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Summary

Background Changes in the composition of the gut microbiota have been implicated in the
pathogenesis of allergic disorders, suggesting beneficial interactions between the intestinal
immune system and specific bacterial strains. Lactobacilli are naturally present within the
complex gastrointestinal microbiota of humans and they are currently present in many
probiotic supplements.
Objective We sought to investigate the role that Lactobacillus casei Shirota (LcS) may play in
modulating seasonal allergic rhinitis (SAR).
Methods The study format was double-blinded, placebo-controlled with 10 SAR sufferers in
each group. We have documented and compared changes in immune status arising through
the daily ingestion of a milk drink with or without live LcS, over a period of 5 months. Pre-,
peak- and post-grass pollen season blood samples were collected for determination of plasma
total IgE and grass pollen-specific IgG and IgE levels by an enzyme immunoassay. At the same
time, cytokine levels were determined by flow cytometric bead array technology following
culture of peripheral blood mononuclear cells for 6 days in the presence or absence of specific
grass pollen antigens.
Results Volunteers treated with LcS showed a significant reduction in levels of antigen-
induced IL-5, IL-6 and IFN-g production compared with volunteers supplemented with
placebo. Meanwhile, levels of specific IgG increased and IgE decreased in the probiotic group.
Conclusion Changes in antigen-induced production of cytokines were observed in patients
treated with probiotics. These data show that probiotic supplementation modulates immune
responses in allergic rhinitis and may have the potential to alleviate the severity of symptoms.
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Introduction

A host–microbe symbiosis is essential for driving the
maturation and maintaining a correct homeostasis of the
gastrointestinal (GI) immune system through delivery of
stimuli by certain microbial antigens [1], and changes in
the composition of the commensal microbiota may lead to
an increased susceptibility to allergy [2]. Differences in
the composition of the gut flora between infants who go
on to develop allergy from those who do not are evident
very early in life before the development of any clinical
signs of atopy [3]. Disturbances in the GI tract have also

been documented in patients with asthma and allergic
rhinitis (AR) [4]. These observations make it likely that the
intestinal microbiota plays an important or even an
essential role in protection from allergy [5]. They also
support the concept of an integrated mucosal system in
which antigen-specific lymphocytes can home to mucosal
effector sites distant from the site of initial antigen
exposure to induce systemic sensitization or tolerance.
This is one of the rationales for probiotic use.

Specific strains of gut bacteria are known to influence
tolerance induction [6] through the recruitment of reg-
ulatory T cell activity [7]. It is reasoned that if detrimental
changes in our gut microbiota give rise to the dysregu-
lated immunity of allergy, then it must be beneficial to�These authors contributed equally to the study.

Clinical and Experimental Allergy, 1–8 doi: 10.1111/j.1365-2222.2008.03025.x

�c 2008 The Authors

Journal compilation �c 2008 Blackwell Publishing Ltd

i:/BWUK/CEA/3025/kamal.ivory@bbsrc.ac.uk


re-introduce selected bacterial strains through inclusion
in the diet (probiotics). This has been shown to be the case
in clinical and other studies where probiotic intervention
has succeeded in reversing or modifying some immuno-
logical disturbances [8]. Although not proven, the poten-
tial of probiotics is recognized in atopic and inflammatory
disorders [9].

Allergic responses are linked to T-helper type 2 (Th2)
lymphocytes that produce high levels of IL-4, IL-5 and IL-
6 that promote IgE synthesis [10]. It has been shown that
probiotics have the capacity to create conditions that
facilitate a re-direction of the allergen-induced Th2-
skewed response to a healthy, regulated balance. Lactic
acid bacteria are among the most important probiotic
organisms, typically associated with the human GI tract.
Lactobacillus casei is a species that has been widely
studied with respect to its ‘health-promoting’ properties.
It reportedly decreases GI symptoms in children with
atopic dermatitis [11], modulates inflammation in Crohn’s
disease [12] and has strong anti-microbial properties [13].
We hypothesized that inclusion of this probiotic organism
in the daily diet of seasonal rhinitis sufferers would
modulate their Th2-like immune status and thus reduce
the severity of their symptoms. As the symptoms of
rhinitis arise through the release of soluble mediators, we
measured the levels of Th1- and Th2-associated cytokines
and allergen-specific as well as total immunoglobulins.
Here we report that differences in IL-5, IL-6 and IFN-g
production between the Lactobacillus casei Shirota (LcS)-
treated (probiotic) and placebo groups were observed.
In addition, we found that a reduction in the levels of
pollen-specific IgE was accompanied by an increase in
pollen-specific IgG within the probiotic-treated group. We
interpret these data as supporting the view that restora-
tion/supplementation of gut microbiota through probiotic
administration can be beneficial in seasonal allergic
rhinitis (SAR).

Materials and methods

Subjects

The number of individuals selected for recruitment was
based on guidance from the current literature, which led
us to believe that this number should give us a significant
and measurable difference in the selected immune para-
meters. Before recruitment, a power calculation was
performed based on the assumption that the data would
be parametric and that the participants would be fairly
uniformly distributed between the groups.

Twenty AR sufferers with a history of seasonal allergic
rhino-conjuctivitis during March–June and with detect-
able levels of pollen-specific IgE antibodies in the blood
before the start of the pollen season were recruited into the
study from our volunteer database and advertisements in

local newspapers. All were otherwise healthy. They were
aged 18–45 years, did not normally consume fermented
dairy products, were not pregnant, did not smoke or suffer
from asthma and were unlikely to holiday abroad during
the study period. The last two exclusion criteria had the
greatest impact on sample size. Recruited volunteers were
allocated a code number and placed into one of two age-
and sex-matched groups (10 in each). However, due to non-
compliance, one of the volunteers had to be excluded,
leaving nine in one group and 10 in the other. Ethical
approval for the study was granted by the IFR Human
Research Governance and Norwich Research Ethics Com-
mittees, and all participants gave their informed consent.

Probiotic or placebo drinks

All dairy milk drinks were supplied by Yakult Europe B.V.
with HACCP certification for the safety of materials,
production process and microbiological analysis (issued
by TNO, Holland). The probiotic and placebo drinks were
identical in packaging, appearance and composition, ex-
cept for the presence of 6.5�109 LcS per 65 mL probiotic
drink bottle.

Grass pollen antigens

Early (GX1) and late (GX2) pollen antigens were purchased
as six grass mixes of each, from Pharmacia Diagnostics
(Uppsala, Sweden). Each allergen was reconstituted at
10mg/mL in sterile serum-free RPMI 1640. The proteins
were allowed to dissolve for at least 2h at room temperature
and then microfuged to remove any insoluble material.
Solubility was 20%, giving a final concentration of 2mg/mL.

Study design

The study took place during 2005–2006 at the Institute of
Food Research in Norwich (UK) and data were analysed in
2007. Pre-season (April) fasting, heparinized peripheral
blood samples were taken for processing as described
below. Over a period of 2 weeks, each volunteer was then
given 2 weeks’ supply of either probiotic or placebo dairy
drink for their daily consumption. Compliance with the
study was checked through fortnightly recovery of any
surplus drinks, when a fresh consignment was delivered to
each volunteer. A second fasting blood sample was taken
from each volunteer during the peak grass pollen period
(June) and a final one was taken 4 weeks after the end of
the grass pollen season (late August). All blood samples
were processed identically.

Plasma immunoglobulin G and immunoglobulin E responses

Heparinized peripheral blood was centrifuged at 800 g for
10 min at room temperature, and the plasma was removed
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for storage at � 80 1C until analysis. Total and specific IgE
levels were measured by a cellulose-disc-based enzyme
immunoassay with the Ridascreen system (Darmstadt, R-
Biopharm AG, Germany). Specific IgE was determined for
grass pollen mixtures (GX1 and GX2 antigens described
earlier).

Culture of mononuclear cells

Mononuclear cells (MNCs) were derived from heparinized
peripheral blood by Histopaque 1077 (Sigma Aldrich,
Dorset, UK) gradient centrifugation, according to the
manufacturer’s instructions. MNC were cultured in dupli-
cate (2�106 cells/mL) in RPMI 1640 tissue culture med-
ium (TCM) supplemented with 5% autologous plasma,
glutamine, penicillin and streptomycin in the presence or
absence of either early (GX1) or late (GX2) pollen anti-
gens, each at a final concentration of 2 mg/mL. On the 6th
day, cells were harvested and their supernatants were
frozen at � 80 1C for cytokine analysis at a later date.

Cytokine analysis

Frozen culture supernatants were thawed rapidly (at
37 1C) for cytokine analysis with multiplexed bead-array
technology. A Th1–Th2 10-plex human cytokine kit (BMS
716FF) was purchased from Bender MedSystems (Vienna,
Austria) and used according to their instructions. The
following cytokines were measured: IL-1b, IL-2, IL-4, IL-
5, IL-6, IL-8, IL-10, IL-12p70, IFN-g and TNF-a. Data were
acquired on a Beckman Coulter FC500MPL cytometer and
analysed with software provided by Bender MedSystems.

Statistical analysis

ANOVA models were used to study the effect of the probiotic
drink and the seasonal period on cytokine and Ig produc-
tion. For each subject, the modelled quantity was the
logarithm of the ratio between the Ig or cytokine concen-
tration in peak- or post- and pre-rhinitis season, i.e.

R ¼ LnCpeakðor CpostÞ � Ln Cpre

Igs were measured in blood plasma while cytokines were
analysed in MNC supernatants collected after their 6-day
culture in the presence (challenged) or absence (unchal-
lenged) of early (GX1) or late (GX2) pollen antigens. The
ANOVA models included the three factors: treatment (pro-
biotic vs. placebo drink), seasonal period (peak- or post-
rhinitis period) and challenging antigen (none, GX1 and
GX2), and the interactions among them. The P-values
associated with the model terms indicated the significance
of the effect of treatment, seasonal period and challenging
antigens on cytokine and Ig ratios. When the effect of the
antigens was significant, a Tukey test was carried out to
compare the means of this factor.

In addition, a canonical discriminant analysis was
performed to differentiate between the four groups of
measurements (placebo/peak-season, placebo/post-sea-
son, probiotic/pre-season and probiotic/post-season) with
those Ig and cytokine ratios that showed some variation
through consumption of probiotic and/or period of the AR
season. These were IL-1b, IL-5, IL-6, IFN-g, TNF-a, IgE
and IgG. This analysis was carried out independently for
datasets of unchallenged cultures and those challenged
with GX1 or GX2 pollen antigens.

Results

There were no statistically significant differences in cyto-
kine profiles or Ig secretion between the two study groups
at the start of the study.

Profile of allergen-specific cytokine production is modified
in Lactobacillus casei Shirota-treated volunteers

Table 1 shows the measurements obtained according to
the experimental design while Table 2 shows the P-values
derived from statistical analysis of the ANOVA model terms
that included the three factors (treatment, period and
antigens) and their interactions. There were notable
inter-group differences in IL-5, IL-6 and IFN-g secretion
(Table 2). IL-5 levels were always significantly higher in
the placebo group, irrespective of seasonal period or
antigenic challenge. Unlike IL-5, there was no difference
in the spontaneous production of IL-6 in unchallenged
cultures, but significant increases were seen in culture
supernatants collected from the placebo but not the
probiotic group, following in vitro MNC stimulation with
GX1 or GX2 allergens (Table 2). As these effects occurred
irrespective of the nature of the challenging allergens or
the seasonal period, they could be attributed directly to
the treatment given (i.e. probiotic). There were no seasonal
differences in the amounts of IFN-g produced by subjects
ingesting probiotic or placebo drinks, but moderate treat-
ment-related differences were apparent following in vitro
allergenic challenge. These were more marked in response
to GX2 late pollen allergens, with less produced by the
probiotic than the placebo group. The cytokines IL-2, IL-4,
IL-8 and IL-12p70 were unaffected by treatment, chal-
lenge or seasonal period. Group-associated and seasonal
differences in IL-10 production did not reach significance
due to a high degree of variability, but we observed a
consistent and unexpected trend that suggested a decline
from base line in IL-10 ratios within the probiotic group
(data not shown). We have elected not to dismiss this
observation as it could be potentially interesting, practi-
cally relevant and may attain significance in a larger
sample size. There were no measurable differences in IL-
1b and TNF-a production between groups, but there was
an inverse relationship between them that appeared to be
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allergen driven (Table 1, Fig. 1). TNF-a was produced
spontaneously in the absence of allergenic challenge, at
which time IL-1b was virtually absent. In the presence of
GX1 or GX2 allergens in vitro, TNF-a levels declined
while those of IL-1b increased. The implication of this
observation is unknown, but it may suggest a differential
regulation of IL-b and TNF-a in AR, or their participation
in a reciprocal feedback control mechanism.

Allergen-specific immunoglobulin production is modified
in Lactobacillus casei Shirota-treated volunteers

There were no differences in total IgE levels between the
study groups, with a general increase in production from
basal levels at both peak- and post-rhinitis periods (Tables
1 and 2). In contrast, both GX1- and GX2-specific IgE
levels were lower in the probiotic group at both peak- and
post-rhinitis periods, while the levels of GX1- and GX2-

specific IgG were higher. Owing to the high degree of
individual variability, these differences only show statis-
tical significance for GX1-specific IgE and IgG ratios
(Table 2).

Lactobacillus casei Shirota-treated and placebo-treated
volunteers can be separated by immunoglobulin and
cytokines into two distinct groups

Canonical discriminant analysis was performed between
four groups of observations, placebo/peak-season, place-
bo/post-season, probiotic/peak-season and probiotic/
post-season, according to the Ig and cytokines ratios
found to be affected by the probiotic drink and/or the
seasonal period. The datasets used consisted of cytokines
(IL-1b, IL-5, IL-6, IFN-g, TNF-a) measured in MNC cul-
tures challenged with GX1 or GX2 allergens and allergen-
specific plasma IgE and IgG. Cytokines and Igs with

Table 2. Significant changes in cytokine and Ig ratios attributed to treatment (placebo/probiotic), season (peak-/post-rhinitis period) or allergen (GX1/
GX2 compared with unchallenged cultures) shown as P-values associated to the terms of the ANOVA model developed

Allergenic
challenge Changes due to IL-1b IL-5 IL-6 IFN-g TNF-a IgE IgG

None Treatment – o 0.01k – – – – –
GX1 – 0.01k o 0.01k 0.02k – 0.05k o 0.01"
GX2 – 0.05k o 0.01k 0.01k – – –
GX1 Seasonal period o 0.01" – – – o 0.01k – –
GX2 o 0.01" – – – o 0.01k – –
GX1 Allergen o 0.01" – o 0.01" – – –
GX2 o 0.01" – o 0.01" 0.01" – –

Cytokines were measured in the supernatants of mononuclear cells (MNC) cultured in the presence or absence of GX1 or GX2 pollen antigens. Igs were
measured in plasma. Only P-values less than or ca. 0.05 are shown.
In changes due to ‘treatment’ the arrows show increases (" ) or decreases (k) within the probiotic compared with placebo group.
In changes due to ‘seasonal period’ the arrows show increases (" ) or decreases (k) at post-season compared with peak season.
In changes due to ‘allergen’ the arrows show increases (" ) or decreases (k) compared with values derived in the absence of allergen.

Table 1. Cytokine and Ig ratios derived with respect to pre-season values (�SD)

Allergenic
challenge Period Treatment IL-1b IL-5 IL-6 IFN-g TNF-a IgE IgG

None Peak Placebo 1.19� 1.25 1.00� 1.99 1.79� 4.06 1.34� 2.61 1.58� 1.86 0.25� 0.42� N/T
Probiotic 1.13� 1.35 1.31� 1.67 1.27� 2.69 2.01� 1.01 1.65� 1.62 0.24� 0.57� N/T

None Post Placebo 1.25� 0.25 3.32� 1.79 3.00� 4.95 2.61� 2.51 1.40� 1.77 0.41� 0.46� N/T
Probiotic 1.35� 0.19 1.68� 1.93 1.16� 3.32 1.17� 3.00 1.23� 1.73 0.43� 0.64� N/T

GX1 Peak Placebo 1.94� 1.46 2.18� 1.55 16.44� 3.32 2.61� 3.00 1.51� 1.63 1.46� 1.60 1.08� 1.49
Probiotic 1.75� 1.72 1.43� 1.75 2.64� 2.08 1.63� 2.29 1.51� 1.77 1.17� 1.75 1.17� 1.39

GX1 Post Placebo 15.03� 2.25 2.41� 1.73 14.59� 4.22 6.42� 3.86 1.06� 1.63 1.65� 1.80 0.92� 1.34
Probiotic 10.81� 2.03 1.36� 1.92 2.46� 1.95 1.63� 4.26 0.76� 1.45 1.26� 1.75 1.38� 1.63

GX2 Peak Placebo 2.46� 1.51 2.14� 1.73 25.53� 3.74 2.61� 2.89 1.31� 1.67 1.60� 1.82 1.25� 1.60
Probiotic 2.64� 2.98 1.35� 2.64 3.53� 1.90 1.70� 2.44 1.11� 1.68 1.51� 1.60 1.35� 0.49

GX2 Post Placebo 23.34� 2.08 1.95� 1.57 11.82� 3.67 5.58� 2.80 1.12� 1.62 1.77� 1.99 1.08� 1.45
Probiotic 15.33� 1.77 1.19� 2.44 2.12� 1.86 1.20� 1.72 0.73� 1.38 1.35� 1.39 1.34� 2.05

Cytokines were measured in culture supernatants while allergen-specific IgE and IgG were measured in plasma.
�Total IgE; N/T, not tested.
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reference to GX1 or GX2 antigens were analysed inde-
pendently but due to their similarity only data generated
for GX1 are shown in Fig. 2. The aim of this analysis was
to find those linear combinations of the original variables
that, if existent, discriminate between the groups of
observations. The first two canonical correlations, CAN1
and CAN2, were significantly different from 0 (Po 0.05),
indicating that the first two canonical variables are able to
discriminate between the groups of observations. CAN1
discriminates between seasonal (peak- and post-rhinitis)
responses. It shows that IL-1b ratios were higher than
TNF-a ratios at the post-rhinitis period, and that the
corresponding decrease in TNF-a levels occurred at the
end of the same period. CAN2 discriminates between

treatment (probiotic and placebo) groups. These analyses
show that increases in IL-5, IL-6, IFN-g and IgE were
smaller within the probiotic group, while IgG levels were
higher in the same subjects.

Discussion

It was the aim of this study to see whether probiotics can
have an effect on some commonly measured immunolo-
gical parameters of SAR (i.e. cytokines and Igs) as a
prelude to further studies to elucidate the mechanism(s)
of action. These parameters were not related to clinical
symptoms. We reasoned that as the latter are mediated by
the presence of IgE antibodies, cytokines and other
mediators, by the time clinical symptoms are evident there
is moderate to severe disease. Any immunomodulatory
effects arising through the ingestion of probiotic organ-
isms therefore may not have an immediate impact on
observed clinical symptoms.

The main finding of this paper is that oral administra-
tion of live LcS modifies allergen-specific responses in
AR. Selected strains of lactic acid bacteria have already
been shown to influence aspects of immune function, but
most of these studies have been performed in experimen-
tal mice. They nevertheless show that L. casei and other
probiotic organisms can have systemic effects on anti-
body responses [14], modulate cytokine production [15]
and augment non-specific immunity [16]. There are a few
documented human studies that use probiotics for ther-
apeutic intervention, such as L. casei to reduce the
severity of pathological processes like diarrhoea [17].
However, its capacity to influence immune function is
not as clearly documented. Probiotics hold much promise
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as a functional food and well-controlled human studies
could clarify the influence probiotics may have, particu-
larly in common systemic inflammatory disorders such as
SAR.

Our study reports lower levels of allergy-related cyto-
kines IL-5, IL-6 and IFN-g, which are assigned to both Th1
and Th2 functional subsets, from cultured MNC of volun-
teers treated with LcS. These changes were accompanied
by lower and higher levels of pollen-specific IgE or IgG,
respectively. The systemic release of IL-5, IL-6 and aller-
gen-specific IgE after allergen inhalation is crucial to the
generation of allergic symptoms throughout the entire
airway [18]. Their decline in our probiotic-treated group
would therefore be expected to impact on the symptoms
of SAR. IL-5 is an eosinophil-activating cytokine [19], and
the development of SAR is associated with a dramatic
increase in eosinophils and their augmented degranula-
tion within the nasal mucosa [20]. IL-5 is believed to
direct a preferential growth of the eosinophil lineage [21],
and may represent the systemic link between antigen
deposition onto the airway mucosa, eosinopoiesis in the
bone marrow and airway eosinophilia.

In both tissues and biological fluids from patients with
asthma, eosinophilia is accompanied by the presence of
exaggerated quantities of IL-6. When applied directly to
the nasal mucosa, IL-6 reproduces the symptoms of
rhinitis [22], while its down-regulation is associated with
effective treatment [23]. Endogenous IL-6 plays a role in
plasma cell differentiation and it is an important co-factor
for the production of IgE [24]. Once produced, the IgE
synergizes with antigen to stimulate further IL-6 synth-
esis. This serves to amplify and perpetuate the allergic
inflammatory response, partly through the development
of Th17 cells, a distinct effector lineage that up-regulates
pro-inflammatory cytokines such as IL-6, IL-1 and TNF-a.
Th17 cells have been implicated in chronic inflammatory
conditions such as arthritis and inflammatory bowel
disease [25].

In our study, pollen-specific plasma IgE levels were
significantly lower and plasma IgG levels were higher in
the probiotic group, but their specificity was restricted to
GX1 (early) antigens, at both peak- and post-rhinitis
periods. This may simply reflect the small study size with
a high degree of individual variability. It may equally
suggest a complexity in the mechanism of probiotic
action, where the nature of the challenging allergen and
the immune responses evoked may play a role in the
subsequent outcome. An intriguing and selective influence
of probiotic strains on components of non-specific immu-
nity has already been described, where probiotics are
shown to exert both stimulatory and down-regulatory
influences in healthy or hypersensitive subjects, respec-
tively [26]. Furthermore, increases in allergen-specific IgG
and decreases in allergen-specific IgE levels are generally
associated with hypo-sensitization and resolution [27–29].

The resolution of allergic responses is widely thought to
be associated with a shift from Th2 to Th1 cytokine
production and in this context IFN-g is considered to be a
signal cytokine for Th1 responses, to act as an inhibitory
factor in Th2-mediated allergic reactions [30]. However,
the roles of IFN-g in allergic inflammation are controver-
sial. Eosinophils bear receptors for IFN-g [31] and uptake
of this cytokine serves to promote eosinophil survival and
enhance certain functions, such as histamine release, Fc
receptor and adhesion molecule expression [32, 33]. In our
study, there was a significant decline in IFN-g production
by volunteers in the probiotic-treated group. Some other
studies have associated similar findings with lower aller-
genic reactivity. For example, in patients undergoing
treatment for SAR due to Japanese cedar pollens, the
levels of IFN-g were significantly lower in the ‘cure’ group
than in the non-atopic group [34]. Similarly, immunother-
apy for perennial AR resulted in lower IFN-g synthesis
[35], while intramuscular administration of IFN-g to
patients with pollinosis failed to improve symptoms or
reduce serum IgE levels [36]. These observations give rise
to the possibility that Th1/Th2 dysregulation may not be
the sole cause of nasal allergy and that it can arise through
a Th2-independent, possibly IL-18-mediated pathway
[37]. IL-18 has potent IFN-g-inducing activity and, once
produced, IFN-g could participate in the allergic response
as described earlier. Thus, suppression of both Th1
and Th2 cells may be an immunological indication of cure
[34, 35].

The importance of commensal intestinal bacteria is
demonstrated clearly by the multiple structural and func-
tional immunological abnormalities present in germ-free
mice [38]. In humans, epidemiological associations have
been made between excessive hygiene and increased
incidence of allergy and autoimmunity. Probiotics may
have a therapeutic potential in the management of these.
There are reports of their success in the prevention and
treatment of food allergies in children, but not adults [39].
This may be due to the heterogeneous and strain-specific
effects of Lactobacilli that have been suggested by several
studies. It has also become apparent that despite similar in
vitro probiotic properties, distinct Lactobacillus strains
may colonize the gut differently and generate divergent
immune responses. Future human studies are therefore
needed to elucidate the mechanisms that operate in the
complex GI macroenvironment in vivo and how these
mechanisms are related to the clinical effects in a dose-
dependent manner.

Our own study demonstrates for the first time the ability
of LcS to down-regulate both Th1- and Th2-type cyto-
kines and to beneficially alter the balance of pollen-
specific IgG and IgE levels in SAR. Although several
studies show beneficial effects of probiotics in the pre-
vention of atopic eczema [40], this is the first study to
support their use in another allergic disease. LcS is a good
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candidate for further investigation into its mechanism of
action and immunomodulatory effects in allergic inflam-
mation, in order to fully elucidate its health-promoting
potential and applications in therapy. This was a pilot
study that aimed to see whether probiotics altered aller-
gen-induced immune responses, and was not designed to
evaluate whether those changes affected symptoms of
SAR. In the next phase of the study, we will assess changes
in clinical symptoms and elucidate some of the mechan-
isms by which probiotics exert their effects.
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