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Abstract Environmental factors, such as social networks,
have an influence on obesity pandemics. The gut microbial
flora (microbiota) plays a role in converting nutrients into
calories. Variations in microbiota composition are found in
obese humans and mice. The microbiota from an obese
mouse confers an obese phenotype when transferred to an
axenic mouse. There is a large body of experimental
evidence and empirical data in the food industry showing
that both antibiotics and probiotics, which modify the gut
microbiota, can act as growth promoters, increasing the size
and weight of animals. The current obesity pandemic may
be caused, in part, by antibiotic treatments or colonization
by probiotic bacteria. Using metagenomics and microarray
analysis, studies of microbiota modifications after antibiotic
and probiotic intake may identify the modifications associ-
ated with increased size and weight. Epidemiological
studies recording these factors in an obese population may
be able to link obesity with the absorption of microbiota
modifiers.

Obesity is increasing among humans and is becoming a
pandemic which has been rapidly developing for three
decades [1]. Currently, almost 65% of the population in the
USA is overweight [1]. Causes driving the obesity

pandemic appear complex and a consensus is emerging to
explain obesity that includes a mixture of genetic back-
ground and environmental factors. These include an
increase in food availability, high-fat diet, and physical
inactivity [2]; however, none of these factors can explain
the constant increase in prevalence. Several types of
epidemiological evidence (Table 1) show that genetics,
food availability, and behavioral changes cannot easily
explain the constant increase in obesity in developed
countries. Recently, it was found that obesity appears to
spread through social ties [3]. People in close friendships
with an obese individual and the siblings and spouses of
obese individuals have a higher probability of becoming
obese themselves. This shows that there is a transmissibility
of obesity that could be linked to a common environmental
source besides genetic factors (Table 1). Therefore, the role
of microbial changes in the human gut should be tested as
one of the possible causes of the obesity pandemic.

Based on experimental models, it has been previously
suggested that cases of obesity may be caused by an
infectious agent [4]. Several viruses were associated with
animal obesity. Scrapie agents were reported to induce
obesity by interacting with the hypothalamic pituitary
adrenal axis [4]. Recently, using a technique called
metagenomics, analysis of the human gut flora by the
systematic sequencing of genes in this population showed
that the intestinal microbiota of obese and non-obese
subjects differed (Table 1). Based on this new data and a
re-evaluation of the role that human intervention plays in
the weight gain of farm animals, we developed the
hypothesis of a bacterial role in the obesity pandemic
following the human ingestion of antibiotics and probiotics,
both of which modify the gut flora.
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The role of microorganisms in the digestive metabolism

Obesity results from a disequilibrium in the energy balance,
input versus output [5]. Factors determining the input are
intake (food) and its conversion into energy (metabolism).
The animal gut microbiota plays a major role in the
digestion of nutrients. Bacteroides thetaiotaomicron, a
common human commensal, plays a major role in convert-
ing nutrients into energy. Butyrate, a major component of
the energy cycle, is produced from resistant starch
dependent upon gut microbiota, specifically Firmicutes
(Gram-positive bacteria) [6]. The digestion of starch
produces hydrogen, inhibiting further digestion. Methano-
genic archae, including the human commensal Methano-
brevibacter smithii, are capable of transforming hydrogen

into methane, making the fermentation provided by
Firmicutes possible [7]. These data showed that the gut
microbiota plays a major role in the digestion and energy
conversion of nutrients (Fig. 1).

Human microbiota

Metagenomic sequencing of randomly amplified universal
16S ribosomal DNA was used to identify the micro-
organisms naturally colonizing healthy humans [8–10].
These studies showed that human microbiota outnumbered
the human cells by a factor of ten, being composed of 1013

to 1014 microorganisms. The vast majority of the 72
identified species were uncultured, presumably anaerobic
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Fig. 1 The role of microbiota in
increased food conversion and
obesity

Table 1 Factors favoring the hypothesis of a role of the modification of the gut flora in obesity

Epidemiologic elements for a transmissible cause of obesity

- There are many examples suggesting a familial transmission (behavioral, genetic, or infectious)
- The prevalence of the disease in genetically comparable populations is widely different, depending on socioeconomic factors and the country

of origin (environmental factors)
- The prevalence continues to increase rapidly in the USA in the absence of major behavioral and nutritional changes
- There is a spread of obesity in large social networks; weight gain in the human population grossly follows the level of antibiotic usage
Evidence showing a role of the intestinal microbiota in obesity
- In humans
- The bacterial population (microbiota) of the gut differs in obese and non-obese people
- In experimental animals
- The transfer of bacterial populations from obese to lean mice causes obesity
- The transfer of Bacteroides thetaiotaomicron + Methanobrevibacter smithii to axenic mice is associated with obesity and chicken inoculated

with lactococcus species have increased weight/food ratio
- In farm animals
- Probiotics, i.e., selective strains of bacteria (mainly lactobacillus), used in agriculture as growth promoters are experimentally shown to aid

in weight gain
- Antibiotics have been widely used as growth promoters in farm animals and have been demonstrated to help with weight gain
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bacteria. They belonged to two (out of 70) bacterial divisions:
the Firmicutes and Bacteroidetes. A single Archae species,
Methanobrevibacter smithii, was found and accounted for
more than 10% of the identified microorganisms.

This flora is acquired by children during the first year of life
[11]. Apparently, incidental environmental exposure plays a
major role in microbiota composition [11]. These studies also
predicted the metabolic capability of this microbiota. The
sequence of bacterial genes and the identification of their
putative metabolic roles found that gut microbiota were
significantly enriched in genes that encode for the metabo-
lism of glycans, starch, various sugars, and methanogenesis.
Glycans, such as plant polysaccharides, cannot be digested
with human enzymes, so bacterial enzymes are needed.
Finally, these studies predicted that human gut microbiota
were influencing food conversion into energy.

Gut microbiota and obesity

Several studies demonstrated a role for the gut microbiota in
weight gain, fat increase, and insulin resistance inmice. A team
lead by JI Gordon has studied the role of gut microbiota as an
environmental factor regulating fat storage [12] and playing a
role in obesity [13]. The colonization of germ-free mice by
mouse microbiota produces a massive increase in body fat
(+60%) and insulin resistance [12]. The association of
Bacteroides thetaiotaomicron and Methanobrevibacter smi-
thii increased the metabolic activity of germ-free colonized
mice [14]. Weight and fat increases in mice were not related
to food consumption increase, but, rather, to food conversion
ratio increases (increase of weight/ingested food weight).

They also reported variations in microbiota associated with
obesity. The study evaluated the gut microbiota composition
and the genetic background of mice (genetically obese or non-
obese, bymutation of the leptin gene). A genetic predisposition
to obesity was associated with an increase in food intake and
specific obese-type microbiota. An increase of the Firmicutes/
Bacteroidetes ratio was associated with the obese genotype
[15]. When comparing offspring and mother microbiota in
non-genetically obese mice, it was found that the offspring’s
microbiota reflected that of the mother. Microbiota transplan-
tation from either lean or obese mice into the gut of germ-free
mice resulted in, respectively, less or more body fat, even
when the caloric intake remained the same [11]. Based on
these studies, it can be concluded that the microbiota
composition in mice is influenced by both genetic and
environmental factors. It is linked to obesity either as a cause
(transfer of microbiota) or a consequence (obese genotype).

In humans, the Firmicutes/Bacteroidetes ratio was much
higher in obese than in non-obese people. Moreover, the ratio
decreased when the impact of diet was also considered (either
low-calorie or low-carbohydrate regimens). The authors

suggested, therefore, that the microbiota may be manipulated
to control weight gain [16]. Overall, these experiments show
that, in mammals, an increase in body weight and fat could
be associated with a modification in microbiota, even without
genetically predisposing factors or increased food intake.

The role of growth promoters in agriculture: antibiotics
and probiotics

The manipulation of farm animal gut microbiota by human
intervention has been of major importance in the last 50 years
[17]. Antibiotics promote weight gain and were among the
first growth promoters used in agriculture. Probiotics can be
defined as living organisms (mainly Firmicutes) which
beneficially affect the host by improving its intestinal
microbial balance. Lactobacillus, Enterococcus, and Bifido-
bacterium [17] have been widely used for this purpose in
cattle, sheep, goats, pigs, poultry, horses, and pets. They
modify the gut flora, specifically, the anaerobes [17]. Their
role as growth promoters has been demonstrated and daily
weight gain and improvement in food conversion has been
shown [8]. We recently found that a single adsorption of a
Lactobacillus strain dramatically increased food conversion
and weight increase in chickens (see Fig. 2 of [18]). Taken
together, the empirical data from agriculture and experimen-
tal data in laboratory animals showed that manipulating gut
microbiota by antibiotic ingestion or by contamination with
selected bacteria results in significant weight gain.

It is difficult to reject the hypothesis that antibiotics and
probiotics may have the same effect in humans. A recent study
showed that one cause of an abrupt shift in intestinal
microbiota in babies was antibiotic treatment [11]. A possible
link between increased antibiotic use and obesity has been
proposed [19]. The role of probiotics as a source of obesity
may also be evaluated. Probiotics are increasingly used in
human food. Yogurts (and the milk industry in general) and
other fermented foods now commonly contain Lactobacillus
and Bifidobacterium. Probiotics are also used as adjuvants in
many treatments for conditions ranging from diarrhea to the
prevention of various intestinal diseases [20]. Their role in
long-term weight gain has never been evaluated.

Conflict of interest statement None.

Support None.

References

1. Hill JO, Wyatt HR, Reed GW, Peters JC (2003) Obesity and the
environment: where do we go from here? Science 299:853–855

2. Hill JO, Peters JC (1998) Environmental contributions to the
obesity epidemic. Science 280:1371–1374

Eur J Clin Microbiol Infect Dis (2008) 27:631–634 633



3. Christakis NA, Fowler JH (2007) The spread of obesity in a large
social network over 32 years. N Engl J Med 357:370–379

4. Falagas ME, Kompoti M (2006) Obesity and infection. Lancet
Infect Dis 6:438–446

5. Hill JO (2006) Understanding and addressing the epidemic of
obesity: an energy balance perspective. Endocr Rev 27:750–
761

6. Pryde SE, Duncan SH, Hold GL, Stewart CS, Flint HJ (2002) The
microbiology of butyrate formation in the human colon. FEMS
Microbiol Lett 217:133–139

7. Rychlik JL, May T (2000) The effect of a methanogen,
Methanobrevibacter smithii, on the growth rate, organic acid
production, and specific ATP activity of three predominant
ruminal cellulolytic bacteria. Curr Microbiol 40:176–180

8. Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ, Samuel
BS, Gordon JI, Relman DA, Fraser-Liggett CM, Nelson KE
(2006) Metagenomic analysis of the human distal gut microbiome.
Science 312:1355–1359

9. Dethlefsen L, Eckburg PB, Bik EM, Relman DA (2006)
Assembly of the human intestinal microbiota. Trends Ecol Evol
21:517–523

10. Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L,
Sargent M, Gill SR, Nelson KE, Relman DA (2005) Diversity of
the human intestinal microbial flora. Science 308:1635–1638

11. Palmer C, Bik EM, Digiulio DB, Relman DA, Brown PO (2007)
Development of the human infant intestinal microbiota. PLoS Biol
5:e177

12. Bäckhed F, Ding H, Wang T, Hooper LV, Koh GY, Nagy A,
Semenkovich CF, Gordon JI (2004) The gut microbiota as an
environmental factor that regulates fat storage. Proc Natl Acad Sci
USA 101:15718–15723

13. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER,
Gordon JI (2006) An obesity-associated gut microbiome with
increased capacity for energy harvest. Nature 444:1027–1131

14. Samuel BS, Gordon JI (2006) A humanized gnotobiotic mouse
model of host-archaeal-bacterial mutualism. Proc Natl Acad Sci
USA 103:10011–10016

15. Ley RE, Bäckhed F, Turnbaugh P, Lozupone CA, Knight RD,
Gordon JI (2005) Obesity alters gut microbial ecology. Proc Natl
Acad Sci USA 102:11070–11075

16. Ley RE, Turnbaugh PJ, Klein S, Gordon JI (2006) Microbial
ecology: human gut microbes associated with obesity. Nature
444:1022–1023

17. Fuller R (1989) Probiotics in man and animals. J Appl Bacteriol
66:365–378

18. Khan M, Raoult D, Richet H, Lepidi H, La Scola B (2007)
Growth-promoting effects of single-dose intragastrically adminis-
tered probiotics in chickens. Br Poult Sci 48:732–735

19. Nicholson JK, Holmes E, Wilson ID (2005) Gut microorganisms,
mammalian metabolism and personalized health care. Nat Rev
Microbiol 3:431–438

20. Reid G, Kim SO, Köhler GA (2006) Selecting, testing and
understanding probiotic microorganisms. FEMS Immunol Med
Microbiol 46:149–157

634 Eur J Clin Microbiol Infect Dis (2008) 27:631–634


	Obesity pandemics and the modification of digestive bacterial flora
	Abstract
	The role of microorganisms in the digestive metabolism
	Human microbiota
	Gut microbiota and obesity
	The role of growth promoters in agriculture: antibiotics and probiotics
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


