
Changes in the intestinal microbiota from adulthood through to old age

P. W. O’Toole

Department of Microbiology and Alimentary Pharmabiotic Centre, University College, Cork, Ireland

Abstract

The human intestinal microbiota comprises a complex community whose composition has been resolved in fine detail by recent cul-

ture-independent methodologies. The adult intestinal microbiota is stable within individuals, and individual specific when examined at

high resolution. Infants and older persons, however, represent stages of life in which the microbiota is in flux. Since changes in the

intestinal microbiota are associated with certain diseases or health issues, we have examined the composition and function of the intes-

tinal microbiota in 500 subjects over 65 years of age in Ireland. Medical, biochemical and immunological parameters were measured for

all subjects. Faecal microbiota was measured by amplicon pyrosequencing. The data revealed significant inter-individual variation, espe-

cially in the proportions of some major bacterial phyla, and significant differences in the microbiota compared with younger adults.

These data support the notion of modulating the intestinal microbiota of older people to promote enhanced nutrition utilization and to

improve general health

Keywords: Elderly, inflammation, intestine, metagenome, microbiota

Original Submission: 22 November 2011; Revised Submission: 29 November 2011; Accepted: 20 March 2012

Editors: A. Moya, Rafael Cantón, and D. Raoult

Clin Microbiol Infect 2012; 18 (Suppl. 4): 44–46

Corresponding author: P. W. O’Toole, Department of Microbiol-

ogy and Alimentary Pharmabiotic Centre, Room 447, Food Science

Building, University College Cirk, Western Road, Cork, Ireland

E-mail: pwotoole@ucc.ie

Introduction

The development of culture-independent methods for micro-

bial community composition determination, originally for

environmental samples, has revolutionized our ability to

study the human intestinal microbiota [1]. Application of

these methods circumvents the poor laboratory culturability

of a large proportion of the relevant species. The human

infant is born essentially sterile, and is colonized in a series

of establishment and succession events to ultimately move

towards a more stable adult-like microbiota [2]. The intesti-

nal microbiota of the healthy adult is stable and individual

specific [3], and contains a set of microbial genes and func-

tions that are largely shared between individuals [4]. The

microbiota has an important role in releasing nutrition con-

tent from the diet, synthesizing vitamins and co-factors, and

regulating the mucosal immune system [5]. Furthermore,

there is a body of evidence (reviewed in [6]) that variations

in the microbiota are linked to diseases including bowel dys-

function and obesity. Thus the study of the microbiota asso-

ciated with humans, at various body sites but especially in

the intestine where highest bacterial numbers are found, has

become an important branch of health research.

Composition of the intestinal microbiota

Data based on culture-based analyses of the intestinal micro-

biota have presented a conflicting picture of trends in major

phylum and species proportions [7]. More recently, phylo-

chip analysis reported stability of the microbiota over time in

older subjects [8], and distinctive compositional patterns of

phylum Firmicutes in elderly subjects and centenarians com-

pared with young adults [9]. There are few other longitudinal

studies of the intestinal microbiota of older persons, so it is

not clear if the state of microbiota flux expected from older

culture-dependent analyses is actually due to technical varia-

tion compounded by inter-individual variation. There are

compelling physiological and immunological factors that

change dramatically in old age [10–12] and for which plausible

scientific links with variation in the intestinal microbiota can

be proposed. The ELDERMET study that commenced in Ire-

land in 2008 is therefore focusing on health–diet–microbiota
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interactions in 500 elderly subjects. These subjects were

selected from stratified community residence groups—

community dwelling, outpatients, rehabilitation and institu-

tionalized. As well as determining the microbiota composi-

tion in faeces as a surrogate for the distal intestine, all

subjects are phenotyped (full blood biochemistry), urine and

serum are collected for metabolomics, a food frequency

questionnaire is completed, and measures of frailty and

cognition are taken. The 16S rRNA gene, variable region V4,

is amplified and analysed by pyrosequencing [13,14].

The intestinal microbiota of elderly

subjects

As part of the ELDERMET study, we have recently analysed

microbiota composition data from over 100 individuals [15].

The core microbiota of these subjects was distinct from that

of younger subjects at phylum, genus and Clostridium cluster

level. There was striking variability between individuals, repre-

sented by an enormous range of the Bacteroidetes : Firmi-

cutes ratio [15]. We also noted significant variations in the

proportions of butyrate-producing Firmicute genera, in the

Proteobacteria, Actinobacteria (which includes Bifidobacterium

spp.) and genus Faecalibacterium (which includes the anti-

inflammatory species F. prausnitzii [16]). Butyrate-producing

bacteria such as Ruminococcus sp. are known to be sensitive

to dietary composition; butyrate produced by intestinal bacte-

ria is a major energy source for intestinal epithelial cells. Thus

this represents an important food–health link mediated by the

microbiota. There was no correlation between the Bacteroi-

detes : Firmicutes ratio and body mass index in the subjects

studied to date, questioning the association of Firmicutes pro-

portion and obesity in this elderly cohort. In the majority of

29 patients for whom a 3-month follow-up faecal sample was

analysed, the microbiota was more like the time-zero sample

than any other microbiota sample, indicating temporal stabil-

ity. However, analysis of the wider ELDERMET cohort over a

long time-frame will be required to corroborate this finding.

Concluding remarks

The data obtained from the ELDERMET study thus far pro-

vide significant insights into the intestinal microbiology of

older persons. They also provide support for the notion of

using dietary intervention to alter the microbiota in a health-

promoting direction (Fig. 1), because the proportions in the

core microbiota of bacteria related to modification of dietary

ingredients, including butyrate-producing Clostridia, are

different to younger adults [15]. Such intervention modalities

could include probiotics (live microorganisms that confer

health benefits, either directly or indirectly [10]) or prebiot-

ics, which are dietary ingredients, usually polysaccharides,

that promote the growth of particular microbiota compo-

nents [10]. However, one can envisage novel functional

foods for elderly consumers that also alter physical condi-

tions in the bowel to promote for example calcium and

micronutrient uptake facilitated by altered pH or induction

of uptake mechanisms by microbiota components [12].

Further analysis of microbiota–health associations, in mul-

tiple countries with different baseline microbiota composi-

tion and different diets, will identify additional targets and

mechanisms.
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FIG. 1. Potential modulation targets for intestinal microbiota in
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be reduced are in red.

CMI O’Toole Changes in the intestinal microbiota 45

ª2012 The Author

Clinical Microbiology and Infection ª2012 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18 (Suppl. 4), 44–46



3. Zoetendal EG, Akkermans AD, de Vos WM. Temperature gradient

gel electrophoresis analysis of 16S rRNA from human fecal samples

reveals stable and host-specific communities of active bacteria. Appl

Environ Microbiol 1998; 64: 3854–3859.

4. Qin J, Li R, Raes J et al. A human gut microbial gene catalogue estab-

lished by metagenomic sequencing. Nature 2010; 464: 59–65.

5. Sekirov I, Russell SL, Antunes LC, Finlay BB. Gut microbiota in health

and disease. Physiol Rev 2010; 90: 859–904.

6. O’Toole PW, Claesson MJ. Gut microbiota: changes throughout the

lifespan from infancy to elderly. Internat Dairy J 2010; 20: 281–291.

7. Woodmansey EJ. Intestinal bacteria and ageing. J Appl Microbiol 2007;

102: 1178–1186.

8. Rajilic-Stojanovic M, Heilig HG, Molenaar D et al. Development and

application of the human intestinal tract chip, a phylogenetic microarray:

analysis of universally conserved phylotypes in the abundant microbiota

of young and elderly adults. Environ Microbiol 2009; 11: 1736–1751.

9. Biagi E, Nylund L, Candela M et al. Through ageing, and beyond: gut

microbiota and inflammatory status in seniors and centenarians. PLoS

One 2010; 5: e10667.

10. Cusack S, Claesson MJ, O’Toole PW. The gut microbiota and ageing:

the case for probiotics? Ageing Res 2011; 2: 179–186.

11. Guigoz Y, Dore J, Schiffrin EJ. The inflammatory status of old age can

be nurtured from the intestinal environment. Curr Opin Clin Nutr

Metab Care 2008; 11: 13–20.

12. Tiihonen K, Ouwehand AC, Rautonen N. Human intestinal microbi-

ota and healthy ageing. Ageing Res Rev 2010; 9: 107–116.

13. Claesson MJ, O’Sullivan O, Wang Q et al. Comparative analysis of

pyrosequencing and a phylogenetic microarray for exploring microbial

community structures in the human distal intestine. PLoS One 2009;

4: e6669.

14. Claesson MJ, Wang Q, O’Sullivan O et al. Comparison of two next-

generation sequencing technologies for resolving highly complex mic-

robiota composition using tandem variable 16S rRNA gene regions.

Nucleic Acids Res 2010; 38: e200.

15. Claesson MJ, Cusack S, O’Sullivan O et al. Composition, variability

and temporal stability of the intestinal microbiota of the elderly. Proc

Natl Acad Sci U S A 2011; 108 (suppl 1): 4586–4591.

16. Sokol H, Pigneur B, Watterlot L et al. Faecalibacterium prausnitzii is an

anti-inflammatory commensal bacterium identified by gut microbiota

analysis of Crohn disease patients. Proc Natl Acad Sci U S A 2008; 105:

16731–16736.

46 Clinical Microbiology and Infection, Volume 18 Supplement 4, July 2012 CMI

ª2012 The Author

Clinical Microbiology and Infection ª2012 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18 (Suppl. 4), 44–46


	Changes in the intestinal microbiota from adulthood through to old age
	Introduction
	Composition of the intestinal microbiota
	The intestinal microbiota of elderly subjects
	Concluding remarks
	Transparency Declaration
	References


