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Abstract Aging is associated with alterations in the
intestinal microbiota and with immunosenescence.
Probiotics have the potential to modify a selected
part of the intestinal microbiota as well as improve
immune functions and may, therefore, be particularly
beneficial to elderly consumers. In this randomized,
controlled cross-over clinical trial, we assessed the
effects of a probiotic cheese containing Lactobacillus
rhamnosus HN001 and Lactobacillus acidophilus
NCFM on the intestinal microbiota and fecal immune
markers of 31 elderly volunteers and compared these
effects with the administration of the same cheese
without probiotics. The probiotic cheese was found to

increase the number of L. rhamnosus and L. acid-
ophilus NCFM in the feces, suggesting the survival of
the strains during the gastrointestinal transit. Impor-
tantly, probiotic cheese administration was associated
with a trend towards lower counts of Clostridium
difficile in the elderly, as compared with the run-in
period with the plain cheese. The effect was statisti-
cally significant in the subpopulation of the elderly
who harbored C. difficile at the start of the study. The
probiotic cheese was not found to significantly alter
the levels of the major microbial groups, suggesting
that the microbial changes conferred by the probiotic
cheese were limited to specific bacterial groups.
Despite that the administration of the probiotic cheese
to the study population has earlier been shown to
significantly improve the innate immunity of the
elders, we did not observe measurable changes in
the fecal immune IgA concentrations. No increase in
fecal calprotectin and β-defensin concentrations sug-
gests that the probiotic treatment did not affect
intestinal inflammatory markers. In conclusion, the
administration of probiotic cheese containing L.
rhamnosus HN001 and L. acidophilus NCFM, was
associated with specific changes in the intestinal
microbiota, mainly affecting specific subpopulations
of intestinal lactobacilli and C. difficile, but did not
have significant effects on the major microbial groups
or the fecal immune markers.
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Introduction

Aging is associated with a number of health problems
including immunosenescence, more frequent infections,
altered gut function and suboptimal nutritional status. In
addition, increasing evidence suggests that aging is
associated with alterations in the gut microbiota
(Bartosch et al. 2004; Biagi et al. 2010; Gavini et al.
2001; Hopkins et al. 2001; Hopkins and Macfarlane
2002; Mueller et al. 2006; Woodmansey et al. 2004).
Moreover, elderly subjects living in hospitals and
nursing homes are susceptible to increased pathogen
challenges. For example, frequent use of antibiotics
may increase the prevalence of Clostridium difficile
among elderly subjects. In general, the microbiota
changes associated with aging are not well defined.
Commonly, alterations in intestinal bifidobacteria have
been associated with aging (Biagi et al. 2010; Hopkins
et al. 2001). A recent large study investigating the gut
microbiota of 161 elderly (>65 years) Irish subjects
suggested that the gut microbiota of elderly is by
average dominated by the phylum Bacteroidetes, more
so than in the younger controls, but the variation
between the elderly gut microbiota composition is
substantial; for example, the proportion of the Bacter-
oidetes ranged from 3% to 92% within the study
population (Claesson et al. 2010). A recent study
comparing young adults, 70-year-old seniors, and 100-
year-old centenarians showed that gut microbiota at
70 years is still quite similar with healthy adults, with
statistically significant differences only in certain
bacterial groups such as Collinsella et rel., but
significant changes occur as age increases (Biagi et
al. 2010). Specifically, very old age was associated
with enrichment of facultative anaerobes belonging to
Proteobacteria and bacilli as well as an increased
Clostridium leptum group and Eubacterium limosum,
accompanied with decreased levels of Clostridium
cluster XIVa, genus Bifidobacterium and the Faecali-
bacterium prausnitzii group. Overall, different studies
assessing the gut microbiota of the elderly and
comparing it to that of younger subjects have yielded
varying results. The discrepancies between different
studies may be partly explained by differences between
the study populations such as genetic background, diet,
living environment, and volunteer age and health
condition. On the other hand, a major source of
variation between the trials is also likely to originate
from the differences between the methodologies

applied. Alterations in the gut microbiota composition
related to aging have provided rationale for therapies
aiming at restoration or maintenance of gut microbiota
composition associated with healthy adulthood. Pro-
biotics (FAO/WHO 2002) have been explored for this
purpose, and indeed, different probiotic treatments
have been shown to modify the gut microbiota
composition of elderly subjects in a beneficial way,
for example, by improving the Bifidobacterium pop-
ulations (Lahtinen et al. 2009; Ouwehand et al. 2008)
or by reducing C. difficile (Plummer et al. 2004).

Immunosenescence, the deterioration of the immune
system function with age, has been widely studied both
in animals and humans, but the causes and the
consequences of this complex phenomenon are still
incompletely understood (Panda et al. 2009). Deterio-
ration of immune functions is associated with in-
creased susceptibility to infections and reduced
responsiveness to vaccination. Imbalance in the in-
flammatory and anti-inflammatory functions in aging
may result in low-grade chronic inflammation, termed
inflammaging, characterized by elevated basal levels of
pro-inflammatory immune mediators (Franceschi et al.
2007). Alterations in the mucosal immunity associated
with aging have also been identified, including
reduction in intestinal antigen-specific IgA antibody
responses (Fujihashi and Kiyono 2009). Improvement
of innate and mucosal immune functions in the elderly
therefore has great potential for improving the health
status in the elderly. The emerging health problems
associated with aging and the potential for probiotics to
improve immune and gut function make the elderly a
particularly important target group for probiotic thera-
pies. Several clinical studies have demonstrated the
ability of selected probiotic bacteria. For example,
probiotic strains Lactobacillus rhamnosus HN001 and
Bifidobacterium animalis subsp. lactis HN019 have
been shown to improve innate immune functions in
elderly subjects (Gill et al. 2001; Gill and Rutherfurd
2001). Moreover, we have recently demonstrated that
the innate immune functions such as phagocytic
activity and the natural killer cell activity of elderly
subjects can be improved in healthy elderly volunteers
by the consumption of a probiotic cheese containing L.
rhamnosus HN001 and Lactobacillus acidophilus
NCFM (Ibrahim et al. 2010).

Here, we report on the effects of the consumption
of this probiotic cheese containing L. rhamnosus
HN001 and L. acidophilus NCFM on the fecal
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microbiota and fecal immune markers on healthy
elderly volunteers (Ibrahim et al. 2010). Fecal micro-
biota composition was measured with flow cytometry
combined with fluorescent in situ hybridization and
with quantitative PCR in order to assess whether the
beneficial effects on innate immunity are linked with
changes in the fecal microbiota. Fecal immune
markers such as IgA, calprotectin, and beta-defensin
were measured as surrogate markers of the mucosal
immune functions of the intestine.

Methods

Study set-up and sample collection

Fecal samples were obtained form 31 healthy elderly
(72 to 103 years; median, 86 years) volunteers living
in a nursing home in Turku, Finland, and participating
in a clinical trial assessing the effects of probiotic
cheese consumption on the innate immune functions.
The design of this placebo-controlled cross-over trial
and the characteristics of the study population have
been described in detail elsewhere (Ibrahim et al.
2010). Briefly, the intervention consisted of three
phases. During the run-in phase, the volunteers
consumed a control cheese without probiotics for
2 weeks; during the intervention phase, the volunteers
consumed a probiotic cheese for 4 weeks, and during
the wash-out phase, the volunteers consumed the
control cheese again for 4 weeks. The control and
probiotic products had similar taste and appearance,
and were blinded to the volunteers. The daily dose of
cheese was 15 g (one slice). Both the control cheese
and the probiotic cheese were manufactured by Mills
DA (Oslo, Norway) using proprietary starter strains
(Choozit 712™, Danisco, Paris); in addition, the
probiotic cheese contained approximately 109 CFU
of each of the probiotic strains L. rhamnosus HN001
(AGAL NM97/09514; Danisco) and L. acidophilus
NCFM (ATCC 700396; Danisco). Fecal samples were
collected from the volunteers in the end of each
phase. Upon collection, samples were frozen and
stored at −80°C until analysis.

Fluorescent in situ hybridization and flow cytometry

The enumeration of major bacterial groups was
carried out by fluorescent in situ hybridization

combined with flow cytometry as described earlier
by Kalliomäki and co-workers (Kalliomäki et al.
2008). Briefly, fecal samples were homogenized in
phosphate-buffered saline (PBS), and the cells were
fixed with 4% paraformaldehyde at 4°C overnight,
centrifuged at 22,000×g for 3 min followed by
washing with PBS. Fixed samples were stored in
PBS–ethanol (1:1) at −20°C until analysis. The
bacteria were labeled with the following group- and
genus-specific probes targeting the eubacterial 16S
rRNA: Bacteroides–Prevotella group (Bac303, 5′-
CCAATGTGGGGGACCTT), the Bifidobacterium
genus (Bif164, 5′-CATCCGGCATTACCACCC),
the Clostridium histolyticum group (CHis150, 5′-
TTATGCGGTATTAATCT(C/T)CCTTT), the Lacto-
bacillus–Enterococcus group (Lab158, 5′-GGTAT
TAGCA(T/C)GTGTTTCCA) (Kalliomäki et al.
2008) and Akkermansia muciniphila-like bacteria
[MUC-1437 (5′-CCTTGCGGTTGGCTTCAGAT-3′]
(Derrien et al. 2008). The probes were labeled at the
5′-end with indocyanine (Cy3; MOLBIOL, Berlin,
Germany). The EUB 338 probe (Kalliomäki et al.
2008) labeled with fluorescein isothiocyanate (FITC)
was used to identify bacterial cells from potential other
particles present in the samples. Specific cell enumer-
ation was performed by combining each of the group-
specific Cy3 probes with the EUB 338-FICT probe.
Fixed cell suspensions were incubated in the presence of
each fluorescent probe (50 ng l−1) in hybridization
buffer (10 mmol l−1 Tris–HCl, 0.9 mol l−1 NaCl, and
10% sodium dodecyl sulfate). The hybridized cells
were collected after washing by centrifugation
(22,000×g for 5 min) and resuspended in PBS. Flow
cytometric analyses were performed as previously
described (Kalliomäki et al. 2008) using a BD LSR
II flow cytometer (Becton Dickinson and Co, Franklin
Lakes, NJ) equipped with a 488-nm laser at 15 mW
and BD FACSDIVA software, version 4.1.1 (Becton
Dickinson and Co). Results were expressed as the
numbers of cells hybridizing with the specific group-
Cy3 probe and total bacteria EUB 338-FITC probe.

Quantitative PCR

DNAwas extracted with the use of the QIAamp DNA
stool Mini kit (Qiagen, Hilden, Germany) from the
PBS homogenates of the samples (see above) follow-
ing the manufacturer’s instructions. Quantitative
polymerase chain reactions (qPCR) were performed
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in a total volume of 25 μl containing 1 ng of template
DNA as follows: the SYBR Green methodology
(Applied Biosystems, Foster City, CA, USA) was
used for C. difficile (Cdif_F2: 5′-TTGAGCGATTTAC
TTCGGTAAAGA-3′, Cdif_R2: 5′-3′CCATCCTG
TACTGGCTCACCT-3′, 150 nM of both), clostridial
cluster XIV (300 nM), sulfate reducers (300 nM),
F. prausnitzii (250 nM), and L. rhamnosus (250 nM),
while the TaqMan methodology was used for L.
acidophilus NCFM (300 nM of primers and 200 nM
of the probe). The PCR primers targeting different
groups and species of bacteria are listed in Table 1.
Each reaction mixture consisted of 25 μl qPCR
Master Mix containing 1 ng of template DNA. The
amplification and detection of DNA were performed
with the ABI-PRISM sequencing detection system
(Applied Biosystems). To obtain standard curves, a
tenfold dilution series ranging from 10 pg to 10 ng
of DNA from the bacterial standard cultures
(Table 1) were included in the PCR assays. For
determination of DNA, triplicate samples were used,
and the mean quantity per gram wet weight was
calculated.

Fecal immune markers

Fecal immune markers IgA, calprotectin, and β-
defensin were measured from supernatants of the
fecal homogenates (see above). Briefly, homogenates
were centrifuged (16,000×g, 5 min), and the super-

natants were collected. For IgA measurement, the
samples were extracted with bovine serum albumin
as described previously (Peuranen et al. 2004).
Concentrations of IgA, calprotectin, and β-defensin
were determined by ELISA with human IgA ELISA
Quantitation Kit E80-102 (Bethyl Laboratories Inc.,
Montgomery, TX, USA), Phical ELISA test (Euro-
spital S.p.A., Trieste, Italy), and the β-defensin 2
ELISA kit K 6500 (Immundiagnostik AG, Ben-
sheim, Germany), respectively, according to the
manufacturer’s instructions, with the following mi-
nor modification: in the β-defensin analysis, only
50% of the recommended substrate concentration
was used. The results were expressed as micrograms
per gram of feces (fresh weight) for IgA and
calprotectin, and nanograms per gram for β-
defensin.

Statistical analyses

Microbial counts were log-transformed prior to
statistical analysis. Paired t test was used to compare
the microbial levels between different time points. In
the case of C. difficile, an additional post hoc t test
was included to investigate the changes in C. difficile
levels in those subjects who harbored these bacteria in
the first place. Changes in the immune parameters
were assessed by two-sided one-sample t test by
comparing the changes between the time points to the
test value of 0.

Table 1 The primers, the probes, the annealing temperatures, and the standard bacterial strains used in the quantitative PCR analysis
of the fecal samples

Target species Standard strain Primer Annealing temp (°C) Reference

C. difficile C. difficile DSM 1296 Cdif_F2 60 This study
Cdif_R2

Clostridial cluster
XIVab

Clostridium bolteae
DSM 15670

CXIV F1 52 (Song et al. 2004)
CXIV F2

F. prausnitzii F. prausnitzii ATCC 27768 Fpraus_F 62 (Rinttilä et al. 2004)
Fpraus_R

L. rhamnosus L. rhamnosus HN001 Lr1 55 (Furet et al. 2004)
Lc1

L. acidophilus NCFM L. acidophilus NCFM NCFM_F 60 (Ouwehand et al. 2009)
NCFM_R

NCFM_P

Sulfate reducers Desulfovibrio intestinalis
DSM 11275

apsA1F 62 (Tiihonen et al. 2008)
apsA1R
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Results

Fecal microbiota by quantitative PCR

L. rhamnosus species was present in all but five
volunteers during the run-in phase, but, in general, the
levels of this species were low, and the average for the
whole study population was log 4.89 cells g−1 of
feces. Following the intervention with probiotic
cheese, L. rhamnosus was detected in all samples
tested, and the average level of this species was log
6.66 cells g−1 (Fig. 1a). This was significantly (p=
0.0005) higher than during the run-in. Following the
wash-out phase, the levels of L. rhamnosus had
decreased to log 4.82 cells g−1, which was not
significantly different from the run-in.

L. acidophilus NCFM (or other NCFM-like organ-
isms) was present at detectable levels only in seven
volunteers during the run-in phase, with the average
level of log 1.46 cells g−1 for the whole group of
volunteers. Following the intervention, L. acidophilus
NCFM was detected in the fecal samples of all but six
volunteers. The average level of NCFM was log
4.35 cells g−1, which was significantly higher than
before the intervention (p<0.0001; Fig. 1b). After the
4-week wash-out period, L. acidophilus NCFM was
still detectable in all but eight volunteers at the
average level of log 3.91 cells g−1, which was not
statistically different from the intervention phase, but
was significantly (p=0.0007) higher when compared
with the run-in phase.

C. difficile was detected in 65% of the run-in
samples, but the levels were low; the average level for

the whole population was log 2.11 cells g1 per gram
of feces, and none of the volunteers had C. difficile
levels above log 4 cells g−1. Probiotic intervention
tended to reduce the average level of C. difficile; the
average level of C. difficile was log 1.51 cells g−1

following the intervention (p=0.1010; Fig. 2a). Lev-
els of C. difficile after the wash-out phase were not
statistically different from the run-in phase. Post hoc
subgroup analysis of those volunteers who tested
positive for C. difficile at run-in suggested a signif-
icant reduction in the average level of C. difficile from
log 3.23 cells g−1 at the run-in to log 1.99 cells g−1

following the intervention (p=0.0069; Fig. 2b). Fol-
lowing the wash-out period the levels of C. difficile
remained lower (log 1.45 cells g−1) than during the
run-in period (p<0.0001) in these individuals. After
the run-in phase, the levels of the clostridial cluster
XIV, F. prausnitzii and sulfate reducers were log 9.10,
log 7.68, and log 4.20 cells g−1, respectively, as
analyzed by quantitative PCR (Fig. 3). Clostridial
cluster XIV and F. prausnitzii were detected from all
of the volunteers and sulfate reducers from 69% of the
volunteers at the run-in.

Analysis of microbial groups by fluorescent in
situ hybridization and flow cytometry (FISH-FCM)
did not reveal major differences in the bacterial
populations between the time points. The average
levels of the genus Bifidobacterium, the Bacter-
oides–Prevotella group, the C. histolyticum group,
and Akkermansia were log 8.51, log 8.13, log 8.08,
and log 8.05 cells g−1 per gram of feces at the end of
the run-in, respectively (Fig. 4). The levels of these
groups were not significantly changed during the

Fig. 1 Fecal levels of L. rhamnosus (a) and L. acidophilus
NCFM (b) of the elderly volunteers after the run-in, the
treatment, and the wash-out periods, as measured by quantita-
tive PCR. The top and the bottom of the box represent upper

and lower quartiles, respectively, and the band within the box is
the median. The whiskers indicate the minimum and the
maximum, and the average of the data is marked with “plus
sign”
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intervention and follow-up phases. A small (from log
8.10 to log 7.91 cells g−1) but statistically significant
(p=0.01) decrease in Lactobacillus–Enterococcus
group between run-in and intervention phases was
noted. Total microbe numbers remained stable
during the trial.

Fecal immune markers

Overall, the probiotic treatment was associated with a
trend towards reduced average fecal IgA (119 μg g−1

feces) as compared with the run-in period (172 μg g−1

feces; p=0.058). However, this downward trend was
attributed almost exclusively to five volunteers who,
at run-in, had high initial levels of fecal IgA (between
798 and 2,655 μg g−1 feces). In post hoc analysis of
these subjects, the average fecal IgA was reduced
significantly during the probiotic treatment (from
1,641 to 430 μg g−1 feces; p<0.001) and remained
significantly lower than at run-in during the wash-out
(352 μg g−1 feces; p<0.001). In all of the remaining
subjects, the IgA levels at run-in were below
500 μg g−1 feces with the average of 142 μg g−1

and did not change significantly during the interven-
tion (average 163 μg g−1 feces; p>0.05) or wash-out
(213 μg g−1 feces; p>0.05). The average values of
calprotectin after run-in, after treatment and after
wash-out were 19.2, 19.2, and 16.2 μg g−1 feces,
respectively. No differences between the time points
were observed. The levels of β-defensin after run-in,
after treatment and after wash-out were 31.2, 24.0,
and 28.5 μg g−1 feces, respectively, and did not differ
between the time points.

Discussion

Aging is associated with alterations in gastrointestinal
microbiota as well as immunosenescence, both of
which may contribute to various health-related prob-
lems such as suboptimal digestive function and
increased incidence of infections.

Immunosenescence has been widely studied al-
though the phenomenon is not yet completely
understood (Panda et al. 2009). In contrast, age-
related changes in intestinal microbiota and their
potential role on the health status are only starting to
be revealed. Probiotic bacteria have great potential in
improving the health of the elderly, as probiotics have
the capacity to improve immune functions (Gill and
Rutherfurd 2001) and modulate specific components
of the intestinal microbiota (Lahtinen et al. 2009)
particularly within this age group. Recently, we
showed that consumption of a cheese containing
probiotic strains L. rhamnosus HN001 and L. acid-
ophilus NCFM by elderly volunteers resulted in
significantly enhanced innate immune function, man-
ifested by improved cytotoxicity of natural killer cells
and an increase in phagocytic activity (Ibrahim et al.
2010). In this study, we assessed whether the pro-
biotic cheese consumption and the observed systemic
immune benefits were associated with changes in the
intestinal microbiota and selected fecal immune
markers.

The main outcome of this study was the observa-
tion that probiotic cheese consumption resulted in
modifications of specific components of the intestinal
microbiota, but did not significantly affect the major

Fig. 2 Fecal levels of C. difficile in all volunteers (a) and in
volunteers who were positive for this species at the beginning
of the study (b) after the run-in, the treatment, and the wash-out
periods, as measured by quantitative PCR. The top and the

bottom of the box represent upper and lower quartiles,
respectively, and the band within the box is the median. The
whiskers indicate the minimum and the maximum, and the
average of the data is marked with “plus sign”
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bacterial groups, suggesting that the changes in the
microbiota induced by the probiotics are specific to
certain groups of intestinal bacteria. Our results
demonstrate that probiotics administered in cheese
survive the gastrointestinal transit. This result sup-
ports our earlier study, in which, using the same
probiotic cheese, we demonstrated the survival of
these probiotics during simulated upper gastrointesti-
nal digestion followed by simulated colon fermenta-
tion in a semi-continuous human colon simulator
(Mäkeläinen et al. 2009). The fecal levels of L.
rhamnosus increased by approximately two log units
during the intervention, but were reduced back to the
run-in values following the wash-out period, suggest-
ing that L. rhamnosus HN001 became a member of
the gut microbiota of the elderly during the cheese
consumption, but the effect was transient and lasted
less than 4 weeks. The result is in line with many
earlier reports demonstrating the transient nature of
the colonization of ingested probiotics, including L.
rhamnosus HN001 (Tannock et al. 2000). The
average level of fecal L. acidophilus NCFM-like
organisms in the study population was initially low,
as only seven subjects at the run-in were identified as
positive for this popular commercial strain. But,
during the intervention, the average level of NCFM
increased by roughly three log units, suggesting that
NCFM survived during the gastrointestinal transit.
Unlike L. rhamnosus, the levels of NCFM remained
well above the run-in levels even after the 4-week
wash-out period. Earlier studies have shown the
survival of NCFM in the human gastrointestinal tract
(Gilliland et al. 2010; Sui et al. 2002; Varcoe et al.
2002), but previously the colonization of NCFM has
not been reported to last beyond 2 weeks after
cessation of probiotic consumption (Sui et al. 2002).
The observed increases in L. rhamnosus and L.
acidophilus NCFM were limited to these specific
lactobacilli and were not linked with the total levels
of lactobacilli. In fact, the total levels of the group
Lactobacillus–Enterococcus decreased during the
intervention, although the magnitude of this
change was only 0.19 log units (cells g−1) and
therefore the biological significance of this observa-
tion remains questionable, and it is not clear whether
this decrease was related to Lactobacillus or Entero-
coccus. In comparison, the levels of L. rhamnosus
increased by nearly two log units following the
probiotic intervention.

Fig. 3 Fecal levels of clostridial cluster XIV (a), F. prausnitzii
(b) and sulfate reducers (c) in the elderly volunteers after the
run-in, the treatment, and the wash-out periods, as measured by
quantitative PCR. The top and the bottom of the box represent
upper and lower quartiles, respectively, and the band within the
box is the median. The whiskers indicate the minimum and the
maximum, and the average of the data is marked with “plus
sign”
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An interesting observation in this study was the
trend for reduced fecal levels of C. difficile during the
probiotic intervention. C. difficile is a major intestinal
pathogen and particularly common among the elderly
(Simor et al. 2002). C. difficile was detected at low
levels in 65% of the volunteers at the run-in. At run-
in, all of the volunteers were free of acute gastroin-
testinal infections, suggesting that C. difficile was
present in these volunteers at sub-clinical levels at the
time of the study; the average level of C. difficile was
log 2.11 cells g1 per gram of feces for the whole study
population and log 3.23 cells g1 per gram for those
subjects who harbored C. difficile to begin with.
Despite the low initial levels of C. difficile, the
probiotic cheese consumption showed a trend for
reduction of the fecal levels of this pathogen in the
whole population and, more importantly, a significant
reduction in those subjects who were carrying
detectable levels of C. difficile at run-in. While the
subjects in this study were not found to be affected by
C. difficile-associated diseases, the reduction of the
fecal levels of this pathogen even when present at
sub-clinical levels does have potentially important
clinical benefits. C. difficile is the most common
infectious agent in antibiotic associated diarrhea in
adults and in elderly. Elderly subjects, particularly
those living in nursing homes, are susceptible to
recurrent infections and are commonly prescribed
antibiotics. Antibiotic treatments offer an opportunity
for C. difficile to increase in numbers at the expense

of normal intestinal microbiota, which is broadly
affected by antibiotics. Considering the fact that the
study population (elderly) is particularly prone to
antibiotic use, the reduction of C. difficile levels by
probiotic cheese consumption even at sub-clinical
levels may offer potential benefits. It is possible that
such reduction, together with enhanced immune
function (Ibrahim et al. 2010), may offer enhanced
protection against infections caused by pathogens
such as C. difficile.

Apart from the changes in the subpopulations of
lactobacilli and the levels of C. difficile, the probiotic
treatment did not cause major changes in the main
bacterial groups assessed in this study. This result is
in line with the fact that the quantity of the
administered probiotic bacteria represents only a tiny
fraction of the total microbial cell numbers in the
intestine, and therefore, it is perhaps unlikely that
such administration will change the balance of the
major bacterial groups. However, since the adminis-
tered probiotic strains adhere strongly to human
mucus and epithelial cells (Buck et al. 2005; Gopal
et al. 2001), administration of these strains may result
in changes in the mucosa-adherent microbiota of the
intestine. The mucosa-adherent microbiota is different
from the luminal and fecal microbiota (Eckburg et al.
2005), and while mucosal microbiota represents only
a minor fraction of the total intestinal microbiota, this
fraction is likely to have a critically important role in
host–microbe interactions including the interactions

Fig. 4 Levels (mean with SEM) of the Bifidobacterium
genus, the Bacteroides–Prevotella group, the Lactobacillus–
Enterococcus group, the C. histolyticum group, A. mucini-
phila-like bacteria and the total bacteria analyzed with
fluorescent in situ hybridization and flow cytometry after the

run-in (RI), the treatment (T), and the wash-out (W) phases.
The levels of these groups were not significantly changed
during the intervention and follow-up phases apart from small
decrease in Lactobacillus–Enterococcus group between the
run-in and the intervention phases
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with the host immune cells, since the microbes
adherent to mucus have close proximity to and longer
duration of exposure with the host cells than the
microbes in the intestinal lumen. Assessment of the
potential changes in the mucosal microbiota would
have required the analysis of intestinal biopsies
instead of fecal samples, which in this study was
unfortunately not possible.

Despite the clear effects of the probiotic cheese
administration on markers of innate immunity in the
study population (Ibrahim et al. 2010), the probiotic
cheese was not found to significantly alter the levels
of the measured fecal immune markers: total IgA,
calprotectin, and β-defensin. The result suggests that
the beneficial effects on the immunity in the elderly
subjects caused by the probiotic administration may
be mainly systemic as none of the measured
intestinal immune mediators, which are more related
to local mucosal immune responses than systemic
responses, were altered by the probiotic administra-
tion. However, another possible explanation of the
lack of effect on the intestinal immune markers may
be the sample type; the probiotic treatment may have
induced changes locally at the mucosal level, e.g., in
the small intestine, but these changes may not be
reflected in fecal samples which at best exhibit the
changes in colon. Furthermore, the lack of effect of
the probiotic treatment on the total levels of fecal
IgA does not exclude the possibility for probiotic
effects on the secretion of antigen-specific IgA.
Indeed, the current evidence suggests that aging
does not markedly affect the levels of total IgA
synthesis in mucosa or serum; instead, the quality of
secreted IgA in intestinal mucosa may be altered, as
a result of alterations in the gut microbiota associated
with aging (Fujihashi and Kiyono 2009). Elevated
fecal calprotectin and β-defensin concentrations have
been associated with local inflammatory diseases
(Gaya and Mackenzie 2002; Kapel et al. 2009). Also,
aging has been associated with chronic low increase
in fecal calprotectin concentrations (Amati et al.
2006). No measurable changes in calprotectin levels
were detected in this study indicating that the
probiotic treatment did not trigger inflammation in
the intestine. While an increase in the systemic
immune functions such as increased activity of
circulating natural killer cells in elderly subjects
suffering from immunosenescence is a desirable
effect of probiotics, increase in the intestinal immune

parameters such as calprotectin levels may not be
desirable since such effect could indicate increased
intestinal inflammation.

In conclusion, administration of probiotic cheese to
elderly volunteers resulted in changes in specific
populations of fecal microbiota, but did not alter the
major bacterial groups in the gut. Specifically, the
cheese administration significantly increased the fecal
levels of L. rhamnosus and L. acidophilus NCFM,
indicating the survival of the probiotic bacteria during
the gastrointestinal transit and good compliance.
Moreover, a trend for reduction in the fecal levels of
C. difficile during the cheese administration, with a
significant reduction in the subjects harboring this
pathogenic species at the start of the study, was
recorded. Due to its role in antibiotic associated
diarrhea, a reduction of the basal levels of C. difficile
may have clinically relevant benefits on the health of
the elderly. Lastly, we did not observe changes in
intestinal immune markers during the study, suggest-
ing that the beneficial effects of the probiotic cheese
administration are mainly on the systemic innate
immunity (Ibrahim et al. 2010) and, furthermore, that
there are no adverse inflammatory effects in the
intestine.
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