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Human microbiome 
1.000.000 genes

Human genome
30.000 genes

The human ‘metagenome’ is a composite of Homo sapiens genes and genes 
present in the genomes of the trillions of microbes that colonize our adult bodies 
(the ‘microbiome’). 

10 x 1012 cells

100 x 1012 cells

1.5-2 Kg

Who are we?

10 batteri 

For each eucariotyc cell 10 bacteria



Microbes and vertebrates have evolved together over the millennia, so normal
functioning of the digestive and immune systems depends on the presence of 

nonpathogenic ‘beneficial’ bacteria (symbionts).

Symbiosis as a source of complexity in 
Organisms



Functional contributions of 
gut microbiota

Synthesis of vitamins and harvest of otherwise inaccessible nutrients

Metabolism of xenobiotics and other metabotypes

Renewal of gut epithelial cells

Development and activity of the immune system



Role of the Human Gut Microbiota
Firmicutes

Role of the intestine and gut microbiota as gatekeeper of homeostasis and in 
preventing dysfunction



Tassonomia gerarchica

Phylum
Classe
Ordine
Famiglia
Genere

Specie

Tassonomia è la disciplina che ordina sistematicamente e denonima in 
maniera univoca gli organismi ed è modellata sulla base della filogenesi.

L’organizzazione tassonomica adotta uno schema gerarchico:

Chordata

Mammalia

Primates

Hominidae

Homo
Homo 

sapiens

Proteobacteria

ɣ-Proteobacteria

Enterobacteriales

Enterobacteriaceae

Escherichia

E. Coli



Metagenomics: the application of modern genomics techniques to the study of 
communities of microbial organisms directly in their natural environments, 
bypassing the need for isolation and lab cultivation of individual species.

Only a limited number of bacteria may be detected using conventional cultivation 
techniques (~ 30%)

The intestinal microflora is difficult to study



The Metagenomics Process



Eckburg et al., Science. 2005

Diversity of the Human Intestinal Microbial Flora





Disease-associated gut microbiota

Atopic diseases
Infants in whom atopy was and was not developing had significant
differences in microbiota composition, and these microbiota differences preceded the 
development of atopy. 
Kalliomaki, M. et al. J. Allergy Clin. Immunol. 107, 129–134 (2001).

Allergic disease
Daily consumption of fermented foods may be important for maintaining the necessary 
amount of Lactobacillus bacteria and may diminish the prevalence of allergic disease .
Noverr, M.C. & Huffnagle, G.B. Trends Microbiol. 12, 562–568 (2004).

Rheumatoid arthritis 
Differences in the gut microbiota of patients with rheumatoid arthritis have been 
observed particularly in those with erosive rheumatoid arthritis, and the differences 
include a lower abundance of Bifidobacterium and Bacteroides bacteria.
Eerola, E. et al. Br. J. Rheumatol. 33, 1030–1038 (1994); Vaahtovuo, J. et al. J. Rheumatol. 35, 1500–1505 (2008).

In communities in which consumption of fermented foods is high and antibiotics are not 
used, cases of allergy and asthma are low.





Risultati 2/6
Il numero di casi negli anni

• Aumento impressionante del
numero di casi

• Esso è dovuto al reale
aumento dell’incidenza e non
tanto all’attrazione del centro

• Il numero dei casi di CU si
mantiene costantemente
superiore a quello dei casi di
MC, diversamente da quanto
viene osservato nel Nord
Europa.
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Caratteristiche epidemiologiche e cliniche all’esordio e ritardo diagnostico nelle Malattie Infiammatorie 
Croniche Intestinali in età pediatrica. Esperienza di un centro di riferimento negli ultimi venti anni.



New cases enrolled in PIBD-SIGENP Registry during the years 1984-2003 (Castro et al) and 2009-2018



IBD Pathogenesis

Regardless of the 
underlying genetic 
predisposition, a growing 
body of data implicates a 
dysfunctional mucosal 
immune response to 
commensal bacteria in 
the pathogenesis of IBD, 
especially CD



 Low in fibre1

 Rich in1,2

 Total fat
 Animal protein
 Polyunsaturated fatty acids
 Digestible/refined sugars

 Alters gut microbiota composition1,2

 Resulting in dysbiosis which increases 
the intestinal permeability2

 Causes low-grade inflammation
1. Agus A, et al. Sci Rep. 2016;6:19032; 2. Martinez-Medina M, et al. Gut. 2014;63:116–124.

WESTERN DIET
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WESTERN DIET CAN AFFECT BOTH MICROBIOME AND 
HOST FACTORS

Microbiologic 
Plausibility

Evidence
Host & Microbes

• Mucosal bacteria
• Mucosal damage

Altered Microbes

‘Western diet’

Altered Host



 DISRUPTION OF INTESTINAL MUCOUS LAYER BY 
EMULSIFIERS

 ACTIVATION OF OF INFLAMAMTORY CASCADES BY SPECIFIC 
SULFUR-PRODUCING BACTERIA

 HIGH FAT-HIGH SUGAR DIET ALTERS INTESTINAL BARRIER 
FUNCTION IN A RODENT MODEL OF CD

 CARRAGEENAN DISRUPTS NORMAL INTESTINAL EPITHELIAL 
FUNCTION

EXPERIMENTAL ANIMAL MODELS: SIGNIFICANT ROLE OF 
DIETARY COMPONENTS



HIGH FAT-HIGH SUGAR DIET ALTERS INTESTINAL BARRIER FUNCTION IN A 
RODENT MODEL OF CD

Martinez-Medina M, et al. Gut. 2014;63:116–124.
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• High fat-high sugar diet was given to CEABAC10 
mice and wild-type mice for 12 weeks

• It resulted in an increase in pore forming claudin 
2 and increased intestinal permeability

• Immunofluorescent staining of mucin-2 showed 
that the colonic mucus layer was thinner in mice 
fed with high fat-high sugar diet compared with 
those on conventional diet (fig A)

• Number of goblet cells was lower in the colonic 
mucosa of mice fed with high fat-high sugar diet 
compared with those on conventional diet (fig B)

Adapted from Martinez-Medina et al, 2014



• High fat diet and standard diet were given to mice for 
30 days

• Spatial distribution of microbiota in the duodenum, 
jejunum and ileum of mice was analysed by FISH 
technique

• Bacterial density was higher in the lumen of 
duodenum, jejunum and ileum in mice fed with high 
fat diet compared to those fed with standard diet

• Spatial distribution was altered and showed bacterial 
colonization of the intervillous space in mice fed with 
high fat diet

HIGH FAT DIET ALONE ALTERS SPATIAL DISTRIBUTION AND MICROBIOTA 
COMPOSITION 

Tomas J, et al. PNAS. 2016;113(40):E5934-E5943.

20

Adapted from Tomas et al, 2016
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Nature. 2015;519:92-96; 2. 1. Chassaing B, et al. Chassaing B, et al. Gut. 2017:1-14.

EMULSIFIERS ALTER MICROBIOTA COMPOSITION IN 
PRE-CLINICAL MODELS

Emulsifiers fed to mice resulted in microbiota encroachment into the mucus, altered microbiota composition, 
increased flagellin production and promoted bacterial translocation across mucosal surfaces1,2
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Fig 2: Emulsifiers increase flagellin 
levels

Fig 1: Dietary emulsifiers alter microbiota

Adapted from Chassaing et al, 2017
0



Ananthakrishnan AN, et al. Gastroenterology. 2013:1-8.

FIBER INTAKE DECREASES THE RISK OF CROHN’S DISEASE
Risk of Crohn’s disease associated with fiber intake from 

specific dietary sources
Quintile 
1

Quintile 2 Quintile 3 Quintile 4 Quintile 5 P value (linear 
trend)

Fruits
No. of cases 73 49 54 53 40
Age-adjusted HR 
(95% CI)

1.0 0.65 (0.45-
0.93)

0.70 (0.49-
1.93)

0.67 (0.47-
0.96)

0.51 (0.35-0.76) 0.003

Multivariate HR 
(95% CI)a

1.0 0.69 (0.48-
0.99)

0.75 (0.52-
1.08)

0.74 (0.51-
1.06)

0.57 (0.38-0.85) 0.02

Vegetables
No. of cases 66 49 49 58 47
Age-adjusted HR 
(95% CI)

1.0 0.75 (0.52-
1.09)

0.70 (0.48-
1.02)

0.89 (0.62-
1.27)

0.72 (0.49-1.04) 0.22

Multivariate HR 
(95% CI)a

1.0 0.76 (0.53-
1.10)

0.69 (0.48-
1.01)

0.88 (0.61-
1.25)

0.74 (0.50-1.07) 0.25

Cruciferous vegetables
No. of cases 64 49 54 50 52
Age-adjusted HR 
(95% CI)

1.0 0.71 (0.49-
1.03)

0.81 (0.56-
1.17)

0.75 (0.52-
1.09)

0.80 (0.55-1.15) 0.40

Multivariate HR 
(95% CI)a

1.0 0.70 (0.48-
1.02)

0.81 (0.56-
1.17)

0.75 (0.52-
1.09)

0.78 (0.54-1.13) 0.35

Women in the highest quintile of fruit fiber intake had a significantly reduced risk of 
Crohn’s disease compared to those in the lowest quintile of fruit fiber intake 
(multivariate HR, 0.59; 95% CI, 0.38-0.85)

Ananthakrishnan AN, et al. Gastroenterology. 2013:1-8.



Khalili L et al. Nat Rev Gastroenterol Hepatol 2018

Potential mechanisms underpinning the relationship between diet and IBD
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Growth failure and undernutrition in children with CD



Mechanisms of growth failure and undernutrition in children
with CD



 Modulation of gut microbiota. 
 Enhancement of expression of apical adhesion 

molecules.
 Increased expression of tight junction with 

restoration of intestine permeability. 
 Reduction of pro-inflammatory cytokines and 

as a consequence e polarization of immune 
response towards a regulatory phenotype of T-
cells.

Mechanisms of action of EEN, CDED and CD-Treat



TGGE of 16S rRNA amplicons of faecal samples obtained from a patient on 
Enteral Nutrition (EN) with the polymeric formula Modulen IBD. 

0      4       8      2      4    8 12    28 Dorea formicigenerans

Eubacterium halii

Ruminococcus
obeum

Exclusive EN Partial EN

Weeks

P. Lionetti et al. J Enteral Parenteral Nutrition, 2005



28



29



Profound influences that the intestinal microbiota 
have on the biology of host organisms

Analysis of the gut microbiota in these mice revealed 50% fewer 
Bacteroidetes in their caeca than in the control mice.

Ley RE et al. 2005. Obesity alters gut microbial ecology. Proc Natl Acad Sci USA 102: 11070–5

Mice lacking the hormone leptin (ob/ob) cannot monitor the amount of fat in 
their body and quickly become obese. 



Ley R. et al., 2006 Nature, 444(21):28

The authors compared obese people to lean people, evidencing that  F/B proportion 
decreases with weight loss on two types of low-calorie diet (CARB-R & FAT-R)



Controlled Infectious Diseases 

Western world 

New diseases
-Allergy
-Obesity
-Autoimmune disorders
-Inflammatory bowel disease (IBD) 

“Hygiene hypotesis”



“The hygiene hypothesis hit the headlines in 1989 when David 
Strachan observed that hay fever is less common in children with 
older siblings, suggesting that multiple childhood cross-infections 
from dirty older brothers might protect from allergic disorders.

The implication was that elimination of these infections by 
modern hygiene might be responsible for the increased 
prevalence of allergies in developed countries. “

The Hygiene Hypothesis and Darwinian Medicine by G.Rook 
(2009)

Graham Rook, University College, 
London

The lower incidence of Inflammatory Bowel Disease in
Asia and Africa reflects both genetic and environmental
factors.



The lower incidence of IBD in Asia and Africa reflects both genetic
and environmental factors.

Epidemiology of Inflammatory Bowel Disease (IBD)

JH Cho, Nat Rev Immunol 2008  

The prevalence of IBD is highest in North America, Northern Europe and United
Kingdom with the average number of cases ranging from 100 to 200 cases from
100.000 persons.

There are many ways in which we can help Africa but there are many things 
that we can learn from Africa. One of this is understanding the causes of IBD



Burkina Faso  

http://upload.wikimedia.org/wikipedia/commons/a/a8/Uv-map.png
http://upload.wikimedia.org/wikipedia/commons/a/a8/Uv-map.png
http://upload.wikimedia.org/wikipedia/commons/c/cf/LocationBurkinaFaso.svg
http://upload.wikimedia.org/wikipedia/commons/c/cf/LocationBurkinaFaso.svg


Malnutrition –Burkina Faso
“mummy, will we eat anything this week ?”

Human Poverty 
Index 174 / 177

%  < 5 years old 
malnourished 
children

38.7%

Illiterates 78.2%



COLLABORATION AGREEMENT BETWEEN :

 Facoltà di Medicina e Chirurgia dell’Università degli Studi di Firenze:

- Scuola di Specializzazione in Pediatria 

 Azienda Ospedaliero-Universitaria Meyer

 Centro Medico con Antenna Chirurgica St. Camille di Nanoro (Burkina Faso)

 Madirò Medici per lo sviluppo Onlus

REGION OF TUSCANY FINANCIAL SUPPORT

Pediatric Nanoro Project



The Pediatric Unit in NANORO (Burkina Faso)

 Half of Hospital patients are children

CREN
Ward
Clinic

 The major problems 

Malnutrition
Malaria
Diarrhoea
Pneumonia
Meningitis



From international cooperation to research….



Boulpon village, Burkina Faso





Cereali e legumi tipici della dieta  rurale in Burkina Faso

Gastroped 2018 - Carlotta De Filippo





Evolution of human diet
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PALEOLITHIC

Years 
(B.C.)

NEOLITHIC METAL  AGE

Husbandry and sheep-farming
Agriculture and sedentary

Homo habilis

Homo sapiens sapiens
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The NEOLITHIC AGE (10.000 years ago) is identified with 
the advent of crop cultivation and domestication of 

animals.

Neolithic grind stone for processing grain

Emerging human diseases 

Concentration of large populations on limited areas

Humans permanently start to reside in the same area, 
abundantly providing for themselves on farms



Gut microbiota characterization of children
aged 1 to 6 years 

Fecal microbiota  of 14 
African children (BF) living 

in a rural  village of 
Boulpon, Burkina Faso

Fecal microbiota of 15 
European children (EU) 

living in the urban area of 
Florence, Italy



The village of Boulpon, district of Nanoro, Burkina Faso

Black-eyed peas (Niébé)

Millet is ground into flour and made into thick porridge called Tô dipped into a sauce made of 
local vegetables (Néré ), herbs, and rarely meat in small amount. 

Parkia biglobosa (Néré) Soumbalà 

Daily Q*              
(g)

Food        
Energy 
(KCal)

Moisture        
(%)

Protein                    
(g)

Fat            
(g)

Carbohydrate                              
(incl. fiber)          

(g)

Fiber          
(g)

1-2 years old

420.0 672.2 260.3 30.9 18.9 102.6 10.0

2-6 years old

445.0 996.1 215.4 40.2 31.2 148.6 14.2

Daily Q*              
(g)

Food        
Energy 
(KCal)

Moisture        
(%)

Protein                    
(g)

Fat            
(g)

Carbohydrate                              
(incl. fiber)          

(g)

Fiber          
(g)

1-2 years old

835.0 1068.7 591.1 41.9 56.1 190.0 5.6

2-6 years old

925.0 1512.7 633.6 66.7 73.9 290.0 8.4

Total daily food intake in relation to the average of maximum quantity ingested per 
day relative to BF children (left) and EU children (right).

Millet grainMillet

The diet of BF children is low in fat and rich in fibers and plant-polysaccharides and 
predominantly vegetarian (millet grain, sorghum and black-eyed peas) and rarely meat in 

small amount.



454 Pyrosequencing Data 
Processing

Assignment for each fragment to 
Species/Gender/Family/Phyla

Input
Nucleotide 
sequences

ATCGTTATCGGTATTATCAACCACGT…
TCCTACTGGGTACTCACTATGTACTT…
CTATTAATTTACGGAGATTAGGGTAT…
CTCCATTATGGATTGATTAGGTATCC…
ATCGTTATCGGTATTATCAACCACGT…
TCCTACTGGGTACTCACTATGTACTT….
CTATTAATTTACGGAGATTAGGGTAT….
CTCCATTATGGATTGATTAGGTATCC…
ATCGTTATCGGTATTATCAACCACGT….
TCCTACTGGGTACTCACTATGTACTT….
CTATTAATTTACGGAGATTAGGGTAT….
CTCCATTATGGATTGATTAGGTATCC…
ATCGTTATCGGTATTATCAACCACGT…
TCCTACTGGGTACTCACTATGTACTT….
CTATTAATTTACGGAGATTAGGGTAT…
CTCCATTATGGATTGATTAGGTATCC…
TCCTACTGGGTACTCACTATGTACTT….
CTATTAATTTACGGAGATTAGGGTAT….
CTCCATTATGGATTGATTAGGTATCC…
ATCGTTATCGGTATTATCAACCACGT…
TCCTACTGGGTACTCACTATGTACTT….
CTATTAATTTACGGAGATTAGGGTAT…
CTCCATTATGGATTGATTAGGTATCC

Raw data production

Data Processing
Quality control of 

the reads

Blast of the sequences  on 
RDP classifier Phylogeny



Firmicutes



We  generated a data set consisting of 438.219 filtered high-quality, classifiable 
16S rRNA gene sequences (average of 15111 ± 3774 (SD) seq./sample )

Others

Proteobacteria

Firmicutes

Bacteroidetes

Actinobacteria

EU
BF

Differential distribution of Firmicutes and Bacteroidetes phyla delineates a deep 
difference between BF and EU 

BF EU

Firmicutes

Bacteroidetes

Parametric test (ANOVA)  and non-parametric Kruskal-Wallis test indicates that 
Firmicutes and Bacteroidetes significantly differentiate the BF from the EU children
(F/B ratio ± s.d., 2.8 ± 0.06 in EU and 0.47 ± 0.05 in BF)



Ley RE et al. 2005. PNAS

Bacteroidetes

Others

Proteobacteria

Firmicutes

Bacteroidetes

Actinobacteria

EU
BF

Firmicutes

Differential distribution of Firmicutes and Bacteroidetes phyla 
delineates a deep difference between BF and EU 



Bifidobacterium
genus

Ba
ct

er
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de
te

s Firm
icutes

Youngest children still partially breast fed

Complete linkage hierarchical clustering of the samples from BF and EU 
populations based on their genera found by the RDP classifier



Our result provides a clear indication of the dominant role of diet over the 
variables mentioned above in shaping the microbial composition of the gut

Studies on the genetic variability between Mossi and Europeans showed 
polymorphisms in the MHC genes, but no significant differences in the expression of 
key genes regulating immune function (i.e. TGFβ, TGFβR, CTLA4 and FOXP3) 
suggesting a functional similarity. Also, the two populations are different for many 
other variables such as sanitation, hygiene, geography, and climate.

Yet, if any of these variables had prevailed over diet, these five children would have 
fallen into two main clusters instead of creating a third, significantly separated cluster.



The presence of Xylanibacter and 
Prevotella and Treponema is a 

consequence of fiber rich diet, maximizing 
the possibility to extract metabolic energy 

from ingested plant polysaccharides

Xylanibacter Prevotella 

SCFAs ?



We can hypothesize that the presence of Xylanibacter and Prevotella, 
Butyrivibrio well known producers of isobutyril and isovaleryl CoA is a 
consequence of fiber rich diet, maximizing the possibility to extract metabolic 
energy from ingested plant polysaccharides

Quantification of SCFAs in fecal samples from BF 
and EU populations by SPME-GC-MS



Xylan:
Xylanibacter
Bacteroides
Roseburia
Ruminococcus
Prevotella
Butyrivibrio
Eubacterium

Colonic Fermentation : Short chain fatty acids (SCFA) are main source 
of energy for colonic epithelial cell

Dietary Fiber

PIRUVATE

ACETYL-CoA

ACETATE BUTYRATE PROPIONATE

Cellulose:
Bacteroides
Ruminococcu
s
Fibrobacter

Resistant Starch Prevotella
Butyrivibrio
Roseburia
Ruminococcus
Eubacterium
Bifidobacterium

SCFAs

SUCCINATE

Role of SCFA in colonic disease

•Improve epithelial cell energy metabolism in colitis.  
(Ahmed et al., Gut 2000)

•Reduced inflammation in colitis acting through 
inhibition of HSP70 and NF-Kb. (Venkatraman et al., 
Am J Physiol 2003)



The impact of diet in shaping gut microbiota revealed by 
a comparative study in children from Europe and Rural 

Africa

C De Filippo, D Cavalieri, M Di Paola, M Ramazzotti, JB Poullet, S 
Massart, G Pieraccini, S Collini, P Lionetti 

Proceedings of the National Academy of Sciences USA 
2010, 107(33):14691-6







• 531 individuals (151 families): 
• 115 individuals (34 families) from Malawi - 4 rural 
communities
• 100 individuals (19 families) from Venezuela -
Amerindians residing in 2 villages 
• 316 individuals (98 families) from the United States

Age and geography/cultural traditions primarily 
explain the variation in the data set, in which US 
microbiota clustered separately from non-US 
microbiota along principal coordinate 1.

Yatsunenko et al., Nature 2012



Differences in the fecal microbial communities of 
Malawians, Amerindians and US children and adults

Large interpersonal variations are observed 
in the phylogenetic configurations of fecal  
microbial communities at early ages.
Malawian and Amerindian (Amr) children and 
adults are more similar to one another than 
to US children and adults.

PCoA of unweighted UniFrac 
distances for the fecal microbiota 
of adults.

Yatsunenko et al., 2012



A living example of paleolithic diet: The Hadza, one of last 
population of hunter-gatherers that live in Tanzania



Comparison of GM relative abundance 
among populations reflects subsistence 
patterns.

HUNTER-GATHERERS 
GUT MICROBIOTA

Schnorr et al., Nat Comm 2014

Rural pop. 
Vegetarian diet

Hunther Gatherers pop. 
Animal based diet





Functional and phylogenetic profiles of gut microbiome by
Illumina Genome Analyzer



L’effetto dell’urbanizzazione

BR (Boulpon) BT (Nanoro)

BC (Ouagadogou) EU (Firenze)

BR (Boulpon) BT (Nanoro)

BC (Ouagadogou) EU (Firenze)
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La dieta rurale si avvicina alla dieta occidentale con conseguente 
modificazione del microbiota intestinale



Fiber Intake Is Correlated with Levels of Fecal 
Short Chain Fatty Acids



Starting from BR (rural population) and passing from urban African children (BT and BC), and then 
towards children of western world (EU), we observed a shift in gut microbiota composition, 
independently from ethnicity and geography. 
Sample distribution suggests a progressive change in gut microbial communities in African population, 
as an effect of diet modification, urbanization and socio-economic improvement.



Urbanization and improved socio-economic conditions led to the loss of 
microbial profiles typical of Rural populations



Functional Metabolic Profiles of Gut Microbiota from African and 
European Children Reflect Different Dietary Habits and Environments



53%
47%

Rural Burkina Faso

% reads mapped
on Metahit

60%
40%

Urban Burkina Faso

% reads mapped on Metahit

% reads that doesn't mapped

83%

17%

European

% reads mapped on Metahit

% reads that doesn't mapped

Percentage of reads generated with Illumina 
Genome Analyzer HiSeq 2000 mapped on 

MetaHit

In BF Rural and BF Urban groups, respectively 47% and 40% of the bacterial sequences
are "unknown", it is not mapped to the MetaHIT database.
Instead almost all of the microbiome of EU (83%) is known and map versus MetaHIT
database.

It 's reasonable to define enterotypes or we have yet to explore the rural populations of
all of the world?
To what extent the Western lifestyle has led to the loss of biodiversity of microbial
communities in symbiosis with the human body?



Kane AV et al., Pediatric Research 2015

 Breastfeeding, food and water 
security are the major protective
factors against malnutrition.

 Early depletion of Bifidobacteria
represents the first step in the gut
microbiota alteration associated to 
SAM.

 The absence of a healthy mature 
anaerobic gut microbiota leads to 
missing immune protection, 
malabsorption and systemic invasion
of enthropathogens (e.g. 
Proteobacteria- Escherichia/Shigella).

 A therapeutic diet and infection
treatment resulted unable to restore
«a healthy gut microbiota», and  
Bifidobacteria abundance.

BREASTFEEDIN
G



• Global Acute Malnutrition 
rate: 8.6% 
(SAM 1.4%, MAM 7.2%)

• Prevalence of stunting: 35.8%
• 7 OTCs and 1 ITC (Matany

hospital) for the management 
of malnutrition

Malnutrizione in Karamoja- Uganda 









Microbiota in bambini con malnutrizione acuta severa e cronica, confronto con 
bambini in buono stato di salute del sud della karamoja, Uganda

 4 Groups of children (aged 6-59 months):

- Healthy controls (43 samples) 

- Stunted children (43 samples) chronic malnutrition

- SAM children (77 samples)  severe acute malnuourished children, divided in: 

* I-SAM (40 samples)  complicated SAM children treated as 

hospitalized patients

* O-SAM (37 samples)  uncomplicated SAM children treated as 

outpatients  

- from 10 ISAM and 10 OSAM sampling of stools at 3 

timepoints*
* Sample A: at baseline 

* Sample B: +2 weeks follow-up 

* Sample C: +4 weeks follow-up 



Effetto dell’ allattamento al seno sulla composizione del microbiota intestinale



Recupero antropometrico alle settimane di follow up

Dopo 4 settimane (T4) di riabilitazione nutrizionale e terapeutica, 82% (9/11) dei bambini I-SAM e  68.7% (11/16) 
dei bambini O-SAM raggiunge un w/h z score  di malnutrizione moderata(≤ -2SD)

*
**

***
**

*



Recupero antropometrico alle settimane di follow up-

l’effetto dell’allattamento al seno

Nei bambini ISAM allattati al seno si osserva una differenza statisticamente significativa nel w/h z score 
confrontando T0 e T4

* *
**

ISAM allattati al seno ISAM allattati al seno



Cambiamento delle abitudini alimentari:
l’impatto dell’urbanizzazione e del miglioramento socio-

economico
in famiglie del Burkina Faso

HDHL-INTIMIC
Call for Joint Transnational Research

Proposals on
“Interrelation of the Intestinal
Microbiome, Diet and Health” 

TRANSMIC project



Aim of the study
To investigate the effect of the rural-to-urban transition, focusing on households and 
family units as the center of a shared lifestyle and diet.

Capital city 
(Ouagadougou)

10 families

82

Nanoro town, BF
(first-level urbanization)

10 families

Rural villages
in Burkina Faso

10 families

RURAL URBANIZED



30 famiglie:
10 da villaggi rurali, 
10 da area semi-urbanizzata 
(Nanoro)
10 da capitale Ouagadogou



Education



Apporto di macronutrienti in adulti e bambini delle tre aree



Apporto di macronutrienti in adulti e bambini delle tre aree



Cambiamenti dello stato nutrizionale: effetto dell’urbanizzazione



“Double burden of malnutrition”





The gradual enrichment of food variety, with an increase in
animal protein (meat, fish, and dairy products), processed 
and refined foods, the increase in fats and reduction in fiber
intake, occurring during the Westernization of dietary habits, 
drastically changes the microbial profiles and functions, 
especially bacterial lineages able to ferment complex 
carbohydrates and produce the well-known anti-
inflammatory SCFAs, as observed in urban African children.

CONCLUSIONS
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