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ABSTRACT

Obesity is viewed as one of the important publialtheproblems of our times, and the velocity ofgagation is
highest in children. However, the composition @f ititestinal bacterial flora may be a third elementolved in the
development of excess weight. The intestinal flaa links with intermediary metabolism and inflantiora and
may be involved in the pathogenesis of diabetgegtyl and 2), metabolic syndrome and obesity. Theo&the
present study was to characterize the compositfdieaal flora in obese children, children with typediabetes as
compared with healthy children and to determine ggbssible relationship of fecal flora of childreritlwthe body
mass index and glycemic level. Our microbial’s fessthe intestinal flora of obese children and diéds’s children
type 1 is different than others children who aréhwpredominance of Lactobacillus and Enterococausliese
children. A tripling of Staphylococcus bacteria wagistered in obese children case by contributiowitnesses’
children. They also have high of Candida yeastsgppriions. Significant correlations were found betwethe
presence of these yeasts and BMI of obese chilgirer®.05). All timesEnterobacteriaceaare elevated in obese
but not significant. The ratiois significantly highbetween obese children and Healthy (p<0.0005)
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INTRODUCTION

Obesity is viewed as one of the important publialtreproblems of our times, and the velocity of gagation is
highest in children [1]. The prevention of obesdyring early childhood is critical because the hiigk of

becoming obese adults [2,3]. Moreover, obese anldind adolescents develop serious co morbiditjyding type
2 diabetes, metabolic syndrome, non-alcoholic fdittgr disease and sleep-disordered breathing [@H&sity
results from the accumulation of excess adiposaidishowever, it is not a single disorder but atogteneous
group of conditions with multiple causes. Major sasl of the increasing prevalence of obesity inchelgavioral
and environmental factors, such as excessive cqutsamof energy-dense foods and a sedentary life§Ty

The cause of obesity is multifactorial and complesulting from the interaction between geneticedatnants /
epigenetic, environmental, behavioral and socicpslogical with high interindividual variability. éivever, the
composition of the intestinal bacterial flora magy & third element involved in the development afess weight.
The intestinal flora has links with intermediary tatgolism and inflammation and may be involved i th
pathogenesis of diabetes (types 1 and 2), metabgiidrome and obesity. [8]
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Ley et al [9] demonstrated, in rodents, obesity rhayassociated with qualitative changes in thestirtal flora.
They have shown that obese animals had twice lasteBidetes and a proportional increase in FirtakcuFrom
identically, the same group of researchers confirtteese data in humans [9]. Some studies suggastthb
characteristics of the bacterial ecosystem in icfjamay influence the incidence of obesity muchrlate life
[10,11].

Very recently it has been demonstrated that thielémce of type 1 diabetes in non-obese mice wasiafkienced
by the intestinal flora. Wen and colleagues havmalestrated that exposure of non-obese mice immiicoetd
and germ in the intestinal flora normally presenhiimans reduced the incidence of type 1 diab&fs [

EXPERIMENTAL SECTION

We studied the fecal flora of 54 children with arge age of (10.25 + 2.22 years), the childrendarided into
three groups, healthy children and normoponderal)xn(= 19; Children of obese (Ob) n = 19; Type abditic
children (D1) n = 16). All these are studied in limischools during the year (2010-2011), in ther of Mascara
(western Algeria). Parents have been informed agale written informed consent. Exclusion criteofathe
children selected for the study: acute or chroniedtious diseases were among the exclusion eitend the
existence of an intestinal disease or problemsrtizgt affect the intestinal flora (diarrhea, coretipn).All children
were not under antibiotic treatment or taking attyeo drugs known to influence the fecal microbiotemposition
for at least three months prior to sampling.

1. Anthropometric measurements

Anthropometric measurements (weight, Height) weesasared in all children by regularly checked eq@ptn
measuring rod fixed SECA (France; precision mnmg¢cbnic scales TERRAILLON (France; 100g accuraEgch
child was weighed and measured standing barefabtigintly dressed. Body mass index (BMI), which remponds

to the formula weight divided by the square of Hiifkg / nf] was used to determine obesity according to
references thinternational Obesity Task For¢¢OTF 2000) [13]

2. Laboratory measurements

Blood glucose was measured fasting with a metergNCO_aboratories, San Diego, USA). For children wath
fasting blood glucose valugl,2 g / L by the meter are selected again to taldla@d sample from the vein in order
to perform the blood glucose in the laboratory byoang method enzyme (Spinreact, Spain). Diabetesdefined
according to the criteria of the American Diabeissociation (ADA) by a fasting glucosd ,2 g / L [14].

3. Analysis of fecal microbiota

3.1. Sample collection

Fresh fecal samples were obtained from 54 chilneere collected at home by their parents in stdxilees closed
and labeled. The transmission was made immediatetlye laboratory for analysis via coolers (+4 ¢ e stools
were then stored at (-80 ° C) until analysis. [@Ble gram of feces was suspended in 9 ml of stehigiological

saline. Then decimal dilutions to 10-8 were perfednin the same liquid. From these, the followingdraewvere
seeded: Nutrient Agar (GN) for isolation of tot&rabic and anaerobic flora; Eosin Methylene BludB} and

Hektoen for EnterobacteriacegeMan Rogosa Sharpe (MRS) faactobacillus Bile Esculin azide (BEA) for
EnterococcusChapman foStaphylococcuand finally middle Sabouraud chloramphenicol actidéone foryeast

The plates were incubated at 37 ° C for 1 to 4 dapserobic (total anaerobic flora, Lactobacillagy aerobic
(Enterobacteriaceae, Enterococcus, Staphylocqogemsty. The enumeration of bacterial colonies is ex@ésa

CFU (colony forming units) per gram of stool [16].

3.2. Firmicutes/Bacteroidetes ratios

An estimate of the total amount of Firmicutes whtamed by adding values obtained from Gram pasitiscteria
(Enterococcus; Staphylococcuend Lactobacillug. For Firmicutes / Bacteroidetes reports, caléomest were
obtained for each individual using the CFU [17].

4. Statistical analysis
All results were conducted en duplicate and wepressed as mean * standard deviation.

The collected data were entered using Excel (MaftdSffice 2010) and analyzed by the software (STEMCA
7) and graphics are presented by Excel (Microsffit©2010). An analysis of variance was appliednarisons
of means between groups of children were perforimgdhe Student test. The correlations between bimsa
(different microbial groups), BMI and blood glucdseels were calculated by the correlation teseg@man Rank).
The statistical significance was5%.
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RESULTS AND DISCUSSION

Anthropometric variables and clinical characteristics

Anthropometric variables and clinical charactecstof children enrolled in this studyare shown inl€al. The
anthropometric and biochemical variables of thelthgachildren and those with diabetes are showfTable 2.
Apart from the levels of BMI and weight, which wesignificantly higher in obese children, no othgmngficant
differences were seen between the groups in theggdametric and clinical characteristics.

Table 1: Anthropometric variables and clinical chasmacteristics in of children enrolled in this study (neans + SD)

. Obese . . )
Healthy children children Children with type 1 diabetes
N=19 N=19 N=16
Male/Female 11/8 11/8 6/10
Age (years) 9,16+1,93 11,68 +1,87 9,91 +2,86 0,4
Body mass index (kg/fn 16,87 £ 2,81 29,64 + 3,66 19,33+3,1 <0,001
Weight (kg) 2567+745 56,58+12,15 28,59 + 12,07 <0,001
Height (m) 1,19+0,17 1,39 £0,12 1,18 £0,23 60,0
Diabetes start (years) / / 5,42 +3,62 /
Diabetes duration (years) / / 4,88 + 3,25 /
a : Values are significantly different betwétralthy childrenvs Obesechildren.
b :Values are significantly different betwé&zalthy childrervsObesechildren.
Values are presented as means +SD. Values ardisattly different for P<0.05.
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.Figure 1 : Quantitative and qualitative distribution of the different microbial groups in selected chdren (Healthy children, Obese
Children, Children with type 1 diabetes)
TAF:Total aerobic flora; TANF:Total anaerobic flora
a:Healthy children vs obese children ;
b:obese children vs children with type 1 diabetes;
¢ : Healthy childrenvs children with type 1 diadet
* p<0.05. **p<0.005. ***p<0.0005.
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Comparative analysis of microbial groups between ffierent groups of children

Quantitative and qualitative distributions of varsomicrobial groups in children selected for thalgsis are shown
in (Figure 1). The bacteria belonging to the geBaterococcus are significantly more likely in obebédren and
children with diabetes (type I) by contributiondbild healthy (log, 7.95 + 0.89 CFU / g; lag8.12 + 1.1 CFU / g
vslogio 5.23 + 1.56 CFU / g, respectively;= 0.023 but no difference was found between obese andeta
Lactobacillus spp are also more likely in obese diatietic by contribution to child witnesses (lpgnd 9.09 + 1.00
CFU/glogy, 8.18 +0.92 CFU /gslogyn4, 77 £1.31 CFU / gp = 0.0004. Tripling the number of bacteria of
the Staphylococcus genus was also recorded in @bddeen and diabetic contribution to child witses (log, and
781+090CFU /g vs 341 +£0.46 @ , 64 £ 1.81 CFU / gp <0.00). In addition, two groups of children
(obese and diabetic) have high proportions of Gimgeasts in their intestinal microbiota by conttibn to child
healthy (logo and 7.07 + 0.84 log4 42 + 0.67 CFU / g vs lgg2.64 + 1.41 CFU / gp <0.01). Enterobacteriaceae
were slightly higher in obese but the differenceswat statistically significant compared to conthlldren (logg
8.93+1.59CFU/g vslgg8.11 £ 0.96 CFU / ¢p = 0.06.

Correlation between BMI and the composition of the faecal flora in obese children
A positive and significant correlation was foundveeen the rate dbtaphylococcispp (r = 0.56; p = 0.01yeast(r

= 0.66; p = 0.002) and BMI.
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Figure 2 :Correlation between BMI and the compositbn of the faecal flora in obese children
Correlation between blood glucose levels and the composition of the faecal florain children with diabetes (type | ).

Negative correlation was recorded between microfpialips and blood glucose levels in diabetic chitdbut is
statistically significant only in the case of thetal anaerobic floraTANF ( r = - 0.33; p = 0.001);
Enterobacteriacege = - 0.08);Enterococcus s{p= - 0.30);Lactobacillus spfr = - 0.29);Staphylococcus sgp= -

0.35) and yeast (r = - 0.38).

Firmicutes/Bacteroidetesratio
For the Firmicutes/Bacteroidetes ratio, we obsesigdificantdifferences between obese childrenamltiren with

type 1 diabetes (0.9 and 0.8, respectivel¥Q.p5) and between Healthy children and childreth wipe 1 diabete
(0.5 and 0.8, respectively £p.005) (Figure 4). The ratiois significantly highmtweenHealthy children and obese
children(0.5 and 0.9, respectively<G0005)
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Figure 3 : Correlation between blood glucose levelnd the composition of the faecal flora in childra with diabetes (type 1)
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Figure 4: Firmicutes/Bacteroidetes ratio in the thee children’s groups (Healthy children, Obese Chiletn, Children with type 1 diabetes)
G+: Gram positive bacteria
G-: Gram negative bacteria
* p<0.05. **p<0.005. ***p<0.0005.

Our results show that the intestinal flora of obebkéddren and children with diabetes (type 1) igndicantly
different than the control children. This flora wasaracterized by the presence of elevated le¥enterococcus
Lactobacillus Staphylococcuand yeast. The difference is remarkable espedialbbese children. The abundance
of enterococchas already been demonstrated in obese Chingsthebrole of these bacteria in the development of
obesity remains unknown. [18] Lactobacillus werdgum positively associated with obesity in sevestaldies [18,
19] .The results observed in the diabetic groupyehar, are at odds with the work of Murri et algug shown that
children with diabetes Type 1 have low levels ottiohacillus [20] .Remely et al. demonstrated inetgpdiabetic
patients have higher proportions of lactic acidtéaa with an abundance d@&nterococcus, Lactobacilluand
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Streptococcug21] Our study also reported positive correlagidietween BMI and quantities of Staphylococcus and
Candida in obese children. However, several pubtisstudies suggest that elevated levelS.odureusn obese
patients may be associated with an inflammatorggse and storage of fat. These results have beadinneced in
children predisposed to overweight [10] .The coageinegative staphylococci are now recognized aditt
colonizers of the intestine of newborn babies, réigas of the mode of delivery. [22] In additionpshchildren are
colonized with S. aureus during the first monthdifef via the skin of parents and colonization rémsdong-term.
[23] Many strains of S. aureus produce toxins et act as antigens responsible pro-inflammatotgrpial [22-
24]. The origin of this inflammatory process, howewemains poorly documented. Various studies shevpower
involvement in the development of postprandialanfmation [25]. Obesity is therefore dependent pagyonot
only the genome but also eating habits and / osiphlactivity of the subjects.

CONCLUSION

The results of our study show the quantitative aualitative difference in the composition of théestinal flora of
child witnesses, obese and diabetic typel. Higkl$ewf Staphylococcus and Candida were recordedése and
diabetic children with significant correlations WwiBMI in obese children.

The rates of Enterococcus and Lactobacillus are fzitgh in obese and diabetic children. Furtheristudre needed
to understand the relationship between the mictataod these metabolic diseases and better cortkigleole and
origin of the inflammatory process associated tenthby the dosage markers of intestinal inflammatiow
microbial metabolites at an age early in orderrvent and / or correct these parameters befoohirghadulthood.
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