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Abstract

The aim of the present systematic review is to
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summarize the existing knowledge about the human
microbiota in the elderly and the effects of probiotics in
elderly population. The elderly subjects, compared to
adult population, show a reduction in the diversity of
the microbiota, characterized by a large interindividual
variability, with lower numbers of Firmicutes, Bifido-
bacteria, Clostridium cluster X1V, Faecalibacterium
Prausnitzii, Blautia coccoides-Eubacterium rectal and
higher presence of Enterobacteriaceae and Bacteroidetes.
These differences of the intestinal microbiota of the
elderly may not necessarily be caused by aging, but they
could be associated with the decline of the general state
of health with malnutrition and with increased need for
medication, such as antibiotics and nonsteroidal anti-
inflammatory drugs, situations that occur frequently
in the elderly. Differences have been demonstrated
in the composition of the microbiota between healthy
elderly subjects and hospitalized or institutionalized
elderly subjects. These findings which further indicates
that the living conditions, health status, nutrition and
drugs have a significant effect on the composition of
the microbiota. According to the available knowledge,
the use of probiotics is safe and could represent an
useful intervention to prevent or treat antibiotic-
associated diarrhea, in addition to reducing the severity
of symptoms, other than to help the management of
constipation.
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Core tip: The intestinal microbiota of elderly manifested
a reduction in the diversity, characterized by a
large interindividual variability, with lower numbers
of Firmicutes, Bifidobacteria, Clostridium cluster
X1V, Faecalibacterium Prausnitzii, Blautia coccoides-
Eubacterium rectal and higher in Enterobacteriaceae and
Bacteroidetes. These derangements may not necessarily
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aging-correlated, but they can be consequent to the
decline of general state of health, malnutrition and
increased use of drugs. As regards probiotics, the main
double-blind studies in the elderly have shown that
use is safe and could represent an interesting support
to reduced frequency and/or duration of antibiotic-
associated diarrhea, other than to help for constipation.

Rondanelli M, Giacosa A, Faliva MA, Perna S, Allieri F,
Castellazzi AM. Review on microbiota and effectiveness of
probiotics use in older. World J Clin Cases 2015; 3(2): 156-162
Available from: URL: http://www.wjgnet.com/2307-8960/full/
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INTRODUCTION

Differences in the composition of the microbiota
have been shown in the literature, when healthy
elderly and adult have been compared, but
differences in the composition of the microbiota
have been also shown when healthy elderly and
hospitalized or institutionalized elderly patients have
been compared. Then, the topic concerning the
changes in the composition of the microbiota with
age is much debated in the literature. Another issue
of great interest is whether the use of probiotics
may be effective in the elderly population.

Given this background, the aim of the present
review is to summarize the state of the art according
to the extant literature about two topics: the changes
in the microbiota associated with aging and the
activity of probiotics on the microbiota in this age
group evaluated with two issues: (1) the effect on the
composition of the microbiota after administration of
probiotics; and (2) the efficacy of intake of probiotics
on symptoms of major gastrointestinal diseases,
including the iatrogenic ones, that frequently affect
elderly subjects, including constipation, diarrhea
secondary to the intake of antibiotics, particularly
when linked to the presence of Clostridium difficile.

RESEARCH

The present systematic review was performed
following the steps by Egger et a/'™ as follows:
configuration of a working group: three operators
skilled in clinical nutrition in the geriatric age, of
whom one acting as a methodological operator and
two participating as clinical operators. Formulation of
the revision question on the basis of considerations
made in the abstract: “microbiota in elderly, use
of probiotics during aging”. Identification of rel-
evant studies: a research strategy was planned,
on PubMed [Public Medline run by the National
Center of Biotechnology Information (NCBI) of the
National Library of Medicine of Bathesda (United
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States)], as follows: (1) definition of the key words
(microbiota, elderly, probiotics), allowing the
definition of the interest field of the documents to
be searched, grouped in inverted commas (*...")
and used separately or in combination; (2) use
of: the Boolean AND Operator, that allows the
establishments of logical relations among concepts;
(3) research modalities: advanced search; (4)
limits: time limits: papers published in the last
20 years; humans; languages: English; and (5)
manual search performed by the senior researchers
experienced in clinical nutrition through the revision
of reviews and individual articles on microbiota in
elderly published in journals qualified in the Index
Medicus. Analysis and presentation of the outcomes:
the data extrapolated from the revised studies were
collocated in tables; in particular, for each study we
specified: the author, the name of the journal where
the study was published and year of publication,
study characteristics. The analysis was carried out in
the form of a narrative review of the reports.

MICROBIOTA IN ELDERLY POPULATION

This research has been carried out based on the
following keywords: “microbiota” AND “elderly”;
1040 articles were found. Among them, 6 case
control studies, 1 Randomized Controlled Trial (RCT),
6 cross sectional researches, 5 observational studies,
6 reviews, 1 prospective and 1 population based
studies have been selected and discussed.

The changes in the microbiota associated with
aging are still far from being clarified with certainty,
but there are numerous studies that suggest that
aging has a significant effect on the microbiota.

First of all, it has to be taken into account that
changes in the intestinal microbiota of the elderly
may not necessarily be caused by aging: they
can be influenced by the decline of the general
state of health, by malnutrition and increased
need for medication, such as antibiotics and
nonsteroidal anti-inflammatory drugs (NSAIDs)*?,
that occur frequently in the elderly. Differences
in the composition of the microbiota have been
shown when healthy elderly and hospitalized
or institutionalized elderly patients have been
compared™!, thus proving that the living conditions,
health status, nutrition and drugs have a significant
effect on the composition of the microbiota.

Moreover, the colonic transit has a great influence
on the function of the large bowel and increased
transit time is related to a reduced fecal bacterial
cell mass'®. Due to a lack of exercise and long
periods of bed rest”®, intestinal transit times are
often significantly increased in hospitalized elderly
patients'”), and this may be a factor influencing the
changes in the intestinal microbiota in hospitalized
or institutionalized elderly compared to healthy
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subjects. Moreover, modified diets, parenteral and
enteral artificial nutrition and different eating habits
during hospitalization™ may contribute to these
variations.

The normal intestinal microbiota provides an
important natural defence mechanism against
invading pathogens and prevents the overgrowth
of opportunistic microorganisms (colonization
resistance). Therefore, alterations in the composition
of the microbiota that occur in the elderly may lead
to negative consequences, such as a decreased
efficacy of in the immune system and a higher
incidence of gastrointestinal infections, which is
more frequent in the elderly than in the young!®.
The immunological changes associated with aging
involve reductions of efficiency of the responses
mediated by B and T cells'*'. In addition, the
increase of circulating antibodies against commensal
intestinal bacteria in the elderly has been associated
with age-related changes, such as the reduction
of gastric acid secretion and increased mucosal
permeability*?.

The elderly subjects, compared to the young adult
population, show a reduction in the diversity of the
microbiota™!, characterized by a large interindividual
variability, with a lower number of Bifidobacteria
and a higher number of Enterobacteriaceaet™*'",
In addition, the Bacteroidetes are more numerous,
while the Firmicutes appear to be fewer than in
the elderly compared to younger adult controls*®.
The elderly population also shows decreased levels
of Clostridium cluster XIV and Faecalibacterium
Prausnitzii, which are known as major producers
of butyrate!’”'®l, Moreover, the levels of Blautia
coccoides - Eubacterium rectal (formerly known
as Clostridium coccoides - E. Rectale) are lower
in the elderly than in adults™®. Finally, aging has
been associated with an increase in the diversity
of species not yet identified®®. In an interesting
recent study™, a cohort of 178 (non on antibiotic
treatment) elderly subjects (mean age 78, range
64-102 years) were recruited by taking into account
their place of residence (a group of healthy elderly
were resident in a community and a group of frail
elderly institutionalized in a long-term care center)
and were compared with 13 young adults (mean
age 36 years, range 28-46 years), who were used
as a control group. The data were acquired through
the reading of more than 5 million sequences
generated from 16S rRNA amplicons of the gene.
The results revealed that the composition of the
intestinal microbiota of the elderly considered in
the study was correlated with the place where
they live. The elderly community residents had a
greater number of Firmicutes and lower incidence
of Bacteroidetes when compared the long-term
care residents. Considering the division according
to the enterotype, six co-abundance groups were
detected. The dominant genera were Bacteroides,
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Prevotella, Ruminococcus, Oscillibacter, Alistipes
and CAG Odoribacter. The transition from healthy
elderly living in the community to elderly and
frail institutionalized in a long-term care center is
accompanied by the dominance of a CAG distinctive,
with a significantly greater number of Prevotella
and Ruminococcus CAG in the cohort residing in the
community and Alistipes and CAG Oscillibacter in
the cohort of elderly subjects institutionalized in a
long-term care center. This study also demonstrated
a correlation between alterations of the microbiota
and the state of fragility of the elderly, confirming
the results of previous study™!. In addition, the
study demonstrated a correlation with increased
inflammation (as assessed by the determination of
C-reactive protein and interleukin 6 and 8), thus
confirming the hypothesis that there is a close
association between the presence of the so-called
"inflammaging" and alterations of the microbiota**.
Finally, a clear association between diet and
microbiota has been outlined in this study: thus
confirms the results of many other studies™®* %%,

A recent study by Biagi et a/'™' evaluated,
by means of "Human Intestinal Tract Chip” and
quantitative PCR of the 16S rRNA genes of Bacteria
and Archaea, the microbiota of centenarians and
compared these data with the microbiota of young
and not centenarians elderly subjects. The results
show that Firmicutes and Bacteroidetes dominate the
intestinal microbiota of centenarians (representing
over 93% of total bacteria). Compared to adults and
centenarians, in pre centenarian elderly subjects
changes were observed in the relative proportion of
specific subgroups of Firmicutes. A decrease in the
contribution of Clostridium cluster XIV, an increase
in Bacilli, and a rearrangement of Clostridium
cluster 1V, and of Clostridium cluster XIVa were
found. Clostridium cluster XIVa is one of the main
bacteria that produce methane, a short chain fatty
acid, which is a source of energy for the enterocytes
and has been implicated in the protection against
intestinal inflammatory diseases. A lower number
of several producers of butyrate was observed in
centenarians when compared with other age groups,
including Ruminococcus obeum et rel, Roseburia
intestinalis et rel, E. ventriosum et rel., E. rectale et
rel., E. hallii et rel. (all belonging to the Clostridium
cluster XIV ), and Papillibacter cinnamovorans et
rel., and F. Prausnitzii et rel. (Clostridium cluster
IV). Conversely, other butyrate producers, such as
Anaerotruncus colihominis et rel. (Clostridium cluster
1V), and Eubacterium limosum et rel. (Clostridium
cluster XV) were increased in centenarians. The
increase of E. limosum is high (about 15 times), and
may indicate a group of bacteria characteristic of
centenarians. Also the decrease of F. prausnitzii in
centenarians is of interest, as this species is known
to affect inflammation of the intestine. Finally,
the intestinal microbiota of centenarians is more
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rich in proteobacteria, a group containing many
of those bacteria recently defined as “patobionti”.
These are considered minor and opportunistic
components of human intestinal ecosystem that, in
some circumstances (for example in the presence
of inflammation) can get out of control and cause a
disease.

Many therapeutic substances frequently taken by
elderly subject®”, such as NSAIDs, are associated
with alterations in the microbiota™. Makivuokko,
thanks to the sequencing of the 16S rDNA, demon-
strated in a group of 18 elderly people taking NSAIDs,
that there are changes in all the major microbial
phyla, such as a lower number of Firmicutes and an
increase number of Bacteroidetes. In addition, it was
reported a reduction in the number of the known
butyrate producers belonging to Clostridium cluster
X1V, as Roseburia and Ruminococcus, and, in the
Actinobacteria cluster, a lower number of Collinsella
spp. compared to both the young adults and the
elderly subjects not taking NSAIDs.

EFFECTIVENESS OF THE USE OF
PROBIOTICS IN THE ELDERLY
POPULATION

The studies carried out in the elderly population to
test the activity of probiotics on the microbiota in
this age group, has been evaluated with two topics:
the effect on the composition of the microbiota
after administration of probiotics; the efficacy of
intake of probiotics on symptoms of major gastro-
intestinal diseases, including the iatrogenic ones,
that frequently affect elderly subjects, including
constipation, diarrhea secondary to the intake of
antibiotics, particularly when linked to the presence of
Clostridium difficile.

This research has been carried out based on the
keywords: “probiotics” AND “elderly” AND “aging”;
56 articles were sourced. Among them, as far as
variations in the composition of the microbiota in
the elderly after use of probiotics are concerned,
3 randomized double blind clinical trials and 1
observational research have been selected and
discussed. Concerning the efficacy of use of probiotics
on symptoms of major diseases that affect the
elderly, 2 RCT, 7 double blind studies, 3 reviews and
1 cross sectional research have been selected and
discussed.

Variations in the composition of the microbiota in
elderly after use of probiotics

Regarding changes in the composition of the
microbiota following the intake of probiotics, in the
elderly population, three double-blind studies versus
placebo were selected: (1) the study of Lahtinen et
al® that considered the effect of a fermented oat
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beverage containing 10° cfu/mL Bifidobacterium
longum 46 (DSM 14583) and B. /longum 2C
(DSM 14579) given daily for 6 mo; (2) the study
by Ahmed et al*” that considered the effect of a
drink made of reconstituted skim milk containing 3
different doses (5 x 10° CFU/die, 1.0 x 10° CFU/die
and 6.5 x 10’ CFU/die) of Bifidobacterium lactis
HNO019 (DR10TM) administered daily for 4 wk; and
(3) the study of Bartosch et a/'* that considered
the effect of Bifidobacterium bifidum and B. lactis in
combination with inulin.

Table 1 shows the changes in the composition of
the microbiota of the treated group when compared
to the placebo group.

Efficacy of use of probiotics on symptoms of major
diseases, including iatrogenic, that affect the elderly

In a large controlled study conducted in 360
subjects older than 60 years, the effect of a 3-wk
intervention of a fermented milk containing cultures
of yogurt and the probiotic casei DN-114001 showed
that the incidence of winter infections was not
different than in the placebo group, but the duration
of all pathologies was significantly lower in the
intervention group (7.0-3.2 d) when compared to
the control group (8.7-3.7 d)F.

One double-blind study, which involved 24
elderly patients who had undergone artificial
enteral nutrition, evaluated the effects of a 12-wk
administration of fermented milk containing
Lactobacillus johnsonii LA1. The group who took the
probiotic had significantly fewer days with infections
at the end of the intervention: a decrease from
15.4% of days with infection to 5.7% was observed,
and this reduction was significantly greater than that
recorded for the control group®*..

Numerous studies conducted in the elderly
population have shown that the intake of probiotics
determines a reduced frequency and/or duration of
episodes of antibiotic-associated diarrhea (AAD),
in addition to reducing the severity of symptoms.
Probiotics have been used in combination with
antibiotics as therapy for Clostridium difficile, which
represents 20% to 25% of cases of AAD, causing
more than 95% of cases of pseudomembranous
colitis®®. A study of Hickson et a/®” evaluated 135
hospitalized patients, with an average age of 74
years, before and after 1 wk of consumption of
100 g (97 mL) of a drink containing Lactobacillus
casei, L bulgaricus and Streptococcus thermophilus
taken twice per day during a course of antibiotics.
The placebo group received a sterile milkshake. As
a primary outcome the appearance of antibiotic-
associated diarrhea was considered, while a
secondary outcome, the presence of Clostridium
difficile toxin and diarrhea were identified. The
results showed that 7/57 (12%) of those taking the
probiotic drink developed diarrhea associated with
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Table 1 Changes in the composition of the microbiota of the treated group when compared to the placebo group

Design of the study Subjects Age Probiotics Results in intervention vs placebo Ref.
Double blinded n = 33 placebo group; 83+7yr  Oat drink fermented with 1B.catenulatum Lahtinen et al™
controlled trial Bifidobacter um longum and B. 1B. bifidum

n =33 control group 84+8yr  longum 1B. breve
Double blinded n = 20 placebo; > 60 yr Reconstituted skim milk 1Bifidobatteri Ahmed et al™
controlled trial n =20 low dose of probiotics; containing Bifidobacterium lactis TLactobacilli

n =20 medium dose of probiotics; 1Enterococci

n =20 high dose of probiotics | Enterobatteri
Double blinded n =9 placebo Mean 71 yr Bifidobacterium bifidum and B.  1Bifidobacteria Bartosch et al!
controlled trial lactis

Mean 73 yr together with TLactobacilli
n =9 symbionts (mixture of inulin |B. bifidum

probiotics and prebiotics)

antibiotic use, compared with 19/56 (34%) of the
placebo group (P = 0.007). Logistic regression for
control of other factors gave an odds ratio of 0.25
(95%CI: 0.07-0.85) for the use of probiotics. The
absolute risk reduction was 21.6% (6.6%-36.6%).
No one in the group that received the probiotic and
9/53 (17%) in the placebo group had diarrhea due
to Clostridium difficile (P = 0.001). The absolute risk
reduction was 17% (7%-27%).

A further study on the use of probiotics as
adjuvants to antibiotic therapy for the preventing
of gastrointestinal disorders was conducted by
Beausoleil in 89 elderly men with a mean age of 72
years®®!, The preparation employed was a fermented
milk containing at least 50 x 10° colony-forming
units of L acidophilus CL1285 and L casei. The
scheme of administration was 49 g once a day for
two days, followed by 98 g once a day to cover the
entire duration of antibiotic treatment. The antibiotic-
associated diarrhea occurred in 7 out of 44 patients
(15.9%) in the group that received lactobacilli and in
16 out of 45 patients (35.6%) in the placebo group
(OR = 0.34, 95%CI: 0.125-0.944, P = 0.05). The
median length of hospital stay was eight days in the
group that received the probiotics, compared to 10
d in the placebo group (P = 0.09). The prevention of
CDAD is an important result to be considered in the
elderly population, because this condition has been
associated with increased mortality and morbidity™?..

In the elderly, constipation is a common condition
characterized by a constellation of symptoms de-
fined by the criteria “Rome I criteria”™®. A review
published in 2010™”, included 3 double-blind,
placebo-controlled studies conducted by Koebnick et
al*® Méllenbrink et al*®, and by Yang et al*”: as a
whole 266 patients were evaluated and the most of
them were elderly patients. This review confirmed
the efficacy of treatment with Bifidobacterium lactis
DN-173010, Lactobacillus casei Shirota, and E. coli
Nissle 1917 on the frequency of defecation and stool
consistency. This improvement is secondary to the
decrease of the colonic pH value that follows the
probiotics intake, thanks to the production of short
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chain fatty acids (butyric acid, propionic acid and
lactic acid). A lower pH enhances peristalsis in the
colon, and thereafter, it may decrease the intestinal
transit time!®”’,

A double blind vs placebo study conducted by
Ouwehand et al*"! studied the effects of a symbiotic
combination of lactitol and Lactobacillus acidophilus
NCFM (total daily dose of 10 g lactitol and 2 x 10
cells probiotic bacteria) taken twice a day for 2 wk, in
a group of elderly subjects. The results of the study
showed a higher frequency of evacuation in the group
that received the probiotic, as well as significantly
higher levels of PGE2, as well as a changes of IgA
level and spermidine, thus demonstrating positive
effects on the function of the intestinal mucosa.

The same working group™® recently assessed by
means of a double- blind, placebo-controlled trial,
the efficacy of the same combination of Lactobacillus
acidophilus NCFM and lactitol in 51 elderly people
who followed NSAIDs treatment. Before, during and
after the intervention period, the amount of six stool
bacterial phylogenetic groups was determined using
quantitative PCR, and variations in the composition
of total microbiota were assessed by percent profiling
guanine-plus-cytosine. The results of the study
showed an increase of lactobacilli and bifidobacteria
and also a possible stabilizing effect on the levels of B.
coccoides-E. XIVab and Clostridium cluster.

CONCLUSION

The changes in the microbiota associated with aging
are still far from being clarified with certainty, but
there are numerous studies that suggest that aging
has a significant effect on the microbiota.
Alterations in the intestinal microbiota of the
elderly may not necessarily be caused by aging,
but they can be consequent to conditions that
occur frequently in the elderly, such as the decline
of the general state of health or malnutrition or
increased need for medication (i.e., antibiotics and
nonsteroidal anti-inflammatory drugs). Differences
in the composition of the microbiota have been
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found when healthy elderly and hospitalized or
institutionalized elderly subjects were compared.
This further indicates that the living conditions,
health status, nutrition and drugs have a significant
effect on the composition of the microbiota.

When compared to young adult populations,
elderly subjects show a reduction in the diversity
of the microbiota, which is usually characterized
by a large interindividual variability, with a lower
number of Firmicutes, Bifidobacteria, Clostridium
cluster X1V, Faecalibacterium Prausnitzii, Blautia
coccoides-Eubacterium rectal and a higher number
of Enterobacteriaceae and Bacteroidetes. In the
elderly, the intake of and NSAIDs is followed by
a significant change on the composition of the
microbiota. A reduction in the proportion of the
known butyrate producers belonging to Clostridium
cluster X1V, as Roseburia and Ruminococcus, and,
in the Actinobacteria group, a lower number of
Collinsella spp. has been reported in elderly subjects
taking NSAIDs when compared to both young adults
and elderly subjects who are not taking NSAIDs.

The use of probiotics in elderly population is
safe and could represent an interesting support
to prevent or treat AAD, in addition to reducing
the severity of symptoms, other than to help the
management of constipation.
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