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ABSTRACT

Objective: The purpose of this study was to clarify the influence of consuming yogurt fermented with
Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1 (1073R-1-yogurt) on influenza virus-bound salivary
immunoglobulin A (IgA) levels, in the elderly residents of nursing homes.

Methods: A double-blind, parallel-group, randomized controlled trial was conducted with 96 elderly
volunteers residing in 2 nursing homes. During the trial, participants consumed 100g of 1073R-1-yog-
urt every morning for 12 weeks, whereas the control participants consumed yogurt fermented with a
different Lactobacillus strain (control yogurt). Saliva was collected before the trial and after 4, 8 and
12 weeks of yogurt ingestion.

Results: Our data indicated that consumption of 1073R-1-yogurt affected influenza A virus subtype
H3N2-bound IgA levels in saliva (p=.001). In addition, saliva flow rate and total IgA levels increased in
response to the yogurt intake period in both the 1073R-1 and control yogurt groups (p =.04).
Conclusions: Our study suggests that continuous daily ingestion of 1073R-1-yogurt may help prevent
infection with influenza A virus subtype H3N2 in elderly subjects with weakened immunity, by increas-
ing the production of influenza A virus subtype of H3N2-bound salivary IgA.
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Introduction Seasonal influenza A (H3N2 and H1N1) and influenza B have
been the three major epidemic virus subtypes in the world
for many years [14]. Many seniors die every year owing to
infection with these three subtypes of influenza virus [14].
Therefore, increasing levels of influenza virus-bound salivary
IgA may represent an effective way to bolster the immune
systems of the elderly population, potentially combating
influenza virus infection.

Probiotics are defined as ‘live microorganisms’ that exert
health benefits on the host when consumed in adequate
amounts [15]. Among the different types of probiotics, many
basic and clinical studies have been conducted specifically

Saliva plays a vital role in both the local and systemic
defense of the teeth, oral cavity, pharynx, larynx and upper
digestive tract [1-3]. The normal saliva flow rate is also crit-
ical for the maintenance of oral and systemic health [4]. In
addition, immunoglobulin A (IgA) is the most voluminous Ig
found in the saliva, where it is critical to mucosal immunity
[5-71. Functionally, IgA mediates immune expulsion of harm-
ful pathogens, prevents the growth of potentially harmful
pathogens and limits the adhesion and permeation of anti-
gens through the secretory epithelia. This reinforces the epi-
thelial barrier, contributing to immunological homeostasis

[8,9]1. However, an age-related decrease in immune function
is likely related to increased incidences of upper respiratory
tract infections (URTI) and influenza virus infection [10,11]. In
particular, seasonal influenza prevalence contributes seriously
to worldwide disease load and deaths associated with lower
respiratory infectious diseases in older people [12,13].

on the oral ingestion of Lactobacillus [16,17]. It has previously
been reported that ingestion of Lactobacillus ssp. and yogurt
fermented with Lactobacillus ssp. can regulate the immune
response and also increase salivary IgA levels [18-22]. In
particular, consumption of yogurt fermented with
Lactobacillus  delbrueckii  ssp. bulgaricus (L.  bulgaricus)
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OLL1073R-1 (1073R-1-yogurt) was reported to enhance natural
killer (NK) cell activity, decreasing the danger of older people
infecting URTI [23]. A mouse model has also shown that
1073R-1-yogurt had anti-influenza virus immunopotentiating
activity [24]. In this study, exopolysaccharides (EPSs) produced
by L. bulgaricus OLL1073R-1 were found to be one of the
most important underlying factors [24]. In our previous study,
consumption of 1073R-1-yogurt led to increased total IgA lev-
els in the saliva of elderly participants in a before-after, non-
randomized intervention study [25]. However, the exact effects
of 1073R-1-yogurt on influenza virus-bound salivary IgA are
still unclear, and no double-blind test has yet been performed.
The purpose of this study, therefore, was to clarify if the con-
sumption of 1073R-1-yogurt by elderly people affected the
saliva flow rate, the total amount of salivary IgA and the
amount of influenza virus-bound salivary IgA in a multi-centre,
double-blind and parallel-group randomized controlled trial.

Materials and methods
Participants

This study was a randomized, double-blind, parallel and pla-
cebo-controlled clinical trial conducted in several stages
between October and December 2014. Elderly volunteers
with limited activity and a mostly sedentary life were
recruited from two nursing homes in Japan (Samukawa
Home, Koza, Kanagawa and Honobono, Yokohama,
Kanagawa). These two nursing homes were selected because
of the similarity in their living environments, as both of them
are general nursing homes situated in Japan. The following
individuals were excluded from the study: individuals taking

antibiotics or morphine, those with gastric fistulae, those
who disliked yogurt, or those who were hospitalized and
died during the study period. Initially, a total of 107 elderly
volunteers consented to participate in this trial. These were
randomly assigned to 2 groups, and each group was
assigned meals (2-3 people per group) according to com-
puter-generated random numbers. This assignment was
managed by an independent professional not involved in
this trial. Details regarding the allocation of the participants
into two groups were only informed to the care staff at each
nursing home. The care staff members were not involved in
this study. Allocation details of the participants were not
revealed to the researchers involved in the study until the
end of data analysis. One group consumed 1073R-1-yogurt
(n=54), whereas the other had yogurt fermented with L. bul-
garicus OLL1256 (n=153). Ninety-six participants completed
the entire course and were included in our analysis (a sche-
matic overview is shown in Figure 1). Data on age, sex, stat-
ure, body weight, level of required care (graded between 1
and 5, based on long-term care insurance policies evaluated
by a professional and based on an evaluation of care neces-
sities) and dementia-level (the dementia status of the elderly
population was evaluated at 7 levels, viz, |, lla, llb, llla, llib, IV
and M. | represented mild dementia while M represented
severe dementia [26], and was evaluated by an attending
physician) were gathered from participants’ nursing
care records.

Ethical statement

The study was approved by the Ethics Committees of
Kanagawa Dental University in 2014 (approval number: 287)

Participants
randomized
n=107

1073R-1-yogurt group
n=>53

Control yogurt group with
a yogurt fermented with
another Lactobacillus

Drop out
n=9
leaving from nursing
home :n=7
hospitalization : n=2

{ Allocation b
| n= 107 I

n=>54

Drop out
n=2

hospitalization : n=2

Completed week 12

n=44

Completed week 12

n=>52

Analysis
n=96

Figure 1. Flow chart showing an overview of participants and groupings in the randomized trial.



and Meiji Co., Ltd. in 2014 (approval number: 33), and con-
formed to the principles outlined in the Declaration of
Helsinki of 1975, as revised in 2013. At the start of the trial,
all participants and their families were given written and ver-
bal interpretations regarding the aims and methods of the
trial. In addition, potential risks, benefits and procedures to
protect personal information with freedom of consent and
withdrawal were clearly explained. All participants (or their
families, where applicable) signed informed consent forms
before the study. This study was registered with the Clinical
Trial Registry of the University Hospital Medical Information
Network Clinical Trials Registry (ID: UMIN0O00028636).

This clinical trial was targeted at elderly residents of nurs-
ing homes, who experienced reduced immunity, dysfunction
of swallowing and high incidence of aspiration pneumonia
[27]. Therefore, because of ethical considerations, we could
not use test foods other than yogurt, such as milk, for the
control group. Therefore, we used the same yogurt fer-
mented with a different Lactobacillus strain, like the one
available in the market at the time of the study.

Experimental design

The trial followed a simultaneous comparative design to
compare the consumption of 1073R-1-yogurt and yogurt fer-
mented with a different Lactobacillus strain, L. bulgaricus
OLL1256. The safety of L. bulgaricus OLL1256-fermented yog-
urt to humans has been established, and the yogurt is com-
mercially available. Previously, it has been established that
the effect of consuming yogurt fermented with L. bulgaricus
OLL1256 on NK cell activation is not different from that of
consuming water and unfermented milk and, therefore, L.
bulgaricus OLL1256-fermented yogurt was used as the con-
trol yogurt in this study [28].

The randomization, assignment and blinded tests of the
participants as well as the production and management of
test yogurts were all performed by independent specialists.
An administrator of a plant manufacturing yogurt, who was
independent of this study, listed one of the two alphabets P
or Q on the test yogurt lids at the manufacturing plant to
identify the two types of yogurt. Refrigerated yogurts were
delivered to the two nursing homes once a week and stored
in a refrigerator until consumption. The test yogurt P was
distributed to one group of participants, while the test yog-
urt Q was distributed to the other group at every meal table
by the care staff every day. The type and intake of yogurt
ingested by the participants were confirmed daily by the
nursing staff.

The methods of this work are based on the methods used
in our previous research with yogurt [25]. Participants con-
sumed 100g of fermented yogurt every day between 10:00
and 10:30 am, for 12 weeks. During the period of study, par-
ticipants avoided the intake of yogurt other than those
included in the study. All participants resided in one of two
nursing homes, with their meal constituents, mealtimes
(breakfast at 8:00 am), wake-up time (6:00 to 7:00 am) and
bed-time (9:00 pm) consistent between the two sites. The
daily calorie ingestion of residents was about 1600 kcal. The
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room air temperature of the two nursing homes was main-
tained at 22°C. Saliva sample was collected 1h after break-
fast (9:30-10:00 am), before (0 weeks) and after 4, 8 and
12 weeks of yogurt consumption.

Diets

Yogurt is defined as a clotted milk product that results from
the fermentation of lactic acid in milk by L. bulgaricus and
Streptococcus thermophilus [29]. Furthermore, at the time of
manufacture, the finished product must include more than
10® live L. bulgaricus cells per gram, and the bacterial activity
must be preserved during the entire shelf life, as confirmed
through an appropriate activity test [30].

The yogurts used in this trial were produced by Meiji Co.,
Ltd. (Tokyo, Japan) with the 1073R-1-yogurt prepared using
the lactic acid bacterial strains L. bulgaricus OLL1073R-1 and
S. thermophilus OLS3059 [23]. The control yogurt was pre-
pared using the lactic acid bacterial strains L. bulgaricus
OLL1256 and S. thermophilus OLS3295 [21]. Meiji Co., Ltd.
acknowledges that S. thermophilus OLS3295 coexists with
L. bulgaricus OLL1256 successfully and that fermentation is
successful with this stain of S. thermophilus. These strains
were initially isolated from traditional Bulgarian yogurt.
The cell counts of L. bulgaricus OLL1073R-1 and S. thermophi-
lus OLS3059 in the 1073R-1-yogurt were between 1.8 and
3.5 x 10® colony-forming units (CFU) g and 8.1-10.8 x 108
CFU g™, respectively. Likewise, the cell counts of L. bulgaricus
OLL1256 and S. thermophilus OLS3295 in the control yogurt
were approximately 1.7 x 10® CFU g™ and 2.6 x 108 CFU g™,
respectively. The two kinds of yogurt were also indistinguish-
able in taste. Both yogurts are readily available in the market,
and their safety to humans has been established.

Saliva collection

Saliva of the elderly participants was collected using the
protocol described in a previous study [25]. The saliva of par-
ticipants was collected by a dentist or a dental hygienist
using a Salikids saliva-collecting tool (Sarstedt AG & Co.,
NUmbrecht, Germany).

Measurement of total IgA levels

The total concentration of IgA in the saliva was assessed with
a human IgA ELISA quantification kit (Bethyl Laboratories,
Montgomery, TX, USA), as previously described [25].

The saliva flow rate (mL min™") was defined by dividing
the saliva weight (mg) by the gathering time, under the
assumption that the saliva specific weight was 1.00g mL™.
The salivary IgA flow rate (ug min™') was computed by multi-
plying the absolute IgA concentration (ug mL™) by the saliva
flow rate (mL min™") [25].

Measurement of influenza virus-bound IgA titres

Influenza virus-bound IgA titres were quantitated by ELISA
using the human IgA ELISA quantification kit (Bethyl
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Laboratories, Montgomery, TX). Biotinylated vaccines for
influenza A virus subtypes, H3N2 and H1N1 and influenza B
virus were prepared at Kitasato Institute for Life Sciences,
Kitasato University (Tokyo, Japan), as previously described
[31]. Ninety-six well microplates were coated with goat anti-
human IgA diluted to 1:100 with coating-buffer (0.05mol L™
carbonate-bicarbonate, pH 9.6) for 1h at 25°C. These were
then washed 5 times with wash-solution (50 m mol L™ Tris,
0.14mol L™ NaCl, 50g L' Tween 20, pH 8.0), and blocked
with blocking solution (50 m mol L™ Tris, 0.14mol L Nacl,
10g L bovine serum albumin [BSA], pH 8.0) for 30 min at
25°C. After washing with wash-solution, test samples were
placed in each well and allowed to stand for 1h at 25°C.
After another round of washing, 1 pg mL" of biotinylated
influenza A virus subtype H3N2, HIN1 or influenza B virus
vaccine was added in blocking solution (50 m mol L Tris,
0.14mol L' NaCl, 10g L BSA, pH 8.0) to each well and left
for 1h at 25°C. After a final washing step, 1:1000 dilutions of
streptavidin-horseradish ~ peroxidase  conjugate  (Merck
Millipore, Darmstadt, Germany) were put in each well and
left for 1h at 25°C. The reactions were developed for 15 min
with 3,3,5,5'-tetramethylbenzidine substrate in the dark and
then stopped with 0.18mol L' H,SO,. Absorbance was
determined at 450 nm using an absorbance reader (Bio-Rad
Laboratories, Hercules, CA, USA). Influenza virus-bound IgA
titres were determined with a standard curve.

Statistical analysis

Data are expressed as means with standard error (SE).
Statistical differences in the baseline characteristics between
the two groups, including body weight and body mass index
(BMI) before, during and after 12 weeks of yogurt consump-
tion, were analysed using Welch's t-tests. The effects of the
duration of yogurt consumption on saliva flow rate, total sal-
ivary IgA and total IgA flow rate were analysed using regres-
sion analysis. Statistical differences were inferred by
assessing the differences in the slopes of the regression lines.
Influenza virus-bound IgA levels were analysed using factorial
two-way analysis of variance (ANOVA) after logarithmic trans-
formation. p Values less than .05 were considered to indicate
statistically significant differences between results.

Table 1. Baseline characteristics of subjects (n=107).

Results
Baseline condition

Table 1 shows the characteristics of participants between
1073R-1-yogurt and control yogurt groups at baseline (week 0).
Owing to initial randomization, there were no differences
between the two groups in any of these baseline characteristics.

Changes in body weight and body mass indices (BMI)
after consumption of the study yogurts

There were no significant differences in body weight or BMI
before, during or after 12 weeks of consumption in the
1073R-1- and control yogurt groups (p=1.0 and .9, respect-
ively; Table 2).

Changes in the saliva flow rate, and total IgA
concentration and flow rate after consumption of the
study yogurts

We observed an increase in the saliva flow rate (p =.04;
Figure 2(a)), concentration of total IgA (p=.04; Figure 2(b))
and total IgA flow rate (p= .002; Figure 2(c)) in association
with the duration of yogurt intake in both the 1073R-1 and
control yogurt groups. There were no significant differences
between the slopes of the regression lines between
the 1073R-1-yogurt and control groups for saliva flow
rate (p=1.0; Figure 2(a)), concentration of total IgA (p=.9;
Figure 2(b)) or total IgA flow rate (p = .9; Figure 2(c)).

Changes in influenza virus-bound IgA levels in saliva
after consumption of the study yogurts

We found that there was no interaction between yogurt type
and intake duration that affected total influenza virus-bound
IgA levels (interaction: p=1.0; Figure 3). However, when dif-
ferent virus subtypes were analysed individually, the different
yogurt types affected influenza A virus subtype H3N2-bound
IgA levels in participant saliva (p=.001; Figure 3(b)).
Furthermore, the influenza A virus subtype H3N2-bound IgA
levels in the 1073R-1-yogurt group were higher than those
in the control yogurt group (Figure 3(b)). There were no simi-
lar effects for influenza A virus subtype H1IN1-bound IgA or

1073R-1-yogurt group

Control yogurt group,
consuming yogurt fermented
with a different Lactobacillus

(n=54) strain (n=53)
p Value

Mean SE Mean SE
Age (years) 86.3 1.15 88.4 0.81 2
Sex (male/female) 18/36 - 15/38 - -
Body weight (kg) 46.9 1.05 457 1.53 5
BMI (kg m™) 20.7 0.35 20.0 0.53 3
Care required level 3 - 3 - -

(1-5)

Dementia level (I-M) Ila - Illa -

No significant differences were detected between groups across any of the baseline characteristics (Welch's t-test).



Table 2. Changes in body weight and BMI after yogurt consumption (n = 96).
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Control yogurt group, consuming yogurt fermented with a different Lactobacillus

1073R-1-yogurt group (n =44)

strain (n=152)

Before After 12 weeks
yogurt intake of yogurt intake Before yogurt intake After 12 weeks of yogurt intake
Mean SE Mean SE Mean SE Mean SE
Body weight (kg) 469 1.55 472 157 459 1.02 459 1.04
BMI (kg m~? 20.8 0.54 209 0.55 20.2 0.36 20.1 0.35

No significant differences in the mean body weight and BMI were observed before or after 12 weeks of yogurt intake between the 1073R-1 and control yogurt

groups (p=.9 and .9, 1.0 and .9, respectively, Welch’s t-test).
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Figure 2. Effects of consuming 1073R-1-yogurt (n=44) or control yogurt
(n=52), and duration of intake (a) on the saliva flow rate, (b) concentration of
total salivary IgA and (c) total salivary IgA flow rate. The observed increase in
the saliva flow rate, the concentration of total salivary IgA and total salivary IgA
flow rate positively correlated with the duration of yogurt intake (p =.002 and
.04, .02 and .04, <.001 and .002, respectively, regression analysis). There were
no differences between the slopes of the regression lines between the 1073R-1
and control yogurt groups (p=1, .9, .9, respectively, test for the difference of
slope of the regression line).

influenza B virus-bound IgA (p=.4 and .2, respectively;
Figure 3(a,0)).

Discussion

Saliva and salivary IgA both play vital roles in protecting the
oropharyngeal and upper airway region from diseases such
as URTI and influenza virus infection [1,32,33], although both
saliva flow and IgA levels have been shown to decline with
age [33]. The decrease likely contributes to increased

O Control yogurt group
® 1073R-1-yogurt group

(unit) (a) Influenza A virus subtype

1.8 ¢ HINI1-bound IgA quantity in saliva
1.4 + %
1 L L L
E (b) Influenza A virus subtype
218 H3N2-bound IgA quantity in saliva
®
g o e
g 14} /
5
Q e
Pl
1.8 r(c) Influenza B virus-bound IgA
quantity in saliva
14
o—
1 r‘I)———’_' Q D e é
0 4 8 12

Time after administration of
yogurts (weeks)

Figure 3. Effects of consuming 1073R-1-yogurt (n=44) or control yogurt
(n=52), and duration of intake on the levels of (a) influenza A virus subtype
H1N1-bound IgA quantity in saliva, (b) influenza A virus subtype H3N2-bound
IgA quantity in saliva and (c) influenza B virus-bound IgA. Means and standard
errors are shown. There was no interaction between yogurt type, duration of
intake and IgA levels (interaction: p=1, 4, .6, respectively, two-way ANOVA).
However, the yogurt type affected influenza A virus subtype H3N2-bound IgA
levels in participant saliva (p =.001; (b)). Furthermore, influenza A virus subtype
H3N2-bound IgA levels in the 1073R-1-yogurt group were higher than those in
the control group (b). Similar effects were not observed for influenza A virus
subtype HIN1-bound IgA or influenza B virus-bound IgA (p = .4 and .2, respect-
ively; (a,c)).

incidences of respiratory diseases and influenza virus infec-
tion in elderly people.

Effects of yogurt consumption on the saliva flow rate

Our study has shown that the consumption of 1073R-1-yog-
urt may contribute to increasing the saliva flow and IgA lev-
els in elderly people, thereby bolstering their immune
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systems. More specifically, we used a single regression ana-
lysis to show that the saliva flow rate increased relative to
the intake duration of fermented yogurt; however, there
were no significant differences between the 1073R-1 and
control yogurt groups (Figure 2(a)). Previously, Finkel and
Holbrook have reported that reactive oxygen species are
involved in the aging process and that antioxidant activity
decreases with age [34]. In addition, studies using a rat
model revealed that high protein intake increases total oxi-
dant status and oxidative stress indices in salivary glands.
Consequently, the unstimulated salivary flow rate was signifi-
cantly lower in a high oxidant group compared to controls
[35]. Supporting a possible link between saliva flow and yog-
urt consumption, several studies have reported that
Lactobacillus ssp. ingestion can increase the total antioxidant
capacity of both mice and humans [36-38]. Based on the
results of this study, we hypothesize that yogurt fermented
with Lactobacillus ssp. may have acted to increase the total
antioxidant capacities of the elderly volunteers, resulting in
an increased flow rate of saliva that depends on the duration
of intake. As it has been previously reported that saliva flow
rate decreases with age [39], and the intake of yogurts fer-
mented with Lactobacillus may contribute to increasing the
saliva flow rate. This would also aid in reducing issues associ-
ated with dry mouth that are common in the elderly popula-
tion, such as decreased mucosal immunity and increased
dental caries [40].

Effects of yogurt intake on total salivary IgA level

Our experiments and regression analysis also showed that
total IgA concentration and saliva flow rate increased relative
to the duration of intake. Again, there were no differences
between the 1073R-1-yogurt and control yogurt groups
(Figure 2(b,c)). In our previous before-after non-randomized
intervention study, total salivary IgA levels were found to
increase after consumption of 1073R-1-yogurt [25]. This study
extends this observation using a multi-centre, double-blind,
parallel-group, randomized controlled trial to confirm that
ingestion of 1073R-1-yogurt increased total IgA concentration
and flow rate to levels similar to that observed upon inges-
tion of yogurt fermented with a different Lactobacillus strain.
Previous studies have reported that the oral ingestion of
Lactobacillus stimulated the gut mucosal immune system,
and increased cytokine production and IgA™ B cell expres-
sion in the small intestine [41]. In this study, it can be specu-
lated that the Lactobacillus present in yogurt may also
activate the gut mucosal immune system and increase the
expression levels of cytokines in the gut. As a result, the sal-
ivary IgA secretion might be accelerated by the increase in
the number of Ig* B cells mediated by cytokines in the small
intestine. It is generally assumed that immune function
declines with age, and compared with younger people, eld-
erly people are less resistant to pathogenic microbes [42].
Therefore, the consumption of 1073R-1-yogurt may increase
total IgA levels of saliva, bolstering immunity in elderly peo-
ple and protecting against infection.

Effects of consumption of R-1-yogurt on the influenza
virus-bound IgA levels in saliva

Finally, two-way ANOVAs showed that influenza A virus sub-
type H3N2-bound IgA levels in saliva were increased specific-
ally upon consumption of 1073R-1-yogurt when compared
with that by the control yogurt (Figure 3(b)). It has been
reported that L. bulgaricus OLL1073R-1 is a Lactobacillus
strain exhibiting high yields of EPS [43]. It has been revealed
that the amount of EPS production in L. bulgaricus
OLL1073R-1 is approximately twice that in L. bulgaricus
OLL1256 [43]. Previously, Nagai et al. reported that 1073R-1-
yogurt and EPS produced by L. bulgaricus both increased sur-
vival when orally ingested by BALB/c mice for 21 d before
nasal infection with influenza A virus subtype H1NT.
Moreover, influenza virus titers were decreased in the experi-
mental groups relative to water controls, and there were also
increased levels of anti-influenza virus IgA in bronchoalveolar
lavage fluid (BALF) 4 d after infection [31]. Additionally,
Matsuzaki et al. showed that co-addition of mouse Peyer's
patch cells with EPS produced by Leuconostoc mesenteroides
ssp. mesenteroides strain NTM048 and influenza A subtype
H1N1 virus antigen elicited H1N1-antigen-specific IgA pro-
duction [44]. However, this study is the first to report that
influenza virus-bound IgA level of saliva increased after con-
tinuous intake of 1073R-1-yogurt. Tsai et al. conducted a
mechanistic study and found that enhanced IgA production,
via a T cell dependent pathway, induces the production of
highly compatible IgA that, owing to somatic hypermutation,
are specific for the target antigen. This course is responsible
for affinity-based maturity according to the upregulation of
TGF-B1, IL-21 and retinoic acid [45]. We, therefore, hypothe-
size that L. bulgaricus OLL1073R-1 EPS may induce produc-
tion of high-affinity IgA specific to influenza virus through a
pathway of T cell dependency that upregulates TGF-B1, IL-21
and retinoic acid.

In this study, although we found that the consumption of
1073R-1-yogurt increased influenza A virus subtype H3N2-
bound IgA level in the saliva, influenza A virus subtype
H1N1-bound IgA and influenza B virus- bound IgA did not
show a similar increase (Figure 3(a,c)). Previously, Nagai et al.
reported that oral administration of L. bulgaricus OLL1073R-1
EPS could enhance anti-influenza virus antibody titres in the
BALF of mice nasally infected with influenza virus [31]. In
addition, influenza A subtype H3N2 was the most prevalent
strain found in Japan at the time of this trial, between
October and December 2014 [46]. Therefore, it is more likely
that the elderly volunteers would have been sensitized to
the influenza A virus subtype. As such, L. bulgaricus
OLL1073R-1 EPS may serve as an effective adjuvant for the
sensitization of influenza virus antigen through the mucosa,
thereby increasing only the levels of the influenza A virus
subtype H3N2-bound IgA. Nevertheless, influenza infection-
related complications are important causes of hospitalization
and mortality in the elderly population [47]. Therefore, to
effectively prevent mucosal infection, the induction of a
strong influenza virus-bound IgA response is crucial. Based
on our data, we believe that the continuous daily consump-
tion of 1073R-1-yogurt would contribute to maintaining an



effective IgA response, combating influenza infection in the
elderly population.

Consideration

To our knowledge, this study is the first to report that the
salivary influenza virus-bound IgA level increases in older
adults regularly consuming 1073R-1-yogurt. However, discre-
tion is required when interpreting our results owing to a few
limitations. First, our study did not incorporate a yogurt non-
consumption group as a control. This clinical trial was tar-
geted at elderly residents of nursing homes, who had
reduced immunity, dysfunction of swallowing and high inci-
dence of aspiration pneumonia; therefore, because of ethical
considerations, we could not use test foods other than yog-
urt, such as milk, for the control group. Hence, we could not
eliminate the potential effect of yogurts on the flow rate of
saliva and salivary IgA in general. Second, we could not use
the same S. thermophilus strains for 1073R-1-yogurt and con-
trol yogurt, because, for successful fermentation, the strains
of S. thermophilus required temperatures different from that
required by the two Lactobacillus strains. However, it must
be emphasized that the purpose of our study was not to
study the effect of Lactobacillus and S. thermophilus but to
investigate the effect of consuming 1073R-1-yogurt. In add-
ition, the immunostimulatory effect by S. thermophilus OLS
3059 has not yet been reported. Makino et al. compared the
immunostimulatory activity of yogurt fermented with L. bul-
garicus OLL1073R-1 and S. thermophilus OLS3059 with that of
yogurt fermented with L. bulgaricus OLL1245 and S. thermo-
philus OLS3059 and revealed that an enhanced immunoreac-
tivity was observed only with yogurt fermented with L.
bulgaricus OLL1073R-1 and S. thermophilus OLS3059 [43].
Therefore, it might be not S. thermophilus OLS3059 but L.
bulgaricus OLL1073R-1 that affected influenza A virus sub-
type H3N2-bound IgA levels.

Conclusion

In conclusion, our data indicate that consumption of 1073R-
1-yogurt increases influenza A virus subtype H3N2-bound
IgA levels in the saliva of elderly population living in
Japanese nursing homes. Furthermore, we observed an
increase in saliva flow rate, IgA concentration in saliva and
IgA flow rate in saliva, which depended on the duration of
yogurt intake in both 1073R-1 and control yogurt groups.
Taken together, these results indicate that the consistent,
daily intake of 1073R-1-yogurt may help prevent URTI and
influenza A virus subtype H3N2 infection in elderly people
with reduced immunity.
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