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Probiotics are considered to have beneficial effects on the immune system. An association between the composition of microflora and allergies has

been demonstrated and modulation of microflora of infants by probiotics might reduce the risk of allergies. To investigate immune effects of pro-

biotics administered early after birth two animal models were used: a mouse model for respiratory allergy; a rat model for experimental auto-

immune encephalomyelitis (EAE). Administration of the probiotic Lactobacillus casei Shirota (LcS) started during lactation and allergy or

autoimmunity were induced at an adult age. Results were compared with similar studies in rats and mice that were exposed from an adult age.

Early administration of LcS significantly increased lymphocytes in the lungs of female mice and eosinophils in the lungs of male mice. LcS

had no effects on ovalbumin-specific serum IgE levels and on ovalbumin-specific cytokine production by spleen cells. In adult mice, LcS enhanced

ovalbumin-specific cytokine production by the spleen, whereas other parameters were not affected. Early administration of LcS to rats significantly

increased the duration of clinical symptoms of EAE. This was also demonstrated previously in adult rats exposed to LcS. Timing of administration

of LcS induced divergent effects on respiratory allergy and only early administration of LcS exacerbated lung inflammation. In the EAE model,

LcS stimulated autoimmunity independent of the timing of administration. Our data show that immune effects of probiotics do not necessarily

induce beneficial effects. It is therefore important that, in the evaluation of probiotics, efficacy and safety should be demonstrated.

Probiotics: Lactobacillus casei Shirota: Allergy: Autoimmunity: Lactation

At birth the gastrointestinal tract is sterile, but it becomes
rapidly colonized by microbes. The microflora changes in
the first weeks after birth and its composition is influenced
by, among other things, the type of feeding1. Breast-fed
infants are colonized predominantly with bifidobacteria and
lactobacilli, whereas the microflora of formula-fed infants is
composed of less bifidobacteria and lactobacilli and more
anaerobic strains, such as bacteroides and clostridia2–4.
When solid foods are introduced into the diet, each individual
develops a unique and complex microflora5. It has been shown
in several studies that the intestinal bacterial flora plays a cru-
cial role in the generation of an appropriate functioning
immune system6–8. Furthermore, an association between the
composition of intestinal microflora and allergies has been
observed in a study comparing microflora from allergic and
non-allergic children. Allergic children were less often colo-
nized with lactobacilli and bifidobacteria than non-allergic
children9.

The association between composition of the microflora and
allergies has brought up the idea that modulation of the micro-
flora could beneficially influence the immune system10–12.

Supplementation of infant formulas with probiotics might
alter the composition of the microflora of formula-fed infants
in such a way that it resembles that of breast-fed infants. This
may reduce the chance of developing an allergy. Evidence for
beneficial effects of probiotics on allergy has been found in
experimental animal models13–18. In human subjects, there
are several studies that have shown improvement or preven-
tion of atopic eczema in infants who received Lactobacillus
rhamnosus strain GG (LGG)19–21. However, another study
showed that neither L. rhamnosus nor LGG could improve
atopic eczema22. In addition, L. acidophilus did not prevent
the development of atopic eczema in atopic infants. Notably,
in infants who received this probiotic the rate of sensitization
was higher23. These studies show that the beneficial effects of
probiotics on atopic manifestations are strain-dependent and
that modulation of the immune system does not always lead
to allergy prevention and can also increase allergic
sensitization.

One of the mechanisms that could explain the beneficial
effects of probiotics on allergies is the ability of some pro-
biotic strains to stimulate T-helper (Th)-1 immunity, thereby
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reducing Th2 responses and thus (Th2-mediated) aller-
gies24–26. However, stimulation of Th1 immunity might
aggravate Th1-mediated autoimmune diseases. We have pre-
viously demonstrated that L. casei Shirota (LcS), indeed,
aggravated experimental autoimmune encephalomyelitis
(EAE) in Lewis rats27. Similar results were found for L. reu-
teri in a mouse model for EAE28. These experimental data
suggest that certain probiotic strains can induce adverse
effects.
Probiotics are considered to be safe due to their long-term

use in the adult population without any adverse effects. The
adverse effects on experimental autoimmunity, however, indi-
cate that side effects could be possible. Infants might be more
vulnerable to the adverse effects of probiotics, especially
since the developing immune system is more susceptible to
immunomodulation, as has been shown previously for dexa-
methasone. Neonatal treatment increased the severity and in-
cidence of EAE in adult life29. This could imply that infants
are a group at risk. Although the short-term safety of probio-
tics in infants has been investigated30, long-term effects have
not yet been investigated.
In this paper we have investigated effects of LcS adminis-

tered early in life (during lactation) on the development of res-
piratory allergy (in mice) or EAE (in rats), which was induced
at the adult age. To compare the consequences of LcS admin-
istration early in life on allergy development at an adult age,
similar experiments were performed in mice that received
LcS as adults. Effects of LcS on EAE were compared with
our previous study, in which rats were exposed to LcS as
adults27.

Materials and methods

Bacteria

LcS, isolated from a commercially available drink (Yakulte,
Yakult Nederland BV, Almere, The Netherlands), was cul-
tured for 72 h at 308C under anaerobic conditions in Man
Rogosa Sharpe broth (CM359; Oxoid, Haarlem, The Nether-
lands). Thereafter, bacteria were washed twice with saline
(0·9% NaCl) containing 1mg/ml peptone (saline/peptone)
and resuspended in saline/peptone to a final concentration of
2 £ 109 colony forming units (CFU)/ml. The number and
viability of the lactobacilli were determined by aerobic cultur-
ing on Man Rogosa Sharpe plates (CM361; Oxoid) for 72 h.

Animals

Female and male BALB/c mice (6–8 weeks old) were
obtained from our own breeding colony. For experiments
where LcS administration started during lactation, 2-week
old female and male BALB/c mice born to pregnant BALB/
c mice obtained from our own breeding colony were used.
Mice were bred specific pathogen free and kept under conven-
tional conditions. The breeding colony of the animals was pre-
screened/monitored for endogenous pathogenic viruses and
bacteria and was found negative. For the autoimmunity exper-
iments 2-week old female and male Lewis rats (LEW/
HanHsD) born to pregnant Lewis rats obtained from Harlan
(Horst, The Netherlands) were used. Mice and rats were fed
Hope Farms chow pellets (Woerden, The Netherlands) and

water ad libitum. The experimental set-up of all experiments
was examined and agreed upon by the institute’s Ethical
Committee on Experimental Animals, according to national
legislation.

Experimental design respiratory allergy

To study the effects of LcS exposure early after birth, young
suckling pups were used. After birth, the pups were random-
ized and cross-suckled between the dams. Each nest contained
the same number of pups with an equal male:female ratio. LcS
was given via oral gavage and administration started when the
mice were 2 weeks old until the end of the experiment. Mice
received 2–4 £ 108 CFU LcS or saline/peptone alone (con-
trols) daily in a volume of 100ml, except for the first week
when 2–4 £ 108 CFU was administered in 50ml. At weaning
(21 d after birth) mice were taken away from their mothers
and housed in the experimental groups. Mice were sensitized
and challenged with ovalbumin (eight females and eight males
per experimental group) as described earlier31 with some
minor modifications. Mice were sensitized twice, first when
they were 6 weeks old (day 0) and for a second time on day
14, by intraperitoneal injection with 10mg ovalbumin (grade
V; Sigma-Aldrich, Zwijndrecht, The Netherlands) adsorbed
onto 2·25mg aluminium hydroxide (AlumInject, Pierce, Rock-
ford, IL, USA) in saline. Control mice (four females and four
males per control group) were sensitized with saline. Mice
were challenged on days 35, 38 and 41 by inhalation of oval-
bumin or saline aerosols in a plexiglass exposure chamber for
20min. Aerosols were generated by nebulizing a solution of
10mg/ml ovalbumin in saline or saline alone using a nebuli-
zer. At day 43, mice were killed and blood was collected,
clotted and serum was collected for determination of oval-
bumin specific Ig. Spleens were collected and cell suspensions
were prepared for ex vivo stimulation with ovalbumin.

Adult (6–8 weeks old) female (eight for the experimental
and four for the control group) and male (eight for the exper-
imental and four for the control group) mice were used to
compare effects of early administration of LcS on allergy.
Oral gavage with LcS started 1 week before sensitization
with ovalbumin. The sensitization and challenge protocol
was the same as described earlier.

Bronchoalveolar lavage

Bronchoalveolar lavage was performed by flushing the lungs
with 1ml sterile PBS. Bronchoalveolar lavage fluid was cen-
trifuged at 1200 rpm for 10min. Cell pellets were used for
determination of total cell number and for cytospin prep-
arations. Cytospins were stained with May-Grünwald (Fluka,
Seelze, Germany) and Giemsa (Merck, Darmstadt, Germany)
and on each preparation 400 cells were counted.

Culture of spleen cells

Spleens were collected and single-cell suspensions were pre-
pared under aseptic conditions by pressing the spleen through
a sterile 70mm nylon cell strainer. Cells were washed in RPMI
1640 (Gibco, Life Technologies, Breda, The Netherlands)
with 5% heat inactivated fetal calf serum (PAA, Linz,
Austria), 100U/ml penicillin and 100mg/ml streptomycin
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(standard medium) (10min, 48C, 300 g) and resuspended in
1ml standard medium with 10% fetal calf serum. Cell suspen-
sions (2 £ 106 cells/ml, 75ml per well) were cultured for 96 h
with 100mg/ml ovalbumin (75ml per well). Supernatants were
collected for cytokine measurements.

ELISA specific for ovalbumin IgE and IgG1

Specific ovalbumin IgE and IgG1 titres in sera were deter-
mined by ELISA. Incubations were followed by extensive
washing on an automatic plate washer with PBS containing
0·1% Tween-20. To measure ovalbumin-specific IgE, 96-
well plates (Nunc-Immuno Plate, Nunc A/S, Roskilde, Den-
mark) were coated overnight at 48C with 2mg/ml rat-anti-
mouse IgE (ram IgE; Zymed Laboratories, San Francisco,
CA, USA) diluted in sodium carbonate buffer (pH 9.6) and
incubated overnight at 48C. Plates were blocked by adding
0·05M-Tris buffered saline with 1% bovine serum albumin,
pH 8 (Sigma) for 1 h at 378C. Thereafter, serial dilutions of
mouse serum samples and a pooled positive reference serum
were incubated for 1 h at 378C. All dilutions were done in
blocking buffer plus 0·05% Tween-20. Then, wells were incu-
bated for 1 h at 378C with digoxigenin-3-O-succinyl-1-amino-
caproic acid (DIG)-conjugated ovalbumin. The coupling of
ovalbumin to DIG (molar mixture 1:10) was performed
according to the manufacturer’s instructions (Roche Diagnos-
tics GmbH, Mannheim, Germany). Then, wells were incu-
bated with anti-DIG Fab fragments labelled with peroxidase
(Roche Diagnostics) for 2 h at 378C. Plates were incubated
with tetramethyl benzidine (TMB) substrate and the enzyme
reaction was stopped with 2 M-H2SO4 and absorbance was
read at 450 nm.

To measure ovalbumin-specific IgG1, wells were coated
overnight at 48C with 10mg/ml ovalbumin/ml PBS (grade
V; Sigma). Blocking buffer was added and wells were incu-
bated for 1 h at 378C. Thereafter, serial dilutions of mouse
serum samples and a pooled positive reference serum were
added to the wells and incubated for 2 h at room temperature
(RT). Biotinylated rat-anti-mouse IgG1 (Zymed Laboratories)
was added and wells were incubated for 1·5 h at RT, followed
by incubation with poly-horseradish peroxidase labelled strep-
tavidin for 45min at RT. Then plates were incubated with
TMB substrate and the enzyme reaction was stopped with
2 M-H2SO4 and absorbance was read at 450 nm. Extinction
values of the positive reference serum were used to calculate
the amount of IgG1 and IgE in the samples and extinction
values were expressed as arbitrary units.

Bioplex for cytokines

Th1 and Th2 cytokines were measured in supernatants of
spleen cells that were cultured with ovalbumin. Cytokine
levels were detected with a Bioplex 5-plex cytokine assay
kit that contained antibodies specific for IL-4, IL-5, IL-10,
IL-13 and interferon (IFN)-g (Biorad Life Science, Hercules,
CA, USA) according to the manufacturer’s instructions. Cyto-
kine measurements were performed on a Luminexw (Biorad
Life Science) and Luminex software was used to calculate
the amount of cytokines (pg/ml supernatant). The range of
detection for each cytokine was: for IL-4 0·18–424 pg/ml;

for IL-5 1·3–1051 pg/ml; for IL-10 14·6–3556 pg/ml; for
IFN-g: 0·52–3566 pg/ml; for IL-13: 4·3–30 782 pg/ml.

Experimental design for experimental autoimmune
encephalomyelitis

After birth, the pups were randomized and cross-suckled
between the dams. Each nest contained the same amount of
pups with an equal male:female ratio. Oral administration of
LcS started when the rats were 2 weeks old. Rats received
1–2 £ 109 CFU daily in a volume of 500ml. Control rats
received 500ml saline/peptone daily. At weaning (21 d old),
rats were taken away from their mothers and housed in the
experimental groups.

Acute EAE was induced at the age of 7 weeks as described
previously32. Rats (eight females and eight males per exper-
imental group) were injected subcutaneously in the left
ankle. Males were dosed with an emulsion (100ml) containing
20mg guinea pig myelin basic protein (MBP; Sigma), 500mg
Mycobacterium tuberculosis type H37RA (Difco, Detroit, MI,
USA), 50ml complete Freund’s adjuvant (Difco) sup-
plemented with saline (0·9% NaCl) to reach a volume of
100ml. Females were dosed with the same solution (80ml).
The dose for immunization with MBP is dependent on body
weight and females were lighter than males at the age of 7
weeks. Control rats (four females and four females per con-
trol group) were not immunized and received either LcS or
saline/peptone. After induction of EAE, body weight was
recorded daily. Also, neurological signs were scored daily
and graded from 1 to 5: 0, no clinical signs; 0·5, loss of toni-
city in distal half of tail; 1, flaccid tail; 1·5, unsteady gait; 2,
partial hind limb paralysis; 2·5, complete hind limb paralysis;
3, paralysis of the complete lower part of the body up to the
diaphragm; 4, paraplegia; 5, death due to EAE. Rats were
killed 27 d after induction of EAE. The clinical score is
expressed as the cumulative clinical score per rat and was cal-
culated by cumulating the daily clinical scores. In addition,
duration of EAE was defined by the number of days that
rats display clinical signs of EAE per animal. The cumulative
disease index was defined as the sum of the cumulative daily
scores per group divided by the amount of days that clinical
disease signs were observed in the group.

Power calculations

The number of animals per experimental group was calculated
with a power analysis using data from previous experiments.
ExpDesign software, a freely available tutorial program, was
used for power analysis33. The P value was set at ,0·05
and the number of animals per group was considered to be suf-
ficient when the power was .0·8.

Statistical analysis

In both the allergy and the EAE experiments, both sexes were
included in the experiments, because at initiation LcS admin-
istration was performed in litter. Previously, it has been
demonstrated that females are more susceptible for the sensit-
ization with ovalbumin34 and immunization with MBP35,36. In
addition, the immunization with MBP was based on body
weight and since females were lighter than males they were
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immunized with less MBP, because overdosing can be lethal.
The statistical analysis was therefore done in males and
females separately.
Statistical analysis was performed with SPSS software

(SPSS Inc., Chicago, IL, USA). Data are presented as means
with their standard errors. The P value for statistical signifi-
cant differences was set at ,0·05. When data were not nor-
mally distributed they were 10log transformed prior to
analysis.
To determine statistically significant differences in cell

number in lung lavage fluid, a one-way ANOVA was used.
The Levene test was used for homogeneity of variance.
When the variance was not equal, the Games–Howell test
was used as a post hoc test, otherwise Bonferroni’s post hoc
test was used. Statistical significant differences in oval-
bumin-specific cytokine production and ovalbumin-specific
IgE and IgG1 levels were determined with a two-tailed Stu-
dent’s t test comparing the two experimental groups that
were sensitized and challenged with ovalbumin. Statistical
difference of clinical symptoms and duration of symptoms
in the EAE experiment between the experimental groups
that were immunized with EAE were determined with a
one-tailed Mann–Whitney test.

Results

Respiratory allergy

Bronchoalveolar lavage: cell counts and differentiation.
Table 1 shows the cell counts in lung lavage fluid when
LcS administration started during lactation. Ovalbumin sen-
sitized and challenged female and male mice showed signifi-
cantly increased numbers of total cells compared with
controls. This increase was predominantly due to an increase
in eosinophils and lymphocytes. Influx of eosinophils and
lymphocytes after challenge with ovalbumin was more
pronounced in female mice than in male mice. In sensitized
female mice that received LcS, total cell number and

eosinophils were higher, but these differences were not sig-
nificantly different from sensitized mice that received the
vehicle. The observed increase in lymphocytes, however,
was significantly different from the sensizited group
(P¼0·026). In males, total cell number was slightly higher
in sensitized mice that received LcS, but this was not sig-
nificant. The number of lymphocytes was not different
between both sensitized groups. A significant increase in
eosinophils was observed in sensitized mice that received
LcS (P¼0·018).

Table 2 shows the cell counts in lung lavage fluid when
LcS was administered to adult mice. In sensitized females,
total cell number, macrophages, eosinophils and lympho-
cytes were significantly higher than the control group.
Administration of LcS did not affect cell number in sensi-
tized mice. The total cell number in control males
was higher than male controls in the other experiment
(Table 1) and in the controls that received LcS. A signifi-
cant increase in eosinophils was found in both sensitized
groups compared with the control group. Total cell
number was significantly higher when compared with the
controls that received LcS (P¼0·020 and P¼0·018 for sen-
sitized males that received vehicle or LcS, respectively).
Also in males, LcS had no effects on the inflammatory
lung response.

Ovalbumin-specific cytokine production

To assess if cytokine profiles were affected by LcS adminis-
tration, spleen cells were cultured with ovalbumin to detect
specific cytokine production. In mice that received LcS from
lactation onward, no differences in specific cytokine pro-
duction could be detected (data not shown). In adult mice
that received LcS, however, cytokine production was
enhanced (Table 3). In females, all Th2 cytokines were
increased in the LcS group. For IL-5 and IL-13 this was sig-
nificant, for IL-4 (P¼0·089) and IL10 (P¼0·063) this was
not. IFN-g levels were comparable in both groups. In males,

Table 1. Number of cells in lung lavage fluid in mice that received Lactobacillus casei Shirota (LcS) from
lactation onward§

(Mean values with their standard errors)

Total‡ Macrophages Eosinophils Lymphocytes

Group n Mean SE Mean SE Mean SE Mean SE

Females
Control 4 0·16 0·02 0·15 0·02 ND ND
Control þ LcS 4 0·13 0·01 0·11 0·01 ND ND
OVA 8 0·65** 0·12 0·24 0·04 0·36* 0·09 0·09*** 0·02
OVA þ LcS 8 1·01** 0·27 0·21 0·03 0·58 0·18 0·28*† 0·08

Males
Control 4 0·13 0·01 0·13 0·01 ND 0·003
Control þ LcS 4 0·14 0·02 0·14 0·02 ND 0·005
OVA 8 0·28** 0·04 0·22 0·04 0·013*** 0·004 0·046** 0·025
OVA þ LcS 8 0·39*** 0·02 0·28 0·02 0·058***† 0·016 0·051*** 0·011

Mean values were significantly different from those of the control group: *P,0·05; **P,0·01; ***P,0·001. Data were log trans-
formed before statistical analysis. To determine statistical significance a one-way ANOVA with Bonferroni’s post hoc test or
Games-Howell (when variance was not equal in the Levene’s test) post hoc test was used.

Mean values were significantly different from those of the ovalbumin (OVA) group: †P,0·05.
‡Cell numbers are expressed in 106 cells.
§ For details of animals and procedures, see Materials and methods.
ND, not detected.
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all Th2 cytokines were significantly higher in the LcS group.
IFN-g was also higher in this group but this was not significant
(P¼0·09).

Ovalbumin-specific IgG1 and IgE levels

Both ovalbumin-specific IgG1 and IgE titres were detectable
after sensitization and challenge with ovalbumin. IgE titres
were significantly higher in females than in males, IgG1
titres were similar. Administration of LcS either during lacta-
tion or when mice were adults did not affect IgG1 or IgE titres
significantly (data not shown).

Experimental autoimmune encephalomyelitis

After immunization with MBP, the first clinical symptom that
was observed was loss of tonicity in the tail. In males, there
was no difference on the day of onset of EAE for vehicle-trea-
ted rats (between days 14 and 18) and LcS-treated rats
(between days 15 and 21) after immunization. In Table 4

several clinical parameters are summarized. In vehicle-treated
rats, six out of eight animals developed clinical symptoms,
whereas all LcS-treated rats developed EAE. Other par-
ameters, such as clinical score per rat, duration of symptoms
and cumulative disease index, were not affected by LcS. In
females, day of onset was similar in vehicle-treated rats
(between days 12 and 18) and LcS-treated rats (between
days 11 and 18). Table 4 shows that all females that received
LcS developed clinical symptoms, while six of the eight rats
that received vehicle developed EAE. Furthermore, after
LcS administration, clinical score per animal and cumulative
disease index were higher. The effect on clinical score was
not significant however. In addition, LcS significantly
increased the duration of symptoms, the disease symptoms
lasted almost 3 d longer (P¼0·026).

Discussion

We have investigated the effects of administration of the pro-
biotic LcS, starting during lactation, on the development of

Table 2. Number of cells in lung lavage fluid in mice that received Lactobacillus casei Shirota (LcS) at adult age‡

(Mean values with their standard errors)

Total† Macrophages Eosinophils Lymphocytes

Group n Mean SE Mean SE Mean SE Mean SE

Females
Control 4 0·15 0·002 0·14 0·003 ND 0·002 0·001
Control þ LcS 4 0·24 0·02 0·17 0·02 ND 0·023 0·008
OVA 8 1·14*** 0·18 0·31** 0·04 0·41** 0·08 0·27*** 0·06
OVA þ LcS 8 0·94*** 0·09 0·29* 0·04 0·26** 0·06 0·27*** 0·04

Males
Control 4 0·26 0·09 0·25 0·08 ND 0·019 0·01
Control þ LcS 4 0·13 0·02 0·13 0·02 ND 0·006 0·002
OVA 8 0·34 0·04 0·28 0·04 0·019 0·008 0·024 0·006
OVA þ LcS 8 0·35 0·04 0·27 0·08 0·032 0·012 0·042 0·008

Mean values are significantly different from the control group: *P,0·05; **P,0·01; ***P,0·001. Data were log transformed before statistical
analysis. To determine statistical significance a one-way ANOVA with Bonferroni’s post hoc test or Games-Howell (when variance was not
equal in the Levene’s test) post hoc test was used.

†Cell numbers are expressed in 106 cells
‡ For details of animals and procedures, see Materials and methods.
OVA, ovalbumin; ND, not detected.

Table 3. Ovalbumin-specific cytokine production by spleen cells from mice that received Lactobacillus casei Shirota
(LcS) at adult age‡

(Mean values with their standard errors)

IL-4† IL-5 IL-10 IL-13 IFN-g

Group n Mean SE Mean SE Mean SE Mean SE Mean SE

Females
OVA 8 12 2·5 181 68 32 8·9 102 42 11 5·4
OVA þ LcS 8 19 3·1 429* 81 72 18 345* 90 14 3·2

Males
OVA 8 0·52 0·08 1·3 14·6 4·3 21 9·5
OVA þ LcS 8 21** 3·8 187** 44 46* 10 165* 48 62 21

Mean values are significantly different from the ovalbumin (OVA) group: *P,0·05; **P,0·01 (to determine statistical significance a
two-tailed Student’s t test was used).

†Cytokines are expressed as pg/ml supernatant.
‡ For details of animals and procedures, see Materials and methods.
IFN, interferon.
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allergy and autoimmunity at an adult age. Early administration
of LcS stimulated both allergic and autoimmune responses.
Although effects were moderate, these data confirm that LcS
has immunostimulatory properties.
When LcS was given during lactation, the inflammatory

lung response was enhanced in males and females. Remark-
ably, when LcS administration started when mice were
adults, there was no effect on the influx of inflammatory
cells. The stimulatory effects of LcS were confined to the
lungs, because no effect of ovalbumin-specific IgE was
observed. This is in contrast with previous studies that
demonstrated a reduction of serum IgE by LcS18,37. This dis-
crepancy might be explained by the different models that
were used and the different route of exposure. In a model
for food allergy in transgenic (OVA-TCR) mice, LcS was
injected intraperitoneally18, while in the present study LcS
was given via the oral route. However, in mice that were sen-
sitized to ovalbumin by intraperitoneal injection oral admin-
istration of LcS decreased ovalbumin-specific IgE levels37.
The observed effects on IgE were attributed to a shift in
Th1/Th2 balance of cytokine production towards Th1. We
could only detect effects on cytokine production in adult
mice that received LcS and LcS did not induce a shift of
the immune balance towards Th1, but stimulated predomi-
nantly Th2 cytokines and, to a lesser extent, Th1. The ability
of probiotics to stimulate both Th1 and Th2 cytokines was
previously shown for L. rhamnosus HN001 in a model for
respiratory allergy38.
Early administration of LcS, however, did not elicit differ-

ent or more pronounced effects in the EAE model compared
with adult administration. Previously, we have shown that
LcS aggravated EAE27. When LcS was given during lactation,
an increase of incidence and duration of clinical symptoms in
females was observed. In contrast, in males LcS increased the
incidence of EAE, but did not affect clinical symptoms. It is
important to note that the increase in incidence is an observa-
tional one, which is not tested statistically because the study
was not powered to perform statistical analysis. These obser-
vations are in line with our previous study27. Our data suggest
that LcS in general adjuvates both Th1 and Th2 responses,

rather than skewing the immune system towards Th1.
Stimulation of the immune response by LcS has been shown
previously in a host resistance model for Listeria monocyto-
genesis39,40.

The effects of probiotics on the immune system are
clearly strain-dependent28,41,42, but the mechanisms behind
this are not completely understood. One way in which the
immune system could recognize probiotics is via toll-like
receptors (TLR). These receptors are present on immune
cells and play an important role in the recognition and
initiation of immune responses against pathogenic micro-
organisms43. There is some evidence from studies in exper-
imental animals that TLR are involved in the immune
effects elicited by probiotics. In an animal model for colitis,
TLR9 mediated the anti-inflammatory effects induced by a
mix of eight probiotic bacteria (VSL#3)44. TLR9 was also
involved in the suppression of allergic airway inflammation
in a mouse model by L. reuteri41. Amelioration of exper-
imental colitis by E. coli Nissle 1917 was dependent on
TLR-2- and TLR-4-signalling45. TLR are present on dendri-
tic cells, which are the principal stimulators of naı̈ve T cells.
As such, they play a crucial role in polarization of the
immune response to Th1, Th2 or regulatory T cell
responses46. In vitro studies have shown that probiotics
can activate dendritic cells and influence T cell polarization
towards Th1 or regulatory T cells47–49. Hence, dendritic
cells seem to be involved in orchestrating the immune
response induced by probiotics.

In our opinion, the proper probiotic strain should be
selected in order to reach the goal for which the specific appli-
cation is meant. This is illustrated by a recent study, in which
it was shown that probiotics increase allergic sensitization in
atopic infants who received L. acidophilus in the first 6
months of their life23. Probiotics are considered to be safe
because of long-term use in the adult population, but infor-
mation of safety in infants is scarce. The follow-up of most
intervention studies in infants is relatively short to get insight
into long-term beneficial and adverse effects. In atopic infants
who received LGG in the first 6 months after birth, a follow-
up until the age of 4 years was reported and, although the

Table 4. Summary of clinical parameters of experimental autoimmune encephalomyelitis (EAE)**

(Mean values with their standard errors)

Day of onset† Clinical score§
Duration of
symptomsk

Group Mean SE Incidence‡ Mean SE Mean SE CDI{

Females
EAE/vehicle 15·7 0·8 6/8 2·9 1·5 3·4 1·4 1·6
EAE/LcS 15·3 0·9 8/8 4·2 1·8 6·6* 1·0 2·2

Males
EAE/vehicle 15·7 0·6 6/8 4·6 2·9 4·6 1·2 2·6
EAE/LcS 17·5 0·8 8/8 4·0 1·2 5·0 1·0 2·6

Mean values were significantly different from those of the EAE/vehicle group: *P,0·05.
† The first day a rat displayed clinical symptoms for all rats with symptoms.
‡ The number of rats with clinical symptoms.
§ The cumulative clinical scores per rat at the end of the experiment.
kThe number of days an animal displayed symptoms.
{The sum of the daily clinical scores for a group over a given number of days divided by the number of days, given as a cumulative

disease index (CDI).
** For details of animals and procedures, see Materials and methods.
LcS, Lactobacillus casei Shirota.
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incidence of atopic dermatitis was significantly lower in the
LGG group, the incidence of rhinitis was diagnosed twice as
often. This finding was not significant due to the small
number of infants with rhinitis19.

In conclusion, modulation of the immune system does not
necessarily lead to beneficial effects. Therefore, more research
is needed to elucidate the complexity of the mechanisms
underlying these immune effects. For a better understanding
of effects of intervention with probiotics early in life, well-
controlled studies in infants are needed that focus on both
short-term and long-term beneficial and adverse effects.
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