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1. Abstract:  

Background  

Probiotics have shown promising results in primary prevention of allergies in early years, but long-

term effects on allergic sensitization need more evaluation.   

Objectives  

We conducted a randomized double-blind placebo-controlled study to determine whether the use of a 

mixture of pre- and probiotics perinatally affects the prevalence of IgE sensitization up to 13 years in 

highrisk children.  

Methods  

1223 pregnant women were randomized to receive probiotics or placebo from 36 gestational weeks 

until delivery, and their infants received pre- and probiotics or placebo from birth until six months. At 

two, five and 13 years, blood samples were taken to determine specific IgE levels against common 

foods, pollen and animal antigens.   

Results  

The prevalence of IgE sensitization to any allergen was high and increased with age. No significant 

difference in the prevalence of IgE sensitization to any particular one of the tested allergens was 

found between the groups. At two, five and 13 years these prevalence rates of IgE sensitization to 

any allergen were 31.1% and 34.1%, 50.1% and 45.6%, and 61.4% and 56.8% in the probiotic and 

placebo groups, respectively. At 13 years, IgE sensitization to cat/dog dander was more frequent in 

the probiotic group compared with the placebo group (40.2% vs. 31.0%, p=0.03).  

Conclusions  

In high-risk children, perinatal use of a mixture of probiotics did not affect the prevalence of 

sensitization to any one of the tested allergens, but it was associated with more frequent IgE 

sensitization to cat/dog dander at 13 years.   

  

2. Introduction:  

Perinatal use of probiotics may prevent allergic diseases, mainly eczema, in early childhood in high-

risk populations (1-6), but results are conflicting, as some studies show no effects (7, 8). Some studies 

have shown that prenatally administered probiotics can diminish the rate of sensitization (5, 6, 9). 

Maternal probiotic supplementation (Lactobacillus rhamnosus [L. rhamnosus] and Bifidobacterium 

longum [B. longum] or L. paracasei and B. longum) during pregnancy and breastfeeding had no effect 

on IgE sensitization in high-risk children at age two (4). Furthermore, at age seven, no difference in 

sensitization between groups using a perinatal Lactobacillus GG (LGG) probiotic strain or placebo was 

found, although the cumulative risk of developing eczema was diminished (1). We have earlier shown 



 

that the use of a mixture of pre- and probiotics perinatally can diminish the prevalence of IgE-associated 

eczema at age two, and at age five we showed less IgE-associated eczema only in a subgroup of 

cesarean-delivered children (2, 3). We have previously reported that perinatal use of a mixture of 

probiotics decreased the prevalence of eczema up to 10 years of age but the prevalence of allergic 

rhinitis was increased at 5–10 years (10). In another study, in high-risk children, perinatal use of L. 

reuteri prevented sensitization and eczema at age two but it had no effect on atopic sensitization or 

allergic disease at age seven (5). Perinatal use of L. rhamnosus has been associated with lower 

prevalence rates of sensitization and eczema in high-risk children from birth to age six  

(6).   

In this randomized double-blind placebo-controlled trial we evaluated the longitudinal effect of 

perinatally administered pro- and prebiotics on the prevalence of IgE sensitization at two, five and 13 

years.  

3. Materials and Methods:  

Study design and participants  

The design of the study has been detailed previously (2,3). Children in the randomized, double-blind 

and placebo-controlled study were born between November 2000 and March 2003. The study 

population was collected in the Helsinki area. 1223 pregnant women carrying a fetus with a high-risk 

of allergy (at least one of the parents had physician-diagnosed allergic disease) were randomized to 

receive probiotics or placebo at 35 weeks. A mixture of probiotics (LGG, ATCC 53103, 5 × 109 

colony-forming units [cfu], L. rhamnosus LC705, DSM 7061, 5 × 109 cfu, Bifidobacterium breve Bb99, 

DSM 13692, 2 ×108 cfu, and Propionibacterium freudenreichii ssp. shermanii JS, DSM 7076, 2 × 109 

cfu ) or placebo was taken by mothers from 36 weeks twice daily until delivery. The same capsules 

were opened and mixed with syrup containing prebiotics (0.8 g of galacto-oligosaccharides) and given 

to the infants once daily from birth to six months. In the placebo group capsules without pre- and 

probiotics looked and smelled the same as the test capsules. Children with major malformations, 

children born at less than 37 weeks of gestation and b-twins were excluded. Follow up lasted 13 

years.  

  

Specific IgE analysis  

Blood samples were drawn from the umbilical cord after delivery, and at two, five and 13 years to 

determine specific IgE levels. At all time-points levels of specific IgEs to food (cow´s milk and egg), 

pollen (birch and timothy grass) and animals (cat and dog) were analyzed using the ImmunoCAP 

system (Thermo Fisher, Uppsala, Sweden). We used the term “any specific IgE ≥0.35 kU/l” to indicate 

that the level of any particular one of the specific IgEs in the blood samples was ≥0.35 kU/l. In addition, 

at five years, levels of IgEs to peanuts and house-dust mites (HDMs), and at 13 years levels of IgEs to 



 

peanuts, HDMs and mugwort were measured. IgE sensitization was considered positive if the specific 

IgE level was ≥0.35 kU/l.   

Skin-prick tests (SPTs)  

Forearm SPTs were carried out with commercial solutions (ALK-Abello Hørsholm, Denmark, or 

Stallergenes, Antony, France) or with fresh food preparations diluted with 0.9% saline. At six months, 

SPTs for egg allergens, at two years SPTs for egg, milk, fish, wheat, timothy grass, birch, and cat and 

dog allergens, and at five years SPTs for the same allergens as at two years but also for peanuts, 

mugwort and HDMs were carried out. A wheal diameter of 3 mm or more than the negative control was 

considered positive. We used the term “any specific SPT ≥3 mm” to indicate that any particular one of 

the specific SPT results was ≥3 mm in diameter.  

Statistical analysis  

Chi-square and Fisher’s exact tests were used to determine the effects of probiotics on children´s 

sensitization. Potential confounders considered were sex, study group, breast feeding for ≥6 months, 

parental education, parental atopy, mode of delivery, parental smoking, siblings at birth, use of 

antibiotics during the first three months, use of other products containing probiotics during the first three 

months by mother or child, and cat/dog at home for the first three months. We used cesarean/vaginal 

delivery, maternal atopy and exclusive breastfeeding over three months as interaction terms. The 

outcomes concerning potential confounders were adjusted by using multivariate logistic regression 

analysis; results are given as odd ratios with 95% confidence intervals (Cls). p<0.05 was considered 

statistically significant. Our outcome measures were the prevalence rates of sensitization to any 

allergen, any food, any animal and any pollen in the probiotic and placebo groups at two, five and 13 

years. Analyses were performed with IBM-SPSS software, v. 22.   

4. Results:  

Total cohort  

Blood samples were available from 684 (67%), 737 (72%) and 459 (45%) children at two, five and 13 

years among those who originally met the inclusion criteria and were intended to be treated. Baseline 

characteristics of the participants were comparable in the probiotic and placebo groups at these time 

points (data not shown). In the probiotic and placebo groups, 74% and 74% at two years, 84% and 

81% at five years and 75% and 68% at 13 years among those who completed follow-up, gave blood 

samples (Fig.1).   

Sensitization in the probiotic and placebo groups  

The prevalence rates of allergic sensitization (any specific IgE ≥0.35 kU/l and/or any specific SPT ≥3 

mm) were similar in the probiotic and placebo groups at two (40.2% vs. 43.3%) and five years (55.3% 



 

vs. 53.5%) (Table 1). No specific differences were found in SPT positivity between the two groups at 

two and five years  

(Table 2). The prevalence rates of IgE sensitization (any specific IgE ≥0.35 kU/l) were similar in the 

probiotic and placebo groups at every time point (Table 1). When comparing the rates of sensitization 

we found that the prevalence of IgE sensitization (any specific IgE ≥0.35 kU/l) was higher than the 

prevalence of SPT positivity (any specific SPT ≥3 mm) in the probiotic (31.1% vs. 22.6% and 50.1% 

vs. 40.3%) and in the placebo groups (34.1% vs. 25.2% and 45.6% vs. 40.4%) at two and five years 

(Tables 1 and 2).  

No significant differences were found in the prevalence of IgE sensitization to egg and/or milk at two 

(22.7% vs. 27.0%), five (28.3% vs. 30.4%) or 13 years (9.8% vs. 9.9%) in the two groups. IgE 

sensitization to birch and/or timothy grass was also similar at two (14.2% vs. 12.3%), five (34.7% vs. 

32.0%) and 13 years (51.6% vs. 51.2%). The prevalence rates of IgE sensitization to cat and/or dog 

dander at two (6.2% vs. 6.4%) and five years (16.8% vs. 15.2%) were comparable in the two groups. 

At 13 years the prevalence of IgE sensitization to cat and/or dog dander was higher in the probiotic 

group compared with the placebo group (40.2% vs. 31.0%; adjusted OR 0.63; 95% Cl 0.42–0.96; 

p=0.03). The difference was seen in the vaginallydelivered children (40.4% vs. 28.3%; adjusted OR 

0.56; 95% Cl 0.35–0.90; p=0.02), but not in the cesareandelivered group (39.5% vs. 42.5%) at 13 

years. In the subgroup of vaginally-delivered children the prevalence of IgE sensitization to birch and/or 

timothy grass was higher in the probiotic group than in the placebo group (15.4% vs. 10.7%, adjusted 

OR 0.51; 95% Cl 0.30–0.88; p=0.02) at two years, with no significant difference at five years ( 33.2% 

vs. 32.1%) or 13 years ( 52.4% vs. 49.1%). In the subgroup of children who were exclusively breastfed 

for more than three months no significant difference was detected in the prevalence of sensitization 

(any specific IgE ≥0.35 kU/l and/or any specific SPT ≥3 mm) between the probiotic and placebo groups 

at two years (41.2% vs. 41.6%) or at five years (52.2% vs. 53.3%). No difference was found between 

the two groups in the prevalence of sensitization (any specific IgE ≥0.35 kU/l and/or any specific SPT 

≥3 mm) in the subgroup of children with atopic mothers at two years (39.5% vs. 46.2%) or at five years 

(55.8% vs. 54.7%). Nevertheless, in the subgroup of children with an atopic mother the prevalence of 

IgE sensitization to cat and/or dog dander was higher in the probiotic group compared with the placebo 

group (42.4% vs. 32.6%; adjusted OR 0.59; 95% Cl 0.37–0.94; p=0.03) at 13 years (Table 1).  

5. Discussion:  

We found no difference in sensitization to any allergen between the probiotic (LGG, L. rhamnosus, B. 

breve and Propionibacterium freudenreichii ssp. shermanii) and placebo groups at two, five or 13 years 

in high-risk children. The results are similar to those in several previous studies (1, 4, 11). Unlike in our 

study, SPT-confirmed sensitization (birch, cat dander, milk, dog dander, egg, HDM, peanut and timothy 

grass) has been reported to be less common in a probiotic (L. reuteri) group than in a placebo group 

at two years, but only in children with allergic mothers. However, no such effect was seen at seven 

years (5). In addition, the prevalence of SPT positivity (cat dander, milk, egg, HDM, mixed grass, 

peanut) has been reported to be lower in a probiotic (L. rhamnosus) group than in a placebo group for 

up to six years (6).  



 

  

In contrast to studies showing lower rates of sensitization to common allergens in probiotic groups than 

in placebo groups (5, 6, 9), we found that IgE sensitization to birch and/or timothy grass at two years 

was similar in both groups in the total cohort, but, surprisingly, IgE sensitization to birch and/or timothy 

grass at 13 years was more common in the probiotic group than in the placebo group in the subgroup 

of children delivered vaginally.  Whereas sensitization to birch/timothy was similar in the probiotic and 

placebo groups at two, five and 13 years, as was sensitization to cat/dog dander at two and five years, 

it was significantly higher in the probiotic group at 13 years in the total cohort. The effects of probiotics 

on allergic sensitization seem to be species-specific, as has been shown for development of allergic 

disease (5, 6, 9, 11).  

  
Sensitization patterns and immunologic reactivity are different as regards perennial and seasonal 

allergens and they may also be differently affected by environmental and dietary differences such as 

probiotic supplementation (12, 13). Supplementation with L. acidophilus six months after delivery has 

been associated with an elevated level of  SPT-verified sensitization (cat dander, milk, grass, HDM, 

mold, peanut and egg) compared with placebo at one year (14), while in the same cohort at five years 

there was no significant difference (15). Whether this reflects true effects of probiotics or normal 

variability in the development of IgE sensitization should tested in more studies designed to investigate 

the long-term development of sensitization.  

  

We know there are some risk factors of IgE sensitization such as atopic eczema (16), but the 

development of sensitization and clinical allergic disease seem to occur in different phenotypes, and 

the immunologic basis of this is largely unknown. While the pattern of sensitization for each allergen is 

different, allergic sensitization to egg and cats are risk factors of all allergic diseases (17). There are 

several risk/protective factors associated with allergic disease and/or sensitization. Some elements are 

associated with both allergic disease and sensitization; others affect only one or the other and results 

are controversial. For example, results concerning breastfeeding and the risks of sensitization and 

allergic diseases are contentious, with no association between long durations of breastfeeding, and 

sensitization or allergic disease in high-risk patients (18). These results are in line with ours in that no 

difference was found in sensitization between the probiotic and placebo groups in the subgroup of 

children who were breastfed for more than three months. However, in a population-based study ≥4 

months of breastfeeding diminished the risk of childhood eczema at four years (19) as well as the risks 

of asthma and sensitization at eight years (20).  

  

A strength of our study is that compliance was relatively high, as 45% of the participants gave blood 

samples at 13 years, and 67–72% at two and five years, and another strength of the study is the long 

follow-up period of 13 years. The main limitations of the study design are the lack of skin-prick tests 

and pediatric examination at the age of 13 years.  

  
The prevalence of sensitization to any common allergen was comparable in the probiotic and placebo 

groups up to the age of 13 years. At 13 years, IgE sensitization to cat and/or dog dander was more 



 

common in the probiotic group than in the placebo group. In the subgroup of vaginally delivered 

children, IgE sensitization to birch and/or timothy grass was also more common in the probiotic group 

than in the placebo group at two years. Our results indicate that a mixture of pro- and prebiotics used 

perinatally might still affect IgE sensitization to aeroallergens at 13 years in high-risk children.  
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10. Figure legends:  

Fig.1. Flow of participants in the probiotic and placebo groups  

The clinical trials registration number is NCT00298337.  

 

 



 

 



 

 

 



 

 

 

 


