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Major Sequencing Technologies
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Holobiont

A “super or meta -organism” consisting of an assemblage of
different species that form ecological units. It adjusts and

transforms itself according to environmental changes causing
evolution of the entire entity.




The Gut: Regional Microbial
Differences

Cecum/

Ascending colon o . " y,
“Bioreactor” R |
(major el

metabolic
activity) |

Short chain
fatty acids

Bacteria
10" cells/g

Proximal ileum/
jejunum
‘ Bacteria

1023 cells/g

Distal ileum

{ GALT -
mucosa P
adaptive /A N

immune
activity) -.
| |

Bacteria
1078 cells/g

GALT.
Neish, A. Gastroenterology vol. 136,No. 1, 2009



Mechanisms: Metabolomic
( Bloreactor) Role
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“TOLL” Proteins-1985

Christiane Nusslein-Volhard



“Toll Receptors”-1996

"Father of Innate Immunity," Charles Janeway



Toll-like receptors: ligands and signaling pathways

Imidaz oquinolines
(anti-viral compounds)

flagellin .'1'...4} CpG DNA

TL R5 | TLR7 @ TLR9

LPS lipoprotein

"i
TRAM. TIRAP TIRAP MyD88 -
TRIF =.
D88
TRIF My ()

NF-«B

MyD88 I'I.I'I].FDEH:

. BR® TR domain
- i

* B Adlaptor

Transcription factor Transcription factor

Type | interferons{IFN- /5 } Inflammatory cytokines
{antiviral activity)
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Recognition of Commensal Microflora

by Toll-Like Receptors

Is Required for Intestinal Homeostasis

Seth Rakoff-Nahoum,' Justin Paglino,*
Fatima Eslami-Varzaneh,’ Stephen Edberg,”
and Ruslan Medzhitov'*

'Howard Hughes Medical Institute

and Section of Immuncbiology

?Department of Laboratory Medicine
iDepartment of Pathology

Yale University School of Medicine

New Haven, Connecticut 06510

by commensal bactena (Farrell and LaMont, 2002; Sar-
tor, 2000). The nature and regulation of the host-com-
mensal interactions in the gut is thus an area of intense
scientific and clinical interest.

TLRs comprise a family of pattern-recognition recep-
tors that detect conserved molecular products of micro-
organisms, such as lipopolysaccharide (LPS) and lipo-
teichoic acid (LTA), recognized by TLR4 and TLR2,
respectively (Takeda et al., 2003). TLRs function as sen-



Intestine Intact TLR signaling Disrupted TLR signaling Na TLR signaling

From Madara J. Building an intestine — architectural contributions of commensal bacteria.
New Engl. J. Med. 2004; 351: 1685-86.



Lesson

Low grade stimulation (“tickling”) of toll receptors can
prevent high grade inflammation and intestinal
damage and promotes intestinal homeostasis.



The Dendritic Cell and its Role in
Adaptive Immunity

Bruce Beutler,
Jules Hoffman and
Ralph Steinman


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=rWZuav9t-y7GTM&tbnid=RQIvTmqVbMltEM:&ved=0CAUQjRw&url=http://www.medscape.com/features/slideshow/physicians-of-the-year/2011&ei=LZk6U-mmJYHNsQS52YKYDQ&bvm=bv.63934634,d.b2I&psig=AFQjCNEYP7aeX5tYE1j5z0Z13xWCx2iy9w&ust=1396435489915700




Questions

Amniotic fluid is sterile?
* True
* False

Placenta is sterile?
* True
* False

Meconium is sterile?
* True
* False

Human Milk is sterile?
* True
* False



Most infants first

come into contact with
microbes during birth —
or so researchers have
assumed.

A “Scientific Knife Fight”

III

Is it all “Fake News”?

Willyard. C. Nature: Jan 18, 2028

Baby’s first bacteria

THE WOMB WAS THOUGHT T0 BE STERILE. SOME SCIENTISTS
ARGUE IT'S WHERE THE MICROBIOME BEGINS.

oon after conception, a human embryo begins By Cassandra Willyard nearly 200 placentas collected from women giving
to assemble a remarkable organ crucial to its birth at a hospital in St Louis, Missouri. When the 5
survival. The placenta is both a lifeline and a guardian: it shuttles  researchers examined the samples under a microscope, they found bac- 3
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Is there a Fetal Microbiome? Might this
Relate to Prematurity
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RESEARCH ARTICLE

MICROBIOME

The Placenta Harbors a Unique Microbiome

Kjersti Aagaard,”* Jun Ma,'” Kathleen M. Antony, ' Radhika Ganu," Joseph Petrosino,® James Versalovic®

Humans and their microbiomes have coevolved as a physiologic community composed of distinct body site
niches with metabolic and antigenic diversity. The placental microbiome has not been robustly interogated,
despite recent demonstrations of intracellular bacteria with diverse metabolic and immune regulatory functions.
A population-based cohort of placental specimens collected under sterile conditions from 320 subjects with ex-
tensive clinical data was established for comparative 165 ribosomal DNA-based and whole-genome shotgun
(WGS5) metagenomic studies. Identified taxa and their gene carriage pattems were compared to other human

body site niches, including the oral, skin, airway (nasal), vaginal, and gut microbiomes from nunpregnant
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How Do the microbes get into the fetus?
What are the implications?

Medscapes www.medscape.com

Meconium

Over 50% of the microbes in meconium
are also found in Amniotic Fluid suggesting
fetal swallowing of colonized amniotic fluid.

Source: Semin Raprod Mad @ 2007 Thiama Madical Publishars Ard|ssone, et al PLOS One 20 1 4



First Gastric Aspirate
Microbiome

e Do first gastric aspirates as a
reflection of amniotic fluid differ in
term versus preterm infants?

* How do these compare to microbes
present in other niches such as
vagina or Gl tract?

* Could these microbes relate to
inflammation of the Gl tract and
preterm birth?

Source: Goodman DM, Green TP, Unti 5M, Powell EC: Current
frocedures; Pediatrics: www.access pediatrics.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



relative abundance

Gastric Aspirates: Term versus Preterm
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Sterile Womb Hypotheses: the
Controversy

* Are the microbes found in the womb simply a “kitome”? U. Penn Group
found from 6 placentas that using strict controls from the extraction kits
that the microbes present in their studies were derived from the kits(
Lauder, et al. Microbiome, 2016).

* Sheep fetuses have a placental and intestinal microbiome (where microbes
can be cultured) and the placental appears to act as a conduit during times
of stress that allow microbes to reach the brain (Zarate, M.A. Sci Rep. 2017
Jul 25;7(1)).

* “If humans do not have an in-utero microbiome, we would be the only
species that doesn’t” (Susan Lynch, UCSF).

* Roberto Romero form NIH and other colleagues are planning to answer this
guestion more definitively.



Mouse Study: Maternal Intestinal
Microbiota Drives Early Postnatal Innate
Immune Development
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Epidemiology Studies of C-

section vs. Vaginal Delivery
Higher odds of:

 Allergic Rhinitis

Vaginal Delivery ° Asthma
. Exposure ¢ Celiac Dlsease
o Mormal Mormal .
Vaginal - micrnbial”- ggyelnpm_i:t ¢ Type1 DlabeteS
) ding” immuni .
Hicreriors o Gl troct . Gastroenteritis
C-5ection Delivery * A"erglles
- * Obesity
Lack of Abnormal
microbial“seeding Abmormal
E;{pnsure- " of Gl tract -deuelnpment of
Vaginal imrmunity
Microflora

*Neu J, Rushing, J.
Clinics in Perinatology 2011



Vaginal vs. C-section Delivery: Non-
Culture Technique

Mother's body habitat:
@ Oral mucosa
Vagina
Skin
Meconium obtained
<24 hours after

Delivery.

PC1: 12%

Vaginally delivered infants acquired bacterial communities resembling
their own mother's vaginal microbiota and C-section infants

harbored bacterial communities similar to those found on the skin
surface. (Dominguez-Bellow, MG. Proc Natl Acad Sci U S A. 2010 Jun
29;107(26):11971-5)
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Partial restoration of the microbiota of cesarean-
born infants via vaginal microbial transfer
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Restitution of Vaginal Microbes
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Practice Advisory:

American College of
Ob/Gyn Nov. 8, 2016

“With the increasing attention given to this
concept in public media, providers are being
faced with incorporating vaginal seeding into
clinical practices. At this time, based on the
lack of data about the safety and harms, and
the potential for harm from transfer of
pathogens associated with adverse neonatal
outcomes, we recommend against the
practice of vaginal seeding until better data
are available establishing the safety and
benefits of this practice.”



Antibiotic Use,
Dysbiosis and Adverse Outcomes

* Intrapartum antibiotic prophylaxis (IAP) is
provided in 30% of Pregnancies.

» Majority of preterms less t
gestation are treated with
gentamicin for at least 48

* Average length of treatme

nan 33 weeks
ampicillin and

NOUurSs.
nt of “standard of care”

practice in preterm neonates is between 5 to 7

days.

* How do these practices affect the developing
microbiome, microbial metabolites, resistance
factors and neonatal disease.



Antibiotic Induced Dysbiosis

Early
Antibiotic
Use: What

are we
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i

development
and tolerance

Preidis and Versalovic, Gastroenterology 2009;136:2015-2031



Variation in Duration of Initial
Exposure

» Retrospective review of 50,261 neonates across 127
NICUs from California showed a forty-fold variation in
antibiotic prescribing practice with similar burden of
infection and mortality.

 What does this mean?

 “Forty-fold variation in NICU antibiotic prescribing practice
across 127 NICUs with similar burdens of proven
infection, NEC, surgical volume, and mortality indicates
that a considerable portion of antibiotic use lacks clear
warrant; in some NICUs, antibiotics are overused.”

Schulman, et al . Pediatrics 2015;135:826-33



“So | give a couple days antibiotics to my
oreterm patients, what does that matter if |
change the microbes in the Gl tract since
could potentially be saving the baby’s life by
treating unrecognized early onset sepsis”---
Anonymous Neonatologist.




Do Antenatal and/or Postnatal Antibiotics
Affect Neonatal Microbiota? Phylum Level
Distributions at 30 days depending on Antibiotic Use
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Effects of Ampicillin and Gentamicin within
48 hours after birth

Week 4 Week 8
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“Classic”

Neu, J. and Walker , W. A. New England Journal of Medicine, Jan. 2011



Do Common Neonatal
Practices Cause NEC?
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with Increased Days on Antibiotics
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Comparison of three major
phyla: Proteobacteria,
Firmicutes and Bacteroidetes

Proteobac Gram High Lipopolysaccharide (LPS) content

teria negative in cell wall. Abundance of
Proteobacteria increased prior to
exacerbations of inflammatory bowel
diesease. Strong stimulator of TLR4. E.
Coli, Klebsiella and Pseudomonas are
representatives.




Comparison of three major phyla:
Proteobacteria, Firmicutes and

Bacteroidetes

Phylum Gram Staining | Functional Relationship

Firmicutes

Gram positive

Lactobacilli are a common class of the Firmicutes
phylum. Have high lipoteichoic acid in the cell wall,
but low LPS. Have excellent capacity for energy
harvest. Produce butyrate in high quantities. Butyrate
is a major fuel for colonocytes and important for
maintenance of tight junctions. | o postivecotemetope|




Comparison of three major phyla:
Proteobacteria, Firmicutes and

Bacteroidetes

Phylum Gram Staining | Functional Relationship

Bacteroidetes

Gram
negative,
anaerobic, rod
shaped
bacteria.

Involved in fermentation of carbohydrates
(propionate and acetate producers), utilization of
nitrogenous substances, and biotransformation of bile -

o . oge _ ® o e wz S .
acids. Bacteroides fragilis is a representative. The e G() y
immunomodulatory molecule, polysaccharide A s A

(PSA), of B. fragilis mediates the conversion of CD4* T

cells into Foxp3* Treg cells that produce IL-10 during Wﬁg

commensal colonization. PSA is not only able to

prevent, but also cure experimental colitis in animals.

Propionic acid is also a strong inducer of the Foxp3+ R

regulatory pathway.




Breast milk microbes
Over time

Hunt, et al. PlosOne
2011

100% -
90%
80% 5§

70%

60% -
50%
40%
30%
20%
10% -

0%

$1

B Streptococcus

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

B pseudomonas
I Sphingomonas
¥ Granulicatella

Figure 1. The commumly composition of the 15 most abundant bacterial genera in each of 3

diverse. The ¢

i|
S5

_mB
S4

=
EI

S11 S12 S13 S15 S16
¥ Staphylococcus ¥ Serratia Corynebacterium
¥ Propionibacterium M Ralstonia W Rothia
¥ Bradyrhizobium B Veillonella ‘ Gemella

Prevotella B Actinomyces Other

deal of variation was observed over time in the samples of others.

doi:10.1371/journal pone.0021313.g001

ilk samples from 16 subjects was
were found to be reasonably complex, and while consistent in composition over time for some subjects, a great


http://www.masqsalud.com/articulos/es/1110/investigacion/la-leche-materna-esta-compuesta-por-mas-de-700-bacterias

American Academy of Pediatrics
Guidelines 2012

“The potent benefits of human milk are
such that all preterm infants should receive
human milk). Mother’s own milk, fresh or
frozen, should be the primary diet, and it
should be fortified appropriately for the
infant born weighing less than 1.5 kqg. If
mother’'s own milk is unavailable despite
significant lactation support, pasteurized
donor milk should be used.

Pediatrics
March 2012, VOLUME 129 / ISSUE 3



Donor Human Milk after
Holder Pasteurization
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Bacterial Load over Lactational
Stages: FusA Gene PCR
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FIGURE 1 | Bacterial load over lactational stages. (A) Data show the median with ranges (maximum and minimum values for each group) of bacterial load at the
three time points. C, colostrum samples (n = 19); T, transition milk samples (n = 20); M, mature milk samples (7= 17). (B} Lines show individual bacterial load for
each mother at the three time points fn= 17

Boix-Amaros, A. Frontiers in Microbiology. 20 April, 2016



Microbial Dose from Human Milk

* Assume intake of 800 ml/day
e Assume 10°° bacterial cells/ml

* This will provide 10 78 bacterial cells (personalized?) daily, close to the
dose in most probiotic studies.
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Personalization of the Microbiota of
Donor Human Milk with Mother’s Own
Milk

Nicole T. Cacho Natalie A. Harrison,,, Leslie A. Parker,, Kaylie A. Padgett,, Dominick J. Lemas,, Guillermo E. Marcial,, Nan Li,, Laura
E. Carr,, Josef Neu,* and Graciela L. Lorca,*

, Division of Neonatology, Dep: of Pediatrics, College of Medicine, University of Florida, Gainesville, FL, United States, , Department of Microbiology and Cell Science, Genetics
Institute, Institute of Food and Agricultural Sci , University of Florida, ille, FL, United States, , College of Nursing, University of Florida, Gainesville, FL, United States, ,
Department of Health Outcomes and Policy, College of Medicine, University of Florida, Gainesville, FL, United States

The American Academy of Pediatrics recommends that extremely preterm infants
receive mother's own milk (MOM) when available or pasteurized donor breast milk
(DBM) when MOM is unavailable. The goal of this study was to determine whether DBM
could be inoculated with MOM from mothers of preterm infants to restore the live
microbiota (RM). Culture dependent and culture independent methods were used to
analyze the fluctuations in the overall population and microbiome, respectively, of DBM,
MOM, and RM samples over time. Using MOM at time 0 (TO) as the target for the
restoration

Frontiers in Microbiology, August 2017



Re-Faunation Experiments

* Donor Milk Refaunation: Adding mother’s
own milk to pasteurized donor breast milk
(DBM) to add back potentially beneficial
microbes: 10-30% dilution will expand a
large part of microbiome after 4-8 hours.
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Take Home Messages

 Studies of the Microbiome are opening new avenues in
our understanding of Health and Disease.

* The Fetal Maternal Unit most likely is not “sterile” and
prenatal exposure to microbes may be very important in
subsequent development.

* Early life pre, peri and postnatal exposures such as
antibiotic use and diet are particularly important in that
they can result in life-long changes in health and disease.

e Future studies will utilize multi-omic approaches to better
delineate how microbes interact with the environment
and the host in the cause and/or prevention of disease.



