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Enterotoxigenic strains of E. coli bacteria (ETEC) 
frequently cause diarrhoeal diseases in both suck-
ling and weaned piglets . Their pathogenicity 
is conditioned by two types of virulence factors 
– colonizing factors and enterotoxins. Colonizing 
factors (adhesins) are fimbrial antigens which enable
adherence of ETEC to the intestinal mucosa. The
most commonly found adhesins of ETEC in piglets 
are F4 (K88) and F4 adhesins are morphologically 
fimbriae 2.1 nm in diameter. Guinee and Jansen
(1979) classified three antigenic variants designated
K88ab, K88ac and K88ad with a common epitope “a” 
and type specific epitopes “b”, “c” and “d”. Antibodies
to fimbrial antigens of ETEC are generally assumed
to be protective antibodies (Rutter, 1975; Nagy et 
al., 1978; Acres et al., 1979).

Suckling piglets are protected against ETEC in-
fection by antibodies ingested with colostrum and 
milk. This passive local immunity is limited to the 
period of suckling (Salajka and Mensik, 1973). The 

occurrence of enteral E. coli-infections in weaned 
piglets is associated with the termination of the 
intake of antibodies present in maternal milk. It is 
necessary to replace passive local immunity with 
active immunity to enhance defence mechanisms 
against diseases caused by coli-infections. It is a 
well-known fact that active mucosal immunity 
cannot be obtained by parenteral immunization 
(Porter, 1973). Holmgren et al. (1992) described the 
induction of mucosal immunity after repeated (up 
to tenfold) oral administration of antigen. Salajka 
et al. (1979) detected immunity against diseases 
in gnotobiotic piglets after infection with ETEC at 
the age of three weeks. The piglets were repeatedly 
orally administered the inactivated ETEC O149:
K88 culture for ten days before challenge. The re-
peated oral administration to piglets before wean-
ing at the age of 28 days that do not spontaneously 
and regularly take feed is quite laborious. Felder et 
al. (2000) examined the feasibility of oral immuni-
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zation of pigs with microencapsulated F18 E. coli 
and detached F18 fimbriae to prevent enterotoxi-
genic E. coli infections. They did not observe any 
significant induction of formation of serum anti-
bodies, and E. coli colonization was not reduced 
by oral administration of various antigen-loaded 
microspheres. However Van den Broeck et al. 
(1999) demonstrated that it was possible to orally 
immunize F4 (K88ac) receptor-positive pigs with 
isolated F4 fimbriae in phosphate buffered saline. 
Bertschinger et al. (2000) orally vaccinated piglets 
with F18ac culture ten days before weaning on 
three consecutive days. The pigs were challenged 
9 or 11 days after weaning. Piglets were protected 
against colonization by a strain of the homologous 
fimbrial variant. It was concluded that only oral 
vaccines containing fimbriae induced protection 
against the homologous fimbrial variant. Hence 
the oral use of a live culture of the E. coli strain 
with appropriate antigenic outfitting appears to be 
promising. In our previous experiments (Alexa et 
al., 1995) we immunized piglets by means of a com-
bined immunization which consisted in intramus-
cular administration of inactivated ETEC culture 
with colonizing factors F18ac a day before weaning 
followed by oral administration of a live culture 
of non-toxigenic strain with identical colonizing 
factors on the day of weaning. The purpose of the 
present study is to investigate whether a similar 
defence is feasible by immunization to ETEC with 
colonizing factors K88.

MATERIAL AND METHODS

E. coli strains. E. coli strain No. 9486 (O149:
K88ac) that did not produce either heat stable en-
terotoxin (STa) or heat labile enterotoxin (LT) but 
the produced heat stable enterotoxin (STb) was 
used in immunization experiments. The absence 
of LT encoding gene was proved by PCR and both 
the strains were found to be negative when exam-
ined in Y1 cells. After oral administration to piglets, 
the strains did not produce any diarrhoeal diseases. 
ETEC strain No. 9437 (O149:K88, STa-, STb+, LT+) 
isolated from diarrhoeic piglets after weaning was 
used for the preparation of bacterin and for the 
challenge of piglets after immunization.

E. coli strains were cultured for 16 h in a medium 
consisting of 12.5 g acidic casein hydrolysate, 12.5 g 
enzymatic casein hydrolysate and 0.5 yeast extract 
(Imuna Sarisske Michalany, Slovakia) in 1 litre of 

distilled water (pH 7.4). Bacterin was prepared 
by the inactivation of the culture by adding 0.5% 
formalin. The culture for oral administration was 
pelleted by centrifugation and incorporated into 
an inert paste.

Animals. Piglets from 2 litters weaned at the age 
of 35 days were used in the experiments. Piglets of 
each litter were allocated into two groups. In the 
first litter, five piglets were assigned to each (con-
trol and experimental) group. In the second litter, 
4 and 5 piglets were assigned to the experimental 
and control group, respectively. Experimental and 
control piglets were housed separately. Control and 
experimental groups were kept and fed alike.

Immunization design. The piglets from 2 litters 
were immunized similarly like in our previous ex-
periments with immunization against F18ac (Alexa 
et al., 2002). Experimental piglets were intramus-
cularly administered 1 ml of bacterin of the ETEC 
strain with the density 2 × 109 CFU/ml, inactivated 
with 0.5% formalin one day before weaning. Three 
hours after weaning, piglets of the experimental 
groups were orally administered the non-patho-
genic E. coli 9486 strain in the dose of 5×1010 CFU 
per animal.

Challenge of piglets. Both groups (control and 
experimental) from the first litter were challenged 
with ETEC strain in the dose of 5×1010 CFU/animal 
when the shedding of 9486 strain by piglets of ex-
perimental group finished. In the second litter, both 
groups were infected with the same strain and dose 
on the third day after weaning. The health status of 
piglets was clinically monitored. Faecal excretion of 
the administered strains was determined by rectal 
swab cultures.

Microbiological examination of rectal swabs. 
Rectal swabs from piglets were diluted in PBS and 
spread on blood agar containing 5% lamb blood, 
and on Mc Conkey agar, and cultured in an incuba-
tor at 37ºC. Ten randomly selected isolated colonies 
of E. coli from each swab were examined and the 
percentages of haemolytic colonies were assessed. 
Haemolytic colonies were inoculated onto a nutrient 
broth (Imuna Sarisske Michalany, Slovakia). After 
the incubation at 37ºC for 16 h, intravital staining of 
cultures was performed by adding TTC (triphenyl-
tetrazolium-chloride) for 1 h, heated to 100ºC and 
examined by agglutination with antisera to O149 
(Salajka et al., 1992). The presence of K88 coloniz-
ing factors was detected according to agglutination 
(after inactivation with phenol) in the tested colo-
nies cultured on Minca medium and broth (Salajka 
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et al., 1992). The percentage of the administered 
strain present in faeces was calculated according to 
the numbers of haemolytic O149:K88 type colonies 
in diluted culture on blood agar. The strain used 
for immunization was not discriminated from the 
ETEC strain used for challenge. The strains were 
morphologically and serologically identical. From 
the aspect of the intestinal colonization with K88 
positive strain, it was not important whether the 
strain was enterotoxigenic or not. Both ETEC and 
non-ETEC colonizations should be prevented dur-
ing anti-K88 immunity formation.

RESULTS

After administration the non-toxigenic strain 
O149:K88 was excreted with faeces of piglets of 
the experimental group for 9 days (Figure 1). One 
day later, 10 days after weaning, the challenge of 
piglets with ETEC strain was carried. The challeng-
ing strain shortly prevailed in the faeces of piglets 
and was excreted for a period of 14 days after wean-
ing. Two days after the challenge, severe diarrhoea 
occurred in one piglet; in the other piglets, only 
moderate transient diarrhoea was recorded. In the 
control group, transient, at first severe diarrhoea 
occurred; it spontaneously disappeared within four 
days. The excretion of ETEC strain continued for 
18 days after weaning (Figure 2). The percentage 
of the administered strain detected in the faeces 
of two piglets exceeded 50% during 5 and 7 days, 
respectively.

In the next experiment, piglets were infected al-
ready on day 3 after weaning to mimic the situation 
under field conditions. Considering the similarity 
of strains used for immunization and challenge, 
discrimination between excreted ETEC and non-
ETEC strains was not performed. The shedding of 
K88 positive E. coli strains in faeces after the ad-
ministration of non-pathogenic strain and after the 
challenge with ETEC strain 3 days after weaning is 
shown in Figures 3 and 4. The shedding of the strain
in the experimental and the control group contin-
ued for 10 and 13 days after weaning, respectively. 
In the experimental group, one piglet died within 
24 h after infection with ETEC without apparent 
signs of diarrhoea and dehydration. O149:K88  
E. coli shedding with faeces of the piglet that had 
died was not marked; it was similar in piglet No. 
2 from the same group. Moderate shedding of the 
strain was also detected in 2 piglets of the con-
trol group. In piglets of both groups, diarrhoea of 
medium-severity was observed from day 2 after 
infection; it continued for 3 to 6 days. Recovery 
occurred spontaneously.

DISCUSSION

The role of fimbriae, which are ETEC coloniz-
ing factors, in the induction of protective immu-
nity with enterotoxigenic E. coli in piglets was 
proved by Sarrazin and Bertschinger (1997). Van 
den Broeck et al. (1999) and Verdonck et al. (2004) 
demonstrated that F4 fimbriae are strong oral im-
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Figure 1. Percentage of the O149:K88 strain in rectal swabs from the experimental group after oral administration 
of non-pathogenic strain on the day of weaning and chalenge with ETEC 10 days after weaning
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munogens. The oral administration of purified F4 
induced antigen-specific antibody-secreting cells 
in the gut-associated lymphoid tissue, indicating 
stimulation of the mucosal immune system.

In our previous experiments with combined im-
munization to ETEC with colonizing factors F18ac 
in piglets at weaning (Alexa et al., 1995), the im-
munity against ETEC infection was induced with 
homologous colonizing factors in a relatively short 
time after weaning. The method consisted in in-
tramuscular administration of bacterin on the day 
before weaning and a single oral administration of 

the non-pathogenic E. coli culture with colonizing 
factors F18ac 3 h after weaning.

It was confirmed that a certain degree of immu-
nity was achieved by the challenge ten days after 
immunization. It was demonstrated that the im-
munity occurred later than after the administra-
tion of a strain with colonizing factors F18ac in our 
previous experiments where piglets were protected 
against challenge with F18 positive ETEC on day 7 
after combined immunization. It was proved in the 
second experiment when the infection with ETEC 
strain was performed on the third day after wean-

Figure 2. Percentage ot the ETEC O149:K88 strain in rectal swabs from the control group after chalenge 10 days 
after weaning
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Figure 3. Percentage of the E. coli O149:K88 in rectal swabs from the experimental group after administration of 
the non-pathogenic strain on the day of weaning and after chalenge by ETEC three days after weaning
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ing. In the study of Verdonck et al. (2002) the F18ab 
strain was less immunogenic than the F4ac ETEC 
strain. Different results might have been caused 
by different immunogenicity of F18ab strain used 
by the quoted authors and of F18ac fimbriae of 
the strain used in our study. The time of immu-
nity development is also affected by the presence of 
thermolabile enterotoxins during ETEC infection. 
It is likely that LT has adjuvant properties similarly 
like cholera toxin (Clements et al., 1988; Cheng et 
al., 1999; Freytag and Clements, 2005). The strain 
used in the present study did not produce LT.

The duration of diarrhoea was shorter in the ex-
perimental group; however, the differences were
not significant. In both groups, the excretion of the
administered E. coli strains was marked in some 
animals. Differences in the excretion intensity did
not seem to be caused by the time of local immunity 
establishment, because weak excretion of O149:K88 
strain through piglet faeces persisted about as long 
as marked excretion in the other piglets. In our ex-
periment, we did not discriminate between ETEC 
and non-ETEC strains excreted.

Francis and Willgohs (1991) orally immunized 
piglets weaned at the age of 10 days. Two doses of 
the live non-pathogenic E. coli strain with colo-
nizing factors K88 were administered to the ani-
mals at the age of 15 days and repeatedly 5 days 
later. The authors recorded a protective effect of 
challenge with the ETEC strain 14 days after the 
first immunization, which is consistent with our 
results. A similar trend in the development of lo-
cal immunity was described by Van den Broeck et 
al. (1999). They observed a marked increase in the 

antibody secreting cell levels in the intestinal lamina 
propria on the eleventh day after oral immuniza-
tion. However, the induction of immunity later than 
5 days after weaning does not protect piglets at the 
age when the highest losses are recorded due to diar-
rhoea caused by E. coli-infections, i.e. at about 4 to 
7 days after weaning. It is necessary to investigate 
other possibilities how to accelerate the induction 
of mucosal immunity. Van der Stede et al. (2003) 
reduced the shedding of F4 positive E. coli after in-
tramuscular immunization of suckling piglets by F4 
fimbriae and by addition of 1α,25-dihydroxyvitamin 
D3 or CpG-oligonucleotides. Using this kind of ad-
juvants could have improved the results.

The demonstration of a long-lasting excretion of 
the strains with K88 colonizing factors also con-
firmed that immunity was established approximate-
ly ten days after the administration of E. coli strain. 
As the results obtained in our two experiments did 
not suggest that protective immunity might be in-
duced in piglets by the end of the first week after 
weaning, the experiments were finished.
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