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‘Cloak’ of Microbiota

MICROBIOME

Rethinking heritability of the microbiome

How should microbiome heritability be measured and interpreted?

Lee YK, Data are from the NIH-funded Human Microbiome Project. Science 2007

By Edward J. van Opstal
@nd Seth R. Bordenstein™

or almost a century, heritahility has
been routinely used to predict genede
mfluences on phenatypes such &

e b

and depression (7). Howewx there has

been relatively little wark on hermabil
ity of the human microbiome ~defined here
as the number and types of microorganisms
and viruses present in oron the human body.
This has become more
interesting a research reveals that humans
and their microblal communities interact
in complex and often beneficial netwarks.
An undeslying question is the degree to
which environment wersus human geno.
tpeinflumees the micohlome Acen- &
tral gml of quantifying miohlome
‘hertahi lity 15 tod tscem genete from
e ] factors that
the micgobdome and © potentally
Mdentify functonally fmportant mi-
crohial community members.

‘Twindased smdies pro-

vWide one method for
quntifying  heriabd ity
(2% of microbdal tam. In
such analyses, hertability

ahle © human geneatis. ‘This approach sim-
pfies micobial abund I
warying phenotypes, comparable to human
height, weight, and eye color In 009 and
22, studies of twins cond uctedin this man-
ner concluded that there are no heritab e gut
micohial members (2), or Jow overall gut
microbdome heritability (3), respectivedy. But
in 2004, the lagest twin cohort © date ex
amined members of the gut and
found that the hacterial famd ly Ch ristens enel-
laceachasthe highestherinbllity (B = 0.9}
and associates closely with other heritable
gut hacterial families (4). The gaund:
hreaking discovery of 2 high heritahility for
members of the human microblome ratses
specific questions about understanding the
genetics of humanmicrobe symbioses: How

Dpurtieed of Bocysl Sonnas, Secvrtdl Uraraty,
N oy TNIP22, (84 offuthotgy

et
TV 232, USAF ovitl 3 bordhn v D ks

Van Opstal and Bordenstein. Science 2015

should we merpret what herahdl ity means
for migoblome studies? Can microblome
heritabd lity be viewed tn 2 maore comprehen-
sive mannes? 1s & the anly £rm to measure
and denate muicrobdome hertahility?
Undera analysis with
statistical approaches Such & the Additiwe
Genetios, Common Environment, Unique En-
viromment (ACK) modd), the abundance of
each human-ass odated microbe is presented
asa VATYINg, “trant”
that is affeceed by host genetios-in other
words, the host gnome significantly ditates
theabundance of 2 micobe. Although asuit
able startng point, this hosteentric inter-
of h ends

10 der the hum 3 inter-

R .? action as umdirectional in which the

. host regulates colonzation. This view,
% % howewer, isonly half of the story. The
f, micoblome is 2 collection of differ-
\'. , entorganisms with genotypes that m-
tract with each ather as wellas with
* the host to achieve colonization. A
more comprehensive Wew isadvis
ahle in which both the host
and the mizrdhiome play
a role in hermtahility This
wew hased on cammumnity
genetics principles, requires
that studies adopt aconcep-
wmal foundation of interspe
cies  (gemotypedy genotype)
mteractions that drive the assembly of the
host and microbial cansortia [t also neressi.
fates the use of 2 mensure —~“communi ty hen-
fabil iy (H7 ) ~that reflects genetic variation
underiyng meractions with the entire (or
portions of the ) commumity ~in this case, the
i roblome together with 1% human host.
Human-assodated microbes contain dis-
tint gnetic, transer pomic, metaholic, and
proteomiye features tha can reciprocally in-
fluemce their own colonization of specific
human gnotypes. These fatures span com
petitive nutrient acquisition, mechanisms to
evade the host immune sysem, and mche
construction, among others. Thus, herithle
tauxa such as Christense nell acene may be “re
cuied” by the human genome to perform
benefidal functions m the micobial com
mumity, but they also may encode traits that
enahle them © c rcumvent host defenses and
colone susceptihle grnotypes. For example,
commensal hacter 2 tolrate or evade human
immune responses by modifying surface
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Abundances of Phyla of Bacteria Genera
1st and 3rd Trimester of Pregnancy

- Verrucomicrobia
B Tenericutes

™7
B Synergistetes
B Proteobacteria. €
I Lcntisphaerae
- Fusobacteria
- Firmicutes
I Cyanobacteria
- Bacteroidetes
B Actinobacteria @G
B Unclassified

1st trimester 3rd trimester

Dramatic remodelling over the course of pregnancy

Koren O et al. Cell 2012
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SUMMARY

The gut microbiota is central to human health, but its
establishment in early life has not been quantitatively
and functionally examined. Applying metagenomic
analysis on fecal samples from a large cohort of
Swedish infants and their mothers, we characterized
the gut microbiome during the first year of life and
assessed the impact of mode of delivery and feeding
on its establishment. In contrast to vaginally deliv-
ered infants, the gut microbiota of infants delivered
by C-section showed significantly less resemblance
to their mothers. Mutrition had a major impact on
early microbiota composition and function, with
cessation of breast-feeding, rather than introduction
of solid food, being required for maturation into an
adult-like microbiota. Microbiota composition and
ecological network had distinctive features at each
sampled stage, in accordance with functional matu-
ration of the microbiome. Our findings establish a
framework for understanding the interplay between
the gut microbiome and the human body in early life.

INTRODUCTION

The human gut microbiota is an important emvironmental factor
for human heatth (Clemanta at al., 2012), having evolutionarily
conserved roles in the metabolism, immunity, development,
and behavior of the host (Cabraire and Gams, 2013; Erkosar

690 Cell Host & Microbs 717, 600-703, May 13, 2015 ©2015 Elssviarinc.

at al., 2013). Although considarable afforts have focused on
cataloguing tha adult human gut microbiome and its relationship
to complex diseases (Human Microbiome Project Consortium,
2012; Karlsson et al., 2013; Li et al, 2014; Qin et al, 2010,
201 2), studies on the infant gut microbiota have been restricted
to culture-based enumeration, 165-based profiling, andorsmall
sample sizas (Adlarbearth et al, 2006; Brook et al, 1979, Domi-
nguez-Ballo et al., 2010; Eggesbe et al, 2011, Koaenig at al,
2011; Palmer et al., 2007, Subramanian et al., 2014; Yatsunenko
atal., 2012). Thus, factors that shape the gut microbiota in early
infancy hava not baean satisfactodly axamined.

From an ecological point of view, colonization of the infant's
gut represants tha da novo assembly of a microbial community
{Costallo et al., 201Z) and is influenced by dietary and medical
factors (Eggesbo et al, 2011; Koenig et a., 2011; La Rosa
atal, 2074). Howeaver, itis not clear how these factors contribute
to the overall composition and function of theirfants’ gut micro-
biome, and how different microbes cooperate or compate with
one anather as tha gut amvironment changes.

Heare we parformed metagenomic sholgun seguencing on
facal samples from 858 full-term Swedish infants and their
mathers, assambled gut micrabial genomes, and demaonstrated
gut microbioma signatures charactedstic to each chronological
and functional stage during the first year of life. In addition, we
produced a gena catalog of the developing microbiome, which
may constitute an impartant research tool.

RESULTS
Genomes Assembled from the Infants' Gut Microblome

To characteriza the infant gut microbiome, wa shotgun-
saguanced stod samples from 88 mothars at delivery after a

@ Cregnharic

Most of the early colonizers are
derived from the mother

Vertical mother-infant
transmission was frequent for
important intestinal microbes
such as Bacteroides and
Bifidobacterium
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ANALYSIS

Time to consider the risks of caesarean delivery for

long term child health

Jan Blustein and Jianmeng Liu examine the evidence linking caesarean delivery with childnood
chronic disease and say that guidelines on delivery should be reviewed with these risks in mind

Jan Blustein professor ', Jianmeng Liu professor’

"Hew Yark Univarsity Wagnes Grac School and Degartrments of Population Health and Madicing, Schaol of Modicine, Now York, USAC Insiule

of Faproductive and Chid Haalth/Mi
Pusiryg Urivarsity School of Public Health, Buijing, China

Caesarean delivery can improve maternal and child health, and
even save lives. But the past two decades have biought a shap
growth in cagsarsans in inany nations, rasing conoerns about
uinecssanly hagh rates. Cagsarean delivery on matemal request
is relatively rare in the UK ( [-2% of births) and LS (3% of
births). Burt in some middle income countries the rate is high
and growing (204 of births in southeastesn Ching in 2006),
rnaking it an emerging global public health concern. Another
contrabuter we the nsing mates s repeat cacsarean. Although this
i ot necessanly medically indicated i women with otherwise
low obaterracal sk, among US births to women with paos
casanean in 2006, over 909% were cacsarean deliveries.

Prospective parents want a delivery thar is safe for the baby.*
In emergencies, of when a fetal or matemal indication is present,
the choice i clear. But in cooler moments, such as repeat or
maternal choace of cagsarean, it makes sense w consider the
risks and benefits of cassarean versus vaginal delivery., just as
we would for ether medical rreatments. Both modes of delivery
are associated with well known scote risks. For the neonate, for
example, & cagsanean 15 associated with increased risk of
admissaon toa neonatal intensive care unit and vaginal delivery
with a greater likelihood of cephalohasmatoma. To date,
concerns around long term child health have largely focused on
neusological impaimment. Bur recent research points o lateat
risks for chronic disease: childien delivered by caesarean have
a higher incidence of type | dizbetes, obesity, and asthina. We
argue that a detailed asesment of these risks should be taken
into account in guidelines for cacsarean delivery.

Evidence on childhood chronic disease

Much of the evidence linking caesarean delivery o chronic
disease is observational. Because caesarean delivery does not
ocour @ random, plassible sdies rely on careful swartification
and adjustment for clinical confounders thar are associated both
with caesarean delivery and the outcomes of mterest.
Meta-amalvaes of cohor and case-control studies find a posative

iry of Hoalth Koy Labaraiory af Roproductivs Hoalth and Degartmont of Epidomiciogy and Biestal

association with tvpe | diabetes {based on 20 sudies ). asthma
(25 swdiesy,” and obesity (nine studies ' We did not find any
preta-aialyees that reponed no association with these outcomes.
The combined cohort and case-control evidence for type |
diabetes is pamticularly compelling because many of the smwdies
used detailed sets of well charactensed clinical confounders
(hirth weight, gestational age, matemal age, bath order, materal
diabetes, and beeast feeding 1. Authoss of the meta-analysis wene
able o assemble individual patient data from most component
studaes and caloulate & pooled risk estinsae, adjusting for known
confounders, The fully adjusted analysis found that cassarean
delivery increased the relative risk of type | diabetes by 19%7
similar inereases were found in the mets-analyses of asthima
and obesiny.

The ahbsolute rates desived from these relative inereases depend
o many assumpnions, including local rates of caesarean and
dizease prevalence. For example, using the US cassarean rate
of 32.7% and an overall childhood obesity rate of 17%, the
eatimated rate of obesity is 15.8% among children delivered
vaginally and 19.4% among children delivered by cagsarean.
With an overall childbood asthines rate of 8.4%, the rare of
asthina among children delivered vaginally 15 estimated a 7.9%
compared with 9.5% in thowe delivered by caesarean. And an
overall childhood type | diabetes cate of L9000 wanslaes w
rates of 179701000 children delivered vaginally and 2 1301000
children delivered by casarean.

Applicability to non-essential caesareans

The meta-analyses incloded smdies in which caesarean was
conducted for a variery of indications. So how televant are the
data to non-essential caesarean and how much are studies sl
potzntially confounded by matenmal, fetal, of obstetic
charactenstics associated with the outcomes? The answers var
amiong studies. Detailed infonmation abour indacation for
caesarean is generally not caprured in clinical data. In some

Comespondanca to: J BlUstein [an. biustein EwagnernyU.edy, J Ll ImgBpiu.edu.cn

Meta-analyses of cohort and case-
control studies find a positive association
with:

* type 1 diabetes (based on 20 studies),
« asthma (23 studies),

* obesity (nine studies).

We did not find any meta-analyses that
reported no association with these
outcomes.




ESSAY

What are the consequences of the

disappearing human microbiotaP

Martin J. Blaser and Stanley Falkow

Vertical acquisition
Potential horizontal aquisition

‘heirloom’ microbes
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Nature Reviews Microbiology 2009



MICROEIO

Growth dynamics of gut microbiota in
health and disease inferred from

ME

single metagenomic samples
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Growth dynamics vs Relative abundance

Tissue/organ “A”

In a given tissue in an individual, an abundant microbial species may not necessarily be
one with high metabolic activity (PTR value).

BACTERIA ABUNDANCE GROWTH RATE METABOLIC DISEASE
(PTR VALUE) ACTIVITY CORRELATION

Species “1” Highest 1.2 Lowest No

Species “2" Lowest 2.0 Highest Yes

Segre. Science 2015



Diet, Metabolites
and ‘Western
Lifestyle’
Inflammatory
Diseases

Maintaining the
Microbiome?

Wetabolites
in blood i§

+ Absorption i
from Gl tract ©
« Effects on o
Food Int ; peripheral immune === Lungs and bronchi
+ Amount of fiber - gms; neutrophils « Effects on innate immune cells,
+ Amount of {at p ~—_ inflammation resolution .%: Treg cells, epithelial
4 S 5 ¥ _—

* Lung microbiome

E b Pl ——
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Metabolites
In breast milk
- Effects on
postnakal
immune
deveiopment
Gut homeostasis
- Micrcbiota compaosition
« Production of bactenal
metaboltes, i.e., SCFAs
Mesenteric \ « Epitheliad Integrity )
Lymph Nodes \  +Tregcell biology,
+DC T cell interactions | 1olerance to
- Tolerance Induction \  foodAgs 2.7
Direct Bone marrow
absorption of - DC maturation, effects
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small intestine | | 3
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metabolites - Effects on immune system
o « Effacts on organ
develcpment- lung, heart, brain
- HDAC/epigenetic effects of SCFAs

Thorburn A et al Immunity 2014
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POSITION ARTICLE AND GUIDELINES Open Access

World Allergy Organization-McMaster University
Guidelines for Allergic Disease Prevention
(GLAD-P): Probiotics

Alessandro Fiocchi™, Ruby Pawankar™', Carlos Cuello-Garcia™, Kangmo Ahn®, Suleiman AFHammadi®,

Amav Agarwal®’, Kirsten Beyer®, Wesley Burks®, Giorgio W Canonica', Motohiro Ebisawa'!, Shreyas Gandhi®,
Rose Kamenwa'?, Bee Wah Lee'*, Haigi Li', Susan Prescott'®, John J Riva'®, Lanny Rosenwasser'’,

Hugh Samps::unm_ Michael ‘.‘.pig;ﬂ&r1 g, Luigi Terracciamm, Andrea ".l'ereda{!lrrizu, Susan Was&rrnanh_

Juan José Yepes-Nufez”, Jan L Brozek™' " and Holger J Schiinemann™

Abstract

Background: Prevalence of allergic diseases in infants, whose parents and siblings do not have allergy, is
approximately 10% and reaches 20-3006 in those with an allergic first-degree relative. Intestinal microblota may
mod date immunologlc and inflammatory systemic responses and, thus, Influence development of sensitization and
aller gy
o=t Probiotics of multiple strains analyzed
recommendations about the use of probiotics in the pmuentk}r: of allergy.

Methods: We identified the most relevant clinkcal questions and performed a systematic review of randomized
controlled mals of problotics for the prevention of allergy. We followed the Grading of Recommendations
Aggesorment, Developrment and Evalwation (GRADE) approach to develop recommendations. We searched for and
reviewed the evidence about health effects, patient values and preferences, and resource use (up to Movember
2004). We followed the GRADE evidence-to-deckion framework to develop recommendations.

Results: Cumently avallable evidence does not indicate that probiotic supplermentation reduces the risk of
developing allergy in children. However, considering all critical outcomes in this context, the WAD guideline panel
detemnined that thene is a likely net benefit fiom using problotics resulting primarily from prevention of eczema.
The WAD guideline panel suggests: a) using probictics in pregnant women at high risk for having an allengic child;

b} using probictics in women who breastfeed infants at high risk of developing allergy; and <) using probiotics in
infants at high risk of developing allergy. All recommendations are conditional and supported by weny low

quality evidence.

Conclusions: WAD recommendations about probiotic supplementation for prevention of allergy are intended to
support parents, cdinldans and other health cane profesionds in their decidons whether 1o use problatics in pregnancy
and during breastfeeding, and whether to ghwe them to infants.

Probiotic supplementation
DOES NOT reduce the risk of

developing allergy in children

There is a likely net benefit
from using probiotics resulting
primarily from prevention of
eczema

For at risk infants

a) in pregnant women;

b) in women who breastfeed
infants

c) In infants at high risk of
developing allergy.

All recommendations are
conditional and supported by
very low quality evidence.

Keywords: Allengy, Prevention, Probiotics, Practice guidelines, GRADE
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REVIEW ARTICLE B

Probiotics for prevention of atopic diseases in infants:

systematic review and meta-analysis

G. Zuccotti*, F. Meneghin?*, A. Aceti®*, G. Barone**, M. L. Callegari®*, A. Di Mauro®*,
M. P. Fantini’*, D. Gori’*, F. Indrio®*f, L. Maggio**T, L. Morelli>* & L. Corvaglia®* T+

on behalf of the ltalian Society of Neonatology
A

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Huure 2008 7 72 12 88  55% 0.55[0.23, 1.32] — . .
Kim 2010 6 33 14 35 B.0% 0.45[0.20, 1.04] —_— Pr0b|0t|C
Kim 2010 7 35 17 42 6.9% 0.49[0.23, 1.05] —— .
Kim 2010 8 43 16 46  7.2% 0.53[0.26, 1.12] T
Niers 2009 6 50 15 52  56% 0.42 [0.18,0.99] I — mi Xt ure
Niers 2009 23 50 30 48 171% 0.74 [0.51, 1.07] —a
Niers 2009 27 50 33 48 19.6% 0.79[0.57, 1.08] —r
Rautava 2012 21 73 4 62 18.2% 0.41[0.27, 0.60] — =
Rautava 2012 20 70 44 62 15.8% 0.40 [0.27, 0.60] —
Total (95% Cl) 476 463 100.0% 0.54 [0.43, 0.68] <
Total evenls 125 225
Heterogeneity: Tau? = 0.04; Chi® = 12.86, df = & (P = 0.12); |? = 38% IU p ulz Dls : é é ml

Test for overall effect: Z = 5.34 (P < 0.00001)

Favours Probiotics

Favours Control

B Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abrahamsson 2007 34 95 32 93 7.3% 1.04 [0.70, 1.53] - .
Abrahamsson 2013 20 94 17 90 4.7% 1.13 [0.63, 2.01] T SI n g I e
Bottcher 2008 21 51 19 53 5.8% 1.15[0.71, 1.87] -
Boyle 2011 42 122 47 120 8.3% 0.88 [0.63, 1.22] - M M
Boyle 2011 35 108 43 102 7.9% 0.77 [0.54, 1.10] -1 P r O b I Ot I C
Kalliomaki 2001 15 64 3 68 5.4% 0.51[0.31, 0.86] - =
Kopp 2008 14 50 12 44 3.9% 1.03 [0.53, 1.98] -
Ou 2012 16 B5 16 64 4.4% 0.98 [0.54, 1.80] -1
Cu 2012 16 64 " 62 3.7% 1.41[0.71, 2.79] ]
Ou 2012 24 72 17 72 5.2% 1.41[0.83, 2.39) T
Prescoll 2008 K1l 74 25 76 6.8% 1.27 [0.84, 1.94] I
Rautava 2002 4 27 14 30 2.1% 0.32 [0.12, 0.85]
Taylor 2007 38 88 34 87 7.9% 1.10[0.77, 1.58] -
Taylor 2007 23 89 20 88 53% 1.14 [0.67, 1.92] D
Wickens 2008 23 157 43 159 6.2% 0.54 [0.34, 0.85) —_—
Wickens 2012 7 136 56 143 8.1% 0.69 [0.49, 0.98] -
Wickens 2013 26 112 43 129 6.8% 0.70 [0.46, 1.06] - 1
Total (95% CI) 1468 1480 100.0% 0.90 [0.77, 1.05] <&
Total events 419 480
T g - . - = - 12 = ARY t t t t i
Heterogeneity: Tau® = 0.05; Chi* = 29.60, df = 16 (P = 0.02); I* = 46% 0.1 0!2 0!5 é é 10'

Test for overall effect: Z =134 (P =0.18)

Favours Probiotics

Favours Control



Human
microbiome



