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Abstract

Background: The allergy preventive effects of gut immune modulation by bacterial compounds 

are still not fully understood.

Objective: We sought to evaluate the effect of bacterial lysate applied orally from the second 

until seventh months of life on the prevalence of allergic diseases at school age. 

Methods: In a randomized, placebo-controlled trial, 606 newborns with at least one allergic 

parent received orally a bacterial lysate consisting of heat-killed gram-negative Escherichia coli 

Symbio and gram-positive Enterococcus faecalis Symbio or placebo from week 5 until the end of 

month 7. 402 children were followed until school age (6 to 11 years) for the assessment of 

current atopic dermatitis (AD), allergic rhinitis (AR), asthma, and sensitization against aero-

allergens.

Results: AD was diagnosed in 11.0% (22/200) of children in the active and in 10.4% (21/202) of 

children in the placebo group. AR was diagnosed in 35% (70/200) of children in the active and in 

38.1% (77/202) children in the placebo group. Asthma was diagnosed in 9% (18/199) of children 

in the active and in 6.6% (13/197) of children in the placebo group. Sensitization occurred in 

46.5% (66/142) of participants in the active and 51.7% (76/147) in the placebo group.

Conclusion: An oral bacterial lysate of heat-killed gram-negative Escherichia coli and gram-

positive Enterococcus faecalis applied during the first 7 months of life did not influence the 

development of AD, asthma, and AR at school age. 

Introduction

Since epidemiologic studies found a lower prevalence of allergies among children from rural 

compared to urban background, several protective factors have been suggested. These include 

prenatal and continuous exposure to life stock thus a diversity of fungi and bacteria, and 

consumption of unpasteurized farm milk.(1-4) When regularly exposed to microbial compounds 

in stables during pregnancy such as lipopolysaccharides (LPS) from gram-negative bacteria 

children had significantly less atopic sensitization at school age.(5) Among other factors LPS has 

been shown to induce innate toll like receptors (TLR) 2 and 4 leading to a protective cytokine 

shift towards a Th1 response.(5) TLR 2, TLR 4, and TLR 5 expression in infants are inversely A
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associated with the development of AD.(1, 5, 6) Additionally results from an atopic mouse model 

showed protective effects when LPS was given prenatally, allergic sensitization and airway 

inflammation were less frequent in the sense of a primary prevention.(7) Peptidoglycans of 

gram-positive bacteria as another independent marker of microbial exposure was also inversely 

associated with wheeze.(8) Therefore a stimulation with a bacterial lysate containing LPS from 

gram-negative and cell surface molecules of gram-positive bacteria seemed a plausible approach 

for allergy prevention, since immune modulating effects of decreased specific IgE and IgG, 

probably via TLR induction, have been shown in animal model.(9)

Methods

Study design and Study Population

The current analysis was based on a randomized placebo-controlled trial on primary prevention 

of AD (PAPS) in Berlin, Germany (registration no. ISRCTN60475069, ISRCTN registry Current 

Controlled Trials UK) which has been described in detail elsewhere [12]. 606 healthy newborns 

>38 weeks of gestational age weighing ≥ 2500 g descending from 1 or 2 atopic parents (AD, AR, 

and/or asthma) with informed consent were included in the trial. The current school age follow-

up of the study population (at 6-11 years) took place in 2013 to April 2014. Assessment of 

parental atopic and asthmatic symptoms was carried out by standardized interview of trained 

physicians according to the Multicenter Allergy Study (MAS) and the German Infant Nutritional 

Intervention (GINI) study.(10) Exclusion criteria at inclusion (2002-2008) were antibiotic 

treatment or other medication after birth, lymphpenia or thrombocytopenia, intensive care after 

birth, lack of German-language knowledge, and no informed consent. The trial was sponsored by 

Symbiopharm, Herborn, Germany.

Description of intervention
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Participants received an oral treatment with either a bacterial lysate (Pro-Symbioflor®: heat killed 

Escherichia coli DSMZ 17252 and Enterococcus faecalis DSMZ 16440) as active treatment or 

placebo applied three times daily from 5 weeks until 7 months of life. 

Outcome assessment

Clinical examination for the development of allergic diseases (AD, AR, wheeze/ asthma) during 

the intervention and until the age of 3 years was performed. Primary outcome, presence of AD at 

7 months of life has previously been reported.(11)

The school age follow-up of the study population included clinical examination, lung function 

testing, skin prick tests, and serum analyses of specific IgE to the most common aero-allergens: 

house dust mite, dog, cat, mould (alternaria, cladosporium), birch and grass pollen. Data on 

allergic symptoms was acquired by online-questionnaire based on ISAAC recommendations in 

order to estimate the prevalence of AD, AR, and asthma.(12) The study and follow-up were 

approved by the hospital’s local ethics committee in 2002 and 2012 (application number 

EA2/023/13). Parents and participants gave written informed consent to participation and this 

publication.

Current Atopic Dermatitis was defined according to the criteria by Hanifin and Rajka(13) based on 

a parent-reported doctor’s diagnosis in the last 12 months or typical signs or symptoms 

persisting >6 weeks in the last 12 months.

Current AR was defined when parents reported sneezes and a runny, itchy or stuffed nose 

without a cold in the last 12 months and/ or itchy teared eyes within the last 12 months.

Current Asthma was defined when doctor´s diagnosed and any indicative symptom in the last 12 

months (wheezing, shortness of breath, nocturnal awakening due to shortness of breath and/or 

wheeze). 

Sensitization was assessed by skin prick test and serum levels for specific sensitization for 

allergens house dust mite, dog, cat, alternaria, cladosporium, birch and grass pollen.
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Statistical Methods

We computed descriptive statistics for sociodemographic, lifestyle and medical characteristics 

using median±interquartile range (IQR) for continuous variables and absolute and relative 

frequencies for categorical variables.

Crude risk ratios with 95% asymptotic Wald confidence limits were computed for comparing the 

risk of AD, asthma and AR between intervention groups. Multivariable Poisson regression was 

applied for the calculation of adjusted risk ratios (aRR). These analyses were adjusted for sex, 

atopic parental heredity, duration of breast feeding, smoking during pregnancy, sensitization to 

aeroallergens in the first three years, mode of delivery, as well as number of siblings and whether 

or not the child was attending day care. 

Results 

A total of 402 participants were followed up at school-age. Baseline characteristics were similar 

between both treatment groups (Table 1). AD was diagnosed in 11.0% (22/200) of children in the 

active and in 10.4% (21/202) of children in the placebo group (Table 2). AR was diagnosed in 35% 

(70/200) of children in the active and in 38.1% (77/202) children in the placebo group. Asthma 

was diagnosed in 9% (18/199) of children in the active and in 6.6% (13/197) of children in the 

placebo group (Table 2). Allergic sensitization to the most common aero-allergens occurred in 

46.5% (66/142) of participants in the active and 51.7% (76/147) in the placebo group (Table 2). 

Additionally the duration of breastfeeding was equal between intervention groups (Table 3).

In multivariable analyses adjusting for sex, atopic family history (both parents vs one parent), 

mode of delivery (C-section vs vaginal), smoking during pregnancy, number of siblings, duration 

of breast feeding, allergic sensitization within the first 3 years and attending daycare no 

differences were observed for AD (aRR=1.00; 95% CI: 0.87-1.17), AR (aRR=0.99; 95% CI: 0.85-

1.15), asthma (aRR=1.01; 95% CI: 0.87-1.17) and allergic sensitization (aRR=0.97; 95 CI: 0.80-

1.18). Data did not change if we stratified for AD, asthma and AR with proven allergic 

sensitization versus AD, asthma, AR without sensitization (Table 2). 
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Assessing the occurrence of comorbidities no significant differences were observed between 

treatment groups: AD and AR (aRR =1.00; 95% CI (0.87 – 1.16), AD and asthma (aRR =1.00; 95% CI 

(0.87 – 1.15) and AR and asthma (aRR =1.01; 95% CI (0.87 – 1.17).

Discussion 

The current analyses at school-age shows that the bacterial lysate applied orally in infancy over a 

period of 6 months did not influence the development of AD, AR, asthma and aero-allergen 

sensitization later in life compared to placebo. Potential confounders influencing the crucial 

immune modulating gut microbiome like the duration of breast feeding, rate of C-section, 

number of siblings and age at entrance to daycare were similar in both treatment groups. In a 

previous publication regarding the incidence of AD in the first year of life during intervention and 

until the 3rd birthday in the follow-up period of the PAPS cohort, we could show a decreased risk 

for AD in the subgroup of infants with one atopic parent.(11) However, overall there was no 

significant difference for the ITT and PP population in the first 3 years of life. This is in contrast to 

previous studies that suggested preventive effects of probiotics and bacterial lysates regarding 

the development of AD and sensitization in early childhood.(14-19) Conversely, a recent meta-

analysis including 5 RCTs with Lactobacillus rhamnosus GG showed no preventive effect for 

AD.[21] Furthermore, our study complements the results of several systematic reviews 

examining effects of probiotics showing no benefits regarding any clinical outcome such as 

asthma, wheeze and AR.[18-21] An even increased risk for AR under intervention was found in 

two studies.[22-24] The lack of statistical power to investigate respiratory allergies because of 

lower prevalence than AD prevalence has been discussed as a limitation in these studies[5] and 

also that some trials were not primarily focused on asthma and respiratory allergy.[21] In our 

trial, asthma and respiratory allergy were secondary outcomes, which were monitored 

prospectively and longitudinally. Although, the cohort included only high risk children the 

prevalence of asthma is rather low, while the prevalence of allergic rhinitis and allergic 

sensitization to aeroallergen is as expected rather high, so that the statistical power seems to be 

acceptable. One may assume that older children are more likely diagnosed with asthma, possibly 

missing some asthmatics in the follow-up.[25] Although children were not seen at exactly the 

same age (6-11 years of age), age distribution was similar in active and placebo group. Moreover, A
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the Isle of Wight study showed most children who develop asthma are diagnosed already around 

6-7 years of age[26], especially children with persistent wheeze.[27]. 

It is still a matter of debate if a promising preventive intervention can be achieved regarding 

questions: when to start, how long to treat, which components, which application and in which 

dose. Interesting results are to be expected from the German MARTHA trial, introducing only 

mildly heated raw milk from the 6th month of life on up to 2.5 years of age and the impact on the 

development of asthma and allergies in early childhood (German Clinical Trials Register 

DRKS00014781). Consecutively, using an aliment as intervention may put more effort into a 

healthy nature-related diet to benefit the microbiome with all economic, environmental, social 

and lifestyle issues related.[15,16]

Due to safety issues our intervention used a bacterial lysate which was already registered for 

early infancy in Germany acting as a possible immune stimulating agent but lacking the ability to 

colonize, which might have caused a stronger effect. 

Our study with sufficient statistical power is so far evidence for not favoring the treatment with 

this particular bacterial lysate for the prevention of AD and respiratory allergies beyond infancy, 

especially if the intervention is transient.

Conclusion 

Applying a bacterial lysate of heat-killed gram-negative Escherichia coli and gram-positive 

Enterococcus faecalis in early infancy over a period of 6 months does not influence the 

development of AD, AR, asthma and sensitization at school-age. 
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Table 1 Baseline characteristics of both treatment groups for children who participated in the 

school-age follow-up, (n=402)

Baseline characteristics Active group (n=200) Placebo group (n=202)

Age of newborns (week) , median 

(inter-quartile range)

5 (4.6 – 5.6) 5 (4.6 – 5.6)

Birthweight (g), median (inter-

quartile range)

3460 (3120 - 3745) 3450 (3200 - 3800)

Proportion of female, n (%) 89 (44.5%) 103 (50.9%)

C-section, n (%) 47 (23.5%) 52 (25.9%)

Maternal smoking, n (%)

before pregnancy

during pregnancy

after pregnancy

40 (20.0%)

40 (20.0%)

35 (17.5%)

44 (21.8%)

40 (19.8%)

43 (21.3%)

Atopic family history, n (%)

both parents

one of both parents

mother

father

94 (47.0%)

105 (52.8%)

45 (22.5%)

60 (30.2%)

107 (52.9%)

94 (47.8%)

55 (27.2%)

39 (19.4%)

Number of siblings, median (inter-

quartile range)

0 (0-1) 0 (0-1)

Daycare begin before 24 months, n 

(%)

161 (84.7%) 163 (85.8%)

Daycare begin after 24 months, n 

(%)

  29 (15.3%)   27 (14.2%)
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Table 2 Prevalence of AD (stratified for family history), AR, asthma and allergic sensitization at 

school-age with crude risk ratio estimates and adjusted for sex, atopic family history (both vs 

one parent), C-section, duration of breast-feeding, smoking during pregnancy, number of 

siblings, daycare, sensitization in first 3 years

Active Placebo RR (95%-CI) aRR (95% CI)

AD 22/200     

(11.0 %)

21/202   

(10.4 %)

1.06 (0.60 - 1.86) 1.00 (0.87 – 

1.16)

both parents 

atopic

16/94       

(17.0 %)

10/107       

(9.4%)

1.82 (0.87 - 3.82)
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one parent atopic 6/105         

(5.7%)

11/94     

(11.7%)

0.49 (0.19 - 1.27)

atopic mother 4/45         

(8.9%)

8/55       

(14.6%)

0.61 (0.20 - 1.90)

atopic father 2/60         

(3.3%)

3/39       

(7.7%)

0.43 (0.08 - 2.48)

AR 70/200     

(35.0 %)

77/202   

(38.1 %)

0.92 (0.71 - 1.19) 0.99 (0.85 – 

1.16)

Asthma 18/199       

(9.0 %)

13/197     

(6.6 %)

1.37 (0.69 - 2.72) 1.01 (0.87 – 

1.17)

Allergic sensitization at 

school-age 

66/142     

(46.5%)

76/147    

(51.7%)

0.90 (0.71 - 1.14) 0.97 (0.80 – 

1.18)

AD + AR 11/200 (5.5%) 14/202   

(6.9%)

0.79 (0.37 – 1.71) 1.00 (0.87 – 

1.16)

AD + Asthma 5/199 (2.5%) 5/197    

(2.5%)

1.0 (0.97 – 1.03) 1.00 (0.87 – 

1.16)

AR + Asthma 15/199 (7.5%) 10/197 

(5.1%)

1.5 (0.68 – 3.22) 1.01 (0.87 – 

1.17)

AD+sens positive 13/142 (9.2%) 13/147 

(8.9%)

1.04 (0.50 – 2.20) 1.01 (0.85 – 

1.19)

AD+sens negative 4/142 (2.8%) 5/147 (3.4%) 0.83 (0.23 – 3.02) 1.00 (0.84 – 

1.18)

AR+ sens positive 37/142 

(26.1%)

47/147 

(32.0%)

0.82 (0.57 – 1.17) 0.99 (0.82 – 

1.18)

AR+ sens negative 16/142 

(11.3%)

15/147(10.2

%)

1.10 (0.57 – 2.15) 1.00  (0.84 – 

1.19)

Asthma+ sens positive 14/141 (9.9%) 5/145(3.5%) 2.88 (1.07 – 7.78) 1.03 (0.87 – 

1.23)A
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Asthma+ sens negative 1/141 (0.7%) 3/145 (2.1%) 0.34 (0.04 – 3.26) 0.99 (0.83 – 

1.18)

AD + AR+ sens positive 7/142 (4.9%) 11/147 

(7.5%)

0.66 (0.26 – 1.65) 0.99 (0.84 – 

1.18)

AD + AR+ sens negative 1/142 (0.7%) 1/147 (0.7%) 1.04 (0.07 – 16.39) 1.00 (0.85 – 

1.18)

AD + Asthma + sens 

positive

5/141 (3.6%) 4/145 (2.8%) 1.3 (0.35 – 4.70) 1.01 (0.85 – 

1.19)

AD + Asthma + sens 

negative

0/141(0%) 1/145(0.7%) / 1.00 (0.84 – 

1.18)

AR + Asthma + sens 

positive

13/141(9.2%) 5/145(3.5%9 2.67 (0.98 – 7.31) 1.03 (0.87 – 

1.22)

AR + Asthma + sens 

negative

0/141(0%) 1/145(0.7%) / 1.00 (0.84 – 

1.18)

Table 3: Duration of breast feeding (in weeks) in active and placebo group.

INTERVENTION N Obs N Median Lower Quartile Upper Quartile Mean Std Dev

Active 200 200 39.00 29.00 52.00 42.92 27.08

Placebo 202 201 40.00 30.00 54.00 45.50 27.42
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