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Abstract This study was conducted to evaluate the
potential association between intestinal bifidobacteria and
Japanese cedar pollinosis (JCPsis) and possible influences
of probiotic intervention. In this study, fecal samples were
the collected from 29 JCPsis patients. The qualitative and
quantitative analyses of fecal bifidobacteria were con-
ducted by quantitative real-time PCR with 16S rRNA-
gene-targeted species-specific primers before cedar pollen
spread and after a 10-week intervention with fermented
milk prepared with Lactobacillus GG and L. gasseri
TMCO0356 during pollen spread. Each JCPsis patient had a
unique diversity of bifidobacteria, which varied qualita-
tively and quantitatively in an individual-dependent man-
ner during pollen spread. The serum IgE concentration of
JCPsis patients with more than 3 detectable Bifidobacte-
rium species was significantly lower than that of patients
with less than 2 detected species. The prevalence of
B. adolescentis, B. longum, and B. catenulatum increased
after probiotic intervention, although the changes were not
statistically significant. These results suggest that lower
diversity of intestinal Bifidobacterium species might be a
pathological aspect of JCPsis. The diversity of intestinal
bifidobacteria could be a prospective target for using pro-
biotics in the management of IgE-mediated allergic disor-
ders including JCPsis.
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Introduction

The prevalence of allergic diseases, which are character-
ized by enhanced immunoglobulin E (IgE) responses to
common environmental antigens, is increasing worldwide,
especially in Western industrialized countries. In Japan, the
seasonal allergic rhinitis caused by two major allergens
(Cry j I and Cry j 2) in Japanese cedar (Cryptomeria
Jjaponica) pollen (JCP) has become a serious health prob-
lem [29]. This pollinosis can significantly deteriorate the
quality of life of both patients and their families, and have
negative effects on work productivity, school performance,
and social activities.

Decreased exposure to microbial stimuli as a conse-
quence of changes in family size and lifestyle as well as
environmental factors might also contribute to the increased
prevalence of allergic diseases [31-33]. Increasing evidence
indicates that the intestinal microbiota plays a critical role
in the homeostasis of immune function in humans and that
an abnormal intestinal microbiota might be an important
aspect of the pathology of various allergic diseases and
other autoimmune diseases [2, 3, 11, 30]. Therefore, the
intestinal microbiota is a prospective target in the man-
agement of allergic disorders, and the understanding of the
possible association between JCPsis and intestinal micro-
biota is a very important topic.

Fuller [5] described a probiotic as a live microbial feed
supplement that beneficially affects the host animal by
improving its intestinal microbial balance. The definition of
a probiotic has been broadened through the years as
knowledge of the symbiotic interaction between microbes
and host animals has expanded [6, 7]. Most current probi-
otics are lactic acid bacteria, particularly lactobacilli,
and bifidobacteria that possess adhesive properties and
the ability to at least transiently colonize the human
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gastrointestinal tract. Emerging evidence from recent
clinical and animal studies has supported the idea that lac-
tobacilli, especially some selected strains, can modify the
immune responses of the host and protect against allergic
disease [14-18, 22, 34]. However, the underlying mecha-
nisms by which lactobacilli alter the allergic responses
remain unclear.

In this study, the intestinal Bifidobacterium species
composition of the fecal samples collected from patients
were evaluated using quantitative real-time PCR (qRT-
PCR), both before and after administration of probiotic.

Materials and Methods
Clinical Study

Forty-four patients (15 males and 29 females; ages 20—
57 years) were selected to participate in this study. All
patients had mild symptoms of JCPsis and were positive
for IgE against JCP. They were enrolled in a randomized,
double-blind, placebo-controlled trial as described previ-
ously [18]. The fermented milk prepared with Lactobacil-
lus GG (LGG) and L. gasseri TMCO0356 (TMC0356) was
administered orally for 10 weeks to JCPsis patients. The
numbers of LGG and TMCO0356 in the fermented milk
were more than 1.4 x 10® and 1.0 x 107 cfu ml™",
respectively. Placebo yogurt was prepared by adding lactic
acid to pasteurized milk. There were no differences
between the test fermented milk and placebo yogurt at
packaging in terms of appearance or taste. The patients
were randomly divided into two groups, test and placebo
(n = 22), and were given 100 g/day of the test fermented
milk or placebo for 10 weeks. The patient monitoring,
medical examination, and blood analysis were conducted
as described previously [18].

Collection of Fecal Samples and DNA Extraction

Fecal samples (test group 14 patients, placebo group 15
patients) were collected before and after administration of
probiotic or placebo, and stored at —80°C before molecular
analysis. Bacterial DNA was extracted from fecal samples
using ISOFECAL for Beads Beating kit (Nippon Gene Co.,
Ltd., Japan) and Mini-Beadbeater (Biospec Products, Inc.,
USA). The extracted DNA was suspended in 100 pl of TE
buffer and stored at —20°C until PCR amplification.

Fecal Analysis with qRT-PCR
Cell numbers were estimated by real-time PCR using

Bifidobacterium species-specific primers and PCR condi-
tions as described before [24, 25]. Real-time PCR was
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conducted using the Thermal Cycler Dice Real Time
System (TaKaRa, Japan) and SYBR Premix Ex Taq (Ta-
KaRa). The amplification program consisted of one cycle
of 95°C for 10 s, followed by 40 cycles of 94°C for 20 s,
55°C for 20 s, and 72°C for 50 s. In order to determine the
number of Bifidobacterium species present in each sample,
fluorescent signals measured from two or three serial
dilutions in the linear range of the assay were averaged and
compared to a standard curve generated from standard
DNA in the same experiment [24, 25]. The following bif-
idobacteria were also used as real-time PCR controls for
species-specific quantification: B. adolescentis JCM 157037,
B. angulatum JCM 7096", B. bifidum JCM 12557, B. breve
JCM 11927, B. pseudocatenulatum JCM 1200%, B. longum
JCM 1217%, B. infantis ICM 12227, and B. dentium ATCC
275347

Statistical Analysis

The results were expressed as mean = standard error.
Statistical differences comparing the values of the test and
control groups were calculated by Student’s ¢ test. The
significance level was set at P < 0.05.

Results

A total of 7 species of Bifidobacterium were detected in the
fecal samples of JCPsis patients collected before cedar
pollen exposure and probiotic intervention (Table 1).
Among the detected bifidobacteria, B. longum, B. cate-
nulatum, and B. adolescentis were the most widely isolated
species from JCPsis patients, being present in 93.1, 72.4,
and 48.3% of patients, respectively. In addition to preva-
lence, the bacterial counts of these bifidobacteria were also
highest among all bifidobacteria detected in the fecal

Table 1 Fecal bifidobacteria composition in JCPsis patients before
the Japanese cedar pollen season

Bifidobacterial
counts in facal
(logy cells/g feces)

Prevalence
of positive
samples (%)

Bifidobacteria

Mean £ SD (n = 29) (n=29)

Bifidobacterium 9.75 + 0.98 100

B. adolescentis group 9.07 + 0.58 48.3
B. longum 8.77 + 0.69 93.1
B. breve 8.40 £ 0.87 37.9
B. infantis 7.37 £ 0.39 20.7
B. bifidum 9.25 £ 0.74 37.9
B. catenulatum group 9.40 £ 0.82 72.4
B. dentium 6.57 + 0.38 27.6
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Table 2 Fecal bifidobacteria in

JCPsis patients before and Bifidobacteria

Bifidobacterial counts in facal (log;, cells/g feces)

during cedar pollen season

Placebo group (n = 15)

Test group (n = 14)

Before During Before During

Mean + SD Mean + SD Mean + SD Mean + SD
Bifidobacterium 9.66 £ 1.21 9.81 £ 1.24 9.83 £ 0.52 9.92 £ 0.74
B. adolescentis group 9.11 £0.72 9.08 £ 0.67 9.01 £ 0.31 9.21 £ 0.62
B. longum 8.59 £ 0.73 893 + 1.16 8.91 £ 0.64 8.93 £ 0.66
B. breve 8.56 £ 1.27 891 + 1.59 8.16 £ 0.68 8.78 £ 1.15
B. infantis 7.01 £ 0.21 7.47 £0.93 7.57 £ 0.54 7.59 £ 0.93
B. bifidum 9.18 £ 0.51 9.81 9.31 £ 0.83 9.26 £ 0.98
B. catenulatum group 9.10 £ 0.99 9.37 £ 0.48 9.58 £ 0.73 9.77 £ 0.81
B. dentium 6.67 + 0.62 6.20 + 0.02 6.45 £ 0.25 6.40 £ 0.36

samples (Table 1). B. breve, B. infantis, B. bifidum, and
B. dentium were also isolated from less than 40% of
patients and at a low quantitative level with the exception
of B. bifidum, which was quantitatively high in 37.9% of
patients (Table 1). Each individual JCPsis patient pre-
sented his or her own characteristic profiling of species
composition of intestinal bifidobacteria (Table 2).

A possible association was found between the diversity
of intestinal bifidobacteria and serum IgE concentration
(Fig. 1). Total serum IgE in the patients with 4 or 5 species
of bifidobacteria was significantly lower than that of
patients with only 2 species of bifidobacteria (Fig. 1)
(P < 0.01).

The changes in prevalence and cell count of detectable
Bifidobacterium species after probiotic intervention are
shown in Tables 2 and 3, and Fig. 2. The frequencies of B.
adolescentis, B. longum, and B. catenulatum trended
upward after probiotic intervention, although these changes
were not statistically significant. There were no significant
quantitative changes found in any of the detected fecal
Bifidobacterium species after cedar pollen exposure and
probiotic intervention.

p<0.01 —
p<0.01
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Number of faecal Bifidobacterium species

Fig. 1 Detected Bifidobacterium species and serum total IgE levels
in JCPsis patients before Japanese cedar pollen season and probiotic
intervention

Discussion

During the 2006 JCP shedding season, the fermented milk
prepared with LGG and TMCO0356 was given orally to
JCPsis patients in a placebo-controlled, double-blind trial.
Consumption of this probiotic-containing fermented milk
significantly decreased the mean symptom score for nasal
blockage after 9 weeks and mean symptoms—medication
score after 9 and 10 weeks when compared to the placebo
group [18]. In the analysis of the bacterial communities in
the fecal samples collected in this clinical study, by fluo-
rescence in situ hybridization (FISH) and pulsed-field gel
electrophoresis (PFGE) methods, the probiotic-containing
fermented milk intervention was found to stabilize intes-
tinal microbiota of JCPsis patients during the cedar pollen
spread season [21]. These results also suggest that attenu-
ation of fecal microbiota with probiotic intervention might
alleviate the symptoms of allergic disease such as JCPsis.
Therefore, more comprehensive studies on the intestinal
microbiota associated with JCPsis might lead to new
insights on the underlying mechanisms of probiotic therapy
against allergic diseases.

Bifidobacteria are among the main groups of human
intestinal microbiota that are especially predominant in
infants [26]. Low levels of intestinal bifidobacteria have
been reported to be an important aspect of aberrant intestinal
microbiota in allergic infants [2, 3, 15, 19], and low levels of
Bifidobacterium species were detected even before the onset
of allergy [2]. In addition to these quantitative differences in
Bifidobacterium microbiota, qualitative differences were
also observed in our previous studies [10, 30]. More scien-
tific evidence has been found that supports our previous
findings that infants with allergy in Western societies might
be less frequently colonized with infant-type Bifidobacte-
rium species, but could be more frequently colonized by B.
adolescentis and other species typical of the adult intestinal
microbiota compared to infants without allergy [8, 19, 35].
Furthermore, B. adolescentis were different from those of
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Fig. 2 Frequencies of Bifidobacterium species in JCPsis patients.
Primers BiADOg, BiLON, BiBRE, BiBIF, BiINF, BiCATg, and
BiDEN are specific for B. adolescentis group, B. longum, B. breve, B.
bifidum, B. infantis, B. catenulatum group, and B. dentium,
respectively

B. bifidum in their immune modulatory effects [11-13]. In a
recent study, bifidobacteria were found to influence IgE-
mediated down regulation of mast cells differently. Infant-
type bifidobacteria, such as B. bifidum, have a greater
influence on IgE-mediated allergic inflammation than other
species such as B. adolescentis [9]. Therefore, the compo-
sition of Bifidobacterium species in infants might be a pro-
spective target in the management of allergic disease.
However, the role of intestinal bifidobacteria in adult-type
allergic diseases such as JCPsis remains unclear.

There were several studies that focused on intestinal
microbiota associated with pollen allergy that indicated
that fecal bifidobacteria, clostridia, and bacteroides were
reduced at the peak of the birch pollen season [27, 28].
However, the intestinal bifidobacteria in these previous
studies were analyzed by genus only, and the focus was
placed on total cell counts of bifidobacteria. To our best
knowledge, the present study is the first to analyze the
species composition of the intestinal Bifidobacterium spe-
cies qualitatively and quantitatively in JCPsis patients
using molecular methods. The results from quantitative
PCR analysis with 16S rRNA-gene-targeted species-spe-
cific primers suggested that B. catenulatum, B. adole-
scentis, and B. longum were the three dominant
Bifidobacterium species in the intestinal microbiota of
JCPsis patients. These results were in agreement with those
from previous studies with healthy adults in which the
dominant Bifidobacterium species were B. catenulatum,
B. adolescentis, and B. longum [24-26]. In addition to

dominant species, B. breve, B. infantis, B. bifidum, and B.
dentium were also isolated from the fecal samples collected
from JCPsis patients. These bifidobacteria are historically
known as the infant-type bifidobacteria and have not been
found in the adult intestine in studies conducted with cul-
ture methods [26]. However, these species have been
detected in healthy adults with molecular methods such as
quantitative PCR with relatively good detection limits [24,
25]. The results of the present study were consistent with
those observed in studies using molecular methods to
determine the species composition of intestinal bifidobac-
teria. Therefore, the results of the present study suggest that
the bifidobacterial flora of patients with JCPsis might be
quantitatively and qualitatively similar to those of age-
matched healthy individuals. These results indicate that
there is no association between bifidobacterial flora and
allergic symptoms of JCPsis, and bifidobacteria might
affect JCPsis pathogenically.

IgE, the largest immunoglobulin monomer with four CH
domains, is present in the serum of healthy individuals at
extremely low levels [1]. However, the IgE level increases
in response to parasitic infection and in individuals who are
atopic or have immediate hypersensitivity in response to
allergen exposure. Although over expression of IgE is
generally considered to be hereditary, recent studies indi-
cate that signals or stimuli from the environment, espe-
cially communal microbes such as intestinal microbiota,
can also influence IgE-mediated immune responses [4, 12,
20, 23]. In the present study, the number of bifidobacterial
species in the intestine was found to be correlated with
serum IgE metabolism of JCPsis patients. The serum IgE
concentrations of JCPsis patients with 4 or 5 detectable
bifidobacterial species were significantly lower than those
of JCPsis patients with less than 2 species of intestinal
bifidobacteria (P < 0.01). These results suggest that lower
diversity of intestinal bifidobacteria might be an important
pathological aspect of IgE-mediated allergic disorders such
as JCPsis. Therefore, enhancement of bifidobacterial
diversity through qualitative increases in minor species
such as B. bifidum, B. breve, and B. infantis could be an
innovative solution in the management of IgE-mediated
allergic diseases.

Although no significant qualitative and quantitative
differences were found in the detected Bifidobacterium
species before and after probiotic intervention in each
group and between two groups, B. adolescentis, B. longum,
B. catenulatum, B. bifidum, and B. dentium in the LGG and
TMCO0356 fed group trended slightly higher, while only
B. bifidum and B. dentium trended upward in the control
group. The anti-allergic effects of LGG and TMCO0356
might partially arise from increases in the intestinal bifi-
dobacteria caused by the colonization of LGG and
TMCO0356 as well as stabilization of intestinal microbiota

@ Springer



A. Kubota et al.: Bifidobacteria Alters Allergy

[21]. On the other hand, the apparent clinical improvement
might be expected if significant changes in the diversity of
intestinal bifidobacteria could have been obtained by
increasing the prevalence of minor species of bifidobacte-
ria. Therefore, further studies should direct more attention
to the methods by which probiotics can enhance the
diversity of intestinal bifidobacteria as well as current
approaches to punitively increase bifidobacteria counts.
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