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> Human gut bacteria microbiota

Bile Examples of functions:
ducf‘\%

e SCFA production
e Vitamin synthesis
e Inhibition of pathogens

Dysbiosis associates with

e Inflammatory bowel disease
e Obesity
e Cancer
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Figure 1. Donaldson et al., 2016

(Flint et al., 2012; Donaldson et al., 2016)




> Gut microbiota in early life influences...
> Immune system development
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* Low microbiota diversity in early infancy is related to asthma development
(Abrahamsson et al., 2014)

(Jenmalm, 2011; West et al., 2015)




> Gut microbiota in early life influences...
> Behavior and Nervous system Conta Nrvous

System —
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HPA Axis

> Microbiome-gut-brain axis
(Cryan and O'Mahony, 2011) @
&

o Studies on germ free mice:

o Lack of microbiota
- social deficits (Desbonnet et al., 2014)

o Balanced microbial community
— appropriate development of pain signaling

(Amaral et al., 2008) immune System

o Childhood Diseases linked to altered microbiota ”"“'E-'-:.Q-'
(O’ Mahony et al., 2015) O
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o Autism A

o Depression and anxiety
Figure 1. Clarke et al., 2014




Timeline of Assembly

° Intestine environment change
> Mode of

o Infant diet
delivery

' o Secretory immunoglobulin A




* First question: When does colonization starts?

Widely accepted idea:
o Foetuses are sterile in utero
o Presence of any bacteria: Potential threat

Therefore,
colonization should start on birth?

Not the case!




Meconium
> Not sterile (Jiménez et al., 2008)

o Specific microbiota

o Complex microbial community

> Differs from early fecal samples (Moles et al., 20:FFEEleelE sl

_— main phylum:

90 Proteobacteria
Meconium’s main 80
phylum: 70
Firmicutes 60

e.g. Streptococcus :Ei

® Actinobacteria
® Protecbacteria
B Firmicules

Meconium Meconium Feces Feces
HITChip  Culture HITChip Culture

Sample

Figure 6. Moles et al., 2013
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How do bacteria get there?
° Mechanisms: not well understood

o Gut epithelial translocation suggested

Maternal
intestinal lumen I

* Microfold cells and

dendritic cells
* Actively transfer bacteria 4
across intestinal 3
epithelial barrier

Blood
&lymphatic
systems

Bacteria transfer
through blood

circulation

Neonatal intestine

Neonatal intestine

Meconium

Figure 1. Thum et al., 2012

(Rescigno et al., 2001; Perez et al., 2007; Thum et al., 2012
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> Studies by Jime nez et al., 2005 and 2008
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Birth




o Delivery progress:
Newborn’s first postnatal microbial exposure

Newborn * Directly removed from uterus
e passages through mother's * Not passages through vagina
vagina
* coated with maternal vaginal
bacteria

Normal
vaginal
delivery




> Study by Dominguez-Bello et al., 2010
o Composition of bacteria community of newborns
o Skin, oral mucosa, and nasopharyngeal aspirate (<5min)
° Meconium <24 h
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> Mode of delivery influences infant gut microbiota
o Study by Jakobsson et al., 2013

o Composition of gut microbiota of infants
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> Mode of delivery influences infant gut microbiota
o Study by Jakobsson et al., 2013

o C-section born infants
° lower diversity of
> Total microbiota
o Bacteroidetes phylum
o Reduced Th1 response
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Postnatal

Intestine environment change,

Pre-weaning infant diet, Passive Secretory immunoglobulin A,

Weaning and introduction of solid food




° |Intestine environment change

> Oxygen content in newborn intestine
o High just after birth
o Decreases over time after birth

Redox potential in faeces

e Meconium: +175mV
e 1to2dfaeces: -113mV
e After weaning: -348mV

(same to adult)

(Tannock, 1994)




° |Intestine environment change
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> Pre-weaning infant diet

o Core genera include Staphylococcus and Streptococcus spp.

o Several hundred species present

o Composition affected by delivery mode, mothers’ weight
and lactation time

-Human milk oligosaccharides(HMOs)

o with prebiotic activity

o stimulate growth of specific groups

o Streptococcus and Bifidobacterium spp.

(Hunt et al., 2011; Cabrera-Rubio et al., 2012; Jost et al., 2015)




> Pre-weaning infant diet

o Compare with breastmilk
° Lack of microbiota, HMOs, SIgA
o Different nutrient content

o Different gut microbiota from breast-fed
o MAbundance of Bacteroides spp., Enterobacteriaceae

>, Abundance of Bifidobacterium spp.
(Harmsen et al., 2000; Fallani et al., 2010)
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o Study by Fan et al., 2013

o Comparison of microbiota of 12 Chinese infants

> Breast-fed(BF) and Formula-fed(FF)
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o Passive received secretory immunoglobulin A (SIgA)

e Secretory immunoglobulin A (SIgA)
e Dominant antibody type in mucosal secretion
e Secreted by plasma cells in gut lamina propria
e Involves in homeostasis of gut microbiota

SIgA sources in early life

e Maternal IgA through milk
e Endogenous IgA production
e Mice: starts after weaning
e Human: starts several months after birth

(Pabst et al, 2016)




o Passive SIgA helps shaping infant gut microbiota
> Study by Rogier et al., 2014
o |gA-deficient mice
> Polymeric Ig receptor gene knockout Pigr/-
o Pigr/~ female's milk: SIgA absent

o Offspring fed by
o Pigr-/- female: No passive SIgA
o Pigrt/~ female: Receive passive SIgA
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> Composition of faecal microbiota
o Detected by PhyloChip microarray hybridization

o Differences persisted in to adulthood

A Inner rings: offspring from Pigr+/- dams that received passive SIgA in breast milk
Outer rings: offspring from Pigr /- dams that did not receive passive SIgA in breast milk
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(Figure 3. Rogier et al., 2014) Other 15



> Weaning & introduction of complementary feeding

° Increased species diversity
° Increasing butyrate producing Bacteria
o Adult-like major Phyla: Bacteriodetes & Firmicutes

Study of Koenig et al., 2011
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(Eckburg et al., 2005; Voreades et al., 2014)



o Study by Bergstrom et al., 2014

o Composition of microbiota of Danish infants at 9, 18 & 36
months

o Significant changes from 9 to 18 months

° Induced by weaning and
introduction of complementary feeding

> Dominating species:
Lacobacillius, Bifidobacterium spp. and Enterobacteriaceae

N2

Clostridium spp. and Bacteroides spp.
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> Resembling adult-like microbiota

c End of 2 to 5 years of life
(Palmer et al., 2007; Koenig et al., 2011; Yatsunenko et al., 2012)

° Induced by introduction of solid food (Bergstrém et al., 2014)
o Study by Yatsunenko et al., 2012

> Composition of gut microbiota of children and adults
from Venezuela, Malawi and USA
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Composition &
diversity

Summary
closely similar to adult

Pre- Post-
In utero . !
weaning weaning
/]

A Initial N Y =
Colonization Dominating Dominating
starts e Mot phyla: phyla:
exposure Zroteobacterla Firmichiny
Actinobacteria Bacteroigeie

o 4

Facultatl\_/e | End of 1t yr of life:
anaerobic | Individuall
bacteria 2 !

distinct profile

Microbiota Diversity

Strict
anaerobes

Factors Influencing Passive SIgA

Infant Microbiota: | Mode of birth ‘ Diet: Breastfed vs Formula
Introduction of solid food

(Palmer et al., 2007; Rodriguez et al., 2015)




REFERENCES

Abrahamsson, T. R., Jakobsson, H. E., Andersson, A. F., Bjorkstén, B., Engstrand, L., & Jenmalm, M. C. (2014). Low gut microbiota diversity in early infancy precedes asthma at school
age. Clinical & Experimental Allergy, 44(6), 842—850. https://doi.org/10.1111/cea.12253

Amaral, F. A., Sachs, D., Costa, V. V., Fagundes, C. T., Cisalpino, D., Cunha, T. M., ... Teixeira, M. M. (2008). Commensal microbiota is fundamental for the development of inflammatory
pain. Proceedings of the National Academy of Sciences, 105(6), 2193-2197. https://doi.org/10.1073/pnas.0711891105

Bergstrom, A., Skov, T. H., Bahl, M. I., Roager, H. M., Christensen, L. B., Ejlerskov, K. T., ... Licht, T. R. (2014). Establishment of Intestinal Microbiota during Early Life: a Longitudinal, Explorative
Study of a Large Cohort of Danish Infants. Applied and Environmental Microbiology, 80(9), 2889-2900. https://doi.org/10.1128/AEM.00342-14

Cabrera-Rubio, R., Collado, M. C., Laitinen, K., Salminen, S., Isolauri, E., & Mira, A. (2012). The human milk microbiome changes over lactation and is shaped by maternal weight and mode of
delivery. The American Journal of Clinical Nutrition, 96(3), 544-551. https://doi.org/10.3945/ajcn.112.037382

Cryan, J. F., & O’Mahony, S. M. (2011). The microbiome-gut-brain axis: from bowel to behavior. Neurogastroenterology & Motility, 23(3), 187-192. https://doi.org/10.1111/].1365-
2982.2010.01664.x

Desbonnet, L., Clarke, G., Shanahan, F., Dinan, T. G., & Cryan, J. F. (2014). Microbiota is essential for social development in the mouse. Molecular Psychiatry, 19(2), 146—148.
https://doi.org/10.1038/mp.2013.65

Dominguez-Bello, M. G., Costello, E. K., Contreras, M., Magris, M., Hidalgo, G., Fierer, N., & Knight, R. (2010). Delivery mode shapes the acquisition and structure of the initial microbiota across
multiple body habitats in newborns. Proceedings of the National Academy of Sciences, 107(26), 11971-11975. https://doi.org/10.1073/pnas.1002601107

Donaldson, G. P., Lee, S. M., & Mazmanian, S. K. (2016). Gut biogeography of the bacterial microbiota. Nature Reviews Microbiology, 14(1), 20-32. https://doi.org/10.1038/nrmicro3552

Eckburg, P. B., Bik, E. M., Bernstein, C. N., Purdom, E., Dethlefsen, L., Sargent, M., ... Relman, D. A. (2005). Diversity of the Human Intestinal Microbial Flora. Science, 308(5728), 1635-1638.
https://doi.org/10.1126/science.1110591

Fan, W., Huo, G., Li, X., Yang, L., Duan, C., Wang, T., & Chen, J. (2013). Diversity of the intestinal microbiota in different patterns of feeding infants by Illumina high-throughput
sequencing. World Journal of Microbiology and Biotechnology, 29(12), 2365-2372. https://doi.org/10.1007/s11274-013-1404-3

Flint, H. J., Scott, K. P., Louis, P., & Duncan, S. H. (2012). The role of the gut microbiota in nutrition and health. Nature Reviews Gastroenterology and Hepatology, 9(10), 577-589.
https://doi.org/10.1038/nrgastro.2012.156

Hunt, K. M., Foster, J. A., Forney, L. J., Schiitte, U. M. E., Beck, D. L., Abdo, Z., ... McGuire, M. A. (2011). Characterization of the Diversity and Temporal Stability of Bacterial Communities in
Human Milk. PLOS ONE, 6(6), €21313. https://doi.org/10.1371/journal.pone.0021313

Jakobsson, H. E., Abrahamsson, T. R., Jenmalm, M. C., Harris, K., Quince, C., Jernberg, C., ... Andersson, A. F. (2014). Decreased gut microbiota diversity, delayed Bacteroidetes colonisation and
reduced Th1 responses in infants delivered by Caesarean section. Gut, 63(4), 559-566. https://doi.org/10.1136/gutjnl-2012-303249

Jenmalm, M. C. (2011). Childhood Immune Maturation and Allergy Development: Regulation by Maternal Immunity and Microbial Exposure. American Journal of Reproductive Inmunology, 66,
75-80. https://doi.org/10.1111/j.1600-0897.2011.01036.x

Jiménegz, E., Fernandez, L., Marin, M. L., Martin, R., Odriozola, J. M., Nueno-Palop, C., ... Rodriguez, J. M. (2005). Isolation of Commensal Bacteria from Umbilical Cord Blood of Healthy
Neonates Born by Cesarean Section. Current Microbiology, 51(4), 270-274. https://doi.org/10.1007/s00284-005-0020-3

Jiménez, E., Marin, M. L., Martin, R., Odriozola, J. M., Olivares, M., Xaus, J., ... Rodriguez, J. M. (2008). Is meconium from healthy newborns actually sterile? Research in Microbiology, 159(3),
187-193. https://doi.org/10.1016/j.resmic.2007.12.007

Jost, T., Lacroix, C., Braegger, C., & Chassard, C. (2015). Impact of human milk bacteria and oligosaccharides on neonatal gut microbiota establishment and gut health. Nutrition Reviews, 73(7),
426-437. https://doi.org/10.1093/nutrit/nuu016

Koenig, J. E., Spor, A., Scalfone, N., Fricker, A. D., Stombaugh, J., Knight, R., ... Ley, R. E. (2011). Succession of microbial consortia in the developing infant gut microbiome. Proceedings of the
National Academy of Sciences, 108(Supplement 1), 4578-4585. https://doi.org/10.1073/pnas.1000081107

Moles, L., Gdmez, M., Heilig, H., Bustos, G., Fuentes, S., Vos, W. de, ... Jiménez, E. (2013). Bacterial Diversity in Meconium of Preterm Neonates and Evolution of Their Fecal Microbiota during
the First Month of Life. PLOS ONE, 8(6), €66986. https://doi.org/10.1371/journal.pone.0066986

Orrhage, K., & Nord, C. (1999). Factors controlling the bacterial colonization of the intestine in breastfed infants. Acta Paediatrica, 88, 47-57. https://doi.org/10.1111/].1651-
2227.1999.tb01300.x

O’ Mahony, S. M., Stilling, R. M., Dinan, T. G., & Cryan, J. F. (2015). The microbiome and childhood diseases: Focus on brain-gut axis. Birth Defects Research Part C: Embryo Today:
Reviews, 105(4), 296—313. https://doi.org/10.1002/bdrc.21118

I —
28



REFERENCES

Pabst, O., Cerovic, V., & Hornef, M. (2016). Secretory IgA in the Coordination of Establishment and Maintenance of the Microbiota. Trends in Immunology, 37(5), 287-296.
https://doi.org/10.1016/.it.2016.03.002

Palmer, C., Bik, E. M., DiGiulio, D. B., Relman, D. A., & Brown, P. O. (2007). Development of the Human Infant Intestinal Microbiota. PLOS Biology, 5(7), e177.
https://doi.org/10.1371/journal.pbio.0050177

Perez, P. F., Doré, J., Leclerc, M., Levenez, F., Benyacoub, J., Serrant, P., ... Donnet-Hughes, A. (2007). Bacterial Imprinting of the Neonatal Immune System: Lessons From Maternal
Cells? Pediatrics, 119(3), e724—e732. https://doi.org/10.1542/peds.2006-1649

Rescigno, M., Urbano, M., Valzasina, B., Francolini, M., Rotta, G., Bonasio, R., ... Ricciardi-Castagnoli, P. (2001). Dendritic cells express tight junction proteins and penetrate gut epithelial
monolayers to sample bacteria. Nature Immunology, 2(4), 361-367. https://doi.org/10.1038/86373

Rodriguez, J. M., Murphy, K., Stanton, C., Ross, R. P., Kober, O. I., Juge, N., ... Collado, M. C. (2015). The composition of the gut microbiota throughout life, with an emphasis on early
life. Microbial Ecology in Health and Disease, 26(0). https://doi.org/10.3402/mehd.v26.26050

Rogier, E. W., Frantz, A. L., Bruno, M. E. C., Wedlund, L., Cohen, D. A., Stromberg, A. J., & Kaetzel, C. S. (2014). Secretory antibodies in breast milk promote long-term intestinal homeostasis by
regulating the gut microbiota and host gene expression. Proceedings of the National Academy of Sciences, 111(8), 3074—3079. https://doi.org/10.1073/pnas.1315792111

Tannock, G.W. (1995). Normal microflora: an introduction to microbes inhabiting the human body. Springer Science & Business Media

Thum, C., Cookson, A. L., Otter, D. E., McNabb, W. C., Hodgkinson, A. J., Dyer, J., & Roy, N. C. (2012). Can Nutritional Modulation of Maternal Intestinal Microbiota Influence the Development
of the Infant Gastrointestinal Tract? The Journal of Nutrition, 142(11), 1921-1928. https://doi.org/10.3945/jn.112.166231

Voreades, N., Kozil, A., & Weir, T. L. (2014). Diet and the development of the human intestinal microbiome. Frontiers in Microbiology, 5. https://doi.org/10.3389/fmich.2014.00494

West, C. E., Jenmalm, M. C., & Prescott, S. L. (2015). The gut microbiota and its role in the development of allergic disease: a wider perspective. Clinical and Experimental Allergy: Journal of the
British Society for Allergy and Clinical Immunology, 45(1), 43-53. https://doi.org/10.1111/cea.12332

Yatsunenko, T., Rey, F. E., Manary, M. J., Trehan, I., Dominguez-Bello, M. G., Contreras, M., ... Gordon, J. I. (2012). Human gut microbiome viewed across age and geography. Nature, 486(7402),
222-227. https://doi.org/10.1038/nature11053

N
Lo



