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Background: Long-term effects of probiotics in primary prevention of allergic
disease need further evaluation. We previously reported a reduced cumulative
incidence of infant eczema by feeding Lactobacillus paracasei ssp paracasei F19
(LF19) during weaning. Therefore, we assessed effects of LF19 on the prevalence
of allergic disease at school age.

Methods: In a double-blind placebo-controlled trial infants were randomized to
daily intake of cereals with (n = 89) or without LF19 10° CFU (n = 90) from
4-13 months of age. At age 89, we evaluated the prevalence of allergic disease
(eczema, allergic rhinitis, asthma, and food allergy) by clinical examination and
validated questionnaires. IgE sensitization was assessed by skin prick test
(inhalant allergens) and specific IgE levels (food allergens). Lung function was
evaluated by a spirometry reversibility test. Fractional exhaled nitric oxide
(FEno) was measured.

Results: Of 171 children that completed the intervention, 121 were assessed at age
8-9. In the probiotic group, 15/59 (25%) were diagnosed with any allergic disease
vs 22/62 (35%) in the placebo group [OR (95% CI) 0.62 (0.28-1.36)].
Corresponding numbers for IgE-associated allergic disease were 9/53 (17%) vs 12/
59 (20%) [0.80 (0.31-2.09)]. Median (25th-75th percentile) FENo was 9 (8-12) in
the probiotic vs 8 (7-12) ppb in the placebo group (P > 0.05). There was no effect
of LF19 on lung function measures (P > 0.05).

Conclusions: There was no long-term effect of LF19 on any diagnosed allergic
disease, airway inflammation or IgE sensitization. This suggests delayed eczema
onset but to fully examine long-term benefits a larger study population had been
needed.

Correspondence

Dr. Christina West, Department of Clinical
Sciences, Pediatrics, Umea University,
SE-901 85 Umea, Sweden.

Tel.: +46 90 7852216

Fax: +46 90 123728

E-mail: christina.west@pediatri.umu.se

Accepted for publication 25 April 2013
DOI:10.1111/all.12191

Edited by: Bodo Niggemann

The increase in allergic disease has been attributed to
environmental factors including disturbances in early gut
colonization patterns (1, 2) and reduced gut microbial diversity
(3-5) preceeding the development of allergic disease. With the
recognized role of gut microbiota in immune development and
regulation (6, 7), there has been interest in shaping gut micro-
biota establishment with probiotics. Probiotics may, directly
or indirectly, modulate the developing immune system and
have been variously shown to have immune-stimulating effects
(8). While both antenatal and postnatal factors may influence
susceptibility to immune dysregulation (1), oral tolerance is
established in the gut postnatally (9). The gut-associated lym-
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phoid tissue (GALT) accounts for about 70% of the immune
system, reflecting the huge immunological challenge conferred
by the intestinal luminal contents. Gut microbiota are pro-
posed to convey immune-regulating effects via complex path-
ways within and further than the GALT (6, 7, 9). During
weaning, the maturing mucosal immune system is exposed to
an increasing array of dietary antigens and a more complex gut
microbiota. Therefore, we hypothesized that feeding the probi-
otic Lactobacillus paracasei ssp paracasei F19 (LF19) during
weaning could be an effective tool in primary prevention of
allergic disease. In our previous reports, LF19 reduced the risk
of infant eczema (10) in conjunction with effects on adaptive
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T-cell development, whereas there was no effect on IgE sensiti-
zation (10, 11).

To date, clinical trials have assessed probiotics in primary
prevention of allergic disease (namely eczema) with conflict-
ing results (12, 13) but long-term follow-up of these study
cohorts is not yet fully evaluated. Specifically, long-term fol-
low-up (=5 years of age) of respiratory allergic disease is lim-
ited to three reports that showed no benefit (14-16) although
none of these studies evaluated lung function. Others have
reported that synbiotics prevent asthma-like symptoms in
children at high-risk of allergic disease (17) and that some
probiotics lessen the severity of established asthma and
reduce symptoms of allergic rhinitis in children (18).

Therefore, we assessed the long-term preventative effect of
feeding LF19 during weaning on development of allergic dis-
ease, including respiratory allergies and airway inflammation,
at school age. We also investigated if LF19 persisted in the
gut microbiota.

Methods

The baseline study was conducted during 2000-2003 in Umea,
Sweden. The study was registered at www.clinicaltrials.gov
(NCT 00894816). The design has previously been described in
detail (10, 19). Briefly, 179 healthy, term infants with no prior
allergic manifestations were randomized to daily intake of
infant cereals with (n = 89) or without (n = 90) addition of
LF19 1 x 10® CFU per serving from 4 to 13 months of age.
Exclusion criteria were cesarean delivery and medications or
supplements that could have affected the gut microbiota.
The cereals were gradually introduced to all infants from
4 months, the recommended age for introducing complemen-
tary feeds at that time. By 6 months of age, the majority of
infants had reached the target dose 1 x 10 CFU daily. Par-
ents were asked not to give any other products containing pro-
biotics during this period. No other dietary advice was given.
The cereals contained cow’s milk protein and were rice based
from 4 to 6 months and wheat based from 6 to 13 months. Of
179 included infants, 171 completed the intervention phase.

The follow-up was conducted during 2009-2011 when chil-
dren were 89 years old. Written and oral information was
provided before enrollment, and written consent was signed
by parents. Approval of the trial was obtained from the local
ethics committee of Umea University. Neither the study per-
sonnel nor the children or their parents were aware of group
assignment. The unblinding was performed after the study
was completed.

Clinical assessment

All children were assessed by one of two trained study pedia-
tricians (Dr C. E. West or Dr M. Borgstrom) including an
inspection of the eyes, ears, nose and skin, palpation of the
abdomen, auscultation of the heart and lungs. Parents com-
pleted a modified questionnaire used in the Obstructive Lung
disease in Northern Sweden (OLIN) pediatric cohort study,
based on the ISAAC core questions with added questions on
symptoms of wheeze, eczema, and other allergic conditions
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(20). A skin prick test was carried out on the volar forearm.
Allergens tested included Dermatophagoides pteronyssinus
Derpl and Dermatophagoides farinae, cladosporium, alterna-
ria, birch, timothy, mugwort, dog, cat, horse, guinea pig, and
rabbit (ALK-Abello, Horsholm, Denmark). A test was con-
sidered positive if a wheal >3 mm was observed in response
to any of the allergens in the presence of an appropriate
response to the positive control (10 mg/mL histamine dihy-
drochloride; ALK-Abello) and no response to the negative
control (allergen diluent; ALK-Abello). Specific IgE to cow’s
milk, egg white, wheat, codfish, and peanut was analyzed
using Immunocap, Thermo Fisher scientific Phadia, Uppsala,
Sweden, according to the manufacturer’s instructions. Spe-
cific IgE > 0.35 kU/L was considered positive.

Lung functions tests

Spirometry was performed by the same trained allergy nurse
in standardized manner (21, 22) with the exception that a
nose clip was not used. Forced expiratory volume in 1s
(FEV)) and forced vital capacity (FVC) were measured with
a Spirare spirometer, using a Spirare SPS310 ultrasound
sensor, Diagnostica AS, Oslo, Norway. Fifteen minutes after
inhalation of 1.0 mg of terbutalin (Bricanyl, AstraZeneca,
London, UK), the spirometry was repeated. Fractional
exhaled nitric oxide (FEnp) was measured using a NIOX
Mino device, Aerocrine, Stockholm, Sweden. If there was an
ongoing respiratory infection, tests were postponed until res-
olution of infection.

Diagnosis of allergic disease

Diagnoses were based on information from clinical assess-
ments, questionnaires, and medical records. Current eczema
was diagnosed in children with typical skin lesions responsive
to topical steroids. The severity was assessed by the SCORing
Atopic Dermatitis (SCORAD) index (23). Current asthma was
diagnosed if the child had a physicians’ diagnosis of asthma
with wheeze that responded to bronchodilator therapy and/or
a clinical history of wheeze and an increase in FEV| > 12%
from baseline following terbutalin inhalation. Current allergic
rhinitis was diagnosed if the child had a clinical history of
symptoms suggestive of allergic rhinitis plus evidence of sensi-
tization to inhalant allergens. Current IgE-mediated food
allergy was diagnosed if there was a history of immediate
(<60 min) symptoms after contact with and/or consumption of
food plus specific IgE levels >0.35 kU/L to the implicated
food. A child was classified as having current allergic disease if
there was a diagnosis of eczema, asthma, allergic rhinitis, and/
or food allergy. Current IgE-associated allergic disease
included the former criteria plus confirmed IgE-association.

Randomly amplified polymorphic DNA-PCR (RAPD-PCR)
for verification of LF19 in stool

Stool was collected by a spatula into a sterile tube and stored
at home in the freezer before transportation to the hospital
where samples were stored frozen at —70°C until analysis.
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Stool samples were serially diluted and placed on Rogosa
agar. Lactobacilli with colony and Gram-staining
morphology similar to that of LFI9 were analyzed by
RAPD-PCR for verification (24).

Statistics

The sample size was restricted to children available for
follow-up. Logistic regression was used to determine the odds
ratio (OR) of developing each binary allergic outcome in the
probiotic compared with the placebo group. Logistic regres-
sion was also performed adjusting for potential confounders
(gestational age and family history of allergic disease).
Questionnaire data were analyzed by the chi-squared test.
Continuous data that were normally distributed were assessed
by Student’s f-test and by Mann—Whitney U-test when data
were non-normally distributed. A P-value < 0.05 was consid-
ered statistically significant. Data were analyzed with SPSS
Software version 20.0 (SPSS Institute, Inc, Chicago).

Results

Of 171 children that completed the baseline study, 121
(70.8%) entered the follow-up study at age 89 (Fig. 1). The
proportion of children who had received probiotics (n = 59;
48.8%), and placebo (n=62; 51.2%) was comparable
(P > 0.05). As displayed in Table 1, there were no statisti-
cally significant differences between the groups in demo-
graphic characteristics except for mean gestation.

Clinical outcome measures

At age 8-9, there were no statistically significant differences
between the groups in any diagnosed allergic disease
(Table 2). In agreement with our previous report, fewer
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children were diagnosed with current eczema (10) and current
IgE-associated eczema in the probiotic compared with the
placebo group although the difference was not statistically
significant. All children had mild-moderate eczema (SCO-
RAD <40). The reported frequency of ‘ever eczema’ defined
as ‘an itchy rash persisting for at least 6 months affecting the
folds of the elbows, behind the knees, in front of the ankles,
under the buttocks, or around the neck, ears or eyes’ was
comparable: 16/59 (27.1%) in the probiotic and 19/62
(30.6%) in the placebo group (P = 0.67). In the probiotic
group, 8/59 (13.6%) reported ‘ever food hypersensitivity” vs
8/62 (12.9%) in the placebo group (P =0.92). The corre-
sponding numbers for ‘ever food allergy’ was 5/59 (8.5%) vs
6/62 (9.7%) (P = 0.82). More parents reported ‘ever wheeze’
(ever wheezing or whistling in the chest) in the probiotic 22/
59 (37.3%) compared with 14/62 (22.6%) the placebo group,
and this was borderline significant (P = 0.08). Conversely,
there was no difference in the frequency of children ever
diagnosed with asthma: 12/59 (20.3%) in the probiotic and
12/62 (19.4%) in the placebo group (P = 0.89). Further, there
was no difference in the frequency of children that had ever
had rhinitis symptoms (i.e., suffered from sneezing, runny
nose or nose blocking in the absence of a cold): 8/58 (13.8%)
in the probiotic vs 6/62 (9.7%) in the placebo group
(P=0.48). At age 89, there was no difference in the
frequency of diagnosed respiratory allergic disease between
the groups (Table 2). Adjusting for additional potential
confounders (maternal or bi-parental allergy, adherence to
treatment, antibiotic use, regular probiotic use) did not sub-
stantially affect the clinical outcomes (data not shown).

Lung function measures

Mean (SD) FVC at baseline was comparable: 2.2 (0.4) and
2.2 (0.3) L in the probiotic and placebo groups, respectively

Randomized
N=179

Completed intervention

N=171
v v
Probiotic group Placebo group
N=284 N=87
Lost to follow-up Lost to follow-up
Moved n= 10 D — > Moved n=6
Other reasons n = 15 Other reasons n =19
\4 \4
Assessed Assessed
at 8-9 years at 8-9 years
N=59 N=62

Figure 1 Flow chart of the study participants.
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(P =0.90). The corresponding number for FEV, was 1.8
(0.3) L in both groups (P = 0.95). In the probiotic group,
1/58 (2%) of the children had a postbronchodilator change

Table 1 Characteristics of the study population

Probiotic Placebo

Characteristic (n=159) (n=62) P-value
Female 61.0% 53.2% 0.39
Birth weight (g), mean (SD) 3780 (516) 3640 (484) 0.13
Gestational age (weeks), 40.5 (1.2) 40.0 (1.3) 0.02

mean (SD)
Maternal allergic disease 45.8% 40.3% 0.55
Paternal allergic disease 34.5%* 43.5% 0.31
Both parents allergic disease 19.0%* 22.6% 0.63
Sibling with allergic disease 40.7% 48.4% 0.39
Any first grade relative with 72.9% 75.8% 0.71

allergic disease
Mother university degree 66.1% 69.4% 0.70
Father university degree 44 8%* 51.6% 0.46

Maternal smoking 6.8% 9.7% 0.74

Paternal smoking 5.3%t 6.6%T 1
Never lived on a farm 93.2% 96.8 0.43
Furred pets at home 52.5% 53.2% 0.94
at present
Never furred pets at home 28.8% 30.6% 0.83
Firstborn 54.2% 48.4% 0.52
Siblings 96.6% 91.9% 0.44
Ever breastfed 94.9% 95.2% 1
Total breastfeeding (months), 7.9 (3.9) 7.9 (4.2) 0.97
mean (SD)
Antibiotics during intervention  16.9% 32.3% 0.05
Current intake of probiotics 28.8% 21.0% 0.32

*Missing information on one father.

+tMissing information on two and one fathers in the probiotic and
placebo group, respectively.

Categorical data were assessed by chi-squared test or Fisher's
exact test. Continuous data were assessed by Student's ttest.
Bold font indicates statistically significant relationship.
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>12% vs 5/59 (9%) in the placebo group (P = 0.27). Next,
we evaluated FEno as a marker of airway inflammation.
Median (25th-75th percentile) FEno was 9 (8-12) in the pro-
biotic vs 8 (7-12) ppb in the placebo group (P = 0.26).

LF19 is a transient colonizer

Lactobacilli were cultivated in 49/50 (98%) of the samples in
the probiotic compared with 54/54 (100%) in the placebo
group. LF19 was not identified in any sample, despite plates
displaying colonies with a morphology typical of LF19. The
molecular confirmation of these colonies showed that the
DNA fingerprint was not identical to LF19.

Discussion

The preventative effect of LF19 on infant eczema was not
sustained at school age, and there was no long-term benefit
on any diagnosed allergic or IgE-associated allergic disease.
Specifically, there was no effect of LF19 on respiratory aller-
gic disease, lung function measures, or FEno. We also inves-
tigated whether LF19 had persisted in the gut microbiota but
LF19 was not isolated in any analyzed stool sample. Collec-
tively, this suggests delayed onset of eczema but no long-term
benefit of LF19 and supports the view that probiotics are
transient colonizers, also when administered before gut
microbiota are fully established.

In agreement with our previous report, fewer children were
diagnosed with eczema (10) and IgE-associated eczema at
school age in the probiotic compared with the placebo group,
although the difference was no longer statistically significant.
The frequency was lower than anticipated as the 12-month
prevalence of reported eczema in this age group was 26% in
an unselected Swedish cohort (25). However, the reported
frequency of children with ‘ever eczema’ was comparable
which suggests that the previously observed benefit of LF19
was delayed onset of eczema. In agreement, Niers et al. (26)
reported a reduced cumulative incidence of eczema at
3 months in infants receiving a probiotic combination

Table 2 Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the main clinical outcomes in children assessed at

age 8-9 years

Clinical outcome Probiotic Placebo OR (95% CI) P-value aOR* (95% ClI) P-value
Allergic disease 15/59 (25%) 22/62 (35%) 0.62 (0.28-1.36) 0.23 0.71 (0.31-1.60) 0.41
IgE-associated allergic disease 9/53 (17%) 12/59 (20%) 0.80 (0.31-2.09) 0.65 0.96 (0.35-2.63) 0.94
Eczema 7/59 (12%) 11/61 (18%) 0.61 (0.22-1.70) 0.35 0.71 (0.25-2.06) 0.53
|gE-associated eczema 4/53 (8%) 7/59 (12%) 0.61 (0.17-2.20) 0.45 0.74 (0.20-2.84) 0.67
Asthma 7/59 (12%) 7/62 (11%) 1.06 (0.35-3.22) 0.9 0.98 (0.31-3.09) 0.98
IgE-associated rhinitis 6/57 (11%) 5/60 (8%) 1.62 (0.44-5.91) 0.47 1.62 (0.44-5.91) 0.47
IgE-associated rhinitis and/or asthma 6/57 (11%) 7/60 (12%) 0.89 (0.28-2.83) 0.85 0.96 (0.29-3.12) 0.94
IgE-associated food allergy 2/54 (4%) 2/60 (3%) 1.05 (0.14-7.73) 0.96 NCt

Sensitization (any)i 17/53 (32%) 16/59 (27 %) 1.27 (0.56-2.86) 0.57 1.52 (0.64-3.61) 0.34
Sensitization (foods) 9/54 (17 %) 10/60 (17%) 1.00 (0.37-2.68) 1.00 1.16 (0.41-3.22) 0.78
Sensitization (inhalants) 15/58 (26%) 14/60 (23%) 1.15 (0.50-2.65) 0.75 1.33 (0.65-3.22) 0.52

*Allergic heredity (any first grade relative) and gestational age were included in the logistic regression model.

+NC, Not calculated because of few cases.

tRefers to children who were tested for sensitization to both food (specific IgE > 0.35 kU/L and inhalant allergens (skin prick test positive).

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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perinatally compared with placebo. This benefit was not
continual at 1 and 2 years of age.

Probiotics for primary prevention of allergy (namely
eczema) have been investigated in clinical trials with differing
results (12, 13). To date, long-term follow-up >5 years of age
of these cohorts are limited to three reports; Kalliomaki et al.
(14) reported a sustained effect of perinatal administration of
L. rhamnosus GG (LGG) on eczema at 7 years, with no
effect on respiratory allergies, while Jensen et al. observed no
benefit of postnatal administration of a L. acidophilus strain
at 5 years (15). Prenatal administration is sometimes argued
as most efficacious (12, 13) but despite pre- and postnatal
administration of probiotics plus galactooligosaccharides,
there was no long-term benefit at age 5 in the large-scale trial
by Kuitunen et al. (16). However, children born by cesarean
section had decreased risk of IgE-associated allergic disease,
suggesting that this subgroup of infants with altered gut
colonization (27) and increased risk of respiratory allergic
disease (28) might benefit in a long-term perspective. Thus
far, no other clinical trial has evaluated LF19 for allergy
prevention or evaluated if a prenatal component would have
added to the benefit. For comparison, colonization with a
group of lactobacilli (L. casei, L. paracasei and L. rhamnosus)
during the first months of life was associated with reduced
risk of allergic disease at age 5 in a Swedish observational
study (29). In another birth cohort study, early colonization
with L. paracasei, but not L. rhamnosus or L. acidophilus,
was associated with reduced risk of eczema at age 2 years
but not IgE sensitization (30).

Although a causal relationship has not been established,
higher frequencies of wheeze (31) and trends toward higher
frequencies of asthma and rhinitis in LGG-treated children
(14, 32) have been reported. We observed a trend that ‘ever
wheeze’ was more frequent in the probiotic group, with no
difference between the groups in diagnosed asthma. It is of
note that we observed neither benefit nor harm of probiotics
on lung function measures or airway inflammation. In agree-
ment (33), there was no long-term effect of synbiotics on
airway inflammation at age 5.

During the intervention, the presence of LF19 in stool was
confirmed in the majority of infants ingesting LF19 (19).
Lactobacilli are transient colonizers but permanent establish-
ment has been suggested if administered early in life. As
LF19 was not detected in any of the analyzed samples at age
8-9, this supports the view that LF19 is a transient colonizer.
In the baseline study, we observed less antibiotic use in
the probiotic group (19). Whether this had an impact on
the developing gut microbiome, with possible links to the
reduced risk of infant eczema (10), is under study.

There are potential limitations to this study. A loss to
follow-up with reassessment of 70% of the original study
population might have biased the results. Also, the majority
of reported clinical trials evaluating probiotics in primary
prevention of allergic disease have been small-scale studies
(13) including this study and may therefore not be suffi-
ciently powered to detect long-term effects. To be able to
examine if the lower frequency of the primary outcome ‘any
allergic disease’ (25% in the probiotic vs 35% in the placebo

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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group) is an effect of the intervention, a sample size of 350
per group would have been needed (o= 5% and power
80%). Consequently, conservative interpretation of the study
findings is needed. Nevertheless, it remains important to
report long-term outcomes of these already initiated cohorts.
A recent report suggested long-term benefit (at 4 years) not
only on eczema but also on rhinoconjunctivitis in children
treated perinatally with a L. rhamnosus but not a
Bifidobacterium strain (34). Firstly, this suggests that effects
are species dependent, and secondly, that the primary
preventative effects may go beyond eczema.

In summary, there was no long-term benefit of LF19 on
any diagnosed allergic disease, IgE-associated allergic disease,
or airway inflammation. Despite these findings and the incon-
sistent results in allergy prevention studies (12, 13), we infer
that the probiotic concept needs further evaluation. We need
to define optimal strains or combination of strains, timing
and subpopulations most likely to benefit (12, 13, 35). For
this, we need sufficiently powered clinical trials with
predefined outcomes.
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