial sepsis. The use of probiotic that
included Bifidobacterium infantis,
streptococcus thermophilus, and
Bifidobacterium lactis.’® They did not show any
difference in the incidence of risk of sepsis, but
they showed a decrease on the risk of
necrotizing enterocolitis. And this is important
because this was a population in which the
prevention of necrotizing enterocolitis was
optimized. This is a population in which they
were receiving breast milk in more than 90
percent of the babies. And we see the incidence
of necrotizing enterocolitis really low
[compared with] other parts of the world. The
authors claim that this intervention will be
more effective or more impactful in areas
where the rate of necrotizing enterocolitis is
high.

The ProPrems Randomized Trial Investigating the Effects
of Probiotics on Late Onset Sepsis in Very
Preterm Infants [

NEC

=CONTROL =PROBIOTICS

Bifidobacterium infantis, Streptococcus thermophilus and Bifidobacterium lactis

-.Jacohs SE, et al.Pediatrics2013;132(6)1055062.

Slide 14

The other important study was the study that
was done in England. This study is a
randomized, controlled trial with a similar
population of babies, less than 1500 grams in,
which they wuse only a Bifidobacterium,
Bifidobacterium breve." They show that the
use Bifidobacterium breve, when the analysis
was done by intention-to-treat analysis, there
was no difference in the incidence of
necrotizing enterocolitis, sepsis, or mortality.

Bifidobacterium breve BBG-001 in very preterm
infants: a randomized controlled phase 3 trial ")

Bifidobacterium breve
BBG-001 probiotic
(n=650)

Mecratizing enterocolitis ' 61 (9%)

Sepsis 73(11%)

Death before discharge home ™ |54 (8%)

Adjusted ! risk ratio
(95% CI)

0.93 (0.68-1.27)

097 (0,73-1.29)

0.93 (0.67-1.30)

Placebo (n=660)
66 (10%)

T (12%)

56 (9%)

Data are n (%), unless otherwise indicated.

a. Adjusted for sex, gestational age at birth, and randomization within 24 hof birth, Adjustment by center was excluded because the
model did nat canverge, Allowances for correlations between multiple births are aceaunted for,

b. Necratizing enteracelitis (Bell stage 2 or 31

¢ Sepsisis defined as Boodstrearm infection with nan-skin commensals after 72 b pastnatal age and before 45 weeks' pastmenstrual
age.

d. Includes three infants whe remained on pediatric wards at the time of analysis and are included as survivors; all were |ater
discharged hame.

. JEBStaiae K, et ol Lomcet. 2016;287-PE49-651 (table rephicated)

Slide 15
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But this is the only randomized, controlled trial
in which they checked the stools. They checked
the fecal samples in the control and the study
group at two weeks by PCR and also by culture,
and they rechecked it at 36 weeks by culture.
And what they found...there was a cross
contamination in 37% of the stools at two
weeks. And 49% of the babies who were in the
control group had acquired the probiotic or the
bacteria that was intended to be the
intervention.

Bifidobacterium breve BBG-001 in very preterm
infants: a randomized controlled phase 3 triall'!

Stool PCR at 2 weeks' postnatal age
PCR positive 416 (84%)
B breve positive by culture or PCR 505 (85%)
Stool culture at 36 weeks' postmenstrual age
[438 (84%) 253 (49%)
1 (<1%) )
3(1%) 1(=1%)
19 (4%) 18 (4%)

177 (35%)
219 (37%)

2,42 (2.06-2.85)
2.30 (1.99-2.66)

1.69 (1.50-1.91)
Too few data
2,97 (0.15-57.67)
0.98 (0.44-2.18)

-Cnndu! K, et o Lomcet. 2016;207-PEA3-66LL (table rephicated)
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After that, not the same authors, but Dr.
Deshpande decided to do an analysis of the
data based on the babies who were in the
group that was colonized, comparing with the
group that was not colonized. > Doing this
analysis, they found there was a decrease in the
incidence of necrotizing enterocolitis, a
significant decrease in the rate of sepsis, also
seen as statistically significant in the rate of
death or mortality.

Probiotics in very preterm infants:
the PiPS trial ]

lysis of colonized infants versus non-colonized infants
Colonized infants Nen-colonized infants Risk ratio Risk ratie
(n=724) (n=452) 95% €I}
0.52 (0.36-0.75)
p =0.0005
0.65 (0.47-0.89)
p=0.0082
0.46 (0.28-0.77)
p=0.0033

Adjusted risk ratio
9% Cl) (9% C1)

0.52(0.32-0.84)
p =0.0005
0.5 (0.42-0,98)
p=0.0082
0.46 (0.24-0.91)
p=0.0033

itis 47 (7%) 58 (13%) 0.68 (0.43-1.09)

67 (9%) 66 (14%) 0.88 (0.59-1.31)

24 (3%) 33 (7%) 0.68 (0.35-1.29)

- Beshpande G, = o Loncer. S0140-6736(1631 271 5. frable repheated)

Slide 17

LBHealth o

So, we have a meta-analysis with 38 clinical
trials. We have two large clinical trials showing,
directly or indirectly, that the use and the
intervention to use probiotics in newborn
decreases the incident of necrotizing
enterocolitis. So, should we be using probiotics
as a routine in premature infants?'3

Should the use of probiotics in
the preterm infant be routine?

-Aillar M, et al.Arch Dis Child Fetal Neonatal E2003;88:F354358.

Slide 18

This is a survey from the United States. Five
hundred NICUs were asked whether they use
probiotics [in VLBW infants] or not. Seventy
[said] they use [them], which means 14 percent

9
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of the units use probiotics, 8 percent of these
units use the probiotics in selected—not in a
population—but in selected cases, and 5
percent [give them] as a standard.™ But, when
we look at what kind of probiotic they use, they
use 16 different products, and only two of those
different products were validated, where there
was literature showing or evidence that these
probiotics were going to have clinical benefits.

Survey of clinical use of probiotics in USA

AMERICAN NICUs USING

PROBIOTIC BRAND NAME SPECIES INCLUDED PROBIOTICS

Lactobocillus rhamnosus GG 7%
14%

W
%
Lactobacilius ocidophilus
Loctobocilius parocase

14% (70/500) NICUs using probiotics
16 different products
Only 2 validated by clinical trials

S tmermopmITE e
B breve, B langum, B infantis
L avcidaphilus, Lactobacilus plontarum, | paracase),

hamnasus, | acidaphilus

\nmamn G, et ol f Pevinatal 201 63611064111, fhle reglicated)
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So, what happened when we collected the list
of bacteria that has been used in those 13
clinical trials? We see that there is a list: six
different  Bifidobacterium, six different
lactobacilli, and some other bacteria that are
not Bifidobacterium or lactobacillus. All the
clinical trials, most of them, the probiotic used
was the probiotic that was available in the area
where the study was done. There is no or little
rationale why, in terms of mechanisms, of why
this probiotic was used or what the
mechanisms were or anticipated clinical
benefits of these probiotics.

. N n . cresves o L. rhammosus GG—0.1 billion
Bifidobacterium infantis . herin (i 114%)

. B longiem BES36—0.1 billion

L T e

Bifidobacterium fecalis =
Bifidobacterialongum -
Bifidobacterium breve iz
Bifidobacterium lactis

Bifidobacteriiom lactis—20 bil
lion/g (Nestle™)

L. acidophitus—1.25 billion/g

B longiem—0.125 billion/g

. bifidums—0.125 billions
1 billion/g

™ Lactobacilus casei )

"' Lactobacillus rhammosus,

1+ Lactobacilus acidophilus

s Lactobacillus plantarum . s,

= [ actobacilusreuteri
actobacilus lactis

Baaillus cerews—0,0005 billion
{ Bifidobacterium tetravcine )

e YIT4010
akul®Horsva Co. Lad.,
Rificdobacierivm breve—0.005
105 billioa (Yakult LB®- Sao

Laciohacillus acidofphilus—1
Paalo, Beanl) billwas

L rhanmosis—0.44 billioa

L casei—1 billion

0176 billioa
e oL B, infantc—0.0276 billion i
0066 - il sporogenes)
L sharmnorss 66 Dicoficr®) W (Lacsipan®) ITALIA SRL®, Rome,
Fifdohasiinion bigen

S bosclardti (Reflor®) . boulardii {Reflor®)

Loa

1 Streptococcus thermofilus
Lactebacilius bulgaricus . ..
& gl ot - Shagarom/ces boulardii
i = Bacillus cereus

shamrarss G (Dicoflor®) en L 1 o

(Brogaia®)
L shuimonosus GG {Dicoflor®)
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MANIPULATION OF THE MICROBIOTA—
PRroOBIOTICS CONTROVERSIES

Strain Specific Effects

Because we are talking of probiotic like a
generic thing, as if it's all the same, but really do
we know if all these probiotics are the same?

This is one of the concerns, one of the first
issues we have to think about when we decide,
or we think about probiotics, is whether the
probiotics all have the same effects.

This is the first meta-analysis in which they
think they were clever enough to separate the
studies that were using bifidobacteria, [and] the
one using the two lactobacillus bifidobacteria
and lactobacillus. ™ They found in the three
cases there was a decrease of the risk of
necrotizing enterocolitis, but only in the cases
in which the lactobacillus was included, there
was a decrease in mortality, which suggests
that there are additional effects beyond the
necrotizing enterocolitis that may be beneficial

10
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for the babies, and [this] is based on the use of
lactobacillus.

Probiotic supplement reduces risk of necrotizing
enterocolitis and mortality in preterm very
low-birth-weight infants: an updated meta-analysis of
20 randomized, controlled trial ")

S y of pooled RR with 95% Cl in the subgroup analyses

Probiotics to prevent necrotizing enterocolitis in very
preterm or very low birth weight infants (Review)
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Subgroup analyses Studies(no. in probiotics
group/no. in placebo
group) RR(95%) Par

P ietewsguneity _ Pismropeneity__ Model

0.30(0.16-0.58) [0.0003 o 054 Fixed
0.74 (0.18-2.97) 067 a 0.51 Fixed
0,84 (0.29-2.41) 074 0.21 0.28 Fixed

0.33(0.19-0.38) | 0.0001 0 051 Fixed
0.47 (0.26-0.87) |0.02 49 0.03 Random

0.90 (0.60-1.36) 062 m Q007 Randem

0.37(0.19-0.73) | 0.004 0 040 Fixed
Mortality 4(395/610) 0.61 (0.38-0.97) 0 088 Fixed
Sepsis 4{595/610) 0,79 (0.46-1.36) 0,40 71 0.01 Rardem
FMB""’E’ indicates the I° value for hete rogeneity analysis; P ymemgenety, the P value for heterogeneity analysis.

Q,Eta,,' Pediatr. 201 2:47-241-244 |tsble replicated)
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Bifidobacteria
MEC B {50%/467)
Martality 3(174M168)
SEpSIS 3{1744166)
Lactobacillus and Bifidobacteria
NEC G (714/689)
Martality 5{B53/660)
Sepsis 5(B53/660)
Lactobacillus
MEC 4{595/610)

This was in 2012 [Wang et al], and last year
there was another review of the use of
probiotics in which they also did the same
thing. They categorized the effects based on the
species of probiotics.'®

So, when we look at all the studies, and when
they use Bifidobacterium, we found that there
was a decrease in the risk of necrotizing
enterocolitis, which it was, it reaches statistical
significance. When they use the lactobacillus,
there's also a decrease in the risk of necrotizing
enterocolitis.'®

§
§
i

Total evesis: %

s
Lactobacillus spp.
o n o m N estimable
Dani 2002 4 295 8 290 5% 0.49[0.15, 1.61] —t
Hemmandez-Endiquez 2016 1 4 s FIRE. 047 [0.02,1.31) it ]
Indrio 2017 o 0 o 30 ible
Manzoni 2006 1 o® 2w e ]
Manzoni 2009 0 238 H 247 L7% N
Millar 1953 o 10 o 0 N
Onced 2014 8 200 10 200 3% 0.80 [032,1.99] -
Reuman 1986 [ 15 0 15 Nox estimable
Sadowska-Krmwezenka 2012 1w 4B om o21p02,175
‘Shadiam 2015 2 30 1 30 4% 0.1810.04,0.75] pegp
Wejiyd 2019 T 8 66 25%  085003,22]
Subtetal (95% CI) 1000 1000 166% A5 [028,071] ‘ 0.45 (0.28_0.71 )
Total evenis: M 53
anfs et al. Cochrane Database Syst R&#020;10(10$CD005496. UIH h.h i
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When they look at the studies in which they use
the two types of bacteria, there was even more
of a significant decrease in the risk of
necrotizing enterocolitis.”® That suggests,
probably, if one of them individually is good,
probably, the addition of the two may be more
beneficial.

Probiotics to prevent necrotizing enterocolitis in very
preterm or very low birth weight infants (Review)

Risk of NEC

Bifidobacterium spp. plus Lactobacillus spp.

Al-Hosni 2012 2 50 2 51 0.6% 1.02[0.15, 6.96] R
Braga 2011 0 119 4 2 14%  0d0@0d, 18— |
Chowdhury 2016 1 GO [ 59 19% 0.16[0.02, 1.32] S—c—

Lin 2005 2 180 0 187 3% 021[0.05,084] oo |

Lin 2008 4 n7 1. 217 4.3% 0.29 [0.10, 0.85] —

Rougé 2009 2 5 49 03%  218(0.20,23.21] -
Roy 2014 2 56 2 56 06% 1000015, 6.65] —_t
Saengtawesin 2014 1 31 i 29 0.3% 0.94 [0.06, 14.27] |
Samanta 2009 5 91 15 95 45%  035[013,092] —

Strus 2018 2 i 3 73 0.3% 1.82 [0.17,19.71] —t—
Van Niekerk 2014 0 91 4 93 14% 010001, 2.08] .-
Subtotal (95% CI) 1020 1021 1B.6% 0.36 [0.23, 0.59] *

Total evens: 21 60

0.36 (0.23,0.59)

Sharif S, et al. Cochrane Database Syst Ré#020;10(10):.CD005496. [
Lol
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But at the same time, when they look at the
studies in which saccharomyces or bacillus was
used, there was no statistical significance, and
there was no decreased risk of necrotizing
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enterocolitis. And this is even more, | will say,
shocking or interesting—the fact that in the last
group, they looked at the studies in which
Bifidobacterium and lactobacillus were used,
but additionally they had saccharomyces, and
then the benefits we saw in the previous meta-
analysis, they are not here anymore. So, the
addition of saccharomyces decreased the
beneficial effect of the lactobacillus and
Bifidobacterium.

Probiotics to prevent necrotizing enterocolitis in very
preterm or very low birth weight infants (Review)

Risk of NEC

Saccharomyces spp. spp.
Costalos 2003 5 51
Demired 2013 6 135
Serce 2013 7 104
Zeber-Lubecka 2016 o 7

s

0.59(0.19, 1.78)
0.96(0.30, 2.50)
1.00(0.36, 2.75]

Not estimable
nz 0.82 (0.4, 1.50]

¢ 0.82(0.44,1.50)

18

6 1o m
o 123 1
m m e

061 (0.23,161]
Mot estimable
0.610.23, 1.61]

< 0.61(0.23,1.61)

Bifidobacteriun ssp. plus Lactobacillus spp. plus Sacharomyces ssp.
Cnanaresnienar vt u u s A aam s, 2oz
Dutia 2015 6 14 o 35 0.2% 407 [0.23, 70.49]
Hariharan 2016 3 92 3 103 0.9% 1.11[0.23, 5.35]
Shashidhar 2017 2 43 & 49 1.8% 0.33[0.07, 1.57]
Subtotal (95% CT) 57 40% 0.67[0.28 , 1.58]

Total events:

sharif S, et al. Cochrane Database Syst Re¥020;10(103:CD005496.
)
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Other Possible Effects

That's one of the concerns. The other is we are
focused on all these studies. We're mainly
focused on the prevention of necrotizing
enterocolitis, but if we think of other functions
and other roles of the microbiota, maybe there
are other possible beneficial effects on the
newborns.

In this meta-analysis, in one of the studies | just
showed, they also analyzed how many of these
bacteria in which they studied were—they
looked at the time to full [enteral] feeding—so,
how the bacteria will benefit in terms of full
tolerance? And there are three studies with

Lactobacillus reuteri and two  with
Bifidobacterium infantis longum and
acidophilus, and one with Bifidobacterium
longum and rhamnosus in a total of six studies,
with total of almost 1,000 babies.' And what
they show [is a] decrease time to full feed. So,
there are basic studies that show that some of
these Bifidobacterium increase the intestinal
motility. There may be additional benefits
beyond the prevention of necrotizing

enterocolitis.

Probiotics for Preterm Infants: A Strain-Specific Systematic
Review and Network Meta-analysis!l

Time to full enteral feeding

L Reuteri ATCC or DSM 17938 3 626
B bifidum B infantis B longun and L acidophilus 2 247
B longum BB 536 and L rhamosus GG 1 94

3.3 (-6.4 t0-0.62)
-4.7 (-8.6 to - 0.70)
-10(-16 to - 3.6)

. S den Akker CHP, =t ol | Becliotr Gastrs
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Mechanism of Action

The other thing is most of the studies were
based... or were using a probiotic that was
available in the area, but there was—with many
of these probiotics—there is not basic research
to sustain the randomized, clinical trials. There
is no specific understanding of what the
mechanisms are and why these probiotics may
work.

In that sense, the University of California, Davis
is doing a very good job leading the
development of research, focusing on just one
bacterium, which is the Bifidobacterium longum,
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so the species infantis, with the idea that this is
one of the predominant colonizers of the
newborn, of the full-term newborn. Thinking
that this physiologic colonization, and also,
these bacteria are one of the major users of the
oligosaccharides that are in the breast milk.

This is one of the studies. When they
supplemented with bifidobacteria and they
found, this is the study group and the control,
and they found that bifidobacteria is
predominant in the fecal samples of these
babies.'®

Persistence of Supplemented Bifidobacterium longum subsp.
infantis EVCO01 in Breastfed Infants

8"
|
E,
§
s
» IFrese SA, et al. mSphere 2:e0050117. Used under terms of a Creative Commons Attibutiticense.
Ao
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And additionally, there are several studies that
we are not going to go into detail because of the
time, but all the studies trying to understand
the basic mechanism, and why these
bifidobacteria work in the intestine, and also
promotes and decreases inflammation in the
intestine, which could be the basis for more
clinical benefits.19:20:21

Colonization by B. infantis EVC001 modulates enteric
inflammation in exclusively breastted infants

Bethany M. Henrick (3%, Stephanie Chew!, Giorgio Casaburl, Heather K Brown', Steven A, Frese', You Zhow?,
Mark A. Underwood™* and Jennifer T. Smilowitz**

mmﬁmn:nﬁmgmdnmum ssocatad with low sbundance of bikdcbacia, Innnd\ a impared immune

8 infants w:w colonization wﬂlm inflammason i aswmdﬂduswq Wsiod "M nf:m; M I Iau«dﬂahaudy

METHODS: Stool samples (n = 120) were ¢/l & inte

e aer v Bifidobacterium longum subspecies infantis EVC001 decreases
days 6 [Baseline), 40, and 60

Rttt ot Inflammation and mortality in a murine NEC model

proinflammatory cytokines correlated wlm

abundar Proinfla \ator

baulll:':d ;mpamm':um infants. Sh loh R. Lueschowl, Steven A. Frese2,3, Bethany M. Henrick2,3, Steven J. McElroy1,4

CONCLUSION: Our findings indicate that gut orm increasea inesunal

Early addtion of EVC001 1o diet represents a novel gy to pr during a critical phase.

Pediatric Reseorch (2019) 86749-757; httpsidoiorg/10.1038/541390-019.0533-2

Preterm infants fed B. infantis EVC001 Demonstrate Significant
Changes to the Gut Microbiome Composition and Reduction of
Intestinal Inflammation

M. Nguyenl, H. Holdbrooks1, P Mishral, M Abrantesl, 5 Eskewl, P Rothl, | Garmal, C Ocal; C
McGuckin, C Hein2, S Chew?, R Mitchell2, S Kazi, G Casaburi2, 5 Frese2,3, and B Henrick2,3
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Safety and Regulations

The other issue is safety. And in terms of safety,
there are only a few reports reporting sepsis
due to the bacteria that was used as probiotics,
but none of the clinical studies showed sepsis
as an adverse event. The sepsis that was
described are mostly in patients who were
immunodeficient.

But there is some concern in terms of long-term
safety. This is a study published in Turkey, in
which they started to use a probiotic.?? | have to
say it was a probiotic with many, many bacteria
in which the labeling didn't quantify the amount
of bacteria in that probiotic. But after a few
months, they found that they had an epitome
of enterococcus vancomycin-resistant. They
looked at the two groups, and they looked at
the retrospective, and they found the babies
who had developed the resistance, there were
80 percent that were exposed to the probiotic
versus 20 percent in the control group.
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A new risk factor for neonatal vancomycin-resistant
Enterococcus colonisation: bacterial probiotics!!!

Demographic and clinical characteristics of infants.
VRE -} WRE (+)
(=116} {n=94) p

Gestational age, weeks, mean + 50 29123 28:23 0.738
Birth weight, g, mean S0t T1B8 £ 265 11902244 0270
Cesarean section, n (%) 1 2 0623
Male/Female 3153 2 0.206
Respiratory distress, n (%) 47 (50} 0.921
Invasive mechanical vertilation, n (%) 53 [56.4) 0.88%

Duration, days, median (1GR) 30-6) 0.747
Moninvasive mechanical vertilation, n (%) 75 (B0} 0.412

Duration, days, madian (IQR} 2(4-13) 0.413
Central venous lines, @ (%) 5547 4) 51(54.3) 0.335
PN duration, days, median (IGR) QiE-14)
Antimicrobial treatment, n (%) TE(BE)
Antimicrobial agents, i (%)

Ampidilin + Gentarmycin 20(26) 14 (15} 0.060

WVancomycin £ Meropenem 42 (36) 51 (54.3) 0.012

Cefepime 4034} 2021} 0.693
Prabiofic, (%) 30(28) 75 (80} <0.001
Probiotic + Vancomycin, n (%) 3011.2) 38 (40.4) <0.001
Duration of | i ian (IGR) 35.5(24-54) 375 (26-47)  0.894

e: OR, 6607 ratis; PN, parenteral nutrton; VRE, UANcamyein resitant enterococeus.

Ut 57555

S(6-14) 0.548
E7 ([71.2} 0.655

21101.2-3.8)

11.3(6-21.7)
5.4 (2.6-11)

01, confidence intenval IR,
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So, safety is an issue, but also the quality of the
probiotic. This is a study in which an
independent lab decided to test by PCR, the
commercial probiotics. They tested 16 different
probiotics, and they found there was some
variability, pill-to-pill variability, in the 16.2
They found that there was lot-to-lot variability
in many of them. They found that there were
species that were not listed on the label. And
there was only one probiotic that really
matched the species that was claimed on the
label.

Validating bifidobacterial species and subspecies
identity in commercial probiotic products

® M wom x| EOF)

= 16 different probioctics containing bifidobacteria

= Pill to pill variability

= Unlisted species

* Only one tested matched the species claims on the label

- MEREET, et al. Ped Res 201670, 45251, frable replicated)
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This is important, not only in terms of safety,
but if we think that many of the randomized,
controlled trials were done with this kind
probiotics, maybe we are missing something.
Maybe the effects are even more potent
because the probiotics that were given were
not really what we were thinking was given.

That's why regulations are important. We need
to know that all the probiotics that are available
in the USA are regulated. Unlike dietary
supplements, which is what is called GRAS
[Generally Recognized as Safe], which are given
as a supplement, and they are generally
recognized as safe, but there are no standards
of production, and there is no other regulation.

REGULATIONS

* Dietary supplement

- Center for Food Safety and Applied
Nutrition

- GRAS (Generally Recognized As Safe)

Most of the products currently available in the
United States are categorized as dietary
supplements and are not labeled with the
number of CFUs for the probiotic strain

Slide 30
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In terms of trying to regulate the use of
probiotics, in 2002 there was the International
Scientific Association for Probiotics and
Prebiotics in which they tried to better define
the strain designated as probiotics. They tried
to promote the use of probiotic that have been
demonstrated to be efficient and also, they care
about the safety of the probiotics.
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In the United States, a probiotic that is used as
a diagnosis to cure, treat, or prevent diseases
should be considered a drug, and, because it's
a live product, is considered live—it's called a
biotherapeutic. And that's regulated by the
FDA, not the drug, but the Center for Biological
Evaluation and Research. This probiotic needs
an IND [investigational new drug] to be
developed as a medication, as a
pharmaceutical.

REGULATIONS

+ 2002 International Scientific Association for
Probiotics and Prebiotics.
- Defined strain designation
- Proof of efficacy and effectiveness
- Safety
+ Live Biotherapeutic (FDA)
- A probiotic used to diagnose, cure, treat or prevent
diseases is a drug and a biological product
- The Center for Biologics Evaluation and
Research regulates biological products when used
for clinical indications
- IND (US, 21CFR 312)

= T
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Based on all these comments and concerns,
there is an ongoing randomized clinical trial,
which is FDA regulated, and it's using a
Lactobacillus reuteri. This Lactobacillus included
research that shows it combats the dysbiosis,
so it changes the microbiota. It has some
important functions, so action in terms of
reducing inflammation, and also has been
shown to promote intestinal motility.

The Connection Study

Lactobacillus reuteri in IBP-9414

Improves
gut motility

Combats
dysbiosis

Reduces gut
inflammation

Slide 32

This is developed under FDA regulation and is
also being done in Europe. The product is
lyophilized, which is prepared right before
administration to the patients.

A randomized, double blind, parallel-group, placebecontrolled study to
evaluate the efficacy and safety of IBR9414 in premature infants 500
1500g birth weight in the prevention of necrotizing enterocolitis
The Connection Study

Development of IBP -9414 as a live bacterial therapy for the
prevention of NEC.

Under drug manufacture and regulations

IBP-9414 has been approved by the FDA for orphan drug
designation for the prevention of NEC.

/BP-9414

+ Freezedried powder for oral
suspension

+ Oral-enteral feeding

+ Manufacturing process developed to
allow opening of IND

Slide 33

This is the phase 3. There was a phase 2 in
which four cohorts of patients, starting with a
bigger patient, between one kilo and two kilos,
and less than one kilo and two doses were
tested.?* There were no differences in terms of
adverse events or major adverse events in any
one of the cohorts compared with the controls.
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A randomized, double blind, parallel-group, dose escalation placebo
controlled multicenter study to investigate the safety and tolerability of
IBP-9414 administered to preterm infantg"

Primary Outcome

Related AEs

Related SAEs

Number infants.
whare AE led to
‘Study Drug
withdraveal

Death

. Neu J, Hot Topics in Neonatology. 2017.
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Also, the stools were tested, and there was no
cross contamination between the controls and
the intervention groups.

A randomized, double blind, parallel-group, dose escalation placebo
controlled multicenter study to investigate the safety and tolerability of
IBP-9414 administered to preterm infantst"

Fecal Analysis — Real Time qPCR Analysis

CohortA: | CohortA: | CohortB: | CohortB: | CohortC: | CohortC: | CohortD: | Cohort
Lowdose | Placebo | Highdose | Placebo | Lowdose | Placebo | High dose

Lastday | 61623* 6 25764* 3 1423 7 58251 40
of study | (11110) | (12) [(@7311) | (112) | (10269) [ (874) |(311599)| (75)
treatment | (0=11) | (n=10) [F{A=12) || (n=10) (n=5) (n=10) (n=8) (n=12)

30 days 160 297 184 473 40 59 40 18
afterlast | (760) | (371) | (6437) | (513) (61) (184) (87) (35)
dose (n=7) (n=5) (n=3) (n=5) (n=9) (n=8) | (n=12) | (n=12)

Median (Interquartile range) for bacterial counts per gPCR reaction. * P<0.001 vs
placebo and NS not significant vs placebo.

« Treatment with IBP-9414 leads to presence of bacterium in the
feces on day of last dose: all IBP-treated, 31491 (121875) vs all placebo,
10 (91); P<0.001, Rank sum Wilcoxon

« Cross-contamination did not occur in placebo treated infants

+ Smaller infants needed the higher dose to display IBP-9414 in the
feces

+ 30 days after last dose, the bacteria have been washed out: all IBP-
treated, 63 (184) vs all placebo, 42 (290); NS, Rank sum Wilcoxon

4 liNeu ), Hot Topics in Neonatology. 2017. veRseTy op s
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Having reviewed this, | want to finish just with
the recommendation from the European
Society for Pediatric  Gastroenterology,
Hepatology and Nutrition Committee and the
Committee of Nutrition in terms of what are the
recommendations in the use of probiotics.?®
So, in Europe, they are a bit more liberal. They
recommend only using products that are

manufactured according to the good-
manufacture practices. They recommend that,
if a hospital is using probiotics, to have the
capability to detect sepsis produced by that
probiotic. So, to be able to grow from culture
the product that is given to the babies, and also
to advise the parents. They may even talk about
consent, in terms of information, in terms of
what are the benefits or side effects or risk of
probiotics.

Probiotics and Preterm Infants: A Position Paper by the European
Society of PaediatricGastroenterology Hepatology and Nutrition
Committee on Nutrition and the European Society foPaediatric
Gastroenterology Hepatology and Nutrition Working Group for
Probiotics and Prebiotic$"

Only products manufactured according to

current good manufacturing practices should
be used.

Local laboratories should have the ability to
detect probiotic bacteremia.

The potential risks and benefits are provided
to parents of preterm infants .

an den Akker CHP, et a/
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2020 May;
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In the United States, the American Academy of
Pediatrics Committee on Fetus and Newborn,
they just also released a statement in 2021 in
which they are more conservative.?® They claim
that there is not a pharmaceutical probiotic
available at this point. There remain long-term
safety unknowns that we need to investigate.
And they claim that, at this point, there is no
support for the routine use of probiotics,
especially in babies less than one kilo, because
on those babies the beneficial effects were less
evident.
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Use of Probiotics in Preterm Infants (']

+ A pharmaceutical-grade probiotic product is not
currently available in the United States.

+ Long-term safety remains unknown.

+ Current evidence does not support the routine,
universal administration of probiotics to preterm
infants, particularly those with a birth weight
of <1000 g.

+ Clinicians must be aware of the lack of regulatory
standards for commercially available probiotic
preparations manufactured as dietary supplements
and the potential for contamination with pathogenic
species.

-oindexler B, et al Pediatrics2021;147 (62021051485,
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Also, they claim that the clinicians should be
aware that the commercial probiotics that
sometimes are used, they are only
manufactured as dietary supplements, and
they are at risk of contamination with other
pathogens.

Next Steps

| think we have a lot of work here in terms of
better defining the strains or combinations of

mechanism of action in which we base the
clinical benefits of the clinical trials. And we
need to explore strategies of how and when to
deliver the probiotics to the premature infant.

Maybe there is an opportunity to give the
probiotic and colonize the breast milk of the
mother who is giving [this] to the babies.
Discussion is needed whether how long do we
need to give the probiotics to change or reverse
the dysbiosis. Thank you very much.

Probiotics in Perinatology

* Defining the strains or combination of
strains that have clinical benefits

* Research to investigate mechanisms of
action

+ Explore strategies on how and when to
deliver probiotic to premature infant

Slide 38
strains that may have clinical benefits for our
population of premature newborn babies. We
need to promote the research to investigate
| Abbreviations
ESPGHAN The European Society for NICU neonatal intensive care units
Pediatric Gastroenterology
Hepatology and Nutrition
Gl gastrointestinal NIH National Institute of Health
GRAS Generally Recognized as Safe VLBW very low birth weight
IND investigational new drug VRE vancomycin-resistant enterococcus
NEC necrotizing enterocolitis
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