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Abstract

Background: The objective is to study the effect of after-
birth oral colonization by a probiotic Escherichia coli strain in
infants of allergic mothers to reduce occurrence of allergy
later in life. Methods: In a controlled clinical trial, 158 infants
were randomly divided into groups of (i) 56 colonized infants
of allergic mothers, (ii) 57 control infants of allergic mothers,
and (iii) 45 control infants of healthy mothers. Incidence rates
of bacterial pathogens in stool and levels of anti-E. coli im-
munoglobulins and some cytokines in serum were deter-
mined, and secretory IgA was monitored in stool filtrates and
maternal milk. Clinical check-ups of infants aged 4 days, 3
and 6 months, 2, 3 and 5 years were carried out and clinical
symptoms of allergy were monitored. One milliliter of the
probiotic E. coli strain was administered to infants of allergic
mothers at first within 48 h after birth and subsequently 3
times a week over a period of 4 weeks. Control infants of al-
lergic and healthy mothers were monitored in these inter-
vals as well. Results: Presence of the E. coli strain was moni-
tored in stool samples throughout the study. At the conclu-
sion of the study, allergy symptoms were found in 14 infants
of control allergic mothers, 7 infants of healthy mothers, and

in 2 colonized infants of allergic mothers. Colonization af-
fected levels of several cytokines and specific anti-E. coli an-
tibodies. Conclusions: After birth, targeted colonization of
the intestine by a probiotic E. coli strain can be an effective
means of allergy prevention in infants of allergic mothers.
Copyright © 2010 S. Karger AG, Basel

Introduction

Physiological intestinal flora is an important modula-
tor of intestinal and other immune functions [1]. Chang-
es in intestinal microbial composition have been ob-
served in infants with allergy and in those who developed
allergies later in life [2-5]. Significant differences in cyto-
kine levels IL-4, IL-10, IL-13 and IFN-vy have been found
in healthy and allergic groups of mothers and their chil-
dren [6].

Attempts have been made to substitute randomly ac-
quired intestinal flora by intentional colonization using
probiotic bacterial strains. Lactobacilli and Bifidus bacte-
ria have been used worldwide with no adverse effect but
providing only limited short-term, or no protection. Ad-
ministration of Lactobacillus acidophilus had no effect on
food allergy [7] and asthma [8], supplementation of Bifi-
dobacterium lactis did not affect intestinal microbiota in
preterm infants [9], and there is no reported effect of
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Table 1. Characteristics of the test groups

Group (n) Weeksof  Birthlength  Birth weight, g Breastfeeding, weeks Allergic Allergic Smoking  Pets
gestation  cm fathers siblings mothers
range median
H (45) 39 (38-42) 50 (48-53) 3,200 (2,800-3,900) 3-72 29 6 (15%)  5(12%) 10% 38%
A (57) 38 (37-42) 51 (47-53) 3,300 (2,990-4,000) 2-80 28 21 (46%) 35(62%) 12% 46%
AC (56) 39 (38-42) 50 (48-52) 3,100 (2,880-3,900) 6-88 31 28 (50%) 15 (27%) 8% 42%

H = Healthy mothers; A = allergic mothers; AC = allergic mothers of colonized children.

treatment of infantile colic using Lactobacillus reuteri
[10]. Lactobacillus GG had no effect on primary preven-
tion of sensitization in infants [11]. A significant reduc-
tion of infant eczema has been reported by Kalliomaki et
al. [12], Isolauri et al. [13] and Abrahamson et al. [14]. Os-
born and Sinn [15] and Kukkonen et al. [16] describe an
insignificant effect of lactobacilli administration on over-
all allergy incidence rates in infants. Several studies de-
scribe positive effects of infant intestinal colonization by
non-pathogenic E. coli strains. Schulze and Sonnenborn’s
group [17] emphasize the renaissance of the use of probi-
otics and Poisson et al. [18] and Lari et al. [19] recommend
their use in intensive care units and in newborn and pre-
mature infants. The results of Cukrowska et al. [20] of
colonizing premature infants by E. coli Nissle show a spe-
cific proliferative and antibody response.

Our previously published results show that the unique
probiotic E. coli strain, administered orally after birth,
remains dominant in the intestine over several months.
Its prolonged presence in the gut stimulates production
of serum and local antibodies [21] and reduces the pres-
ence of bacterial pathogens in the gut and on other mu-
cous surfaces, and, according to results of a question-
naire, reduces the incidence of nosocomial infections and
allergies 10 and 20 years after its administration [22].
These favorable properties of the E. coli strain, particu-
larly the prevention of nosocomial infections in high-risk
infants, have been recognized in clinical practice [23].

This study shows the effect of after-birth colonization
of infants of allergic mothers by a probiotic E. coli (Colin-
fant®) on: (1) the incidence rate of allergies within the
first 5 years of life; (2) IgE antibodies against common al-
lergens in sera of colonized and non-colonized infants
and their mothers; (3) cytokine levels of IL-4, IL-5, IL-6,
IL-13, IFN-vy, TGF-f and anti-E. coli immunoglobulins
in serum, and (4) secretory IgA levels in stool filtrates and
milk.
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Test Groups and Methods

A total of 158 studied full-term infants (average birth weight
3,050 g, birth length 50 cm) was randomly divided into groups of:
(1) colonized infants of allergic mothers, the ‘allergic colonized’
group AC (n = 56); (2) non-colonized control infants of allergic
mothers, the ‘allergic’ group A (n = 57), and (3) control infants of
healthy mothers, ‘healthy’ group H (n = 45).

In an open, controlled, randomized, clinical study, the average
age of mothers was 30 years in group H, 32 years in group A, and
33 years in group AC. All infants were full-term and born vagi-
nally. Characteristics of studied test groups are given in table 1.

Conditions for Inclusion of Allergic Mothers in the Study

The following criteria were applied in the selection of allergic
mothers: (a) absence of other illnesses; (b) clinical manifestation
of allergy for more than 24 months; (c) monitoring of allergy by
an allergologist (via a written report); (d) positive skin test, posi-
tive specific IgE, and (e) positive reaction to antiallergic treat-
ment. Informed and signed consent was obtained from all par-
ticipating mothers.

Probiotic Treatment of Infants

The E. coli strain, patented in 1992 (No. 264572) and registered
in 1997 in the Czech Republic as Colinfant, is produced by Dyntec
Co. (Terezin, Czech Republic). One dose, containing 0.8 X 10° of
lyophilized E. coli in 1 ml, was administered orally within 48 h af-
ter birth, and subsequently 3 times weekly over a period of 4 weeks.

Characteristics of the Strain

The strain was obtained from the international collection of
E. coli and Klebsiella strains in Copenhagen, Demark. According
to its biochemical properties it belongs to normal human intesti-
nal E. coli strains, serotype O83:K24:H31, and occurs very rarely
as a human spontaneous type. It is sensitive to most antibiotics
and has no plasmid. Its detailed characteristics are described in
our previous studies [21, 23]. The strain has not changed any of its
properties over 30 years, including sensitivity to antibiotics, ab-
sence of plasmid and genetic characteristics.

Test Samples

Samples of maternal blood, cord blood, infant venous blood
and infant stool were taken prior to administration of the vaccine
and at the ages of 3-4 days, 3 and 6 months, 1, 2, 3 and 5 years.
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Table 2. Detection of E. coli vaccine strain in colonized infants

3 days 3 months 6 months 1 year 2 years 3 years 5 years

(n=56) (n=52) (n=51) (n=35) (n=22) (n=17) (n=16)
083+ 22 (39%) 34 (65%) 27 (53%) 17 (49%) 6 (27%) 3 (18%) 2 (13%)
083 18 (32%) 13 (25%) 7 (14%) 5(14%) 3 (14%) 3 (18%) 2 (13%)
Total 71% 90% 67% 63% 41% 36% 26%

083+ = E. coli O83 vaccine strain with other E. coli strains; O83 = E. coli O83 vaccine strain only.

Table 3. Incidence of allergy during the follow-up periods

Group (n) 3 months 6 months 1 year 2 years 3 years 5 years

H (45) 4% (2/45) 11% (5/45) 15% (7/45) 16% (7/42) 15% (7/44) 16% (7/42)
A (57) 9% (5/57) 14% (8/57) 21% (12/57) 28% (14/50)*  28% (14/49)*  31% (14/45)*
AC (56) 2% (1/56) 2% (1/56) 2% (1/56) 2% (1/50) 2% (1/48) 4% (2/46)

* Significant differences relative to group AC are expressed as p < 0.05.

Colostrum and milk samples were collected during the breast-
feeding period. Blood sera, colostrum and milk samples (after
centrifugation and fat removal) and children’s stool filtrates were
stored at -20°C.

Infants’ stool filtrates were prepared as 1 g of stool suspended
in 1 ml of PBS with 1 mM phenylmethylsulfonyl fluoride, centri-
fuged at 8,000 g, and supernatants used for analysis. The E. coli
strain was detected on blood agar, Endo agar and MPA agar in
stool of colonized infants. The specificity of the strain was con-
firmed by agglutination with specific rabbit antiserum. Levels of
IL-4, IL-5, IL-6, IL-10, IL-13, IFN-vy and TGF-3 were quantified
by ELISA on high-adsorption polystyrene microtitration plates
(Nunc). For paired antibodies where the second antibody was bi-
otinylated, a R&D System (Wiesbaden, Germany) was used ac-
cording to the manufacturer’s recommendations. Results were
read from the calibration curves of the recombinant cytokine
R&D System using Genesis software. Detection limits for 1:10 di-
luted samples were 10 pg/ml for IL-4, IL-5, IL-6 and IFN-v, and
30 pg/ml for IL-10, IL-13 and TGF-. Specific IgE was estimated
immunoenzymically by RISA (Ring-Immuno-Sorbent Assay) us-
ing enzyme allergosorbent test (Doverton) kits and Dynex aller-
gen rings (FX-4) with a mixture of the most common food aller-
gens (egg white, cow’s milk, flower, peanut and soya bean anti-
gens), or Dynx-1 with the most common respiratory allergens
(timothy grass, ray, birch wormwood, mite, hair and mould anti-
gens). Results were obtained from the calibration curve and ex-
pressed as kU/l and RAST classes. Totals of sIgA in colostrum,
milk and stool filtrates were determined by radial immunodiffu-
sion using binding site Kits.

Statistics
Opverall distribution of duration of allergy incidence was com-
pared between studied groups using Kaplan-Meier analysis and
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Table 4. Types of allergy

Group Mothers Infants

n respiratory skin both others n  respiratory skin food

H 45 - - - - 7 2 6 1
A 57 26 5 66 2 14 2 10 3
AC 56 34 2 78 - 21 2 1

Mantel-Haenszel (log-rank) test. Differences in distribution of
cytokines among groups were compared using the Mann-Whit-
ney U test (Wilcoxon rank sum test). p < 0.05 was considered sig-
nificant. Results are shown as time-varying medians and percen-
tiles 25-75%.

Results

All infants were born by vaginal delivery and all were
breastfed. Differences of duration of breastfeedingamong
groups were statistically insignificant (table 1). The E. coli
strain O83:K24:H31 was never found in infant stool sam-
ples before its administration. The strain was detected in
some colonized infants during the entire span of the
study, starting on day 3 (table 2). At the time of conclusion
of the study, results of the Kaplan-Meier analysis show
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Table 5. Serum cytokine levels in infants until the age of 3 months (percentage values in parentheses)

Cytokines Group H p Group A P Group AC
; " Hvs. A . . Hvs. AC ‘ .
median 25th-27th positive median 25th-27th positive median 25th-27th positive
percentile samples percentile samples percentile samples
total total total
Cord blood
IL-4 221 169-367 23 (55)/42 0.6635 248 172-545 36 (65)/55 0.4672 294 193-700 45 (78)/58
IL-5 143 116-195 16 (38)/42 0.1176 189 144-251 29 (52)/56 0.4030 196 162-238 42 (72)/58
IL-6 211 131-1,817 14 (33)/42 0.3594 179 144-200 15 (27)/55 0.4644 181 157-212 23 (40)/58
IL-10 306 210-464 20 (56)/36 0.8943 321 197-448 43 (83)/52 0.2187 373 227-566 39 (70)/56
IL-13 943 289-2,609 29 (76)/38 0.1666 2,011 556-3,521 43 (80)/54 0.2744 1,391 703-2,727 48 (86)/56
IFN-vy 1,068 614-2,178 20 (49)/41 0.0355 486 195-854 22 (40)/55 0.9156 432 209-860 42 (72)/58
TGF-B 70,008 39,911-103,040 42 (98)/43 0.1358 42,356 2,412-88,889 54 (100)/64 0.3218 67,752 24,353-102,374 55 (100)/55
3 days
IL-4 197 146-252 20 (50)/40 0.0167 268 177-715 45 (67)/67 0.8808 305 162-696 48 (75)/64
IL-5 172 128-287 17 (42)/40 0.9220 202 159-234 36 (54)/67 0.0604 225 163-304 46 (72)/64
IL-6 224 167-1,705 14 (33)/42 0.1669 197 160-235 20 (30)/67 0.4647 176 127-241 26 (41)/64
IL-10 314 209-640 19 (51)/37 0.9571 363 221-480 50 (78)/64 0.3944 341 234-939 39 (63)/62
IL-13 598 444-1,286 26 (72)/36 0.2920 945 431-2,529 53 (80)/66 0.8803 1,229 319-2,925 52 (84)/62
IFN-vy 622 318-1,835 18 (43)/42 0.1304 467 143-1,029 40 (62)/64 0.5370 403 180-1,236 47 (73)/64
TGE-B 67,707 35,775-109,968 43 (100)/43  0.2515 53,736 28,922-82,148 64 (100)/64 0.6407 54,006 29,382-89,181 61 (100)/61
3 months
IL-4 173 132-199 20 (47)/43 0.0021 314 188-478 45 (70)/64 0.9577 295 159-702 49 (78)/63
IL-5 199 158-321 16 (37)/43 0.4263 179 121-311 38 (59)/64 0.2532 204 161-311 38 (60)/63
IL-6 165 144-718 12 (28)/43 0.3664 164 128-245 22 (34)/64 0.4147 154 129-185 18 (29)/63
IL-10 368 287-504 22 (47)/147 0.3831 297 201-623 41 (67)/61 0.4293 248 196-459 37 (29)/61
IL-13 1,020  341-2,100 32(82)/39 0.0436 2,020  597-3,253 48 (76)/63 0.1031 1,170 413-2,891 48 (79)/61
IFN-vy 509 220-1,056 28 (65)/43 0.0226 476 191-1,070 30 (51)/59 0.9347 495 264-1,039 37 (62)/60
TGE-B 71,880 39,540-116,323 44 (100)/44  0.0277 42,077 15,030-85,892 62 (98)/63 0.0725 64,245  23,773-109,559 62 (100)/62

reduction of allergy incidence in group AC as compared
to group A. Clinical signs of allergies were found in 7
(16%) infants of healthy mothers (group H), 14 (31%) in
group A (allergic controls), but only in 2 (4%) infants of
the colonized group (AC). This confirms significant dif-
ferences between groups A and AC (p < 0.001). The al-
lergy incidence reduction in group AC compared to group
H was not significant. A summary of allergy incidence
within specified intervals and types of allergies is shown
in tables 3 and 4. Laboratory data do not fully reflect the
clinical situation. Differences in total secretory IgA be-
tween groups in stool and mother milk’s were not statisti-
cally significant.

Specific IgE levels in serum were elevated in both
groups of allergic mothers (88% in group AC and 92% in
group A). Milk samples showed increased levels of IgE in
18% of group AC and 22% of the allergic groups of moth-
ers. Infant serum of allergic mothers revealed increased
levels of IgE in 7% of colonized and 20% of non-colonized
controls at 1 year of age. Correlation with clinical signs of
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allergy was proven only in 3 infants of allergic control
mothers.

Comparison of cytokine levels among groups was dif-
ficult due to great individual differences. Samples with
levels under detection limits were considered as negative.
Slightly higher levels of IL-4 and significantly higher lev-
els of IL-5 (p = 0.0071) were detected in sera of allergic
mothers as compared with serum levels of healthy moth-
ers. Values in children’s sera of up to 3 months are shown
in table 5. Levels of IL-4 and IL-13 were higher in infants
of allergic mothers, and IFN-y and TGF-f3 were higher in
infants of healthy mothers compared to allergic mothers.
The allergic phenotype can be recognized at 3 months of
age and no substantial differences were found later.

Colonization with the Colinfant vaccine did not sub-
stantially influence cytokine levels in serum, infant stool
filtrates and mother’s milk. Serum IgA and IgG were sig-
nificantly higher in group AC than in group H at 3
months, 6 months and 1 year of age (p < 001). Levels of
IgM were higher in group AC only at the age of 3 months.
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Discussion

The E. coli strain used in this study has been studied
in our former work since 1965. Colonization of the intes-
tine was effective for prevention of nosocomial infections
in premature infants and decreased the numbers of
pathogens and the necessity to use of antibiotics. Our un-
derstanding of mechanisms responsible for positive ef-
fects of colonization with probiotic E. coli strains is in-
complete. The presence of type 1 fimbriae and its excel-
lent colonizing ability are its favorable features. The first
colonizer also benefits from quantitative dominance.
However, the overall mechanism is rather complex.

In developed countries, slow colonization of the intes-
tine with enterobacteria may reduce exposure of the de-
veloping immune system to lipopolysaccharides. Lipo-
polysaccharide deficiency may impede the ability of the
infant’s immune system to distinguish between harmful
and harmless antigens (e.g. lack of development of toler-
ance against food antigens). Probiotics can modify the
immune development [5, 26, 27]. Details of intestinal col-
onization with E. coli administered orally to infants can
be found in our earlier studies [21, 23]. Comparison of the
effect of E. coli and lactobacilli shows that Lactobacilli
administration resulted only in a significant reduction of
atopic eczema [13], but no other differences in occurrence
of allergic diseases were found [15].

This study covers a period between birth and the age
of 5 years. All infants were full-term, born by vaginal
delivery. During the 5-year period, clinical symptoms of
allergy were found only in 2 infants of allergic mothers
colonized after birth with the probiotic E. coli strain
compared to 14 infants of allergic control mothers. The
difference is statistically highly significant. Seven cases of
allergy occurred in infants of healthy mothers. It is evi-
dent that colonization with probiotic E. coli suppresses
development of allergy.

The used E. coli strain had additional positive effects
on studied infants. Levels of pathogenic and potentially
pathogenic bacteria (Klebsiella, Pseudomonas aerugino-
sa, Staphylococcus epidermidis) found in stool samples of
colonized infants of allergic mothers were significantly
lower during the first 3 months of age than in infants of
allergic and healthy control mothers. These pathogens
are some of the most dangerous in the first months of life
[24].

Numerous studies report on values of cytokines in se-
rum and mother’s milk of healthy and allergic mothers
and in their infant serum. Results are rather controver-
sial. It seems that levels of IL-13 and IL-5 have greater
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significance and reflect a better Th2 polarization than
IL-4. Both increased and decreased production of IFN-vy
was described to be associated with allergic phenotype
[27]. In our study it was difficult to compare cytokine lev-
els among the infants studied due to the magnitude of
observed differences and a large number of observations
found under the detection limit. Allergic phenotype,
higher IL-4 and IL-13 and lower IFN-y and TGF-f3, dom-
inated in the allergic group but the values observed were
not quantitatively different. The allergic phenotype is ev-
ident in the first 6 months of life, later there are no sub-
stantial differences between children of healthy and al-
lergic mothers. Cytokine levels do not reflect the pro-
nounced clinical effect of colonization with probiotic E.
coli used in our trial. The clinical effect of the Colinfant
strain is complex and bacterial colonization of the intes-
tine does not influence levels of mucosal cytokines in a
significant way. Higher levels of IgA in serum of colo-
nized infants can increase the defense ability of the in-
fants against enteral infections due to possible cross-re-
actions between the antibodies.

Conclusions

To conclude: (1) Oral administration of probiotic E.
coli after birth resulted in effective colonization of the
infant’s intestine and maintained dominant presence in
the stool over several weeks. (2) Early colonization of the
intestine decreased significantly clinical symptoms of al-
lergy in infants of allergic mothers. Cytokine levels in
several body fluids are not markedly influenced by colo-
nization. (3) The replacement of natural, incidental and
at times pathogenic colonization of the intestine by con-
trolled oral administration of E. coli after birth may be a
therapeutic option to reduce and possibly prevent aller-
gies later in life.
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