
R E S E A R C H A R T I C L E

Bi¢dobacterium microbiota and parametersof immunefunction in
elderly subjects
Arthur C. Ouwehand1, Nynke Bergsma1, Riikka Parhiala1, Sampo Lahtinen1, Miguel Gueimonde1,
Harriet Finne-Soveri2, Timo Strandberg3, Kaisu Pitkälä3 & Seppo Salminen1
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Abstract

Faecal and serum samples were collected over a period of 6 months from 55

institutionalized elderly subjects, who were enrolled in a double-blind placebo-

controlled study. Participants were randomized in one of the three treatment groups:

intervention (two probiotic Bifidobacterium longum strains: 2C and 46), placebo and

commercial control (Bifidobacterium lactis Bb-12). The faecal Bifidobacterium

microbiota was characterized by genus and species-specific PCR. Serum levels of

the cytokines IL-10, tumor necrosis factor (TNF)-a and transforming growth factor

(TGF)-b1 were determined by enzyme-linked immunosorbent assay. Each partici-

pant harboured on average approximately three different bifidobacterial species. The

most frequently detected species were B. longum, Bifidobacterium adolescentis and

Bifidobacterium bifidum. Depending on the treatment, the intervention resulted

in specific changes in the levels of certain Bifidobacterium species, and positive

correlations were found between the different species. Negative correlations were

observed between the levels of Bifidobacterium species and the pro-inflammatory

cytokine TNF-a and the regulatory cytokine IL-10. The presence of faecal B. longum

and Bifidobacterium animalis correlated with reduced serum IL-10. The anti-

inflammatory TGF-b1 levels were increased over time in all three groups, and the

presence of Bifidobacterium breve correlated with higher serum TGF-b1 levels. This

indicates that modulation of the faecal Bifidobacterium microbiota may provide a

means of influencing inflammatory responses.

Introduction

The human gastro-intestinal (GI) tract hosts a rich and

complex microbiota whose composition and activity are of

paramount importance in nutrition, immunology and spe-

cific disease processes. The microbiota in the infant large

bowel has been well documented, but few studies have

focused on elderly subjects. Early studies of this population

suggested that the levels of clostridia, lactobacilli, strepto-

cocci and enterobacteria increase in old age. Some studies

have indicated that in old age, the levels of bifidobacteria

decline (Mitsuoka & Hayakawa, 1972) and that the Bifido-

bacterium species composition alters (Hopkins & Macfar-

lane, 2002; He et al., 2003), although this has not always

been substantiated (Lay et al., 2005). Potential alterations of

the bifidobacterial microbiota in the elderly are of particular

interest as they may lead to detrimental effects, underlining

the importance of understanding the qualitative and quanti-

tative composition of the Bifidobacterium microbiota in the

elderly. In addition, these bacteria are among the dominant

members of the normal human microbiota of the colon, and

have been postulated to be beneficial to health, providing a

rationale for their use as probiotics. Modulation of the gut

microbiota by increasing the bifidobacterial levels is therefore

of special interest in the elderly population.

The immune system of the elderly is a potential target for

probiotics, as it is known to be affected adversely by the

ageing process, leading to decreasing resistance to diseases.

It has been suggested that the altered immune response in

the elderly may be due to alterations in cytokine production,

although data concerning this are inconsistent (Gardner

& Murasko, 2002). Immune regulation by probiotics is
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thought to be mediated through the balancing control of

pro- and anti-inflammatory cytokines. Some strains of the

genus Bifidobacterium exhibit powerful anti-inflammatory

properties, and thus may be able to restore an unbalanced

cytokine production (Isolauri et al., 2001). Therefore, it

is possible that bifidobacteria can improve the immune

response of the elderly by modulating the cytokine produc-

tion. Although few studies have evaluated the use of bifido-

bacteria in the elderly population, for certain strains positive

effects on intestinal microbiota (Ahmed et al., 2007) and

immune function (Gill et al., 2000) have been demonstrated.

In this context, the aims of the current study were to:

(1) determine qualitatively and quantitatively the faecal

Bifidobacterium microbiota of institutionalized elderly; (2)

characterize the influence of six-month consumption of

probiotic bifidobacteria on the endogenous Bifidobacterium

microbiota; and (3) investigate the association between the

composition of the Bifidobacterium microbiota and the level

of three important cytokines: pro-inflammatory cytokine

tumour necrosis factor-a (TNF-a), anti-inflammatory cyto-

kine transforming growth factor-b1 (TGF-b1) and regulatory

cytokine IL-10. The probiotic strains investigated in this study

were Bifidobacterium longum 46 and B. longum 2C, two

strains isolated from healthy elderly subjects. Earlier studies

have shown that these strains are safe (Mäkeläinen et al.,

2003), possess antimicrobial properties (Hutt et al., 2006;

Lahtinen et al., 2007) and toxin-binding activity (Halttunen

et al., 2007; Nybom et al., 2007) and can be used to normalize

bowel movements of institutionalized elderly (Pitkälä et al.,

2007). Bifidobacterium animalis ssp. lactis Bb-12 was used as

a commercial control. A culture-independent approach was

chosen for the identification of the Bifidobacterium micro-

biota, as culture-dependent methods generally allow the

detection of only the most prevalent and most culturable

species, leading to underestimation of the levels and the

diversity of the species and overestimation of the species that

grow rapidly under laboratory conditions, and because

molecular methods provide reliable species identification.

Materials and methods

Subjects and study design

The study was conducted within the framework of a rando-

mized, double-blind, placebo-controlled, study of 209

elderly in two nursing homes in Helsinki, Finland (Pitkälä

et al., 2007). Informed written consent was obtained from

the subjects or their relatives. Subjects with chronic use of

antibiotics were excluded. The elderly were randomized to

one of the three groups per nursing home. The three

treatments consisted of the following: an intervention group

(n = 56) receiving an oat-based drink supplemented with

109 CFU day�1 of both B. longum 2C (DSM 14579) and 46

(DSM 14583); a placebo group (n = 67) receiving the

product without any added probiotic; and a control group

(n = 86) that received a commercial fermented oat drink

(Bioferme Oy, Kaarina, Finland) containing B. animalis ssp.

lactis Bb-12 (Chr. Hansen Ltd, Hørsholm, Denmark) at

levels of about 109 CFU day�1. The nursing homes were

requested to refrain from serving probiotic foods. There

were no significant differences in various demographic

characteristics between the three different treatments

(Pitkälä et al., 2007). The average age of the study popula-

tion was 84.3� 0.98 years, of which 81.5% were female.

Faecal samples were taken at the start of the study, at 3 and

6 months, and frozen at � 20 1C until analysis. A subset of

samples from 55 elderly was selected based on availability

of a complete or an almost complete set of faecal and serum

samples (intervention, n = 19; control n = 18; placebo

n = 18). Analyses of the faecal bifidobacteria composition

and serum cytokines were performed in this subpopulation.

Total microbial levels

Total microbial numbers of the faecal samples were deter-

mined by DNA-staining with 40, 6-diamino-2-phenylindole

(DAPI; Sigma, St. Louis) as described earlier (Apostolou

et al., 2001). Cells were counted visually using an Olympus

BX51 epifluorescence microscope. Total microbial levels

were determined as the average of 15 visual fields.

Bifidobacterium levels

Total faecal levels of genus Bifidobacterium and specific

species including B. longum (B. longum and Bifidobacterium

infantis), Bifidobacterium catenulatum (B. catenulatum and

Bifidobacterium pseudocatenulatum), Bifidobacterium adoles-

centis, Bifidobacterium angulatum, B. animalis (B. animalis

ssp. animalis and B. animalis ssp. lactis), Bifidobacterium

bifidum, Bifidobacterium dentium and Bifidobacterium breve

were determined. For the DNA extraction and the quantifi-

cation of total faecal bifidobacteria, a previously described

procedure was used (Gueimonde et al., 2004). The presence

of specific Bifidobacterium species was determined by quali-

tative PCR as described by Rinne et al. (2005). For the

samples that were found to be positive in the qualitative

assay, quantification of specific species was performed by

quantitative real-time PCR as described previously using

specific primers, quenchers and Europium-labelled probes

as reported earlier (Gueimonde et al., 2007). Fluorescence

of the amplification reactions was measured using a Victor2

Multilabel Counter (Perkin-Elmer, Turku) and compared

with standard curves.

Cytokines

The levels of IL-10, TNF-a and TGF-b1 in the serum were

determined using enzyme linked immunosorbent Assays
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(ELISA, R&D systems) according to the manufacturer’s

instructions, with the addition of an extra concentration

data point in the lower range of the standard curve. The

detection limits for IL-10, TNF-a and TGF-b1 were 0.07,

0.30 and 7 pg mL�1, respectively. Samples with concentra-

tions below the detection limit were given the value 0.

Statistical analysis

To compare the diversity of the bifidobacteria microbiota

between treatments and over time, ANOVA was used, followed

by the Least significant difference (LSD) post hoc test. The

Z-test was used for testing whether the species-specific changes

in the levels of bifidobacteria were significant over time within

the treatment groups (different from zero change; H0: m= m0).

The Pearson w2-test was used to analyse for differences in the

occurrence levels between the three treatments. When appro-

priate, the data were further analysed using the Mann–Whitney

U test. ANOVA was carried out to determine the effect of the

presence of eight bifidobacteria species on the cytokine levels.

A Pearson correlation test was used to determine any correla-

tion between the changes in the levels of faeca l bifidobacteria

and the analysed cytokines. Statistical analyses were performed

using SPSS 14.0 software (SPSS Inc., Chicago, IL). A P-value

o 0.05 was considered to be statistically significant.

Results

Bifidobacterium microbiota

The baseline mean levels of total faecal bacteria and the total

genus Bifidobacterium were log10 10.5 cells g�1 and log10

10.0 cells g�1, respectively; no differences between the groups

or over time were observed. Bifidobacteria were detected

from the faecal samples of all subjects. At the start of the

study, each individual had a typical set of bifidobacteria

species. The mean number of Bifidobacterium species pre-

sent per faecal sample was 3.0 (SD 1.7), 2.9 (SD 1.3) and 3.5

(SD 1.1) species in the intervention, placebo and control

groups, respectively. The differences between the groups

were not significant at the start of the study, but after six

months, a significant difference (P = 0.047) was observed

between the placebo group (3.9 species per sample; SD 1.4)

and the intervention group (2.8 species per sample; SD 1.4).

The frequency and the median levels of eight Bifidobacter-

ium species at the baseline are presented in Fig. 1. Bifido-

bacterium longum was the most frequent species detected

(94.2% of the subjects), followed by B. adolescentis (63.5%),

B. bifidum (50.0%), the B. catenulatum group (46.2%) and

B. breve (34.6%). Bifidobacterium animalis (17.3%) and

B. dentium (9.6%) were less common components of faecal

Bifidobacterium microbiota, while B. angulatum was not

detected at all. In general, the frequently detected species

were present at high levels while the less frequent species

remained minor components of the microbiota also in

terms of bacterial numbers. Of note was the high level of

B. adolescentis (median log10 10.3 cells g�1) in the subjects

harbouring this species. The levels of B. bifidum were

generally low (median log10 6.6 cells g�1) although this

species was frequently detected.

During the study, changes in the levels of certain Bifido-

bacterium species were observed over time (Table 1). In the

intervention group, the average levels of B. adolescentis and
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B. catenulatum increased during the last three months of the

study. In the placebo group, the average increases in

B. bifidum and B. longum were significant during the first 3

months of the study. In the control group, the number of

subjects detected positive for B. animalis doubled during the

study, and the average level of this species increased sig-

nificantly during the first 3 months of the study. Several

statistically significant correlations were observed between

the changes in the levels of specific Bifidobacterium species

(Table 2). In particular, correlations were observed between

B. longum and the other species. Notably, the correlations

between the species were mainly positive; the only negative

correlation observed was the correlation between B. breve

and B. bifidum in the placebo group.

Cytokine levels

The control group had significantly lower IL-10 levels at the

start (0 months) and end (6 months) of the intervention

compared with the placebo group (Fig. 2) Furthermore,

there was a strong trend for lower IL-10 levels in the

intervention group after 6 months compared with the

placebo group. The serum levels of IL-10 did not change

significantly in any of the treatment groups during the study.

Compared with the control group, the TNF-a levels were

higher in the intervention group at all three time points

measured. Also, the placebo group exhibited higher TNF-a
levels compared with the control at 0 and 6 months (Fig. 3).

The levels of TNF-a did not change significantly during the

study in any of the treatment groups. TGF-b1 levels did not

differ between the groups, but were increased in all groups

between the start and the end of the study (Fig. 4). There

was a positive correlation between IL-10 and TNF-a levels in

the intervention group between 0 and 6 months of the study

(P = 0.023). The TNF-a levels correlated positively with the

IL-10 levels in the intervention group (P = 0.023) during the

study and with the TGF-b1 levels in the placebo group

during the first three months of the study (P = 0.046).

The relation between the presence of specific Bifidobacter-

ium species and the level of the three tested cytokines was

studied. A significantly reduced (P = 0.012) serum IL-10

level was observed for people colonized by B. longum

(2.5 pg mL�1) compared with those not colonized by these

Table 1. The changes observed in the fecal levels of Bifidobacterium

species during the 6-month study

Species

Time

(months)

Intervention Placebo Control

P-

value Change

P-

value Change

P-

value Change

B. adolescentis 0 ! 3 n. s. n. s. n. s.

0 ! 6 n. s. n. s. n. s.

3 ! 6 0.037 10.31 n. s. n. s.

B. animalis 0 ! 3 n. s. n. s. 0.044 10.72

0 ! 6 n. s. n. s. n. s.

3 ! 6 n. s. n. s. n. s.

B. bifidum 0 ! 3 n. s. 0.041 11.02 n. s.

0 ! 6 n. s. n. s. n. s.

3 ! 6 n. s. n. s. n. s.

B. catenulatum 0 ! 3 n. s. n. s. n. s.

0 ! 6 n. s. n. s. n. s.

3 ! 6 0.025 10.48 n. s. n. s.

B. longum 0 ! 3 n. s. 0.049 10.37 n. s.

0 ! 6 n. s. n. s. n. s.

3 ! 6 n. s. n. s. n. s.

Total Bifidobacterium, B. breve, B. dentium and B. angulatum are

excluded from the table, as either no changes in these species were

observed or the occurrence of the species was low.

Table 2. Correlations between the changes in the levels of specific Bifidobacterium species during the study

Species Group Total B. adolescentis B. bifidum B. breve B. catenulatum B. longum

Total 1 – Pos. (0.032)� Pos. (o 0.001)A

2 Pos. (0.005)w Pos. (0.006)w

3 Pos. (0.039)� Pos. (0.044)w Pos. (o 0.001)w

B. adolescentis 1 Pos. (0.041)�

2 –

3 Pos. (0.024)�

B. animalis 1

2

3 Pos. (0.018)w

B. bifidum 1

2 – Pos. (0.047)w

3 Neg. (0.012)w Pos. (0.041)w

B. catenulatum 1

2 – Pos. (0.031)w

3

�Between baseline and 3 months of the study.
wBetween baseline and 6 months of the study.
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bacteria (5.0 pg mL�1). A similar significant (P = 0.045)

relation for serum IL-10 was observed for those subjects

colonized by B. animalis (2.0 pg mL�1) or not (2.9 pg mL�1).

The levels of TGF-b1 were significantly (P = 0.016) higher

for people colonized by B. breve (9.0 ng mL�1) compared

with those not colonized by this species (6.8 ng mL�1). In

addition, several correlations between the changes in the

cytokine levels and the changes in the levels of specific

Bifidobacterium species were observed (Table 3). These

changes were almost exclusively negative correlations; the

only positive correlation was observed between the changes

in levels of TGF-b1 and B. breve in the control group.

Discussion

The present study focused on the faecal Bifidobacterium

microbiota composition and three serum cytokines of

institutionalized elderly subjects, either consuming a fer-

mented oat drink containing two B. longum strains (2C and

46), or a product containing a commercial B. animalis ssp.

lactis (Bb-12) or a placebo product without probiotic

bacteria. Based on the early studies (Mitsuoka et al., 1974),

elderly are considered to have low levels of faecal bifidobac-

teria. Here, however, we found that the subjects had a mean

Bifidobacterium population of log10 10 cells g�1 faeces, which

is relatively high, also compared with levels reported for

younger adults (Gueimonde et al., 2004). The explanation

for this difference might be that in the present study

molecular methods were used to determine the levels, while

the earlier studies relied on culture-based methods. At the
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species level our results showed that each subject had a typical

set of species (average 3.2 species, which is in agreement with

previous studies (Mangin et al., 1999), and is in the same

range as reported for healthy adults (Matsuki et al., 1999). In

contrast, other culture-dependent studies noted that the

bifidobacterial species diversity decreases with age (Hopkins

et al., 2001). This difference may be attributed to the different

methodologies applied and the respective capacity of detect-

ing less-dominant components of the microbiota. In the

present study, B. longum (including B. infantis), B. adolescentis,

B. bifidum and B. catenulatum were the most common species,

which is in agreement with data reported for adults (Matsuki

et al., 2004). Bifidobacterium angulatum, which, based on cell

culture and cellular fatty acid analysis, has been reported to be

the most prevalent species in elderly (Hopkins & Macfarlane,

2002), was not detected in any of the samples. Of the less

frequently detected species, the relatively high frequency of B.

breve in 34.6% of the samples is notable, because it has been

recognized as a typical infantile bifidobacterial species (Mutai

& Tanaka, 1987; Silvi et al., 2003). Bifidobacterium animalis,

species not often detected by culturing, was detected in 17.3%

of the samples at the baseline. Bartosch et al. (2005) detected B.

animalis in elderly using PCR, which could indicate that this

species has been overlooked by culture techniques.

The consumption of the B. longum-containing oat drink

resulted in increased levels of B. adolescentis and B. catenu-

latum in the subjects harbouring these species, while the

modest increase (log1010.31 cells mL�1) in B. longum did

not reach significance, possibly because of the high initial

level of this species. The results demonstrate that probiotic

intervention may modulate the intestinal Bifidobacterium

microbiota beyond the effects of the administered species

only. In the placebo group, the administration of an oat

drink resulted in significant increases in the levels of

B. bifidum and B. longum, possibly due to the prebiotic

effect of oat fibres. It should be noted that the initial levels of

these species were substantially lower in this group com-

pared with the other two study groups, which may partly

explain why no changes in these species were observed in the

other groups. The administration of B. animalis ssp. lactis

Bb-12 resulted in increased levels of B. animalis, but no

significant changes in the levels of other bifidobacteria were

observed. This is in line with previous studies where this

strain was found not to perturb the dominant bacterial

population in the intestinal microbiota (Larsen et al., 2006).

Taken together, the changes observed during the study

expanded throughout the Bifidobacterium microbiota and

were not restricted to single species. Furthermore, the

numerous positive correlations between the different species

may suggest synergistic interactions between the species.

The serum cytokine levels were found to be low, and in

the range normally detected for healthy subjects (Gardner &

Murasko, 2002), indicating that the subjects were not

suffering from active disease at the time of sampling.

Although differences in TNF-a and IL-10 levels were de-

tected between the groups, these were small and stable over

time, indicating that the intervention did not influence their

levels significantly. The statistically significant increase over

time in TGF-b1 levels of all three groups may indicate a

treatment effect. However, these increases are small, within

the range of healthy subjects, and the biological relevance is

therefore uncertain. Correlating the presence and the levels

of specific Bifidobacterium species to cytokine levels revealed

significant associations. Notably, most correlations between

the changes in the specific Bifidobacterium species and the

levels of cytokines were negative. A significantly lower level

of the regulatory cytokine IL-10 was observed in the

presence of members of the B. longum group. Moreover,

negative correlations between the changes in the B. longum

and IL-10 levels were observed in all three study groups. This

is in contrast with data in healthy adults reported by

Lammers et al. (2003), who, based on cell culture, reported

that probiotic bacterial DNA of B. longum ssp. infantis

stimulated a high secretion of IL-10 while B. longum ssp.

longum induced a slight increase in secretion. This contrast

may be due to the different methods applied and differences

in the study population such as age and level of inflamma-

tion. In the presence of the B. animalis, a reduction in the

level of IL-10 was also observed, and changes in the levels of

B. adolescentis and B. bifidum correlated negatively with the

changes in the cytokine levels. For B. breve, a significant

Table 3. Correlations between the changes in the levels of cytokines

and the levels of Bifidobacterium species during the study. Species which

showed no correlations have been excluded from the table

Species Group IL-10 TNF-a TGF-b1

Total 1 Neg. (0.047)�

2

3 Neg. (0.005)w Neg. (0.018)w

B. adolescentis 1

2

3 Neg. (0.007)w

B. animalis 1 Neg. (0.033)z

2 Neg. (0.003)w Neg. (0.037)�

3

B. bifidum 1 Neg. (0.025)� Neg. (0.018)z

2

3

B. breve 1

2

3 Pos. (0.024)z

B. longum 1 Neg. (0.016)�

2 Neg. (0.002)�

3 Neg. (0.003)w Neg. (0.049)w

�Between baseline and 6 months of the study.
wBetween 3 months and 6 months of the study.
zBetween baseline and 3 months of the study.
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increase in the level of anti-inflammatory cytokine TGF-b1

was observed. In the placebo group, the change in B. breve

correlated positively with the change in TGF-b1. Taken

together, the data obtained suggest that several Bifidobacter-

ium species may exert an anti-inflammatory effect, which is

in accordance with earlier reports (Isolauri et al., 2002). The

reason for and the biological significance of the observed

tendency for lower IL-10 are open for discussion. We

hypothesize that a reduced level of IL-10 may be a result of

reduced inflammatory status, assuming that regulatory

IL-10 is pronounced during inflammation. The clinical

assessment of the study population showed that probiotic

administration resulted in improved gut function and nor-

malized bowel movements (Pitkälä et al., 2007), suggesting

that the microbial and the immunological changes observed

in this study were associated with beneficial effects on health.

In conclusion, the Bifidobacterium microbiota species

composition in institutionalized elderly is diverse and

different for each individual. Bifidobacterium longum, B.

adolescentis and B. bifidum were the common species. In

contrast to early culture-based data, the Bifidobacterium

level or diversity was not very different from those reported

for younger adults. In general, Bifidobacterium microbiota

was stable over time. The 6-month consumption of probio-

tic products resulted in modest increases in the levels of

Bifidobacterium species. These changes were not restricted to

the administered species. The consumption of oat product

alone appeared to have a prebiotic effect on certain Bifido-

bacterium species. The levels of serum cytokines also corre-

lated with the presence and the levels of specific

Bifidobacterium strains. Taken together, this study shows

that Bifidobacterium microbiota of the elderly may be

modified through a probiotic intervention, and that even

modest changes in the levels of specific Bifidobacterium

species may be associated with changes in the levels of

cytokines, indicating that modulation of the intestinal

Bifidobacterium microbiota may provide a means of influen-

cing the inflammatory responses in the elderly.
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