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We investigated whether oral administration of Lactobacillus casei strain Shirota activates the cellular
immune system and ameliorates influenza virus (IFV) titer in the nasal site in upper respiratory IFV infection
by using aged mice. Natural killer activity of splenocytes and lung cells of aged mice fed an L. casei strain
Shirota diet (L. casei strain Shirota group) was significantly (P < 0.01 and P < 0.05) increased compared to
those fed a control diet (control group). The increases were 1.5- and 2.5-fold, respectively. In aged mice fed an
L. casei strain Shirota diet, potent induction of gamma interferon (IFN-�) and tumor necrosis factor alpha
(TNF-�), which play a very important role in excluding IFV, was evident in nasal lymphocytes. IFN-� and
TNF-� production increased 12- and 3.5-fold, respectively. In this model of upper respiratory IFV infection, the
titer of IFV in the nasal washings of aged mice fed an L. casei strain Shirota diet was significantly (P < 0.05)
lower than that in aged mice fed a control diet (101.6 � 0.6 and 102.2 � 0.5, respectively). These findings suggest
that oral administration of L. casei strain Shirota activates not only systemic cellular immunity but also local
cellular immunity and that it ameliorates IFV infection.

Influenza is an acute viral respiratory infection that results in
high morbidity and significant mortality (2, 10). In particular,
influenza infection causes deaths in older adults (5). It is pre-
sumed that declining host immune responses, particularly cel-
lular immunity, account for the increased susceptibility to in-
fluenza virus (IFV) infection of the aged. Several studies have
shown diminished natural killer (NK) cell and cytotoxic T-
lymphocyte activity in aged mice compared to those in the
young mice (3, 14). An increased susceptibility to IFV infection
associated with the impaired immune function of T helper 1
(Th1) cells has also been reported in the senescence-acceler-
ated mouse (7).

Lactic acid bacteria and their products are reported to have
beneficial effects on host homeostasis, including activation of
the immune system (8, 9). Lactobacillus casei strain Shirota, a
lactic acid bacteria, was originally isolated from the human
intestine and has been used commercially for a long time to
produce fermented milk. Various aspects of the effects of L.
casei strain Shirota have been studied intensively. L. casei
strain Shirota exhibits marked activity against transplantable
and 3-methylcholanthrene-induced tumors (13, 20) and anti-
infectious activity against various pathogens such as Listeria
monocytogenes and herpes simplex virus (17, 25). We have
previously reported that intranasal administration of L. casei
strain Shirota enhanced cellular immunity in the respiratory
tract and protected against IFV infection in mice (12).

The purpose of the present study was to investigate whether
oral administration of L. casei strain Shirota activates not only
the systemic immune system but also the local immune system
and whether it ameliorates IFV infection in the upper respi-
ratory tract. Special attention was focused on the possibility of

inhibiting IFV infection through oral administration of L. casei
strain Shirota.

MATERIALS AND METHODS

Mice. BALB/c female mice, 15 months old, were obtained from Japan SLC,
Inc. (Hamamatsu-shi, Japan) and used for the experiments.

L. casei strain Shirota. L. casei strain Shirota was originally isolated from
human feces at the Yakult Central Institute for Microbiological Research (To-
kyo, Japan). L. casei strain Shirota cells were cultured for 24 h at 37°C in MRS
broth (Difco Laboratories, Detroit, Mich.), collected by centrifugation, and
washed several times with sterile distilled water. L. casei strain Shirota cells were
killed by heating for 30 min at 100°C and lyophilized. A 0.05% (wt/wt) concen-
tration of L. casei strain Shirota was added to an MM-3 diet (Funabashi Farms,
Funabashi-shi, Japan) (L. casei strain Shirota diet). The control diet was the
MM-3 diet without L. casei strain Shirota.

Virus. Influenza A/PR/8/34 (H1N1) (PR8) virus was grown in the allantoic sacs
of 11-day-old chicken embryos for 2 days at 34°C according to the method of
Yasui et al. (27). The allantoic fluid was removed and stored at �80°C. The titer
of the virus in the allantoic fluid was expressed as the 50% egg infective dose
(EID50) (26). Serial 10-fold dilutions of the allantoic fluid were injected into
embryonated eggs, and the presence of virus in the allantoic fluid of each egg was
determined on the basis of hemagglutinating capacity 2 days after injection. The
titer of the virus was 109.2 EID50/ml.

Preparation of splenocytes and lung cells. After mice were given the control
or L. casei strain Shirota diet for 4 months, they were anesthetized with diethyl
ether and killed by exsanguination. The spleen was removed and a single-cell
suspension was prepared by pressing the tissue gently. After the removal of
debris, erythrocytes were depleted by hypotonic lysis. The cells were washed with
RPMI 1640 medium (Sigma) supplemented with 100 U of penicillin/ml and 100
�g of streptomycin/ml and then resuspended in medium supplemented with 10%
heat-inactivated fetal calf serum (FCS). The lungs were removed, minced finely,
and incubated for 90 min with 150 U of collagenase (Yakult Honsya Co., Tokyo,
Japan) in 15 ml of medium. To dissociate tissue into single cells, collagenase-
treated lungs were gently tapped in the plastic dish. After debris removal, eryth-
rocytes were depleted by hypotonic lysis. The cells were washed with medium and
then resuspended in medium supplemented with 10% FCS. The cells were
counted by trypan blue exclusion and microscopy and then resuspended at the
appropriate concentrations.

Assay for NK cell-mediated cytotoxicity. Appropriate numbers of cells from
spleens and lungs were added to 2 � 104 51Cr-labeled YAC-1 cells in 96-half-
area-well culture plates (Corning, Corning, N.Y.) in a total volume of 0.1 ml of
medium containing 10% FCS. The plates were gently centrifuged for 5 min at
50 � g and then incubated for 4 h at 37°C in 5% CO2. After incubation, the plates
were centrifuged for 5 min at 50 � g, and a 50-�l sample was removed from each
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well for gamma scintillation counting. The percentage of specific release of 51Cr
was calculated by using the following formula: % 51Cr release � [fr]cpm exper-
imental � cpm spontaneous[fd]cpm total � cpm spontaneous[/fr] � 100

Nasal lymphocyte culture. Nasal lymphocytes were prepared according to the
method of Asanuma et al. (1) with modification. Briefly, the head of each mouse
was removed, and the lower jaw was cut off. Nasal-associated lymphoid tissue
(NALT) was separated from the rest of the nasal tissue by peeling away the
palate. NALT is localized bilaterally on the posterior side of the palate. After
obtaining the palate, the tip and the lower half of the palate were cut off. The
NALT fragment was teased gently with forceps and the nasal lymphocytes were
released in medium and passed through a nylon mesh. A single-cell suspension
was prepared after the depletion of erythrocytes. Then, 2.5 � 105 cells were
cultured in the presence of concanavalin A (ConA) (Sigma) at a concentration
of 2 �g/ml in 0.1 ml of medium with 5% FCS in a 96-half-area-well culture plate.
Supernatants were collected on day 3 for the determination of cytokine concen-
trations and then stored at �80°C for further analysis.

ELISA for determination of cytokine concentrations. Gamma interferon (IFN-
�), tumor necrosis factor alpha (TNF-�), and interleukin-4 (IL-4) concentrations
were determined by sandwich enzyme-linked immunosorbent assay (ELISA)
with the DuoSet mouse IFN-�, TNF-�, and IL-4 ELISA kits (Genzyme), respec-
tively, according to the recommended protocols.

Infection. After mice were given the control or L. casei strain Shirota diet for
4 months, they were anesthetized by intraperitoneal injection of sodium amo-
barbital (0.25 �g per mouse) and then infected by dropping 1 �l of fluid con-
taining 103.5 EID50 of PR8 into each nostril (2 �l per mouse). Three days after
inoculation, the viral titer in nasal washings was measured by using the method
of Tamura et al. (23). Thereafter, the mice were anesthetized with diethyl ether
and killed by exsanguination. The head of each mouse was removed, and the
lower jaw was cut off. A needle attached to a syringe was inserted into the
posterior opening of the nasopharynx, and a total of 1 ml of phosphate-buffered
saline containing 0.1% bovine serum albumin was injected. This procedure was
repeated three times, and the outflow was collected each time as nasal washing.
The nasal washing was centrifuged for 5 min at 13,000 � g to remove cellular
debris and used for virus titration. The viral titer in each experimental group was
expressed as the mean � standard deviation of the viral titer of each washing
specimen from all mice in each group.

Statistical analyses. Differences in NK cell activity in splenocytes and lung
cells, cytokine concentrations produced by nasal lymphocytes, and viral titer in
the nasal washings between the L. casei strain Shirota and control groups were
examined by means of Student’s t test. Probability values of less than 5% were
considered significant.

RESULTS

Effect of oral administration of L. casei strain Shirota on NK
cell activity in splenocytes. We investigated the effect of oral

administration of L. casei strain Shirota on NK cell activity in
splenocytes (Fig. 1). NK cell activity in control and L. casei
strain Shirota groups at an effector-to-target cell (E/T) ratio of
25:1 was 4.3 � 1.2 and 5.3 � 1.4, respectively (Fig. 1A), with no
significant difference between the groups (P � 0.189). How-
ever, NK cell activity in the control and L. casei strain Shirota
groups at an E/T ratio of 50:1 was 4.9 � 1.0 and 7.4 � 1.3,
respectively (Fig. 1B), with a significant (P 	 0.01) difference
between the groups. NK cell activity in the L. casei strain
Shirota group was 1.5 times that in the control group. Similar
results were obtained in three independent experiments con-
ducted in the same manner.

Effect of oral administration of L. casei strain Shirota on
pulmonary NK cell activity. We investigated the effect of oral
administration of L. casei strain Shirota on pulmonary NK cell
activity (Fig. 2). NK cell activity in the control and L. casei
strain Shirota groups at an E/T ratio of 12.5:1 was 1.7 � 1.0 and
4.0 � 2.0, respectively (Fig. 2B), with no significant difference
between the groups (P � 0.053). However, NK cell activity in
the control and L. casei strain Shirota groups at an E/T ratio of
6.25:1 was 1.0 � 0.4 and 2.5 � 0.9, respectively (Fig. 2A), with
a significant (P 	 0.05) difference between the groups. NK cell
activity in the L. casei strain Shirota group was 2.5 times that in
the control group. Similar results were obtained in two inde-
pendent experiments conducted in the same manner.

Effect of oral administration of L. casei strain Shirota on
production of various cytokines by nasal lymphocytes. We
measured production of various cytokines by nasal lympho-
cytes stimulated with ConA, a T-cell mitogen, to confirm the
activation of T cells by oral administration of L. casei strain
Shirota (Fig. 3). The concentration of IFN-� in the L. casei
strain Shirota group was significantly (P 	 0.01) different from
that in the control group. The IFN-� concentration in the L.
casei strain Shirota group was about 12 times greater than that
in the control group (Fig. 3). The concentration of TNF-� in
the L. casei strain Shirota group was also significantly (P 	
0.05) different from that in the control group. The TNF-�
concentration in the L. casei strain Shirota group was about 3.5
times greater than that in the control group (Fig. 3). IL-4 was

FIG. 1. Effect of oral administration of L. casei strain Shirota on
NK cell activity of splenocytes. Splenocytes from mice fed either the
control diet (E) or the L. casei strain Shirota diet (F) for 4 months
were examined using a short-term 51Cr release assay. The E/T ratio
was 25:1 (A) or 50:1 (B). Each bar represents the mean value for 6
mice. ��, statistically significant difference from the control value by
Student’s t test with a P value of 	0.01; NS, no significant difference
from the control value.

FIG. 2. Effect of oral administration of L. casei strain Shirota on
pulmonary NK cell activity. Lung cells from mice fed either the control
diet (E) or the L. casei strain Shirota diet (F) for 4 months were
examined using a short-term 51Cr release assay. The E/T ratio was
6.25:1 (A) or 12.5:1 (B). Each bar represents the mean value for 5
mice. �, statistically significant difference from the control value by
Student’s t test at a P value of 	0.05; NS, no significant difference from
the control value.
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not detectable in either group. Similar results were obtained in
two independent experiments conducted in the same manner.

Effect of oral administration of L. casei strain Shirota on
viral titer in nasal washings of mice inoculated with IFV. As
shown in Fig. 4, the viral titers in the control and L. casei strain
Shirota groups were 102.2 � 0.5 and 101.6 � 0.6, respectively. The
reduction in virus titer in the L. casei strain Shirota group was
about one-third. The viral titer in the L. casei strain Shirota
group was significantly (P 	 0.05) lower than that in the con-
trol group.

DISCUSSION

It is suggested that both humoral and cellular immunity are
important for protection against IFV infection (3, 7, 27). Two
strains of lactic acid bacteria which modulate the different
immune systems, each in its own way have been studied (28).
One strain was Bifidobacterium breve YIT 4064, which en-
hances humoral immunity. It has been reported that oral ad-
ministration of this strain augmented production of antigen-
specific immunoglobulin G in the serum and protected against
IFV infection in mice (27). The other strain was L. casei strain
Shirota, which enhances cellular immunity. We have previously
reported that intranasal administration of this strain enhanced
cellular immunity in the respiratory tract and protected against
IFV infection in mice (12). In this study, we found that oral
administration of L. casei strain Shirota activated not only the
systemic immune system but also the local immune system and
that it ameliorated IFV infection in aged mice.

It was found that L. casei strain Shirota administered orally
augmented NK cell activity in splenocytes and enhanced sys-
temic cellular immunity in aged mice. Takagi et al. (21) also

reported augmentation of NK cell activity in splenocytes by
means of oral administration of L. casei strain Shirota in tu-
mor-bearing mice. In studies with humans, Nagao et al. (16)
reported that oral administration of L. casei strain Shirota
enhanced the NK cell activity of peripheral blood mononuclear
cells in low-NK individuals. These results suggest that L. casei
strain Shirota normalizes declining cellular immunity such as in
aged or tumor-bearing mice. Furthermore, it was obvious that
L. casei strain Shirota administered orally augmented pulmo-
nary NK cell activity in aged mice. This is the first report that
oral administration of L. casei strain Shirota affected the local
immune system. Influenza is a respiratory tract disease, and it
is important for the enhancement of local cellular immunity in
the respiratory site for protection against influenza infection
(19). In this study, we also found that L. casei strain Shirota
administered orally enhanced IFN-� and TNF-� production of
nasal lymphocytes. This is very interesting because nasal lym-
phocytes are activated by oral administration of L. casei strain
Shirota. Tamura et al. (23) and Asanuma et al. (1) reported
that NALT had a very important role for protection against
airborne viruses and other infectious agents. Cytokines are
important in the development of various immune cells. There-
fore, changes in cytokine profiles will affect the immune re-
sponse and IFV infection. IFN-� produced by Th1 and NK
cells exerts direct antiviral effects and regulates several aspects
of the immune response, including stimulation of macrophages
and NK cell activity (4). TNF-� is produced by different im-
mune cells, including monocytes; NK, B, and T cells; and
neutrophils (29). In vitro treatment with TNF-� resulted in a
decreased production of infectious virus, an inhibition of viral
protein synthesis, and a reduction in the cytopathic effect of the
virus (24).

In this study, we observed a significant decrease in the titer
of IFV in the respiratory tract of mice fed L. casei strain
Shirota. This appears to be a very important phenomenon. We

FIG. 3. Effect of oral administration of L. casei strain Shirota on
production of IFN-�, TNF-�, and IL-4 by nasal lymphocytes. Nasal
lymphocytes from aged mice fed either the control diet (n � 8) (white
bar) or the L. casei strain Shirota diet (n � 8) (black bar) were cultured
in the presence of ConA. Supernatants were collected 72 h after the
initiation of culture, and the concentrations of various cytokines were
determined. Each bar represents the mean � standard deviation (error
bar) of triplicate samples. � and ��, statistically significant difference
from the control by Student’s t test at a P value of 	0.01 and 	0.05,
respectively.

FIG. 4. Effect of oral administration of L. casei strain Shirota on
viral titer in nasal washings. Aged mice were fed either the control diet
(E) or the L. casei strain Shirota diet (F) for 4 months. One day
thereafter, the aged mice were intranasally infected with PR8, and 3
days later the viral titers in the nasal washings from the infected mice
were measured. Each bar represents the mean value for 11 or 12 mice.
�, statistically significant difference from the control value by Student’s
t test at a P value of 	0.05.
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have previously shown that the titer of virus in nasal washings
of mice inoculated with L. casei strain Shirota intranasally
before infection was significantly lower than that in mice not
inoculated with L. casei strain Shirota. Furthermore, we have
shown that the survival rate of mice in the L. casei strain
Shirota-treated group was significantly higher than that of mice
in the nontreated group by using a murine model of IFV
infection in which virus moves from the upper respiratory tract
to the lower respiratory tract (12). There are two possible
mechanisms by which oral administration of L. casei strain
Shirota ameliorates IFV infection. One possibility is the aug-
mentation of respiratory NK cell activity, and the other is
potent induction of IFN-� and TNF-� at the nasal site. Fur-
ther, it was reported that IFV infection depressed IL-2 pro-
duction (6) and significantly reduced NK cell activity (18).
Although the mechanism by which IFV induces immunosup-
pression is not completely understood, there is evidence to
suggest that an induced immunosuppressed state plays a role in
the pathogenesis of the disease (15). It can be speculated that
oral administration of L. casei strain Shirota maintained cel-
lular immunity after IFV infection. Regarding this point, fur-
ther study is needed.

The mechanism underlying the enhancement of local cellu-
lar immunity upon oral administration of L. casei strain Shirota
is not clear, but there has been a study to determine the route
by which L. casei strain Shirota is recognized by host immune
systems (22). L. casei strain Shirota administered orally was
taken up by M cells in the Peyer’s patches and was scarcely
taken up by epithelial cells on the lamina propria of the intes-
tine. Therefore, it was presumed that L. casei strain Shirota
was taken up by M cells in the Peyer’s patches and stimulated
macrophages, T cells, NK cells, and other cells, and these cells
migrated to the mesenteric lymph nodes (MLN). In fact, the
production of IFN-� by MLN cells of aged mice fed L. casei
strain Shirota for 1 month was significantly increased (unpub-
lished data). We think that these lymphocytes, such as Th1
cells and NK cells in MLN, would migrate via the thoracic duct
and bloodstream to the spleen, lungs, and NALT.

Recently it has been reported that one of the lactobacilli,
Lactobacillus rhamnosus GG (ATCC 53103) reduced respira-
tory infections and their severity in children (11). Since L. casei
strain Shirota is used to produce fermented milk and is safe, it
may be useful for elderly individuals with low immune function
to prevent respiratory infections.
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