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ABSTRACT
Escherichia coli diarrhoea is a multifactorial condition which usually occurs during the post-weaning and is responsible
for economic losses in pig production. One approach, to evaluate if substitute of antibiotic in vivo is effective in controlling postweaning diarrhea in the gastrointestinal tract ecosystem, is to use an appropriate disease model. However,
there are still many criticisms related to the incidence and the severity of the diarrhoea in the experimental conditions.
The aim of the study was to set up an Escherichia coli challenge model in order to induce a significant percentage of
diarrhoea in weaned piglets for the evaluation of innovative compounds in vivo. A total of 35 piglets, weaned at 33  2
days were randomized into 3 groups: control (CG), infected 1 (IG1) and infected 2 (IG2). One day after arrival piglets
of IG1 and IG2 were orally inoculated with 3.7 × 108 CFU of Escherichia coli O149. All piglets were fed a high protein
ration for 3 days. Daily health status and faeces were recorded by a point scale individually. Challenge strains in faecal
samples were evaluated by polymerase chain reaction, serotyping and biochemical identification. Diarrhoea was observed in 96.67% (58.6% severe; 41.4% mild) of all infected piglets and occurred on average 1.3 days after the challenge. The CG group presented one piglet with a transient mild diarrhoea. The E. coli challenge significantly affected
the consistency and color of faeces (P < 0.001). The E. coli O149, mainly hemolytic (88%), was isolated in 56% of faecal samples and the 70% of piglets with severe diarrhoea shed E. coli O149 in the faeces. Zootechnical parameters did
not show significant differences. The experimental conditions described in this study allowed to effectively induce diarrhoea in weaned piglets. In conclusion a multifactorial approach (infectious, nutritional and management) is necessary
to reproduce in vivo diarrhea in piglets.
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1. Introduction
In the weaning period diarrhoea is one of the most important causes of economic losses in pig industry with
morbidity may be over 50% among weaned piglets during outbreaks of the disease [1]. Several bacterial and
viral agents are responsible for post-weaning diarrhoea
(PWD) [2,3]. Although PWD is a multifactorial disease,
characterized by frequent discharge of watery faeces, the
proliferation of pathogenic strains of Escherichia coli
throughout the intestinal tract of piglets after weaning
plays a significant role, and this condition is defined as
Post Weaning Colibacillosis (PWC) [4]. PWD occurs
most frequently 1 to 3 weeks post-weaning but it was
also observed to affect pigs later, in association with
stressful events [5]. The age dependent of the onset of the
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disease is probably related to the increasing in serum
concentration of antibodies to E. coli, assignable to an
increase in the invasion of E. coli [6]. Weaned piglets are
exposed to several stress factors that may influence the
establishment of infection. The loss of the passive protection provided by colostrum, the rise in stomach pH,
the slower gut transit and the morphological and physiological changes in the small intestinal tract, which occur
at weaning, allow bacterial adhesion and colonization.
Stresses from mixing and moving into a new pen also
cause increased transit time and depressed immune response through the release of cortisol. Predisposing factors to post-weaning diarrhoea include rearing conditions,
particularly environmental temperatures, hygiene and dietary composition [7,8]. Veterinary antibiotics were used
to reduce enteric infections and the occurrence of pathogens able to adhere to the intestinal mucosa [9]. The inOJVM
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crease of antibiotic resistance and the related negative
consequences for human health, animal health and the
environment caused a ban on the use of antibiotics as
growth promoters in animal nutrition in Europe according to EC Regulation 1831/2003 [10,11], thus making it
necessary to develop sustainable alternative strategies or
tools to control diseases [12]. Nutrition is obviously a
critical determinant in the functional development and
growth of the gastrointestinal tract and the weaning
phase represents a critical period [13], so various natural
products such as probiotics, prebiotics, organic acid, zinc
and plant extracts have been tested [14-16]. The effects
of dietary factors or functional feed additives on spontaneous weaning diarrhoea are difficult to study because of
the variable incidence of PWD and PWC. One approach,
to evaluate if substitute of antibiotic in vivo is effective in
controlling postweaning diarrhea in the gastrointestinal
tract ecosystem, is to use an appropriate disease model.
However there are still many criticisms related to the
incidence and severity of diarrhoea in the experimental
conditions. Therefore, the aim of this study was to set up
experimental conditions to simulate the outbreak of diarrhoea through E. coli challenge with a multifactorial approach in order to assess the effectiveness of alternative
molecules in the ecosystem of gastrointestinal tract to
control or treat PWC in pigs.

2. Material and Methods
2.1. Selection of the Farm
A conventional herd free from diseases according to the
A-list of the International Office of Epizootic, and from
Aujeszky’s disease, atrophic rhinitis, transmissible gastroenteritis, porcine reproductive and respiratory syndrome and salmonellosis, without history of PWD and
Oedema Disease (OD) was chosen for the supply of the
piglets.
A total of 50 piglets randomly selected were weaned at
33  2 days and maintained in the original herd in 5
groups of 10 animals per group. For 15 days all animals
were examined for clinical status and two faecal samples
were collected from rectum for microbiological evaluations, respectively on day 3 and 7 after weaning, in order
to assess the presence of E. coli strains soon after the loss
of the passive protection provided by milk. Therefore,
due to the capacity of the facilities, 35 out of 50 healthy
weaned piglets (Large White × Landrace), female and
castrate (1:1), homogenous for weight, and negative for
hemolytic E. coli and for E. coli O149 with two bacteriological analysis of the faeces were selected and
transferred to the University facilities.
First, confirm that you have the correct template for
your paper size. This template has been tailored for output on the custom paper size (21 cm × 28.5 cm).
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2.2. Animal and Experimental Design
A total of randomly selected 35 piglets were randomized
in 3 experimental groups: unchallenged control (CG, n =
5), infected 1 (IG1, n = 10) and infected 2 (IG2, n = 20).
IG1 and IG2 were challenged with an enterotoxigenic
strain of Escherichia coli O149 (infected group, IG). The
IG1 group was monitored for 20 days after the challenge
to evaluate the time to complete recovery from diarrhoea
by daily clinical examination. The piglets of IG2 were
evaluated for two days after the challenge in order to
assess diarrhoea onset; and then, to avoid unnecessary
pain, they received 15 mg/kg (i.e. 1 ml of suspension for
10 kg body weight) long-acting amoxicillin (Longamox,
Farmaceutici Gellini, Italy) four times at a 48-hour
interval by intramuscular injection into the anterior half
of the neck. The piglets were allocated in pens, each pen
containing 2 - 3 piglets, under the same environmental
conditions. The environmental temperature of the experimental facility was regulated at 28˚C. The relative
humidity has been always maintained at 60%.
CG, IG1, IG2 were allocated in the same room, in
order to standardize environmental conditions, with the
control group separated from the infected group by two
empty pens, so that physical contact between piglets of
the two groups was avoided. Two separate manure
collection pits ran under the holding pens: one collecting
manure from control and IG1 and the other collecting
manure from the IG2. Separate boots for each group
were used by the staff having access to the pens and the
animals in the control group were always handled before
the inoculated ones in IG1 And IG2, to avoid any cross
contamination.
During the first three days of the trial, (from the day
before the challenge until the second day after the
challenge), the same antimicrobial-free diet, containing
28% of crude protein on dry matter, was provided to all
experimental groups (Table 1).
The chemical analysis of the diet was performed to
measure the principal components: crude protein (CP),
according to the official method of Analysis of Association of Analytical Communities (AOAC), procedure
2001.11 [17]; dry matter (dm), according to procedure
930.15 [17]; fat (EE) according to DM 21/12/1998 [18];
crude fiber (CF), according to procedure Ba 6a-05 of the
official method of the American Oil Chemists Society
(AOCS) [19]; ash according to the procedure 942.05 [17]
and to confirm the high level of protein previously
calculated by specific software (Plurimix, Fabermatica,
Cr, Italy). From the third day after the challenge onwards
the piglets were fed ad libitum with a weaning feed
without antibiotics; the composition of both the experimental diets is reported in Table 1. Fresh water was
available throughout the experiment.
OJVM
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Table 1. Composition of experimental diets and calculated
chemical analysis.
Ingredients (%)

High protein dieta

Standard dietb

Soybean meal

29.00

Corn

12.78

18

Barley

11.36

16

Corn extruded

7.81

11

High protein soybean
meal

7.10

10

Wheat bran

6.39

9

Full fat soybean
extruded

5.68

8

Wheat middlings

5.33

7.5

Wheat

4.26

6

Barley flakes

2.84

4

Milk whey

1.78

2.5

Harring meal

1.07

1.5

Soya oil

0.71

1

Calcium formiate

0.57

0.8

Molasse

0.43

0.6

Coconut oil

0.43

0.6

Acidifier

0.36

0.5

Calcium sulphate

0.36

0.5
0.5

Peas fiber

0.36

Dicalcium phosphate

0.36

L-Lys HCl

0.36

L-Thr

0.28

Vitamin and trace
mineral premix

0.18

Trp

0.14

DL-Met

0.11

0.5

Calculated chemical composition, % DM
CP, %

28.08

19.87

Fat, %

4.8

6.28

Crude fiber, %

5.43

4.87

Ash %

6.49

6.20

NE, Mc/Kg

2.45

2.59

Lys, %

1.85

1.39

Met, %

0.54

0.47

Met +Cys, %

1.02

0.83

Thr, %

1.39

1.15

Trp, %

0.52

0.45

a

used for all experimental groups during the first 3 days of the trial; bused for
all experimental groups from the third day after challenge onwards.
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2.3. Challenge Model
The day of challenge, one day after the arrival, was
considered day 1 and the subsequent timetable was based
on this criterion. The piglets, both in IG1 and IG2, were
challenged with an enterotoxigenic strain of Escherichia
coli O149, with toxins LT and VT2e, purchased by the
Lombardy and Emilia Romagna Experimental Zootechnic Institute (IZSLER). The strain was isolated in field
from a piglet died of severe diarrhoea caused by E. coli
O149. The challenger strain was grown on liquid LB
medium for 24 hours at 37˚C in a sterile bottle with
shaking. The inoculum was given to the piglets via oral
route in a single dose of 5 mL of bacterial medium
containing 3.7 × 108 colony forming units (CFU). At the
same time, piglets of the CG group were orally inoculated with 5 mL sterile physiological saline to equilibrate
the level of stress associated with the oral challenge.
About 10 - 15 min before bacterial inoculation, the piglets
orally received 30 mL of a 10% bicarbonate solution
(SIGMA, Italy), a procedure used in attempt to neutralize
gastric acid and increase the survival rate of the
challenger strain in the stomach [7,20].

2.4. Clinical and Zootechnical Examinations,
Faecal Score
Every day piglets of the CG and IG1 were individually
given a clinical examination, during all the experimental
period; piglets of IG2 were clinically monitored until day
3. Clinical examination included observation of faecal
consistency and colour, behavioural disturbances and
cyanosis. Individual faecal samples were collected from
rectum daily. A scale of four levels was used to score
faecal consistency: 0 = normal (faeces firm and well
formed), 1 = soft consistency (faeces soft and formed), 2
= mild diarrhoea (loose faeces, usually yellowish), 3 =
severe diarrhoea (faeces watery and projectile). A faecal
consistency score ≤ 1 (0, 1) was considered normal,
whereas a faecal score > 1 (2, 3) was defined as a
indicative of diarrhoea. Faecal colour was evaluated
using a three points scale: 1 = yellow, 2 = green, 3 =
brown. A faecal colour ≥ 2 (green-brown) was considered normal, while a faecal colour < 2 (yellow) was
considered pathological. Disturbed behaviour was defined as slow reactions, an unsteady and slow gait whilst
walking and an inattentive response when encouraged to
move. Cyanosis was defined as a blue discolouration of
the ears or limbs related to the production of toxins. The
pigs in the CG and IG1 groups were individually
weighed on days 0, 6, 8, 10, 14, 17 and the feed intake
(FI) was determined daily by weighing the residual feed.
Post mortem examination was performed on dead subjects.
OJVM
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2.5. Microbiological Analysis of Faecal Samples
On day 3, Escherichia coli strains were collected from
individual faecal samples taken from each piglet. Each
strain was cultured on MacConkey agar (OXOID), Blood
Agar incubated at 37˚C for 24 hours. Every compatible
colony was isolated on Trypticase Soy Agar (TSA)
(OXOID) and incubated at 37˚C for 24 hours. The biochemical identification was carried out using the API20E method (Bio-MERIEUX). All E. coli strains were
categorized as hemolytic or non hemolytic and tested for
the characterization test. Serotyping was carried out using monospecific antisera towards 40 different somatic O
antigens (O1, O2, O4, O6, O8, O9, O10, O11, O15, O18,
O20, O21, O22, O26, O45, O49, O64, O68, O73, O75,
O78, O83, O85, O86, O88, O92, O101, O103, O109,
O111, O115, O128, O132, O138, O139, O141, O147,
O149, O153, O157) in U bottom polystyrene microtitre
plates incubated for 24 hours at 37˚C in a moist box
[21-23]. Biochemical identification and serotyping were
carried out on E. coli strains isolated from all faecal
samples (IG and CG). The genetic characterization was
performed on isolated pathogenic E. coli strains to demonstrate verotoxin (VT) using polymerase chain reaction
(PCR) screening [24], followed by identification of VT1,
VT2 [25] and VTe [26] by PCR [27].

2.6. Statistical Analysis
The individual piglet was considered to be the experimental unit for evaluation of faecal samples, body weight
and average daily gain (ADG). Daily feed intake could
only be determined per pen, so the statistical analysis
could not be performed on an individual basis. Faecal
Score, Faecal Colour, Feed Intake and Body Weight
variables were statistically compared among the two
groups by analysis of variance (ANOVA) in a continuous
design approach. Treatment effects were analyzed by
multivariate repeated measures ANOVA using PROC
GLM of the SAS System (Version 9.2; SAS Institute,
Inc., Cary, NC). A separate analysis of variance for the
two groups was performed using the PROC GLM on
ADG calculated as difference between final and initial
body weights divided the number of days of feeding.
Simple correlation between the least square daily means
of Faecal Score and Faecal Colour was also determined
by means of the PROC CORR of SAS, in order to confirm the coherence between the two scales of measurement.

3. Results
The chemical analysis of the experimental diet administered during the first three days (CP 27.93% dm, EE
5.14% dm, CF 2.8% dm) confirmed the high level of
Copyright © 2012 SciRes.

protein previously calculated by Plurimix software. On
day 0 no subject presented signs of enteric disease, in
fact the average faecal score of piglets in the experimental groups was 0. Twenty-four hours after the challenge
(day 2) diarrhoea occurred in 76.67% of the piglets in IG,
(43.5% severe; 56.5% mild) and the CG group presented
one piglet with a transient mild diarrhea. On day 3 the
highest percentage of diarrhoea was observed in the infected piglets (96.67%; 58.6% severe; 41.4% mild). At
the same time, no signs of diarrhoea were observed in the
control (CG). Diarrhoea occurred, on average, 1.3 days
after the challenge (minimum 24 hours, maximum 48
hours after the challenge). To evaluate the trend of diarrhoea in pigs of the IG1 group, frequency of diarrhoea,
and individual and average faecal scores were evaluated
in relation to time. By exploratory analysis of the raw
faecal evaluation, data over the entire experimental period, and days 1 - 17, the major differences relatedto
healthy/pathological faeces were found between the IG1
and CG groups during the first week after the challenge.
The frequency of diarrhoea, calculated as the ratio between subjects with diarrhoea and 10 (number of piglets
of IG1), was at the highest level (0.9) on day 3, when the
highest faecal score was also observed in the group. It
decreased gradually until day 11, when it was 0. During
days 2 - 8 the Least Square (LS) means of the faecal
score for IG1 were pathological (>1), while during days
8 - 17 they returned to normal (=1). Moreover, diarrhoea
in IG1 lasted 3.6 days on average, with a range of 1 - 8
days. Hence, although it was possible to detect significant differences between the groups (CG vs IG1)
throughout the entire experimental period (P < 0.001),
the statistical analysis shown refers to the data collected
during days 1 - 8. The trend of the LS means of the faecal score for IG1 was higher than for the CG (P < 0.001),
as given in Figure 1(a). The LS means of the colour
score for IG1 were lower (P < 0.05) than CG during days
1 - 8 (Figure 1(b)). A significant negative correlation (r =
−0.89; P < 0.001) between faecal colour and faecal score
was recorded in IG1. From the day of challenge, when
the colour of faeces was brown in all piglets, an increase
in the percentage of yellow faeces was observed, corresponding to score 1.
On day 3, when the diarrhoea incidence was at its
highest, the LS means ± standard error (SE) of faecal
colour were 1.6 ± 0.16 in IG1, and 2.8 ± 0.22 in CG. On
day 4, when the severity of the diarrhoea was decreasing,
the average colour score became normal again in the IG1
with a score of 2 ± 0.18 (LS means ± SE). Green faeces
was often observed in the transition periods from healthy
to pathological status or vice versa. The observed behavioural disturbances were mainly signs of depression correlated with severe diarrhoea. The behavioural disturbances were detected immediately after the challenge
OJVM
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3.1. Mortality
A mortality rate of 6% (1/15) was observed on animals
monitored for 20 days after the challenge (CG and IG1).
Mortality did not occur in the piglets of the CG, and IG2,
while one piglet in the IG1 group died.

3.2. Faecal Samples Analysis

(a)

Microbiological evaluation of the faeces in IG showed
(Figure 2) the presence of E. coli strains composed of 16
(53%) hemolytic E. coli strains and 14 (47%) not hemolytic E. coli strains in all the 30 subjects.
Two days after experimental infection the O149 challenger strain was detected in 17 out of 30 (56.7%) piglets. Fifteen out of 17 isolated O149 E. coli strains (88%)
presented hemolytic characteristics and verocytoxin
genes were found in 13 of the 17 (76%) piglets.One
faecal sample showed E. coli O157 without VT2e gene.
Moreover, E. coli O149 was present in faecal samples
from 14 of the 20 piglets with severe diarrhoea. In CG
there was no shedding of both hemolytic strains and E.
coli O149.

3.3. Zootecnical Parameters

(b)

Figure 1. (a) Least square means of faecal scores from days
1 - 8 recorded in individual piglets challenged with E. coli
(IG1, triangles in solid line) and non-challenged piglets (CG,
circles in broken line); (b) Least square means of colour
scores from days 1 - 8 recorded in individual piglets challenged with E. coli (IG1, triangles in solid line) and nonchallenged piglets (CG, circles in broken line). The day of
the challenge is indicated by an arrow. Faecal scores were
based on the following scale: 0 = normal (faeces firm and
well formed), 1 = soft consistency (faeces soft and formed), 2
= mild diarrhoea (fluid faeces, usually yellowish), 3 = severe
diarrhoea (faeces watery and projectile). A faecal consistency score ≤ 1 (0, 1) was considered normal, whereas a
faecal score > 1 (2, 3) was defined as a clinical sign of diarrhoea. Faecal colour was evaluated using a 3 points scale: 1
= yellow, 2 = green, 3 = brown. A faecal colour ≥ 2 (greenbrown) was considered normal, while a faecal colour < 2
(yellow) was considered pathological. The CG and IG1
groups showed significant differences in faecal score (P <
0.001) and colour (P < 0.05). SE of each point is indicated.

(day 2), when 5/30 of challenged piglets (IG1 and IG2)
showed signs of depression; after that, the percentage of
behavioural disturbances in the IG1 group decreased.
One piglet in this group presented a disturbed behaviour,
together with other clinical signs (cyanosis of ears and
snout and ear necrosis) for a longer period.
Copyright © 2012 SciRes.

Although the average body weight (ABW) of the CG was
higher than the ABW of the IG1, significant differences
were not detected, suggesting that individual body
weights were not influenced by the challenge (Table 2).
The piglet which was seriously ill during the 7 days after
the challenge, has certainly influenced zootechnical parameters (ABW, ADG, FI) of the IG1 group, showing a
reduced ADG during days 1 - 6 (182 ± 262 g/d, weight ±
standard deviation) when compared with ADG of CG
(247 ± 103 g/d, weight ± standard deviation). Considering
the ADGs on a longer post-inoculation period (days 0 -

Figure 2. Serotyping and genetic characterization of E. coli
strains isolated from faecal samples of piglets two days after
challenge with E. coli O149. : PCR—positive strain for
the detection of VT2e genes; : PCR—negative strain for
the detection of VT2e genes.
OJVM
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Table 2. Evaluation of average body weight of piglets of experimental groups. IG1 was challenged on day 1 with E. coli strain.
Data were represented as means ± standard deviation.
Average body weight (Kg)
Day 0

Day 6

Day 8

Day 10

Day 14

Day 17

CG

10.5 ± 0.47

12.5 ± 1.03

12.8 ± 1.03

13.7 ± 0.93

15.1 ± 1.36

16.6 ± 1.34

IG1

10.5 ± 1.05

12.5 ± 0.99

12.5 ± 1.04

13.1 ± 0.97

14.7 ± 1.54

16.3 ± 1.67

17), the difference between the CG and the IG1 group
tended to decrease as the piglets rapidly recovered from
diarrhoea.
In fact CG registered ADG of 359 ± 62 g/d (weight ±
SD) while ADG in IG1 was 360 ± 78 g/d (weight ± SD).
Similarly, the average daily FI decreased in the challenged piglets; in particular, on day 4, the average FI of
the IG1 was 360 ± 166 g/d vs. 496 ± 21 g/d (weight ± SD)
for the CG. However, considering the entire experimental
period, FI was not affected by the challenge. The average
daily FI calculated on days 0 - 17, although slightly
higher in CG (691 ± 157 g/d) than in IG1 (654 ± 181 g/d),
did not show significant difference.

4. Discussion
Post-weaning digestive disorders are multifactorial and
experimental infection with E. coli alone is not sufficient
to reproduce the syndrome as observed in the field [28].
In this study, factors predisposing the piglets to PWD
were introduced into the experimental challenge model,
including stress factors (i.e. related to weaning, transport
and group formation), a iperproteic diet and 30 mL 10%
bicarbonate solution orally administered with purpose to
neutralize gastric acid and to increase gastric survival
rate of the challenger strain. The diet administered during
the first three days, containing a high level of crude protein, was intended to be a “high-risk” diet, since several
pathogens preferentially ferment proteins and high
amounts of crude protein in the diet of newly weaned
piglets have been identified as one of the predisposing
factors of PWC [29-32]. Moreover, the high level of CP
was due to the presence in the feed of soybean meal, an
ingredient that seems to favour the occurrence of PWD
[5]. Nevertheless, the stress factors alone were not sufficient to influence significant changes in the consistency
and colour of faeces, as evidenced by the findings in the
CG. According to the multifactorial aspects of this disease, the tested experimental conditions with E. coli challenge affected faecal characteristics (P < 0.001) and faecal colour. This study showed that a single dose of 108
CFU was able to reproduce diarrhoea in 96.67% of the
challenged piglets. Moreover, diarrhoea started 1 - 2 days
after the challenge and lasted an average of 3.6 days,
which is in agreement with previous report by Sarmiento
Copyright © 2012 SciRes.

et al. [33]. The significant correlation between faecal
colour and faecal score supported the validity of the scale
of colour score applied in this study. The microbiological
analysis confirmed the effect of the challenger strain on
faecal samples. The detection of the inoculated strain
from the faeces corresponded to the presence of diarrhoea; however, on the contrary, E. coli was not detected
in all diarrhoeic piglets. In fact, as previously reported by
Van Dijk et al. [34], the onset of diarrhoea did not invariably coincide with the start of shedding of a particular enterotoxigenic E. coli strain. The challenger strain,
hemolytic and verocytotoxic in most of faecal isolates
showed high virulence related to the onset of severe diarrhoea. Piglets included in the IG1 group, monitored for
20 days after the challenge, showed a spontaneous recovery after eight days, as evidenced by increased feed
intake and ADG. The mortality observed in the IG1
could possibly be associated with the proliferation of E.
coli and the release of shiga-like toxins related to systemic infection. The rate of mortality in the challenged
group was comparable with the mortality normally occurring in the field [35]. The measurement of zootechnical parameters evidenced a depressed feed intake which
persisted for about five days after the challenge and a
subsequently reduced ADG, as encountered in the field.

5. Conclusion
In the present study, the effect of environmental risk factors and etiologic agent have been combined in order to
experimentally reproduce E. coli associated diarrhoea. A
single dose of challenger strain, hemolytic and verocytotoxic, combined with a diet containing a high level of
crude protein, stress factors related to weaning, transport
and group formation and the oral administration of bicarbonate solution allowed to effectively induce a high
percentage of diarrhoea in weaned piglets. Such an approach could be the appropriate model to be used in the
future in order to evaluate if substitute of antibiotic in
vivo is effective in controlling postweaning diarrhea in
the gastrointestinal tract ecosystem.
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