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Four were dominated by Lactobacillus iners, L. crispatus, L. gasseri, or
L. jensenii, whereas the fifth had lower proportions of lactic acid bacteria 
and higher proportions of strictly anaerobic organisms,





Endosimbiosi
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The momentous transition to multicellular life may 
not have been so hard after all

Antonio Ragusa



L’ evoluzione del nostro microbiota Geneticamente siamo identici agli uomini del paleolitico ma la nostra dieta è profondamente 
cambiata e la durata della nostra vita enormemente allungata, anche grazie all’uso di antibiotici. I nostri microorganismi ci hanno 
accompagnato e si sono rapidamente adattati a questi cambiamenti. 



le gravide di colore hanno una 

incidenza di parto pretermine e PROM pretermine 

significativamente maggiore rispetto alle gravide di etnia caucasica, 

indipendentemente da eventuali fattori materni confondenti,

(medici e socio-economici)

Rischio Relativo aumentato di oltre 3 volte



Omigbodun and Adewuyi. J Natl Med Assoc 1997;

89: 617–621

•La durata media della gravidanza è di 274.8 giorni nelle  

donne africane (significativamente meno che in donne di 

origine europea)

•L'individuazione costante di una durata inferiore della 

gestazione in donne nere, suggerisce il raggiungimento più 

precoce della maturità a carico dell'unità fetoplacentare.

La durata della gestazione è minore negli africani



Precoce maturazione dei polmoni nei feti africani
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la comunità batterica a livello vaginale presenta la minore diversità, al contrario dell’intestino
A differenza della comunità salivare o intestinale, quella vaginale è generalmente dominata da una singola specie batterica, L. 
iners o L. crispatus in particolare. Le comunità vaginali dominate da L. iners dimostrano di incrementare notevolmente la loro 
variabilità tassonomica (ricchezza) verso la fine della gravidanza al contrario di quelle caratterizzate dalla presenza di L. crispatus
che rimangono pressoché stabili nel tempo l’Individualità, intesa come taxon vaginale più espresso, età gestazionale e 
complicazioni di salute sono le principali fonti di variazione a carico dei pattern di abbondanza genica



There was no association between the
composition of the women’s saliva, gut,
and tooth microbiota and preterm birth,
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Women who delivered 
preterm exhibited significantly 
lower vaginal levels of 
Lactobacillus crispatus and 
higher levels of BVAB1, 
Sneathia amnii, TM7-H1, a 
group of Prevotella
species…Preterm-birth-
associated taxa were 
correlated with 
proinflammatory cytokines in 
vaginal fluid. 



…However, higher vaginal levels of β-defensin-2 lowered the risk of sPTB

associated with cervicovaginal microbiota in an ethnicity-dependent manner. 

Surprisingly, even in Lactobacillus spp. dominated cervicovaginal microbiota, 

low β-defensin-2 was associated with increased risk of sPTB. These findings 

hold promise for diagnostics to accurately identify women at risk for sPTB early 

in pregnancy. Therapeutic strategies could include immune modulators and 
microbiome-based therapeutics to reduce this significant health burden.
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Esiste un 
microbiota fetale?

“Ciascuno di noi entra 
nel mondo privo di 
colonizzazione 
microbica a causa 
dell’ambiente sterile 
del grembo materno”

Maynard et al. Nature, 12, 
Sept 2012, Vol. 489





CONCLUSION: We conclude that fetal development in uncomplicated
pregnancies occurs in the absence of an amniotic fluid microbiota and that
the offspring microbial colonization starts after uterine contractions and
rupture of amniotic membrane.



“IF WE DO NOT HAVE 

MICROBES IN UTERO, 

I THINK WE WOULD 

BE THE ONLY 

SPECIES THAT HAS 

BEEN 

INTERROGATED THAT 

DOESN’T.”

17 January 2018 



Il microbiota intestinale si eredita soprattutto dalla madre
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“Biology has entered a 
new era with the 
capacity to understand 
that an organism’s 
genetics and fitness are 
inclusive of its 
microbiome.” 

Brucker, R. M. & Bordenstein, S. R. Response to 
Comment on “The hologenomic basis of 
speciation: gut bacteria cause hybrid lethality 
in the genus Nasonia”. Science. 345, 1011 
(2014). 

Chi siamo noi?







Le piante si parlano con un internet sotterraneo di funghi. Ma ci sono anche hacker e ladri
Il "wood wide web« (definizione di Nature, che connette gli esseri viventi della Terra
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The vaginal microbiome in HSIL was 
characterised by higher levels
of Sneathia sanguinegens (P < 0.01), 
Anaerococcus tetradius (P < 0.05) 
and Peptostreptococcus
anaerobius (P < 0.05) and lower 
levels of Lactobacillus jensenii (P < 
0.01) compared to LSIL.





HMO Human Milk Oligosaccaride



Figure 1. Complex interactions between genetic heritage, 
epigenetic mechanisms and environment 
Diverse environmental factors can have an influence during 
the lifetime of an individual, causing changes in the main 
epigenetic mechanisms: DNA methylation/demethylation 
and miRNA biogenesis. These mechanisms lead to a change 
in phenotype that involves an adaptation to the 
environment, and ultimately to a modification in the 
response of the organism.
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Figure 2. Hypothetical mechanism through which vaginal birth can protect newborns from 

leukemia 

Vaginal birth causes higher stress in the foetus/newborn, which, by means of the activation of the 

foetal hypothalamic/pituitary axis, increases the neonatal ability of apoptosis, which, in turn, 

eliminates cloned pre-leukemic cells. Moreover, the acquisition of the vaginal microbiome enables 

acquisition of micro-organisms that positively regulates the newborn's Th1/Th2 ratio. 
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Antonio Ragusa and Alessandro Svelato. 
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Fig.1: A) 2D 
scores plot 
showing PLS-DA 
discrimination 
between Ph1 
(red, out of 
labour, intact 
membranes), 
Ph2 (green, out 
of labour, 
PROM) and Ph3 
(blue, in labour, 
PROM) and B)  
the 
corresponding 
VIP score plot.





we identified 100 metabolites that changed during this transition. Of these 100 metabolites, 23 
demonstrated significant change during the first 72 hours. Of note, four intermediates of the 
tricarboxylic acid (TCA) cycle were identified ( -ketoglutaric acid, fumaric acid, malic acid, and 
succinyl-CoA), demonstrating a consistent rate of rise during the study.

The Perinatal Transition of the Circulating M 1 etabolome in a Nonhuman Primate Andrew C. Beckstroma, Pattaraporn Tanyaa, Elizabeth M. Humstonb, Laura R. 

Snyderc3 , Robert E. Synovecb and Sandra E. Juula,*

The fetal to neonatal transition

Antonio Ragusa



Hormonal imprinting occurs perinatally, when the developing hormone receptors connect to 
their target hormones. This is required for the normal development of the receptor-hormone 
connection. At this time, the selectivity of receptors is weak and can be misdirected to related 
endogenous or exogenous molecules, such as other members of the same hormone family, 
synthetic hormones, drugs, hormone-like environmental pollutants, and endocrine disruptors. 
In this situation, faulty hormonal imprinting develops with lifelong consequences, which are 
manifested by altered receptor binding capacity, hormone production, changed bone 
formation, and brain neurotransmitter content. The effect of faulty imprinting is epigenetically 
inherited and manifested in progeny

Volume 5, Issue 2, April 2017, Pages 163-169

The importance of faulty perinatal imprinting

Antonio Ragusa



La diade Madre Bambino è in realtà 
una triade! (UN OLOBIONTE!)

• solo 1 cellula su 10 
della madre è umana

• 1/3 dei metaboliti 
ematici dei mammiferi 
è di derivazione 
batterica

Cortesia Prof. Fanos



(A) Schematic representation of the experimental procedure. 

Gil Sharon et al. PNAS 2010;107:20051-20056

©2010 by National Academy of Sciences

Commensal bacteria 
play a role in mating 
preference of 
Drosophila 
melanogaster



http://learn.genetics.utah.edu/content/microbiome/simulator/



genetic heritage

1. genomic imprinting and silencing of the paternal set of 

chromosomes

2. the unpredictable "on" or "off" expression patterns of wild-type 

genes

3. paramutation

4. alternative states of protein folding that can be propagated

from one protein molecule to another.

pregnancy

cellular memory 

microorganism colonitation

immunological system
Th1/Th2 cell ratio 

childbirth imprinting

as

irreversible phenomenon

labour and 
birth

stochastic noise 

maternal nutritionstress
drugs

Childbirth modalities

environmental 

behaviors 

Fig 1 Pregnancy, labor and birth as complex systems. They are characterized
by a huge amount of interdependencies health or future illness

Antonio Ragusa



Acta Obstet Gynecol Scand. 2018 Oct 22.



Disturbances in the establishment of the indigenous intestinal microbiome because of cesarean delivery or antibiotic 
exposure in early life, either directly or through modifications of the breast microbiome, have been linked to the risk of 
immune-mediated and inflammatory conditions such as atopic disorders, inflammatory bowel disease, and obesity later in 
life. In our opinion, the addition of another antibiotic to prophylaxis before nonelective cesarean section may have medium-
term and long-term effects on neonatal health, and these effects should evaluated before clinical practice is changed. Studies 
to evaluate these effects are lacking.

Antonio Ragusa, M.D. and Alessandro Svelato
Massa Carrara General Hospital, Massa Carrara, Italy



Bias del presente

• detto anche hyperbolic discounting, le decisioni vengono prese per 
ottenere una gratificazione immediata, ignorando le possibilità di 
guadagno differite nel tempo. Questo atteggiamento influenza i nostri 
comportamenti in 3 importanti aree della nostra vita: l’alimentazione, la 
vita professionale e i risparmi.

• In uno studio condotto da Read & van Leeuwen (1998), il 74% dei 
partecipanti sceglieva la frutta quando doveva decidere cosa mangiare la 
settimana successiva. Ma dovendo decidere cosa mangiare subito il 70% 
sceglieva il cioccolato! Lo stesso vale per denaro: siamo molto ben disposti 
ad approfittare di sconti nel momento presente, rimandando al futuro la 
preoccupazione per le spese più impegnative. Chi si occupa di marketing 
crea infatti proposte ad hoc che ci inducano ad accettare di comprare un 
prodotto grazie a uno sconto o a un “regalo” iniziale, vantaggio che viene 
perso sul lungo periodo ma che, proprio per effetti del bias del presente, 
non valutiamo.





Figure adapted from Centers for Disease Control and Prevention 
(CDC). Retrieved from 
https://www.cdc.gov/obesity/data/prevalence-maps.html.



(A) Worldwide prevalence of obesity in children and 
adolescents. (B) Worldwide combined prevalence of 
overweight and obesity in children and adolescents. The 
prevalence estimates were calculated as the arithmetic mean 
of the age-specific estimates. Adapted from Epidemiology of 
Obesity in Children and Adolescents (Pigeot et al., 2011, p. 228, 
Figure 13.2) with kind permission of Springer Science & 
Business Media.



Fig. 1. Schematic drawing showing that maternal cardiometabolic disorders, such as gestational diabetes mellitus (GDM), pre-
eclampsia, obesity and dyslipidemias, are associated with disrupted microbiota and that probiotic intervention could improve
glycemic control (GC), insulin resistance (IR) and lipid profiles in pregnant women



Figure 2: Potential mechanisms of 

crosstalk between maternal microbiota 

and offspring immunity. Maternal gut 

microbiota during pregnancy translocate to 

the maternalfetal interface. Commensals 

microbes translocate from the maternal gut 

to the placenta or fetal gut during pregnancy 

(maternal gut placenta axis) or to mammary 

glands. These microbes impact developing 

fetal immunity via various mechanisms 

including epigenetic changes, release of 

short chain fatty acids and alteration of the 

cytokine environment. Bacteria or bacterial 

metabolites transfer to the mammary glands 

(gut-breastmilk axis) impacting infant gut 

colonization and continued immune 
development after delivery.

Influence of maternal microbiota during 

pregnancy on infant immunity
Donald D Nyangahu1 and Heather B Jaspan1,2,3

Clin Exp Immunol. 2019 May 23.



1967, Lynn 
Margulis (then 
Lynn Sagan) as 
first, proposed 
that 
mitochondria 
originate from 
endosymbiotic
bacteria 



Le parole da tre lettere del codice genetico sono le stesse in ogni creatura: 
CGA significa arginina e GCG significa alanina, tanto nei pipistrelli quanto 
negli scarafaggi o nei batteri. Hanno lo stesso significato anche negli 
archeobatteri…… che vivono a temperature di ebollizione nelle sorgenti 
sulfuree centinaia di metri sotto la superfice dell’Oceano Atlantico o in 
quelle microscopiche capsule di devianza chiamate virus. Ovunque si 
vada nel mondo, qualsiasi animale, pianta, insetto o essere informe si stia 
guardando, se è vivo userà lo stesso dizionario e conoscerà lo stesso 
codice.

La vita è una. Il codice genetico, con l’eccezione di poche e minime 
aberrazioni locali, per lo più presenti per ragioni inspiegabili nei protozoi 
ciliati, è lo stesso in tutte le creature. Usiamo tutti lo stesso linguaggio. 
Ciò significa- e le persone religiose potrebbero trovarla un 
argomentazione utile- che vi è stata un’unica creazione, un unico evento 
in cui è nata la vita.

Matt Ridley, 1999



Ecologia della vita quotidiana

IL MONDO COMINCIA DALLA MIA STANZA

STANZ
A

CASAQUARTIER
E

CITTA’MOND
O

NOITUTTI IO
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Non è vero!
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Lactic acid bacteria (such as Lactobacillus), are 
used to make the bioplastic PLA (Polylactic 
Acid). Lactic acid bacteria transform the plant-
based material into a sustainable and 
innovative alternative to traditional plastic
The various types of PLA have numerous 
applications, from drinking cups to surgical 
sutures and screws for repairing fractures. The 
production of PLA is virtually CO2-neutral as it 
is made from organic materials. Other 
properties which contribute to a circular 
economy include the fact that plant-based 
plastic can be recycled, composted and reused, 
as long as it is collected and processed 
correctly.




