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methacholine, (2) reduced the number of eosinophils in the 
bronchoalveolar lavage fluid, (3) reduced both OVA-specific 
IgE and (4) OVA-specific IgG1, whereas the other strains did 
not affect all these parameters simultaneously.  B. breve  M-
16V but not  L. plantarum  NumRes8 reduced interleukin 4, in-
terleukin 5 and interleukin 10. Furthermore,  B. breve  M-16V 
but not  L. plantarum  NumRes8 reduced acute allergic skin 
reactions to OVA.  Conclusion:   B. breve  M-16V was identified 
as the most potent antiallergic strain. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 The incidence of allergic disorders has dramatically 
increased over the past decades such that these disorders 
are the most common chronic diseases of childhood in 
the developed world nowadays  [1, 2] . This rise in the in-
cidence of allergies has been linked with epidemiological 
evidence of a reduced microbial burden, the ‘hygiene hy-
pothesis’ and new insights thereof  [3–6] . Interestingly, 
the composition of the intestinal microbiota has also 
been associated with the incidence of allergies. The intes-
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 Abstract 

  Background/Aim:  Evidence demonstrating an important 
role of the intestinal microbiota in the incidence of aller-
gic disorders has led to the concept of using probiotics as 
possible antiallergic therapy. This study aimed to select a 
bacterial strain with the best antiallergic treatment effects 
from a panel of 6 bacterial strains in a mouse model of ov-
albumin(OVA)-allergic asthma.  Methods:  OVA-sensitized 
BALB/c mice were orally administered the bacterial strains 
 Bifidobacterium breve  M-16V,  B. infantis  NumRes251,  B. ani-
malis  NumRes25 2 and  NumRes253,  Lactobacillus plantarum  
NumRes8 and  L. rhamnosus  NumRes6. After challenge by 
OVA inhalation in the lungs, the response to methacholine 
was measured. Pulmonary inflammation was assessed by 
analyzing bronchoalveolar lavage fluid for the presence of 
eosinophils, neutrophils, macrophages and lymphocytes 
and for interleukin 4, interleukin 5, interleukin 10 and inter-
feron- � . OVA-specific IgE, IgG1 and IgG2a were measured in 
serum. Next, the effect on acute allergic skin reaction was 
measured after treatment with  B. breve  M-16V and  L. planta-
rum  NumRes8.  Results:  Of the panel of 6 strains,  B. breve  M-
16V and  L. plantarum  NumRes8 inhibited (1) the response to 
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tine of allergic infants was less often colonized by lac-
tobacilli and bifidobacteria, whereas it was more often 
colonized by aerobic microorganisms  [7, 8] . Infants with 
atopic dermatitis (AD) had reduced levels of fecal bifido-
bacteria as well  [9] . In addition, the reduced levels of bi-
fidobacteria preceded the development of atopic disease 
in Finnish infants  [10] . Furthermore, it is generally rec-
ognized that the gut microbiota contribute to normal im-
mune maturation in early life  [11, 12] . These findings 
have all contributed to the concept of modulating the in-
testinal microbiota for antiallergic therapy by adding 
prebiotics, probiotics, or a combination (synbiotics) to 
the diet. 

  Probiotics are defined as live microorganisms which, 
when administered in adequate amounts, confer a health 
benefit on the host  [13] . Evidence is accumulating that 
specific probiotics may counterbalance the predomi-
nance of the proallergic, T-helper (Th) 2-directed im-
mune response  [14–19] . Currently, there is more convinc-
ing evidence for a preventive effect than a therapeutic ef-
fect of probiotics according to a recent meta-analysis of 
clinical trials of probiotics for the prevention and treat-
ment of pediatric AD  [20] . In this meta-analysis, clinical 
studies were summarized that used several bacterial 
strains or combinations of bacterial strains. This is in 
contradiction with a more recent review article in which 
it is concluded that probiotics cannot be generally recom-
mended for the primary prevention of atopic diseases 
 [21] . Some of the confusion on whether probiotics are ef-
fective is illustrated with the following clinical trials in 
which infants were treated with  Lactobacillus rhamnosus  
GG (LGG) for AD: The first report showed encouraging 
results, i.e., the frequency of AD was reduced by half in 
infants that were given LGG. It is noteworthy that this 
study was conducted in infants with a family history of 
atopic disease, and that mothers of these infants started 
supplementation with LGG 2–4 weeks before the expect-
ed delivery  [22] . A clinical trial in which infants with sus-
pected cow’s milk allergy were treated with LGG did not 
show any effect on AD in the whole group; AD was re-
duced in the IgE-sensitized infants, but not in the non-
IgE-sensitized infants  [23] . A recent trial studied the ef-
fect of LGG supplementation in infants suffering from 
mild to moderate AD and showed no treatment effect of 
LGG in this population  [24] . Possible explanations in-
clude differences between preventive and therapeutic ef-
fects of probiotics and sensitization to IgE as factors that 
determine the antiallergic effects of LGG. However, a 
more recent trial that aimed to repeat the first report on 
reducing AD with LGG was not successful: no reduction 

of AD with LGG was observed in exactly the same setup 
as in the first report  [25] , suggesting that other factors 
play a role. Preclinically, a preventive effect of LGG in re-
ducing allergy is supported by studies in mouse models 
of allergic airway inflammation: perinatal and prenatal 
supplementation reduced allergic airway and peribron-
chial inflammation although airway reactivity to metha-
choline was not changed  [26] . This was in contrast with 
a study in mice that received LGG from birth every other 
day and were sensitized to ovalbumin (OVA) on days 29, 
31, 33, 36, 38 and 40; on day 56, all aspects of the asth-
matic phenotype were suppressed, including airway reac-
tivity to methacholine in comparison with mice that did 
not receive LGG  [27] . 

  Next to the difference in outcome with the same bac-
terial strain in different supplementation protocols in 
preclinical and clinical trials, it is generally recognized 
that the biological effects can depend on the specific bac-
terial strain that is used. Consequently, specific health 
effects should be demonstrated for each bacterial strain. 
Kopp and Salfeld  [21]  conclude that probiotics cannot be 
generally recommended for primary prevention, but that 
the concept of using probiotics for primary prevention of 
allergy still seems plausible. However, the selection of the 
most beneficial probiotic strain or the composition of dif-
ferent probiotics and/or prebiotics, the timing of supple-
mentation, the optimal dose and method of administra-
tion still need to be determined. The present study is per-
formed in search for the most beneficial probiotic strain 
of a panel of 6 for its antiallergic treatment effects in a 
mouse model of OVA-allergic asthma. Four strains of bi-
fidobacteria and two strains of lactobacilli are compared. 
The strain with the best antiallergic effects will be a can-
didate for a clinical study with already allergic sensitized 
humans in whom the inhibition of allergic symptoms will 
be studied. 

  Materials and Methods 

 Animals 
 Male BALB/cByJIco-specified, pathogen-free mice (5–8 weeks; 

20–25 g; Charles River, Someren, The Netherlands) were accus-
tomed to their new environment for at least 1 week before the start 
of the experiment. Animals were housed in type III macrolon cag-
es and provided ad libitum with standard rodent feed (Hope-
farms, Woerden, The Netherlands) and tap water. Temperature 
and humidity were kept constant at 22   °   C and 50%, respectively. 
All experiments were approved by an independent animal exper-
iments committee according to Dutch laws on animal experimen-
tation. 
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  OVA Sensitization 
 Mice were sensitized to OVA by 2 intraperitoneal injections 

with 10  � g OVA grade V (Sigma Aldrich, Zwijndrecht, The Neth-
erlands) in 2.25 mg/0.1 ml AlumImject (Pierce, Perbio Science 
Nederland, Etten-Leur, The Netherlands) in phosphate-buffered 
saline (PBS) on days 0 and 7. Sham-sensitized animals received 
0.1 ml PBS only ( fig. 1 ).

  Probiotic Bacteria 
 The following probiotic strains, derived from the Numico Re-

search Culture Collection, were selected for testing:  Bifidobacte-
rium animalis  subsp.  lactis  NumRes252,  B. animalis  subsp.  lactis  
NumRes253,  B. breve  M-16V (Morinaga Milk Industry Co., Ltd., 
Zama, Japan),  B. infantis  NumRes251,  Lactobacillus plantarum  
NumRes8 and  L. rhamnosus  NumRes6.   The bacteria were cul-
tured in MRS broth (Oxoid, Basingstoke, UK) and resuspended 
in PBS to the right dose prior to use. The species level of the strains 
was confirmed by double-stranded 16S rDNA sequencing  [28] . 

   Internally transcribed spacer polymerase chain reaction (ITS-
PCR) was used to genetically discriminate between the two  B. 
animalis  subsp.  lactis  strains, followed by restriction analysis with 
 Hin dIII or  Pst I (Roche Diagnostics BV, Almere, The Netherlands) 
 [29] . 

  Probiotic Treatment 
 From day 28 onwards, 10 9  colony forming units (CFUs) of the 

probiotic strains were administered per animal per day. Probiotic 
strains were suspended in 0.4 ml of PBS and given by oral gavage 
up to the end of the experiment (day 42). Control animals received 
solely PBS as placebo. Groups consisted of 7–18 animals ( fig. 1 ). 

  OVA Aerosol Challenge 
 OVA-sensitized mice were exposed to 10 mg/ml nebulized 

OVA aerosols in PBS using Pari LC Star (Pari IS-2, Pari-Werk 
GmbH, Starnberg, Germany) in an aerosol cabin for 20 min 3 
times on days 35, 38 and 41 ( fig. 1 ). 

  Airway Response to Methacholine 
 The response to methacholine was analyzed 24 h after the last 

OVA aerosol challenge on day 42 of the experiment. For the anal-
ysis of the response to methacholine, conscious unrestrained 
mice were exposed to increasing dosages of aerosolized metha-
choline (1.56–50 mg/ml). The response to methacholine was in-
vestigated using whole-body plethysmography (Buxco, Emka 
technologies, Paris, France). The response to methacholine is ex-
pressed as enhanced pause (P enh ), as described in detail previ-
ously  [30] . After the last measurement, the animals were sacri-
ficed with a lethal intraperitoneal injection of sodium pentobar-
bital (300 mg/kg body weight).

  Bronchoalveolar Lavage 
 Lungs were rinsed with 1 ml of pyrogen-free saline (0.9% 

NaCl) supplemented with 1 protease inhibitor cocktail tablet per 
100 ml (Roche Diagnostics, Mannheim, Germany) and 4 g/100 ml 
of bovine serum albumin (BSA) at 37   °   C in situ. The rinsing pro-
cedure was repeated 3 times with 1 ml of 0.9% NaCl without pro-
tease inhibitors. Supernatants of the first collected milliliter were 
stored at –30   °   C for cytokine analysis. Cell preparations of the 
bronchoalveolar lavage fluid (BALF) were made by cytospinning 
the cells onto glass for 5 min at 400  g  at 4   °   C. Cytospin cell prepa-
rations were stained by DiffQuick (Merz & Dade AG, Düdingen, 
Switzerland). Numbers of eosinophils, macrophages, neutrophils 
and lymphocytes were scored by light microscopy in a blinded 
setup.

  Determination of Serum Levels of Immunoglobulins and 
BALF Cytokines 
 Blood was collected by cardiac puncture immediately after the 

lethal injection of anesthetics. The blood was coagulated for 1 h 
at room temperature and subsequently centrifuged for 5 min at 
17,500  g . Serum was stored at –80   °   C until further analysis. The 
analyses of OVA-specific immunoglobulin (Ig) E, IgG1 and IgG2a 
(Pharmingen, San Diego, Calif., USA) were done as described 
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  Fig. 1.  Time line of the mouse OVA allergy experiment. Mice were 
acclimatized to their new accommodation 1 week before the first 
sensitization on day 0. Sensitizations were performed on days 0 
and 7 by injecting the mice intraperitoneally with 10  � g OVA in 
alum. Daily administration of 10 9  CFUs probiotics by oral gavage 
started on day 28 (treatment protocol) and continued until day 42. 

On days 35, 38 and 41, the animals were nasally challenged with 
10 mg/ml aerosolized OVA. The airway response to methacholine 
was measured at day 42, from which mice were exposed to in-
creasing dosages of methacholine. Subsequently, the mice were 
sacrificed with a lethal dose of anesthetics, after which blood and 
BALF were collected. 
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elsewhere  [31] , using rat antimouse IgE, IgG1 and IgG2a capture 
monoclonal antibodies, respectively (Pharmingen). The cyto-
kines interleukin (IL) 4, IL-5, IL-10, interferon (IFN)- �  were de-
termined by ELISA (BioSource International, Inc., Camarillo, 
 Calif.   , USA) according to the supplier’s protocol. 

  OVA-Specific Skin Response 
 The above-mentioned experiments were performed at the re-

search facilities of Utrecht Institute for Pharmaceutical Sciences. 
At another laboratory (Centre for Small Laboratory Animals, Wa-
geningen University, Wageningen, The Netherlands), the same 
experimental setup was followed, except for the response to 
methacholine, which was replaced by the OVA-specific skin re-
sponse. Only the 2 bacterial strains that demonstrated both re-
duction in the response to methacholine and in eosinophil influx 
in the BALF were evaluated ( B. breve  M-16V and  L. plantarum  
NumRes8). The acute OVA-specific skin response was measured 
after intradermal injection of OVA into the pinnae of both ears. 
Basal ear thickness was measured and, subsequently, 20  � l OVA 
in PBS (0.1 mg/ml) was injected intradermally. One hour after 
OVA injection into the ears, ear thickness was measured again. 
Ear thickness was measured in duplicate per ear using a digital 
micrometer (Mitutoyo, Veenendaal, The Netherlands). Basal ear 
thickness was subtracted from ear thickness 1 h after OVA injec-
tion into each mouse, and the average ear swelling of the different 
treatment groups was expressed. The mice were anesthetized 
with isoflurane/O 2  for all ear thickness measurements.

  Analyses and Statistical Calculations 
 Data are expressed as arithmetic means  8  standard error of 

the mean (SEM). An unpaired Student’s t test was performed for 
statistical comparisons between 2 groups, unless stated other-
wise. The airway response curves to methacholine were analyzed 
by a general linear model of repeated measurements, followed by 
post hoc comparison between groups (Dunnett’s test). Data were 
log10-transformed before analysis to equalize variances in all 
groups. A probability value of p  !  0.05 was considered to be sig-
nificant. 

  Results 

 Consistently Reduced Response to Methacholine with 
Oral Treatment of  B. breve  M-16V 
 The response to methacholine was enhanced in the 

OVA-allergic group that received PBS as a control oral 
treatment compared to the non-OVA-allergic sham-sen-
sitized control group that received oral PBS treatment. 
This difference in the response to methacholine between 
the allergic and the non-allergic mice is significant at the 
lowest dose of 0  � g/ml methacholine and persisted up to 
50  � g/ml ( fig. 3 ).

  In contrast to the other tested bifidobacteria, only the 
oral treatment with  B. breve  M-16V significantly reduced 
the increased airway response to methacholine at the 
highest concentration of methacholine. Moreover, the re-
sponse to methacholine after oral treatment with  B. breve  
M-16V was consistently reduced at all methacholine con-
centrations and reached statistical significance at 25  � g/
ml methacholine. 

  Oral treatment with  L. rhamnosus  NumRes6 as well
as with  L. plantarum  NumRes8 significantly reduced
the increased response to methacholine at the 2 highest 
concentrations of methacholine, i.e., 25 and 50  � g/ml.
At the lower concentrations of methacholine, the airway 
response was similar to that of the PBS-treated group.

  Comparing the bifidobacteria with the lactobacilli,  B. 
breve  M-16V displayed the best overall reduction in the 
increased response to methacholine at all concentra-
tions.

  Reduced Eosinophil and Lymphocyte Influx into the 
Airways with  B. breve  M-16V  
 Eosinophil, macrophage, neutrophil and lymphocyte 

cell counts in the BALF were all elevated in the OVA-
allergic PBS-treated group compared to the non-OVA-
allergic PBS-treated sham-sensitized group. The number 
of eosinophils in the BALF was significantly reduced af-
ter treatment with either  B. breve  M-16V or  L. planta-
rum  NumRes8, but not with  B. animalis  NumRes252,
 B. animalis  NumRes253,  B. infantis  NumRes251 or with
 L. rhamnosus  NumRes6, compared to the PBS-treated 
OVA-allergic group. In addition, the number of lympho-
cytes was reduced after treatment with  B. breve  M-16V 
compared to PBS treatment in OVA-allergic mice. Treat-
ment with  L. plantarum  NumRes8 did not reduce lym-
phocyte numbers in BALF, nor did treatment with the 
other bacteria. The number of macrophages and neutro-
phils was not affected by any of the treatments ( fig. 4 ).

NumRes252 NumRes252 NumRes253 NumRes253GeneRuler™

+HindIII +PstI DNA Ladder +PstI +HindIII

500 bp

  Fig. 2.  Discrimination between the 2  B. animalis  subsp.  lactis  
strains NumRes252 and NumRes253 after restriction digestion
of the amplified ITS regions using  Pst I or  Hin dIII and separation 
on a 2% agarose gel and ethidium bromide staining. 
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  Cytokine Levels in BALF: Reduction in IL-4, IL-5 and 
IL-10 by  B. animalis  NumRes252 or  B. breve  M-16V 
 Levels of IL-4, IL-5 and IL-10 were significantly ele-

vated in BALF of OVA-allergic PBS-treated mice com-
pared to the non-OVA-allergic PBS-treated mice. The 
level of IFN- �  was enhanced as well, although not sta-
tistically significantly. Measured cytokines in BALF 
were not affected by treatment with lactobacilli in com-
parison to the OVA-allergic PBS-treated mice. Treat-
ment with  B. animalis  NumRes252 or  B. breve  M-16V 
significantly reduced the level of IL-4 to around 20 and 
60% of the OVA-allergic PBS-treated mice, respectively. 
Treatment with  B. animalis  NumRes253 or  B. infantis  
NumRes251 resulted in a nonsignificant reduction of 
IL-4 levels in BALF. Treatment with  B. animalis  
NumRes253,  B animalis  NumRes252,  B. breve  M-16V or 
 B. infantis  NumRes251 significantly reduced IL-5 levels 

to around 75–85% of the OVA-allergic PBS-treated 
group. Similarly, treatment with  B. animalis  NumRes253 
significantly reduced IL-10 levels in the BALF to about 
25% of OVA-allergic PBS-treated mice. Treatment with 
 B. breve  M-16V,  B. animalis  NumRes252 or  B. infantis  
NumRes251 significantly lowered the level of IL-10 to 
around 40–50% of OVA-allergic PBS-treated mice. The 
level of IFN- �  in BALF was not significantly affected by 
any of the treatments with either bifidobacteria or lac-
tobacilli ( fig. 5 ). 

  OVA-Specific Antibody Titers in Serum: Reduction in 
OVA-IgE and OVA-IgG1 with  B. animalis  NumRes253, 
 B. breve  M-16V or  L. rhamnosus  NumRes6 
 OVA-allergic PBS-treated mice had significantly in-

creased serum titers of OVA-specific IgE, IgG1 and IgG2a 
compared to non-OVA-allergic PBS-treated sham-sensi-

Sham-sensitized
PBS
B. animalis NumRes253
B. breve M-16V
B. animalis NumRes252
B. infantis NumRes251
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0

3

6

9

12

0

3

6

9

12

b

a

b

b

a

Methacholine (μg/ml) 

a

P e
nh

b

Sham-sensitized
PBS
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  Fig. 3.  The airway response to aerosolized 
methacholine measured 24 h after the last 
OVA challenge in mice as expressed by 
P enh . The results are expressed as arithme-
tic means (n = 7–18 per group); the table 
shows the mean  8  SEM airway responses 
for all methacholine concentrations.  a  Sta-
tistically significant difference (p  !  0.05) 
compared to sham-sensitized animals; 
 b  statistically significant difference (p  !  
0.05) compared to the PBS-treated, sensi-
tized mice.  a  Bifidobacteria:  B. animalis  
subsp.  lactis  Num Res253,  B. breve  M-16V, 
 B. animalis  subsp.  lactis  NumRes252 and 
 B. infantis  NumRes251.  b  Lactobacilli:  L. 
rhamnosus  NumRes6 and  L. plantarum  
NumRes8. 

Methacholine

0 μg/ml 6.3 μg/ml 25 μg/ml 50 μg/ml

mean SEM mean SEM mean SEM mean SEM

Sham-sensitized 0.9 0.1 1.9 0.2 3.8 0.5 4.6 0.5
PBS 1.7a 0.2 3.7a 0.4 8.1a 0.7 9.8a 0.8
B. animalis NumRes253 1.4 0.2 2.8 0.4 7.2 1.0    10.1 1.3
B. breve M-16V 1.2 0.1 2.8 0.3 5.5b 0.7 8.1b 0.9
B. animalis NumRes252 1.2 0.1 3.0 0.5 7.9 1.3 9.4 1.2
B. infantis NumRes251 2.0 0.3 4.1 0.7 7.3 1.4 9.2 1.5
L. rhamnosus NumRes6 1.1 0.2 4.1 0.6 5.5b 0.7 6.8b 0.7
L. plantarum NumRes8 1.6 0.5 3.8 0.6 5.6b 0.5 5.8b 0.9
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tized mice, indicating that the OVA sensitizations were 
successful. Oral treatments with the different bifidobac-
teria or lactobacilli all resulted in significantly reduced 
OVA-specific IgE titers ranging from 50 to 75% of the 
OVA-allergic PBS-treated mice. OVA-specific IgG1 titers 
were only significantly reduced after oral treatment with 
either  B. animalis  NumRes253,  B. breve  M-16V or  L. 
rhamnosus  NumRes6. OVA-specific IgG2a was not sig-
nificantly affected by any of the treatments although a 
trend to higher titers (50–100% higher) was observed 
with all treatments ( fig. 6 ).

  OVA-Specific Skin Response 
 OVA-allergic PBS-treated mice had significantly in-

creased ear swelling when compared to sham-sensitized 
PBS-treated mice, indicating that the OVA-allergic mice 
demonstrated an acute allergic skin reaction to OVA. 
Treatment of OVA-allergic mice with  L. plantarum  
NumRes8 did not result in significantly reduced ear 
swelling when compared to PBS treatment. Interestingly, 
treatment with  B. breve  M-16V significantly reduced the 
acute allergic skin reaction to OVA compared to the PBS-
treated OVA-allergic mice ( fig. 7 ).
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b b  Fig. 4.  Pulmonary inflammation repre-
sented by the influx of specific leukocytes 
in BALF. Mice in the negative control 
group were sham-sensitized with PBS. 
Mice in all other groups were sensitized 
and challenged with OVA. The positive 
control group received PBS, and the differ-
ent test groups received a different bacte-
rial strain per oral gavage. Total numbers 
of cells are shown in the graph, whereas 
the table indicates the mean    8  SEM cell 
numbers per cell type.  a  Statistically sig-
nificant difference (p  !  0.05) compared to 
sham-sensitized animals;  b  statistically 
significant difference (p  !  0.05) compared 
to the PBS-treated, sensitized mice.                      

Treatment Eosinophils
×104 

Macrophages 
×104

Neutrophils 
×104

Lymphocytes 
×104

Total
×104

mean SEM mean SEM mean SEM mean SEM mean SEM

Sham-sensitized 0.1 0.0 22.4 2.5 0.4 0.1 1.4 0.5 24.3 1.3
PBS 268.1a 37.1 61.1a 8.0 28.4a 4.7 39.6a 10.6 397.2a 15.7
B. animalis NumRes253 219.5 51.5 56.3 9.4 33.2 14.1 37.3 8.9 346.3 19.1
B. breve M-16V 148.3b 23.4 65.1 10.7 23.2 6.6 15.3b 2.6 251.9b 9.5 
B. animalis NumRes252 211.9 31.2 54.0 8.2 12.2 2.7 34.4 8.8 312.5 15.8
B. infantis NumRes251 242.9 48.2 61.8 10.1 18.8 5.4 39.1 6.9 362.6 19.7
L. rhamnosus NumRes6 263.4 48.8 73.4 15.1 50.5 15.7 45.1 12.3 432.4 21.7
L. plantarum NumRes8 127.2b 41.1 57.1 15.0 40.8 10.8 17.6 7.2 242.1b 12.7
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  Discussion 

 In the present study, a well-established mouse model 
of allergic asthma was used to identify the bacterial strain 
with the most potent antiallergic effects among a group 
of 4 bifidobacterium strains ( B. animalis  NumRes253,  B. 
animalis  NumRes252,  B. infantis  NumRes251,  B. breve  
M-16V) and 2 lactobacillus strains ( L. plantarum  Num-
Res8 and  L. rhamnosus  NumRes6). From the results, it is 
evident that oral treatment with  B. breve  M-16V was most 
effective in reducing the allergic response.

  Oral treatment with  B. breve  M-16V most successfully 
reduced the increased airway response to methacholine 
when the whole concentration range of methacholine in 
OVA-sensitized and nasally challenged mice is taken into 

consideration. Recently, Forsythe et al.  [32]  demonstrat-
ed that oral treatment with  L. reuteri  of OVA-sensitized 
mice attenuated airway responsiveness, whereas treat-
ment with  L. salivarius  had no effect on airway respon-
siveness. However, their experimental setup differed 
from ours. In their study, daily oral administration of the 
bacterial strains was initiated on the same day as the sec-
ond OVA sensitization and was continued for 9 days. This 
is in contrast to our experimental design, in which the 
bacterial strains were administered starting 3 weeks after 
the second OVA sensitization and this was continued for 
2 weeks. In the experimental setup of Forsythe et al.  [32] , 
it cannot be excluded that the initiation of oral adminis-
tration with bacterial strains concurrently with the sec-
ond OVA sensitization modulated the allergic sensitiza-

Sham
-se

nsit
ize

d
PBS

B. a
nim

alis

Num
Res2

53

B. a
nim

alis

Num
Res2

52

B. in
fa

ntis

Num
Res2

51

L. p
lanta

ru
m

Num
Res8

L. rh
am

nosu
s

Num
Res6

B. b
reve

M
-1

6V

0

100

200

300

400

500

IF
N

-�
 (p

g
/m

l)

0

50

100

150

IL
-4

 (p
g

/m
l)

a

b

b

0

250

500

750

1,000

IL
-5

 (p
g

/m
l)

a

b

b

b
b

0

100

200

300

400

Sham
-se

nsit
ize

d
PBS

B. a
nim

alis

Num
Res2

53

B. a
nim

alis

Num
Res2

52

B. in
fa

ntis

Num
Res2

51

L. p
lanta

ru
m

Num
Res8

L. rh
am

nosu
s

Num
Res6

B. b
reve

M
-1

6V

IL
-1

0 
(p

g
/m

l)

a

b

b b
b

  Fig. 5.  Pulmonary inflammation represented by the cytokine lev-
els IL-4, IL-5, IL-10 and IFN- �  in the BALF. Mice in the negative 
control group were sham-sensitized with PBS. Mice in all other 
groups were sensitized and challenged with OVA. The positive 
control group received PBS and the different test groups received 

a different bacterial strain per oral gavage. Mean    8  SEM cytokine 
levels (picograms per milliliter) are shown.  a  Statistically signifi-
cant difference (p  !  0.05) compared to sham-sensitized animals; 
 b  statistically significant difference (p  !  0.05) compared to the 
PBS-treated, sensitized mice.                       
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tion to OVA. In the present study, the 3-week interval 
between the second sensitization and the initiation of 
oral administration with the bacterial strains should 
warrant a dedicated ‘treatment effect’, i.e., a reduction in 
the increased airway response to methacholine with  B. 

breve  M-16V,  L. plantarum  NumRes8 or  L. rhamnosus  
NumRes6. 

  Another characteristic of this animal model is the 
dominant presence of eosinophils in the BALF  [33–35] , a 
hallmark of allergic asthma in humans  [36] . After treat-
ment with  B. breve  M-16V, the bronchial influx of both 
eosinophils and lymphocytes in the BALF was reduced, 
while this was not observed after treatment with any of 
the other strains. Moreover, the levels of cytokines that 
are mainly produced by T cells were lower compared to 
the other treatments. This could indicate a reduced Th2 
response, which would be in agreement with several pa-
pers that demonstrated modulations of Th2-allergic re-
sponses by certain probiotics  [27, 32, 37] . Alternatively, it 
may be due to reduced numbers of cytokine-producing 
cells or a combination of both mechanisms. Oral treat-
ment with  B. breve  M-16V also reduced serum OVA-spe-
cific IgE and OVA-IgG1, which also supports a reduced 
Th2 response. However, the reduction of Th2 cytokines 
in BALF and decreased serum levels of OVA-IgE and 
OVA-IgG1 were not only observed after oral treatment 
with  B. breve  M-16V: Th2 cytokines IL-4 and IL-5 were 
also diminished after oral treatment with  B. animalis  
NumRes252, while  B. breve  M-16V,  B. animalis  Num-
Res253 and  L. rhamnosus  NumRes6 reduced OVA-IgG1 
levels, whereas all evaluated bacterial strains reduced 
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  Fig. 6.  OVA-specific serum IgE, IgG1 and IgG2a. Mice in the neg-
ative control group were sham-sensitized with PBS. Mice in all 
other groups were sensitized and challenged with OVA. The pos-
itive control group received PBS and the different test groups re-
ceived a different bacterial strain per oral gavage. Mean      8  SEM 
OVA-Ig levels in international units (IU) per milliliter are shown. 
 a  Statistically significant difference (p  !  0.05) compared to sham-
sensitized animals;  b  statistically significant difference (p  !  0.05) 
compared to the PBS-treated, sensitized mice.                     

  Fig. 7.  Acute allergic skin reactions expressed by ear swelling 1 h 
after OVA injection in the ears on day 42. Mice in the negative 
control group were sham-sensitized with PBS. Mice in the other 
groups were sensitized with OVA, including the nasal challenges 
on days 35, 38 and 41. Mean      8  SEM ear swelling (n = 9 per group). 
 a  Statistically significant difference (p  !  0.01) as tested in a post 
hoc Dunnett’s test after one-way ANOVA compared to the OVA-
sensitized PBS-treated group.                          
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OVA-IgE. It is known that Th2-produced IL-4 is essential 
for the switch to the IgG1 and IgE isotype. However, the 
results of the current study failed to show a 100% correla-
tion between IL-4 levels and OVA-IgG1 or OVA-IgE ti-
ters after treatment with each bacterial strain. After sup-
plementation with  B. breve  M-16V and  B. animalis  
NumRes252, a correlation between reduced IL-4 in the 
BALF and reduced OVA-IgE and OVA-IgG1 was ob-
served, whereas  L. rhamnosus  NumRes6 also decreased 
OVA-IgE and OVA-IgG1 without demonstrating a reduc-
tion in IL-4 in the BALF. Probably, other mechanisms are 
involved as well that affect these parameters. OVA-IgG2a, 
a Th1-related Ig titer, was not affected at all after supple-
mentation with any of the bacterial strains.

  In a subsequent experiment at another laboratory, the 
bacterial strains that reduced the response to methacho-
line and the number of eosinophils in BALF were evalu-
ated for their effect on acute allergic skin reactions, an-
other functional parameter of allergy. Of the 2 strains, 
only  B. breve  M-16V reduced the acute allergic skin reac-
tion, whereas  L. plantarum  NumRes8 was not effective.

  This is the first report in which the reduction of these 
Th2 parameters appeared only partly predictive of either 
the reduction of bronchial eosinophils or lymphocytes 
(not affected by  B. animalis  NumRes253 or  L. rhamnosus  
NumRes6), or reduction of airway response to methacho-
line (not affected by  B. animalis  NumRes253), or acute 
allergic skin reaction (only reduced by treatment with  B. 
breve  M-16V). This underlines the importance of includ-
ing functional allergic parameters to aid in the selection 
of the best antiallergic bacterial strain. In addition, a re-
duced response to methacholine does not automatically 
imply an effect on bronchial cell influx as illustrated by 
the results obtained with  L. rhamnosus  NumRes6 ( fig. 3 , 
 4 ). Similarly, oral administration of LGG reduced airway 
inflammation, which included reduced numbers of eo-
sinophils in BALF, while airway reactivity to methacho-
line in OVA-allergic BALB/c mice was not affected  [26] . 
Mechanistic studies revealed that the induction of the 
airway response to methacholine and the development of 
eosinophil infiltration are differentially regulated  [34, 
35] . Because the antiallergic effects of  B. breve  M-16V in-
clude both a reduced response to methacholine and eo-
sinophil cell influx, it is highly likely that  B. breve  M-16V 
exerts its antiallergic effects via multiple mechanisms. 
With regard to potential working mechanisms of  B. breve  
M-16V, the finding that bifidobacteria possess immuno-
stimulatory oligodeoxynucleotide DNA sequences (ISS-
ODN) is of particular interest  [38] . The ODN-BL07 se-
quence that was identified in  Bifidobacterium longum  

BB536, is also present in  B. breve  M-16V  [38] . Oral ad-
ministration of ODN-BL07S, which was modified from 
ODN-BL07 by including a phosphorothioate backbone
to provide nuclease resistance, was shown to reduce IgE 
production in vitro  [38] , to suppress Th2 responses when 
injected simultaneously with OVA in mice  [39] , and to 
favor the Th1/Th2 balance towards less Th2 and more 
Th1 in mice sensitized with OVA  [40] . These immuno-
modulatory effects may be part of the mechanism under-
lying the antiallergic effects observed in the present study 
with  B. breve  M-16V, at least for the reduced Th2 param-
eters. A recent study demonstrated that total IgE, OVA-
IgE and OVA-IgG1 were reduced after oral administra-
tion of  B. breve  M-16V in BALB/c mice when supple-
mented for 21 days. In that study, the mice were sensitized 
with OVA twice on days 0 and 14. Splenocytes were har-
vested on day 21 and cultured in the presence of OVA for 
another 7 days. The supernatants of the splenocytes from 
 B. breve  M-16V-supplemented mice showed a reduced 
amount of IL-4; no effects were observed for IL-10, IFN- �  
and transforming growth factor- �  (TGF- � )  [41] . In agree-
ment with that study were the reduced IL-4, reduced 
OVA-IgE and reduced OVA-IgG1 that were observed in 
the present study as well. In this study, IL-10 was de-
creased after treatment with  B. breve  M-16V, whereas it 
was not in the prevention study with  B. breve  M-16V  [41] . 
Differences can be explained by the different setup and 
the reduced dose of  B. breve  M-16V in the prevention 
study (0.5  !  10 9  CFUs/day), whereas in the present study 
10 9  CFUs/day were administered.

  There have been some studies with  B. breve  M-16V in 
infants that are relevant to the antiallergic effects ob-
served in the present study. In a study with term infants 
(around 10 months) having AD, cow’s milk hypersensi-
tivity and less than 30% fecal bifidobacteria, they were 
treated with  B. breve  M-16V for 3 months; these infants 
were compared with a control group (9 months) that was 
not treated with  B. breve  M-16V. While in the  B. breve  M-
16V group total allergic scores decreased, allergic scores 
remained unaffected in the control group  [42] . In a study 
with preterm infants (n = 11), treatment with  B. breve 
M-16V enhanced serum levels of TGF- � 1 on days 14 and 
28 after birth, whereas no effects were observed on serum 
IL-4, IL-5, IL-6, IFN- �  or TNF- �  compared to vehicle-
supplemented infants (n = 7). The enhanced serum TGF-
 � 1 levels after  B. breve  M-16V administration were cor-
related with increased levels of the TGF- �  signaling mol-
ecule Smad3, while the levels of the antagonistic Smad7 
remained unaffected  [19] . These clinical data suggest that 
 B. breve  M-16V may have some antiallergic effects al-
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  In this study, differential effects of specific species and 
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strain-specific effects of 2  B. animalis  strains. Molecular 
techniques confirmed that these 2  B. animalis  strains are 
indeed different ( fig. 2 ). Thereby, the results of the pres-
ent study contribute to the established concept that spe-
cific health effects of potential probiotics have to be dem-
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  In conclusion, of the 4 bifidobacterium and 2 lactoba-
cillus strains compared in the present study,  B. breve  M-
16V optimally reduced the response to methacholine and 

had the strongest attenuating effect on lung inflamma-
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line and lung inflammation, coincided with reduced 
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