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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 x 10°
colony-forming units [cfu], L. rhamnosus LC705, DSM 7061, 5 x 10° cfu, Bifidobacterium breve Bh99,
DSM 13692, 2 x108 cfu, and Propionibacterium freudenreichii ssp. shermanii JS, DSM 7076, 2 x 10°
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 =20.35 kU/I” to indicate
that the level of any particular one of the specific IgEs in the blood samples was =0.35 kU/I. 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/I.

Skin-prick tests (SPTs)

Forearm SPTs were carried out with commercial solutions (ALK-Abello Hgrsholm, 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 =23 mm” to indicate that any particular one of

the specific SPT results was 23 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 26 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 20.35 kU/I and/or any specific SPT 23

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/I) 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 20.35 kU/l) was higher than the
prevalence of SPT positivity (any specific SPT 23 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% CIl 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% CI 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% CI 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 =20.35 kU/l and/or any specific SPT 23 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 20.35 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% CI 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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Table 1. Sensitization in the probiotic and placebo groups

Sensitization Probiotic, n[%) PMacebo, m (%) Unadjusted OR palue®  Adjusted OF Adjusted
[95% 1) (95% C1) pvalue™
Totarl cofart
2 years
Any positive SPT andlor any IgE =035 kU/L 1427568 (402)  18L/3TE(43.3) 082 {0.66-1.18) 0308 LG (0.77-1.46) Q705
Food (egg and/or milk) IgE =035 kKLUVL THAE (L) 95344 (27,00 0.79{0.56-1.12) 0192 L0781} Q520
Pollen (birch andfor Timothy) 1gE 20,35 kUL 4E/3ET (142) 421342 (12.3) LI9{0.76=183) 0451 071 {044=1.06) 0172
Animal (cat andfor dog) IgE =035 kUVL 2LS3E8 (6 2) 221345 (6.4) 057 {052-1.79) 0914 LO7{0.54-2.01) 0.848
Any specific IgE =0.35 kUL 1057328 (31.1) 1177343 (34.1) 087 (0.63-1.20) 0397 L4 (0.74-1.48) 0814
5 years
Any pesitive SPT and/or any IgE =035 kUL 2040387 (353)  HOWE9L (53.5) LOS(081-1.43)  O.606 LO7{0.75-1.54) 0713
Food {egg and/or milk) IgE =035 kL/L 106375 (ZA3) 11362 (30.4) 0.90{0.66-1.24) 0527 1.49(0.95-235) 0.084
Pollen (birch andfor Timathy) IgE =035 EU/L 1300575 (47 11G/362 (32.00 LI{0.83=1.53) 0450 096 (0L64-1.440 0849
Animal (cat andfor dog) IgE =033 kUL E33T5 (168) S5/362(15.2) LIX{0.76-167)  0.552 1L.29{0.74-2.25) 0577
Any specific IgE =0.35 kUL 1827575 (30.1) 1657362 (45.6) LI 080-160) 0216 0.98 (L67-1.42) 0896
13 years
Food (egg andor milk) IgE =035 kLUJL 240240 (9 85) 221599 0.59(0.53=1.8%)  0.5970 099 (0.52-1 88) 0966
Pallen (birch andfor Timathy) IgE 2033 ELL 1270246 (31.86) 109215 (51.2) LOZ{071-147) 0921 0.99 (L66-1.49) 0960
Animal (cat andfor dog) IgE =0.33 kU/L SOI2A6 (40.2) S6/2LE (3100 L50{102-2.21)  0.03% 063 (42-0.96)  0.030
Any specific IgE =0.35kU/L 1315246 (61.4) 121/205 (56.8) L21{083=176) 0320 078 (052=1.09)  0.24%
Cesarenn defivery
2 years
Any positive SPT and'or any IgE =035 kUL 21062 (33.9) 3LI64 (48.4) 055 (0.27-1.12) 0087 LE3 (0.72-3.67) 0240
Food (egg and/or milk) IgE =055 kLUVL LT (21.1) 1962 (30.2) 062 (0.27=142) 0255 L48 (061=-3.62) 0587
Pallen (birch and/or Timathy) IgE 20.33 KU/L 557 (2.8) 1262 {19.4) 040 (13122} 0059 203 (61-6.84) 0250
Animal {cat andfor dog) IgE =033 kU/L 457 (7.00 3/62 (4.8) L48 (0.32-6.94) 0709 020 (R14-463) 0806
Any specific IgE =0.35kU/L L4I57 [24.6) 27162 (43.5) 042 (01 9=0093) 0029 107 (090-4.77) 0087
5 years
Any positive SPT and'or any IgE =035 kUL 27054 (5000) BTIELL) 092 (h46-188) 0819 L9 [06d-603) 0242
Food (egg and/or milk) IgE =035 kUL L7453 (321) L11/66 {16.T) 135 (099-362) 0049 069 (11-4.33) 0638
Pallen (birch and/or Timathy) IgE 2033 kU/L MYS3 (37T 21166 (51.5) L3O [06l=2T768) 0500 289 (0.76= 1077 0114
Animal {cat andlor dog) IgE =033 kUJL 53 (15.1) L3/66 (19.7) 073 (0228-191) 0512 296 (055-1604) 0208
Any specific IgE =0.35 kLU/L 2653 (49.1) 25/66 (37.9) L58 (0.76-329)  0.221 L23 [0.38-357) Q.73
13 years
Food (egg and/or milk) IgE =0035 kUL 638 (15.8) 5/40{12.5) L3 [037-472) 0677 051 (002-222) 0370
Pallen (birch and/or Timathy) IgE >0.33 kU/L L8i38 (47.4) 24/40 (50.0 0E0 (0.25-1.47) 0263 235 (0.73-T767) 0152
Animal (cat andlor dog) IgE =035 kUL L5138 (39.5) 17740 (42.5) 088 (0.36-218)  0.786 OUES (0.30-2539)  0.821
Any specific IgE =035 kUL 2538 (B0 5) 27140 (67 5) 074 (0.29-187) 0521 (88 (0.30-259)  0.82]
Vagraal delivery
2 years
Any positive 5PT and'or any IgE 2035 kUL 127506 (41.5) 1505308 (42.2) 087 (0.T1=134) 0860 005 (06G=1.54) 0742
Food (egg amd/or milk) IgE =0035 kUL G5282 (230) 41281 (28.3) 084 (057-1.23) D388 10 [(0.73-1&5) 0657
Pallen (birch and/or Timathy) IgE >0.33 kU/L 43280 (15.4) 30280 (10.7) L51[052-249) 0103 051 (030-0088) 0006
Animal (cat andlor dog) IgE =0.35 kUL 281 (60) 19281 (6.8) 059 (0.43=1.75)  0.730 108 [(0.52-225)  0.835
Any specific IgE =035 kLUJL 1281 (X2.4) QOVIEL (320) L2 (0.TI-145) 0928 088 (0.59- 1 3] 0442
5 years
Any SPT pos. andlor any IgE =035 kUL 1877333 (56.2) 1717318 (53.8) L0 [081-1.50)  0.541 059 (E7-1.47) 0970
Food (egg and/ior milk) IgE =0035 kUL 29322 (X7.6) Q8195 (33.4) 076 (054=107) 0117 154 (0.95-249) 0021
Pallen {birch and/or Tomothy) IgE =033 KU/L 100/322 {33.2) Q51295 (31.1) LI0[0.T9-154) 0588 091 (059-1.41) D683
Animal {cat andlor dog) IgE =0.35 kUL 55/322(17.1) AT05 (14.2) 125 (081-193) 0324 LI5S [062-202) 0665
Any specific IgE =035 kUL 162322 (30.3) 140296 (47 _5) LI5[(082=155) 0454 0098 [(065-1.47) 0904
13 years
Food (egg amsd/or milk) IgE =035 kUL 181208 (8.7} L&73 (9.2) 09% (046-188) 0839 LO6 [0.49-226)  0.891
Pallen (birch and/or Timathy) IgE =033 KUML  109/208 (52.4) B3T3 (45.0) LIS 0Te=171) 0344 OE7 (L35-1.37) 0,337
Animal (cat and/or dog) IgE 20,35 kUL 841208 (40.4) 490175 (28.3) L7L(LEl=264)  0.DA7 056 (0.35-0090)  0.0019
Any specific IgE =0035 kUL L28/208 (61.5) Q47173 (54.3) L35 (0.89-203%) 0158 071 (45-102) 0137




Table 1 {continued )

Sensitization Probiotic, n (%) Placebo, m (%) Unadjusted OR palue®  Adjusted OR Adjusted
(95% C1) pvalue®™
Maternal atapy
2 years
Any positive SPT andfor any IgE 20 35 kUL 1 0804 (39.5) L38/2040 (46.2) 076 (0.55-1.08) Q09T L21{0.85-1.7Y) 0283
Food {egg and/or milk) IgE =035 kUSL GIER] (21.4) 84/281 (29.9) 6 (0.43-0.93) 002 148(0.98-2.21)  QLO6L
Pollen (birch andfar Timothy) IgE 20,35 kUL X7 (1 5a) 36279 (12.9) L0 (0.65=1.74) 0803 076 (0.44=1. 200 0314
Animal (cat andfor dog) IgE =033 kLVL ITIZB0 (E.1) 20M280(7.1) 024 {04164} 06D LIS{056-2.47) 0.662
Any specific IgE =035 kUJL B4/ ZR0 [ 20.0) 1047280 (37.1) 0.73{050-1.03) 0074 1.27(0.87-1.86) 0211
5 years
Any positive SPT and/lor any IgE 2055 kUL L7952 (358) 175/320(54.7) LO4{0.77=1.43) 0784 LI4{0.76=1.70) 0528
Food {egg and/or milk) IgE =035 kUL B W00 (28 5) Q63060 32.0) 25 {0.60-1.20) 0344 L58{095-261}) 04075
Paollen (birch andlor timothy) IgE =0.35 kU/L L4309 (33.7) QB/300 (32.7) LO5{0.75-1.47) 0795 LO2{(0.65-1.59) 0045
Animal (cat andfor dog) IgE =0.35 kLVL G509 (LE1) A6/300 {15.3) 122 {0.80=187) 0357 LOZ[0.56=1.86) 0948
Any specific IgE =035 kUJL 1 567509 (30.5) 1427300 {47.3) LIB{0.83-158) 0437 L6 (0.70-1.61) 0781
13 years
Food (egg andfor milk) IgE =035 kLU/L 2L/205 (10.3) 1717299 105 (0.54-2.07)  0.882 088 (0.42-1.81) 0719
Pallen (birch and/or Timathy) IgE =035 kLVL 1087203 (33.2) Q11T (52.9) LO1{067=152) 0955 0.93% (0.59=1.48) 0.764
Animal (cat andfor dog) IgE =0.33 kLVL BA205 (424) S6/ITE (32.6) LE2{L00-2.33) 0051 059 (037-0.54) 0026
Any specific IgE =035 kUSL 1337203 (55.5) 1037072 (59.9) L27(084-1.94) 0260 073 (046-1.17) 01594
Breastfecdirng for 3 months
2 years
Any 5PT pos. and/ar amy IgE =035 kL/L TEOTT 4L F2MUTE (41.6) 099 (ed-1.51) 0942 LN [64-1.61) 0938
Food (egg andfor milk) IgE 200355 kUYL 41170 (24.1) 45/158 (28.3) 80 [4%-1.31)  036% LI4 [067-1.95) 0631
Pallen (birch and/or Timathy) IgE 20,33 kUL J6/168 (15.5) L8SI58 (11.4) 42 (075-2.71) 0281 072 (036-1.48) 0386
Animal (cat andfor dog) IgE =0.33 kLVL L1165 (6 5) VU538 (4.4) L3O (057-3.98) 0410 088 (29-261) 0793
Any specific IgE =035 kUJL 36/169 (33.1) 52/158 (32.9) L0 (6d=160) 0966 096 [0.58-1.58) 0838
5 years
Any SPT pos. and/or amy IgE =035 kL/L G7/186(32.2) BOVIET (53.3) 096 (L63-1.45) 0830 LIS [0&7-201) 0587
Food (egg and/for milk) IgE 20035 kUL AS/1800(25.0) 46157 (293} 020 (0.50-1.30) 0375 L54 (0.73-228) 0260
Pallen (birch and/or Timathy) IgE 20,33 kUYL GO/LA0(335.5) 517157 (313) L4 (Dé=164) 0869 098 (0.53-1.85) 093]
Animal {cat andlor dog) IgE =0.33 kUL 2E/LB0(L2.8) 25157 [15.9) 077 (042-1.43) 0410 LS9 [081-4.93) 0.1
Any specific IgE = 0.35kLUJL E4/180(46.7) 71157 [45.2) LS (ee-163) 0791 097 (054-1.76) 0927
13 years
Food (egg andfor milk) IgE 20035 kUL LA/ 300 10.8) 200 (6.9) LEE (D63=4.18) 0314 050 (0. 08=1.38) 0183
Pallen (birch and/or Timathy) IgE 0,33 kUJL G611 300 30.8) 487100 (475} L4 (0e2-192) 0615 099 (55-1.79) 093]
Animal (cat andlor dog) IgE =0.35 kUL 4811300 36.9) 20/100 (287} L43 (083-2534) 0189 QU2 (3-114) 0124
Any specific IgE =005 kUL A2/130(63.8) S5/000 [54.3) L48 (DET7=-251) 0149 071 (0.38=1.27)  0.245

*® pvalue (" test) for differences between 2 study groups. ** p value (Fisher's exact test) for differences between 2 study groups. *** Adjusted by means
of multivariate logistic regression for sex, study group, breastfeeding for 26 months, university-educated parent, parental atopy, mode of delivery, parental
smoking, siblings at the time of birth, use of antibéotics during the first 3 months, use of other products containing probiotics during the first 3 months by
the mother ar the child, and cat/dog at home for the first 3 months. Cesarean delivery/vaginal delivery/maternal atopy'breastfeeding for =3 months were

used as interaction terms.




Table 2. SPT positivity in the probiotic and placebo groups

Paositive SPT Probiotic, Placebo, Unadijusted pralue®  Adjusted Adjasted
%) m (%) O [95% C1) OF (95% CT) P valse™®
2 yaErs
Egg S&/453 (11.8) ToWdah {15.3) 0B (D56-1.19) 254 120 {079~ 1.82) 0550
Milk L2453 [2.6) 15/461 (3.3) .81 (037=1.75) 0.589 125 (.55~ 2.85) (L595
Wheeat L2452 (2.7) O/dEl (2.9) L3T (0L57-3.28) 0479 052 (020 1.37) 0187
Fish 47452 (0.9) 2@ (0.4) 205 (037-11.2%  pass 045 (UEE-263) 0578
Birch A4/452 (9.7) 471460 (10.2) 05 (6] = 148) LB0E 091 (058~ 1.45) 7ol
Timothy W452 (0.7) 2/461 (0.4) L.53 (0 26=9.22) 6&4*™ 057 (009-375) 0561
Cat 247453 (5.3) 181460 (3.9 L.3& {0L74-2.5T) ild 77 (0.39-1.52) 0440
Dog, 24/453 (5.3) 21146 (4.6) L1T {(L64-2.13) 609 092 (D47-1.78) 796

Any of the following: egg, milk, birch, 100452 (226) L6460 (25.) 086 (L64=1.1T) 0348 LI2{0&1=157) 0495
Timothy, cat, dog

5 years
Egg 297387 (7.5) 35/391 (9.0 0LB2 {0L49=1.38) 459 202 (DE9-462) 0Ly
Milk GET [1.6) 71391 (1.8) (.86 (0.29=2.59) 7% L1 {0 2= 67 0900
Wheeat 127387 (3.1) 104391 (2.6) 122 {0.52-2.88) 648 076 (0. 19-3104) LG8
Fish L1/387 (2.8) 3/391 (0.8) ATE(LOS=1367) 0029 025 (D05-1.24) [ELiE
Birch 122/387 (31.5) 124351 (31.7) 099 (0.73=1.34) 0955 125 (D84 1.84) 0269
Timathy 527387 (13.4) 52/391 (13.3) LOI {0L&7-1.53) 0955 086 (051~ 1.45] 0571
Cat 517387 (13.2) 57391 (14.6) LB (0L59-1.34) 0572 154 (DET-271) 0138
Dog A5/387 (11.6) 491591 (12.5) 092 (L60=1.41) 659 103 (.54 1.89) 0916
Houze dust mites 5387 (1.3) A4/391 (1. 12T (0.34-4.75) 0751 035 (007-1.74) o1e?
Mugwort L&/3ET (4.1) 22/391 (5.6) 072 {037 = 1.40) 344 OB (D44~ 263) OLBET
Peamut 517387 (13.2) 521391 (13.3) 099 (L65=1.50) 0960 099 (0.58=1.72) 0981

Any of the following: egg, milk, birch, 1567387 (4003 LER/390 (40.4) L0 {75133} 0978 120 (&= 1.73) 0330
Timothy, cat, dog

* pvalue (3 test) for differences between 2 study groups. ®* p value (Fisher 's exact test) for differences between 2 study groups. *** Adjusted by means
of multivariate logistic regression for sex, study group, breastfeeding for 26 months, unversity-educated parent, parental atopy, mode of delivery, parental
smoking, siblings at the time of birth, use of antibéotics during the first 5 months, use of other products containing probiotics during the first 3 months by
the mother or the child, and catfdog at hame fior the first 5 months.

1.521
{miothers assessed for eligibality)
1.223
{randomized)
&10 E13
{mother assigned to probaotic group) [mother assigned to placeba group)
SDE 12
{intenbon-to-treat) {mtention-to-treat)
461 463
340 cperm oozl {compileted 2-year fol aw-ug) [completed 2-year follow-up) 344 gorvm blood £ample

L 445 446 . ™
7% g blood samply {completed S-year fol ow-up) [completed S-year follow-up) 829 A zample
245 gave blood sample 230 2 213 gave blood sample
(completed 13-year follow-up) {completed 13-year follow-up)

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



