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Treatment and prevention of pediatric infectious diseases of three commercial probiotic products were
evaluated by a double-blind, randomized, controlled trial. Test subjects under age 5, 1062 in total, were dis-
tributed randomly into four groups. This investigation showed that L. casei rhamnosus can control bacterial,
viral and respiratory infections; a multi-species probiotic reduced gastrointestinal disease significantly.

Long-term consumption of L. rhamnosus T cell-1 decreased the incidence of bacterial infection.
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1. Introduction

Infectious diseases are the most significant illnesses for children
under age 5, particularly for those attending preschool [1]. Poor
hygiene facilities present risks for respiratory and gastrointestinal
tract infectious pathogens [2,3]. Viral pathogens, such as respira-
tory syncytial virus [4], human metapneumovirus [5], influenza A
virus [6], parainfluenza viruses, and rhinoviruses are considered the
major viruses that can cause respiratory tract diseases in children
[6]; furthermore, rotaviruses [7], adenoviruses [8], and astroviruses
[9] are viral pathogens that cause gastrointestinal diseases in chil-
dren. Important infectious bacteria that have been implicated in
day care-associated respiratory and gastrointestinal disorders are
Streptococcus pneumoniae [10], Shigella, Salmonella, Escherichia coli
[11], and Aeromonas [11,12].

Effective remedies have been intensively investigated to reduce
pediatric infectious diseases which cause illness, debility, and in
extreme cases, loss of life. Managerial methods [13,14] and probiotic
supplementation are currently employed to reduce the incidences
of infectious disease [15,16].
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It has been proven that children with mild diarrhea who con-
sumed the combination of L. rhamnosus and L. reuteri experienced
areduction in the duration of the diarrhea [15]. A study of 6- and 36-
month old children afflicted with rotavirus gastroenteritis showed
that L. reuteri significantly shortened the duration of diarrhea [17]. L.
rhamnosus and L. acidophilus significantly attenuated the neutrophil
infiltration and lipid peroxidation during Shigella dysenteriae 1-
induced diarrhea in rats [18]. In addition, it was shown with the use
of newborn rabbits as an experimental infection model that preven-
tive administration of L. casei may, due to acceleration of a specific
humoral immune response, lead to enhanced resistance to acute
E. coli infection [19]. These studies illustrated the various effects of
different Lactobacillus strains on gastrointestinal infections. It has
been observed that several strains of probiotics have positive influ-
ences on non-specific stimulation of the host’s immunity, although
the molecular mechanism has not been elucidated [20-22]. Many
probiotics are capable of preventing respiratory infections and
reducing their severity [23,24]. Also, it was reported that mitiga-
tion or prevention of pediatric infectious disease occurred when
children in day care centers ingested Lactobacillus [16].

The efficacy of commercial probiotics has been brought under
scrutiny, with doubt remaining that all of them possess suffi-
cient potency necessary for adequate gastrointestinal colonization.
Further evidence is required to demonstrate that strain-specific
probiotics can prevent various diseases. The proper selection
among mono-strain, multi-strain, or multi-species probiotics is
critical for efficacy in clinical trials [25]. Previous investigations
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involving the function and efficacy of probiotics on the prevention
of pediatric infectious diseases were focused only on evaluating
a single probiotic. So, the aim of this double-blind, randomized,
controlled study was to compare the efficacy of three different
commercial probiotics-Lactobacillus casei rhamnosus, Lactobacillus
rhamnosus T cell-1 and a multiple probiotic — during short- and
long-term intervention. The parameters examined in this investi-
gation were the effect of different probiotics on the incidences of
bacterial and viral infectious diseases, and more specifically, gas-
trointestinal and respiratory infections in preschooler. We report
here that various commercial probiotics have dissimilar effects
on different infectious diseases. The L. casei rhamnosus probiotic
reduced respiratory infections, but multispecies probiotic supple-
mentation significantly reduced gastrointestinal disease.

2. Methods
2.1. Study design and ethics

This was adouble-blind, randomized, controlled study, with four
parallel arms, and consent letters were signed by well-informed
parents. This study was approved by the Committees of the Pro-
tection of Human Subjects Institutional Review Board of Tzu-Chi
University and Hospital, Hualien, Taiwan.

2.2. Participants

One thousand and sixty-two children were recruited and
seventy-six children who did not remain in the study during the
follow-up period were excluded from the investigation. Among
the 986 children who completed the study, 193 were in the con-
trol group, 285 were in the L. casei rhamnosus group, 222 were
in the L. rhamnosus T cell-1 group, and 286 were in the multiple
probiotic group (Fig. 1). The characteristics of each study group
are given in Table 1. No significant differences were observed in
age, male/female ratio, duration of breast-feeding, smoking in the
household, family income, house area, and history of allergy. This
study excluded children who previously had complicated intestinal
operations or immunosuppressive therapy, or those who suffered
ill effects due to complex congenital heart disease, or low immune
function syndromes.

2.3. Test preparations, blinding, and randomization

The intervention lasted 7 months, from October 20, 2003 to May
31, 2004. We regarded each class as a unit, and implemented a
double-blind assignment of L. casei rhamnosus sachets, L. rhamnosus
T cell-1 capsules, and multiple probiotic capsules to the children.
The subjects were randomly assigned to one of four groups:

1. The L. casei rhamnosus group: Instructions for consumption: 2
sachets (3 g) of L. casei rhamnosus per day, 5 days a week;

2. The L. rhamnosus T cell-1 group: Instructions for consumption: 3
capsules (1.14 g) of L. rhamnosus T cell-1 per day, 5 days a week;

3. The multiple probiotic group: Instructions for consumption: 5
capsules (5 g) of a mix of 12 beneficial bacterial strains per day,
5 days a week;

4. The control group: no probiotic supplementation; no dietary
inclusion criteria.

One L. casei rhamnosus sachet contained 1 x 10 cfu L. casei
rhamnosus/g (Antibiophilus® Laboratoires Lyocentre Ltd, Aurillac,
France), one L. rhamnosus T cell-1 capsule contained 1 x 100 cfu
L. rhamnosus T cell-1/g (T Cell-1 Probiotics, Chang Gung Biotech-
nology Corp, Taipei, Taiwan), and a multiple probiotic capsule

contained 12 types of beneficial bacterial strains for the large
and small intestines, including 7 different species of Lactobacilli
(Neoangelac® 12A Lactobacilli, Multipower Enterprise Corp, Taipei,
Taiwan). One capsule of the Neoangelac 12A Lactobacilli series con-
tained 3 types of Bifidobacteria (2.4 x 10° cfu B. bifidum, 2.4 x 10° cfu
B. infantis, 2.4 x 10° cfu B. longum); 7 types of Lactobacilli (2 x 10°
cfu L. casei, 1.2 x 10° cfu L. salivarius, 1.6 x 10° cfu L. brevis, 2 x 10°
cfu L. plantarum, 1.2 x 10° cfu L. acidophilus, 8 x 108 cfu L. helveticus,
2 x 109 cfu L. rhamnosus); 1 type of Streptococcus (1 x 10° cfu S. ther-
mophilus)and 1 type of Enterococcus (1 x 10 cfu E. faecium). Dietary
restrictions were not applied during the intervention periods.

2.4. Intervention

Nine hundred eighty-six participants were observed between
January 1, 2001 and May 31, 2004. The baseline period was when
these children attended day care centers from January 1, 2001 to
December 31, 2002. Then, the intervention period lasted 7 months
from October 20, 2003 to May 31, 2004. The short-term interven-
tion period and the long-term intervention period were defined as
interventions that lasted 3 months and 7 months, respectively, each
beginning from October 20, 2003. The volunteers took the probi-
otic products, following the instructions on the package label. The
investigated parameters were incidences of all pediatric diseases,
bacterial infections, viral infections, gastrointestinal infections, and
respiratory infections. Incidence frequency and episodes per per-
son per month were described as the number of infection episodes
relative to the corresponding population experience, and excluded
routine immunization and other scheduled visits that were not
related to infections. Infectious episode information during January
1, 2001 to May 31, 2004 was collected from the Bureau of National
Health Insurance, Taiwan.

2.5. Assessment of infectious disease

Average incidence densities of 167 types of diseases were
estimated for each probiotic group. The pediatric diseases were
defined as gastrointestinal disease, respiratory disease, atopic
disease, and dermatologic disease. Bacterial infections were lym-
phadenitis, acute otitis media, pneumonia, sinusitis, urinary tract
infection, meningitis, and bacterial gastroenteritis, etc. Viral infec-
tions were influenza, acute pharyngotonsillitis, acute laryngitis,
croup, enterovirus infection, acute bronchitis, acute bronchiolitis,
encephalitis, and viral gastroenteritis, etc. Respiratory infection
included 28 categories such as the common cold, acute upper
respiratory infections, acute bronchitis, acute bronchiolitis, acute
sinusitis, acute pharyngitis, acute tonsillitis, acute laryngitis, acute
epiglottitis and influenza, et al.; gastrointestinal infections included
viruses and bacteria associated with diarrhea and vomiting;
abdominal painincluded 23 categories and non-infectious gastroin-
testinal disease; constipation included 22 categories, for a total of
50 classes.

2.6. Statistical analysis

Descriptive statistics, including the mean and standard error of
the mean (S.E.M.), were determined for each of the four groups.
Analysis of variance (ANOVA) was applied to all pediatric diseases,
bacterial infections, viral infections, gastrointestinal infections, and
respiratory infections that existed among the probiotic-treated
groups and the control group during the same period and among
the different periods in the same group. If a significant difference
was present, the least significant difference (LSD) multiple com-
parison tests were used to identify specific significant groups. All
statistical analyses were performed by using The Statistical Soft-
ware Package for the Social Sciences, version 12.0.1 for Windows
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Fig. 1. Flow chart showing progress of the participants through the trial.

(SPSS Inc., Chicago, IL). A P-value of <0.05 was considered statisti-
cally significant for all analyses.

3. Results

3.1. Effect of probiotic treatment on incidence of all pediatric
disease

Preschoolers’ incidences of all pediatric diseases increased after
entering the day care center in every group compared with the
baseline period (P>0.05, Fig. 2). Preschoolers who received pro-
biotic treatment experienced a decline in physician visits, although
this was statistically insignificant between the groups during the
intervention period (P> 0.05, Fig. 2).

3.2. Effect of probiotics on bacterial infectious disease

The incidence of bacterial infectious disease in preschoolers of
every group increased significantly after entering the day care cen-
ter compared to the baseline period (P<0.05, Fig. 3). Preschoolers
who received a single strain probiotic during the long-term inter-
vention experienced a significant improvement in recovery from
any bacterial infectious disease. The incidence of bacterial infec-
tion diagnosed by doctors in the L. casei rhamnosus group was
fewer (mean difference, —0.15 times/month; Clgs, —0.27 to —0.03;
P=0.021, Fig. 3) as compared to the control group. The analysis of
the L. rhamnosus T cell-1 group showed a significant decrease in
those with a doctor-diagnosed bacterial infection as compared to
the control group (—0.16; Clgs, —0.30 to —0.03; P=0.020, Fig. 3). No

Table 1
Baseline characteristics of the study groups.

significant differences in the incidence of doctor-diagnosed bacte-
rial infection were observed in the multiple probiotic and control
groups (P>0.05, Fig. 3).

3.3. Effect of probiotics treatment on viral infectious disease

Incidences of viral infectious diseases in preschoolers increased
after entering the day care center in every group as compared to
the baseline period (P<0.05, Fig. 4). The preschoolers receiving the
L. casei rhamnosus treatment had 0.30 times lower odds of doctor-
diagnosed viral infection than the control group during short-term
intervention (—0.16; Clgs, —0.54 to —0.06; P=0.015, Fig. 4). No sig-
nificant difference was observed in the L. rhamnosus T cell-1 and
the multiple probiotic groups (P> 0.05, Fig. 4).

3.4. Effect of probiotic treatment on gastrointestinal disease

There was no difference in the incidence of gastrointestinal
infectious disease after preschoolers entered the day care center
in the control group compared with the baseline period (P<0.05,
Fig. 5). However, preschoolers in the multiple probiotic group expe-
rienced a significant reduction in gastrointestinal infection both
during the short-term (—0.045; Clgs, —0.040 to —0.040; P=0.007)
and the long-term (-—0.049; Clgs, —0.037 to —0.061; P=0.004)
intervention. Single strain probiotic (L. casei rhamnosus and L. rham-
nosus T cell-1, respectively) administration showed an insignificant
ability to prevent disease when compared to the control group
(P>0.05, Fig. 5). However, the mean incidence of gastrointestinal
disease significantly decreased in the group that participated in the

L. rhamnosus T cell-1
group (n=222)

L. casei rhamnosus
group (n=285)

Characteristic Control group (n=193) Multiple probiotic

group (n=286)

Age (years) 4,74+ 1.07 4.54+1.04 5.16 +1.05 4.64+0.95
Male/female 1.31 1.23 1 1.07

Duration of breast feeding (months) 1.51+3.35 1.73+3.89 1.62+3.84 2.394+5.01
House area (m?) 443+420.2 40.4+20.1 43.9+21.0 50.3+25.38

Smoking in household 57% 63% 65% 55%
Family income (10* NT/year) 66.5+32.2 69.0+34.2 65.9+32.5 71.8+40.8

History of allergy (diagnosed by doctor)
Asthma 4% 6% 5% 4%
Allergic rhinitis 15% 20% 18% 13%
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W Multiple Probiotics grou|
2.00 | i arece

Incidence of physician Visits/ Month

Fig. 2. Effects of oral administration of the three different commercial probiotics
on physician visits in preschool children. Mean number of physician visits per
month during the baseline period and intervention period in preschool children
that received L. casei rhamnosus (E), L. rhamnosus T cell-1 (# ) or the multiple pro-
biotic (M), compared to the control group (7). Baseline 2001 and 2002: Period before
entrance to preschool and treatment of children allocated to the probiotic and con-
trol groups. Short-term: Period that the children had been treated with different
commercial probiotics in the first 3.3 months. Long-term: Period that the children
had been treated with different commercial probiotics during the whole 7.3 months.

short-term consumption of L. casei rhamnosus as compared to the
group that consumed L. casei rhamnosus before entering preschool
(—0.034; Clgs, —0.041 to —0.026; P=0.031 and —0.040; Clgs, —0.046
to —0.034; P=0.011, Fig. 5).
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Fig. 3. Effects of the oral administration of the three different commercial probi-
otics on bacterial infectious disease in preschool children. Mean number of bacterial
infectious diseases per month during the baseline period and intervention period
in preschool children that received L. casei rhamnosus (5 ), L. rhamnosus T cell-1
(% ) or the multiple probiotic (M), compared to the control group (O). *Significantly
different from the control group (P<0.05).

25
OcControl group P<0.05
OL casei rhamnosus group
B L rhamnosus T-cell-1 group
2r EMultiple Probiotics group

2]

3

=]

.“3

£%

Eg515¢}

£%

S5a

w—

o ®

D

L wn

Q= 1

cO

]

=2

Q

£

0.5
0 1 L

Short Long
intervention  intervention

Baseline 2001 Baseline 2002

Fig.4. Effects of the oral administration of the three different commercial probiotics
on viral infectious disease in preschool children. Mean number of viral infectious
diseases per month during the baseline period and intervention period in preschool
children that received L. casei rhamnosus (X ), L. rhamnosus T cell-1 (& ) or the
multiple probiotic (W), compared to the control group (O). *Significantly different
from the control group (P<0.05).

3.5. Effect of probiotics on respiratory disease

The incidence of respiratory infectious disease in preschoolers
increased after entering the day care center in every group as com-
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Fig. 5. Effects of oral administration of the three different commercial probiotics on
gastrointestinal infectious disease in preschool children. Mean number of gastroin-
testinal infectious diseases per month during the baseline period and intervention
period in preschool children that received L. casei rhamnosus (), L. rhamnosus T cell-
1(# ) or the multiple probiotic (W), compared to the control group (0). **Significantly
different from the control group (P<0.01).
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P<0.05

O Control group
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8 L rhamnosus T-cell-1 group
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Incidence of Resplratory Infectious Diseases/ Month
o

Short Long
intervention intervention
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Fig. 6. Effects of oral administration of the three different commercial probiotics
on respiratory infectious disease in preschool children. Mean number of respiratory
infectious diseases per month during the baseline period and intervention period
in preschool children that received L. casei rhamnosus (33 ), L. rhamnosus T cell-1
(% ) or the multiple probiotic (W), compared to the control group (0). *Significantly
different from the control group (P<0.05).

pared to the baseline period (P<0.05, Fig. 6). There was a significant
difference in doctor-diagnosed respiratory infection between the
L. casei rhamnosus and the control group, and there was also a
significant reduction in both the short-term(—0.352; Clgs, —0.243
to —0.460; P<0.000) and the long-term(—0.309; Clgs, —0.200 to
—0.418; P<0.000) intervention groups (Fig. 6).

4. Discussion

Many studies have highlighted the benefits of probiotic bac-
teria for infectious disease prevention. However, the efficacy
of many commercial probiotics is suspect, due to insufficient
growth of various strains in the human intestinal tract, and hardly
any probiotic manufacturers have solid evidence to match their
claims. But Lactobacillus spp. have earned the most attention
and have been investigated intensively, as this bacterial genus
is among the few that confer many positive rewards to the test
subjects. Three Lactobacillus spp., L. casei rhamnosus, L. rham-
nosus T cell-1, and the Neoangelac 12A lactobacilli multipower
are major components of probiotic formulae and are very pop-
ular in the probiotic market of Taiwan. In the interest of the
good health of preschoolers and the welfare of society, the pedi-
atric benefits of these probiotics were further investigated in this
study.

The incidence of all pediatric disease increased after entering
day care centers in every group. These observations support the
belief that attendance at day care centers increases the risk of infec-
tions [1,2]. An interesting result was that probiotic supplementation
tended to diminish the number of physician visits, especially in
reducing the number of children who had a high incidence of physi-
cian visits, and concomitantly increased the number of children

who had no physician visits during the intervention period (data
not shown).

Gastrointestinal infections in preschool can be attributed to
different factors, such as the transmission of enteropathogens
by fomites, or ingestion of contaminated food or drink. Diligent
hygiene was practiced by the preschoolers’ families, and at all the
day care centers. Furthermore, the gastrointestinal disease analysis
suggested that preschool attendance did not lead to an increased
risk of infections. Meanwhile, this study clearly showed the effec-
tiveness of the multiple probiotics in preventing gastrointestinal
disease in preschoolers. Reductions of 42% and 44% were found
in gastrointestinal disease in the short- and long-term interven-
tion periods, respectively, of the multiple probiotics group. In the L.
casei rhamnosus group, there was a decreased frequency of gastroin-
testinal disease in preschoolers, although statistically insignificant
when compared to the control group. The children who received the
single strain L. rhamnosus T cell-1 supplementation did not exhibit
any statistically significant difference as compared to the control
group.

The variety of commensal bacteria is essential to the devel-
opment of gut mucosal immunity [13,26]. Previous research has
shown that a combination of probiotic bacteria can stimulate the
mucosal immune system, with similar conclusions being made
from animal studies, and mixtures of gut microbial species can more
efficiently stimulate the immune system than a single strain [27,28].
Other reports that are in agreement with our results are the find-
ings that the combination of L. rhamnosus and L. acidophilus offered
better protection compared to a single strain of Lactobacilli dur-
ing a Shigella infection [17]; and probiotic products containing one
strain of Lactobacillus had less positive effects on gastrointestinal
diseases because of a decreased ability to successfully colonize the
gastrointestinal tract [29].

This investigation clearly showed that single strain probiotic
supplementation significantly reduced the incidence of bacterial
infections by an average of 1.8 times for L. casei rhamnosus, and
1.92 times for L. rhamnosus T cell-1 during the experimental period.
Some of the mechanisms that probiotics use to promote health
include the synthesis of anti-microbial substances [30], reduction
of the nutrients available for bacterial pathogens [31], inhibition
of adhesion and invasion of pathogens [32], modification of toxin
receptors [33], and stimulation of immune responses [20-22,34].
However, the multiple probiotic supplement had no significant
effect on preventing bacterial infections. This might be attributed to
antagonism among the different strains of probiotics in the multi-
strain supplement [25].

Consumption of L. casei rhamnosus reduced viral infectious dis-
ease by 18% in the short-term intervention group. In the multiple
probiotic and the L. rhamnosus T cell-1 groups, the effects of the
probiotics were not strong enough to prevent viral infections. Much
research has been done to study the effect of probiotics on bacterial
or gastrointestinal infectious diseases, but only a few studies have
examined the effect of probiotics on viral or systemic infectious
diseases. de Vrese et al. [35] have envisaged probiotics positively
influencing systemic organs by modulating immune function, stim-
ulating virus-specific antibody production, and affecting intestinal
mucosa absorption and secretion [36].

In preventing respiratory infections, children of the L. casei rham-
nosus group had a reduction of 17% and 18% during the short-
and long-term interventions, respectively, compared to the control
group. Our current work was supported by a previous study show-
ing that probiotics reduce respiratory infections and their severity
among preschoolers [16]. There was a reduction in the occurrence
of recurrent respiratory infections in the multiple probiotic and the
L.rhamnosusT cell-1 group, but it was insignificant [ 16]. The diverse
outcomes we observed among the three commercial probiotics may
have resulted from probiotic strain-dependent effectiveness. Previ-
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ous investigations showed that when research subjects were given a
mixture of probiotics, there was an insignificant effect in preventing
the incidence of respiratory infections [23,37].

Together with increasing reports of clinical effects against infec-
tious diseases, there is a growing interest of the role of probiotics
in bacterial and viral infectious disease prevention. This large pop-
ulation study has successfully demonstrated that probiotics could
induce differential effects upon infectious disease in preschoolers
among the three orally administered commercial probiotics. How-
ever, the benefits of probiotics were small in reducing the incidence
of disease in some subgroups. Various probiotics can be efficient
immune modulators whose effectiveness varies among strains
and species, such as Lactobacillus and Bifidobacterium. Our find-
ings exhibit similarities to studies showing that Lactobacilli species
can affect antigen-specific IgG1/IgG2 Ab and cytokine responses
[38-39]. Certain strains of Lactobacilli can activate myeloid den-
dritic cells to stimulate T cells and then induce Th1 cytokines, and
could be useful for the delivery of bio-therapeutic agents [40]. This
investigation strongly suggests that there is a need for rational pro-
biotic selection and detailed evaluation prior to application in food
or health care products. It also implies that the bacterial growth
phase is a crucial parameter allowing for additional manipulation
of immune responses by oral administration of Lactobacilli. A larger
scale of investigation will be required to obtain more information
about the effect of these parameters upon a study population.

In conclusion, this randomized, double-blind study shows that
bio-therapeutic agents may be useful in preventing viral and bac-
terial infectious disease. However, different commercial probiotics
have dissimilar effects on diverse infectious disease. The L. casei
rhamnosus strain may reduce most infectious diseases, especially
respiratory infections. Multiple probiotic supplementation may
significantly reduce gastrointestinal disease, and long-term con-
sumption of L. rhamnosus T cell-1 could decrease the incidence of
bacterial infection.

Acknowledgements

We thank the preschool staff, the children, and their parents for
making this study possible.

JSL contributed to the design of the study and the question-
naires, and participated in creating the database and execution of
data analysis. YHC performed the experimental assays and analysis,
data analysis, prepared and wrote the manuscript and contributed
to the discussion. NTL, CHC and KCH participated in the planning of
the study and revised the manuscript. KCP and KWL conceived the
study and contributed to its design, coordination, and supervision,
and to the manuscript discussion and conclusions.

Competing interests: The authors declare that they have no com-
peting interests. Funding: This work was supported and funded
by Success Medical Corporation, Ltd., Taipei, Taiwan; Chang Gung
Biotechnology Corporation, Taipei, Taiwan; and Multipower Enter-
prise Corporation, Taipei, Taiwan.

References

[1] Kvaerner K], Nafstad P, Jaakkola ]JJ. Upper respiratory morbidity in preschool
children: a cross-sectional study. Arch Otolaryngol Head Neck Surg
2000;126(10):1201-6.

[2] Nafstad P, Hagen JA, Oie L, Magnus P, Jaakkola JJK. Day care centers and respi-
ratory health. Pediatrics 1999;103:753-8.

[3] Pickering LK, Bartlett AV, Woodward WE. Acute infectious diarrhea in day care:
epidemiology and control. Rev Infect Dis 1986;8:539-47.

[4] Law BJ, Langley JM, Allen U, Paes B, Lee DS, Mitchell I, et al. The Pediatric
Investigators Collaborative Network on Infections in Canada study of pre-
dictors of hospitalization for respiratory syncytial virus infection for infants
born at 33 through 35 completed weeks of gestation. Pediatr Infect Dis ]
2004;23(9):806-14.

[5] Van den Hoogen BG, Osterhaus DM, Fouchier RA. Clinical impact and diagnosis
of human metapneumovirus infection. Pediatr Infet Dis ] 2004;23:525-32.

[6] Wolf DG, Greenberg D, Kalkstein D, Shemer-Avni Y, Givon-Lavi N, Saleh N, et
al. Comparison of human metapneumovirus, respiratory syncytial virus and
influenza A virus lower respiratory tract infections in hospitalized young chil-
dren. Pediatr Infect Dis ] 2006;25(4):320-4.

[7] Medici MC, Martinelli M, Arcangeletti MC, Pinardi F, De Conto F, Dodi I, et
al. Epidemiological aspects of human rotavirus infection in children hospi-
talized with acute gastroenteritis in an area of northern Italy. Acta Biomed
2004;75(2):100-6.

[8] Van R, Wun CC, O’'Ryan ML, Matson DO, Jackson L, Pickering LK. Outbreaks of
human enteric adenovirus types 40 and 41 in Huston day care centers. ] Pediatr
1992;120:516-21.

[9] Basu G, Rossouw ], Sebunya TK, Gashe BA, de Beer M, Dewar ]B, et al. Preva-
lence of rotavirus, adenovirus and astrovirus infection in young children with
gastroenteritis in Gaborone, Botswana. East Afr Med ] 2003;80(12):652-5.

[10] Malfroot A, Verhaegen ], Dubru JM, Van Kerschaver E, Leyman S. A
cross-sectional survey of the prevalence of Streptococcus pneumoniae
nasopharyngeal carriage in Belgian infants attending day care centres. Clin
Microbiol Infect 2004;10(9):797-803.

[11] Binsztein N, Picandet AM, Notario R, Patrito E, De Lesa ME, De Petris A, et al.
Antimicrobial resistance among species of Salmonella, Shigella, Escherichia,
and aeromonas isolated from children with diarrhea in 7 Argentinian centers.
Rev Latinoam Microbiol 1999;41(3):121-6.

[12] Soltan Dallal MM, Moezardalan K. Aeromonas spp associated with children’s
diarrhoea in Tehran: a case-control study. Ann Trop Paediatr 2004;24(1):45-51.

[13] Strachan DP. Hay fever, hygiene, and household size. BM]
1989;299(6710):1259-60.

[14] Brady MT. Infectious disease in pediatric out-of-home childcare. Am ] Infect
Control 2005;33:276-85.

[15] Rosenfeldt V, Michaelsen KF, Jakobsen M, Larsen CN, Moller PL, Tvede M,
et al. Effect of probiotic Lactobacillus strains on acute diarrhea in a cohort
of nonhospitalized children attending day-care centers. Pediatr Infect Dis ]
2002;21(5):417-9.

[16] Hatakka K, Savilahti E, Pénkd A, Meurman JH, Poussa T, Ndse L, Sazelin M, et
al. Effect of long term consumption of probiotic milk on infections in chil-
dren attending day care centres: double blind, randomized trail. BMJ 2001;322:
1-5.

[17] Shornikova AV, Casas IA, Mykkanen H, Salo E, Vesikari T. Bacterotherapy
with Lactobacillus reuteri in rotavirus gastroenteritis. Pediatr Infect Dis
1997;16:1103-7.

[18] Moorthy G, Murali MR, Devaraj SN. Protective role of lactobacilli in Shigella
dysenteriae 1-induced diarrhea in rats. Nutrition 2007;23(5):424-33.

[19] Ogawa M, Shimizu K, Nomoto K, Takahashi M, Watanuki M, Tanaka R, et
al. Protective effect of Lactobacillus casei strain Shirota on Shiga toxin-
poducing Escherichia coli 0157:H7 infection in infant rabbits. Infect Immun
2001;69(2):1101-8.

[20] Trushina EN, Mustafina OK, Nikitiuk DB, Podbel'tsev D, Mozgovaia IN, Vustina
TF. The immune-enhancing effects of oral administration of strains bifidobac-
teria in experiments. Vopr Pitan 2006;75(5):70-4.

[21] Christensen HR, Larsen CN, Kaestel P, Rosholm LB, Sternberg C, Michaelsen
KF, et al. Imnmunomodulating potential of supplementation with probiotics:
a dose-response study in healthy young adults. FEMS Immunol Med Microbiol
2006;47(3):380-90.

[22] Kim HS, Park H, Cho 1Y, Paik HD, Park E. Dietary supplementation of probiotic
Bacillus polyfermenticus, Bispan strain, modulates natural killer cell and T cell
subset populations and immunoglobulin G levels in human subjects. ] Med Food
2006;9(3):321-7.

[23] de Vrese M, Winkler P, Rautenberg P, Harder T, Noah C, Laue C, et al.
Probiotic bacteria reduced duration and severity but not the incidence of com-
mon cold episodes in a double blind, randomized, controlled trail. Vaccine
2006;24:6670-4.

[24] de Vrese M, Winkler P, Rautenberg P, Harder T, Noah C, Laue C, et al. Effect of
Lactobacillus gasseri PA 16/8, Bifidobacterium longum SP 07/3, B. bifidum MF
20/5 on common cold episodes: a double blind, randomized, controlled trail.
Clin Nutr 2005;24:481-91.

[25] Timmerman HM, Koning CJ, Mulder L, Rombouts FM, Beynen AC. Monostrain,
multistrain and multispecies probiotics-A comparison of functionality and effi-
cacy. Int ] Food Microbiol 2004;96(3):219-33.

[26] Noverr MC, Huffnagle GB. The ‘microflora hypothesis’ of allergic diseases. Clin
Exp Allergy 2005;35(12):1511-20.

[27] Lanning D, Sethupathi P, Rhee K], Zhai SK, Knight KL. Intestinal
microflora and diversification of the rabbit antibody repertoire. ] Immunol
2000;165(4):2012-9.

[28] Kelly D, Conway S, Aminov R. Commensal gut bacteria: mechanisms of immune
modulation. Trends Immunol 2005;26(6):326-33.

[29] Famularo G, De Simone C, Matteuzzi D, Pirovano F. Traditional and high potency
probiotic preparations for oral bacteriotherapy. BioDrugs 1999;12:455-70.

[30] Sillva M, Jacobus NV, Deneke C, Gorbach SL. Antimicrobial substance from
human Lactobacillus strain. Antimicrob Agents Chemother 1987;31(8):1231-3.

[31] Wilson KH, Perini I. Role of competition for nutrients in suppression of Clostrid-
ium difficile by the colonic microflora. Infect Immunol 1988;56:2610-4.

[32] Bernet MF, Brassart D, Neeser JR, Servin AL. Lactobacillus acidophilus LA1 binds
to human intestinal cell lines and inhibits cell attachment and cell invasion by
enterovirulent bacteria. Gut 1994;35(4):483-9.

[33] Pothoulakis C, Kelly CP, Joshi MA, Gao N, O’Keane (], Castagliuolo I, et al.
Saccharomyces boulardii inhibits Clostridium difficile toxin A binding and
enterotoxicity in rat ileum. Gastroenterology 1993;104(4):1108-15.



J.-S. Lin et al. / Vaccine 27 (2009) 1073-1079

[34] Kaila M, Isolauri E, Soppi E, Virtanen E, Laine S, Arvilommi H. Enhancement of
the circulating antibody secreting cell response in human diarrhea by a human
Lactobacillus strain. Pediatr Res 1992;32(2):141-4.

[35] de Vrese M, Rautenberg P, Laue C, Koopmans M, Herremans T, Schrezenmeir
J. Probiotic bacteria stimulate virus-specfic neutralizing antibodies following a
booster polio vaccination. Eur ] Nutr 2005;44:406-13.

[36] de Vrese M, Schrezenmeir J. Probiotics and non-intestinal infectious conditions.
Br ] Nutr 2002;88:59-66.

[37] Hatakka K, Blomgren K, Pohjavuori S, Kaijalainen T, Poussa T, Leinonen
M, et al. Treatment of acute otitis media with probiotics in otitis-prone
children-A double-blind, placebo-controlled randomised study. Clin Nutr
2007;26(3):314-21.

1079

[38] Maassen CB, Boersma W], van Holten-Neelen C, Claassen E, Laman ]D.
Growth phase of orally administered Lactobacillus strains differentially affects
IgG1/IgG2a ratio for soluble antigens: implications for vaccine development.
Vaccine 2003;21(21-22):2751-7.

[39] Maassen CB, van Holten-Neelen C, Balk F, den Bak-Glashouwer M], Leer
RJ, Laman JD, et al. Strain-dependent induction of cytokine profiles in
the gut by orally administered Lactobacillus strains. Vaccine 2000;18(23):

2613-23.

[40] Mohamadzadeh M, Olson S, Kalina WV, Ruthel G, Demmin GL, Warfield
activate human dendritic cells that

KL, Bavari S, et al. Lactobacilli

skew T cells
2880-5.

toward T helper

1 polarization.

PNAS 2005;102(8):



	Different effects of probiotic species/strains on infections in preschool children: A double-blind, randomized, controlled study
	Introduction
	Methods
	Study design and ethics
	Participants
	Test preparations, blinding, and randomization
	Intervention
	Assessment of infectious disease
	Statistical analysis

	Results
	Effect of probiotic treatment on incidence of all pediatric disease
	Effect of probiotics on bacterial infectious disease
	Effect of probiotics treatment on viral infectious disease
	Effect of probiotic treatment on gastrointestinal disease
	Effect of probiotics on respiratory disease

	Discussion
	Acknowledgements
	References


