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Abstract
Background: The present study aims to evaluate the e�cacy of an intramuscular multivalent Escherichia coli vaccine for suckling
piglets against infection not only by pathogenic E. coli but also by pathogens involved in Porcine Enteric Disease Complex (PEDC).
Vaccinated Group had piglets vaccinated at days 10 and 20 of life with Colidex-C® (Vetia Animal Health, Spain), and Control Group
had piglets that received sterile saline solution injection at the same days of life. We collected fecal samples in the farm from animals
presenting diarrhea and intestinal mucosa swabs and ileum and colon tissue at slaughter and then performed PCR to identify E. coli
virulence factors genes. Furthermore, we performed PCR to identify Lawsonia intracellularis, Brachyspira hyodisenteriae, and
Salmonella spp.

Results: Regarding fecal samples, 0% from Vaccinated Group was positive for E. coli, while Control Group had 94.1% of positive
samples (p<0.0001). With respect to intestinal mucosa swab, 0% of the samples from Vaccinated Group were positive for E. coli, while
100% from Control Group were positive (p=0.001). Regarding ileum and colon tissue samples, 35% were positive for E. coli in
Vaccinated Group and 85% in Control Group (p=0.001); Gcnt had a higher frequency of F41 (p=0.018), LT (p=0.018) and Sta (p=0.028)
virulence factors genes. No sample was positive for Salmonella spp. nor for B. hyodisenteriae, but there were positive samples L.
intracellularis; real-time PCR was performed and the frequencies found were 40% and 20% of ileum and colon positive samples in
Vaccinated Group and 100% for ileum and 70% for colon in Control Group (p<0.001 for ileum and p=0.001 for colon).

Conclusion: The results indicate that the E. coli vaccine for piglets may be a strategy to control E. coli infection. E. coli vaccines emerge
as a probable strategy to help control L. intracellularis and, maybe, other enteric pathogens of pigs not evaluated in this study.

1. Introduction
Escherichia coli-related diseases have always been a challenge for the swine industry, exacerbated by the intensi�cation of pig
production in the last decades. The importance of this disease is not limited to the productive and economic losses that it causes by
itself, since the adhesion and production of toxins by pathogenic strains of E. coli may break the intestinal microbiome homeostasis
and create favorable conditions for other enteric pathogens involved in Porcine Enteric Disease Complex (PEDC) such as Brachyspira
sp., Salmonella sp., and Lawsonia intracellularis [1,2].

The classical clinical signs of colibacillosis may appear in piglets from suckling up to the nursery phase [3]. However, the pathochrony
of collibacilary diarrhea has changed and can occur on animals even up to the �nishing phase [4]. Apparently, this change was the
result of different factors such as more intensive prophylaxis during nursery, stress during transportation at the beginning of �nishing
phase, stress due to batch mixing, feed changes, and water quality [4].

The usual prevention method includes (1) sows and gilts immunization to reduce the infectious pressure in farrowing crates and to
confer maternal immunity to piglets, (2) and the pharmaceutical prevention by antimicrobials and zinc oxide in feed during nursery.
Sow vaccination is an effective measure to prevent suckling piglets from pathogenic E. coli infection, but not to protect nursery,
growing and �nishing pigs since the maternal antibodies decrease just after weaning [5]. Furthermore, there is a worldwide tendency to
reduce the use of antimicrobials on livestock animals, due to the development of multidrug-resistant bacteria and the risk they pose to
human health [6,7]. This can lead to the worsening of diseases caused by E. coli and other pathogens.

The development of new measures to control E. coli on pig farms is necessary. One alternative approach is the vaccination of piglets,
which may results in adaptive immunity that lasts over the pig’s lifetime. Thus, the present study aims to evaluate the e�cacy of an
intramuscular multivalent E. coli vaccine for piglets against infection not only by pathogenic E. coli but also by B. hyodisenteriae,
Salmonella sp., and L. intracellularis until slaughter.

2. Materials And Methods
2.1. Animals and farm

A total of 3,732 Duroc x (Landrace x Large White) were used. These animals came from Colidex-C® (Vetia Animal Health, Spain) sows
that were vaccinated in the two previous pregnancies (2 mL, intramuscular injection at 80th day of gestation; injection in the neck, just
behind the ear, using disposable needle 18G x 1-1/2"). Piglets were divided into two experimental groups: Vaccinated Group, with 1,893
animals, vaccinated and revaccinated at days 10 and 20 of life with Colidex-C® (0.5 and 1mL, intramuscular injection in the neck,
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behind the ear; disposable needle 24G x 3/4"); and Control Group, with 1,869 animals, injected with sterile saline solution at days 10
and 20 of life (0.5 and 1mL, intramuscular injection in the neck, behind the ear; disposable needle 24G x 3/4"). The animals were
randomly assigned to each group.

Piglets were castrated in the �rst week of life (according to the Directive 2008/120/EC) and kept during the trial period without routine
medication against enteric pathogens. The study was conducted in a three-sites-production system farm, with breeders, nursery, and
�nishers in the same geographical area (Province of Toledo, Spain). In the nursery phase, the animals were raised in three barns of
1,000 animals each, subdivided into three modules each. The size of the stalls was 2.7 square meters, which housed 12 piglets each.
In the growing and �nishing phases, there were 11 barns of 600 animals each, with a free surface area of 8.4 square meters where 12
animals were housed. Animals from the Vaccinated Group and Control Group were housed in the same barn but in different stalls. The
stalls had identical size and environmental conditions (stall size, environmental temperature, number of drinkers, and feeders). The
animals received feed (meal during nursery and pelleted during �nishing), and water ad libitum. The facilities were managed under an
all-in all-out system. Once they reached market weight (an average 107.82 Kg body weight), pigs were sent to the slaughterhouse.

2.2. Vaccine

The vaccine used was Colidex-C® (Vetia Animal Health, Spain), which is composed of a suspension of seven strains of E. coli,
inactivated with formalin and heat, ensuring the presence of �mbriae antigens F4, F5, F41, F18, and F6; and of toxoids of heat-labile
toxin (LT), heat-stable toxin (STa), verotoxin (VT) and hemolysin (Hly), combined with a toxoid of Clostridium perfringens Type C (Table
1). Each 2 ml dose contained 2 x 109 micro-organisms from each of the bacterial strains inactivated with heat, 1.5 x 109 and micro-
organisms of each strain inactivated with formol and 300 UI of β (beta) toxoid of C. perfringens. Vaccine lot number used in this study:
192761. 

By the time the study was conducted, Vetia Animal Health was named Farco Veterinaria S.A. When the company changed its name,
some changes were also made to the composition of the vaccine Colidex-C®. Because of that, the company's current website shows a
different composition from the one shown in the present study.  

Table 1 - Composition of the vaccine (2ml)

Components of the vaccine Concentration

Escherichia coli inactivated (�mbriae  F4ac), strain p6 ≥ 1 RP

Escherichia coli inactivated (�mbriae F5), strain p1 ≥ 1 RP

Escherichia coli inactivated (adhesins F5 + F41), strain p10 ≥ 1 RP

Escherichia coli inactivated (adhesin F6), strain p2 and p4 ≥ 1 RP

Escherichia coli inactivated (adhesin F18ab), strain p5 ≥ 1 RP

Escherichia coli inactivated (adhesin F18ac), strain p9 ≥ 1 RP

Escherichia coli, toxoid of heat-labile toxin ≥ 10 UI

Escherichia coli, toxoid of heat-stable toxin ≥ 10 UI

Escherichia coli, toxoid of verotoxin ≥ 10 UI

Escherichia coli, toxoid of hemolysin ≥ 10 UI

Clostridium perfringens type C, toxoid beta ≥ 10 UI

Mineral Oil (Marcol 52) 0.76 ml

Montane 80 0.042 ml

Montanide 103 0.042 ml

RP: Relative Potency of the antigen, according to a reference vaccine (Ph. Eur. m 0962) 

UI: International Unit
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2.3. Sampling 

2.3.1. Feces of animals with diarrhea on the farm

Fecal samples were collected from animals with diarrhea, individually or during a collective outbreak. If there was an outbreak at least
12 samples were taken. Samples were taken by swabs with Cary Blair agar gel transport medium (COPAN Diagnostics, Inc. Italy) and
kept cold during transportation to the Reference Laboratory specialized in Escherichia coli (LREC) of the Faculty of Veterinary
Medicine, University of Santiago de Compostela, Spain.

2.3.2. Intestinal mucosa swabs at slaughter

At slaughter, intestinal jejunum mucosa from �ve animals from each group was randomly sampled using a swab with Cary Blair agar
gel transport medium (COPAN Diagnostics, Inc. Italy) and kept cold during transportation to LREC.

2.3.3. Ileum and colon tissue at slaughter

Fresh samples of ileum and colon were randomly taken at slaughter from 20 animals from each group. They were refrigerated and
sent to the Cytogenetics and Genomics Laboratory of the Faculty of Veterinary of the University of Murcia, Spain.

2.4. Samples analysis

2.4.1. Isolation and virulence factor genes of E. coli 

The tests performed in the LREC with diarrhea samples and intestinal mucosa swabs are described as follows. Bacterial colonies were
grown on lactose-MacConkey agar plates at 37oC for 24 h. An aliquot of con�uent growth was inoculated into 30 ml of Luria-Bertani
broth, incubated with shaking at 37℃ for 4 h and processed for DNA extraction as described previously [8,9]. Virulence factor genes
were detected by conventional PCR (Blanco et al., 2004). Researchers investigated the presence of intimin (eae gene), �mbriae (F4, F5,
F6, F18, and F41 genes), hemolysin (Hly), heat-labile toxin (LT), heat-stable enterotoxins (Sta and STb), and verotoxin (VT1 and VT2).
Primer sequences are described in Table 2. Ampli�cation products were analyzed by gel electrophoresis (1.5% agarose) and UV
transillumination (300 nm).

Table 2 – Characteristics of oligonucleotide sequences used for conventional PCR assays to detect E. coli virulence factor genes.
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PCR and samples Virulence
factor

Oligonucleotide sequence (5'-3') Size of ampli�ed product
(bp)

Reference

Conventional PCR, diarrhea and
swabs

eae F: GGA ACG GCA GAG GTT AAT
CTG CAG

775 [10]

R: GGC GCT CAT CAT AGT CTT TC

Hly F: GGTGCAGCAGAAAAAGTTGTAG 1551 [11]

R: TCTCGCCTGATAGTGTTTGGTA

LT F: GGCGACAGATTATACCGTGC 708 [12]

R: CCGAATTCTGTTATATATGTC

STa F: ATTTTTATTTCTGTATTGTCTTT 176 [13]

R:
GGATTACAACACAGTTCACAGCAGT

STb F: ATCGCATTTCTTCTTGCATC 175 [12]

R: GGGCGCCAAAGCATGCTCC

VT1 F: CGCTGAATGTCATTCGCTCTGC 302 [14]

R: CGTGGTATAGCTACTGTCACC

VT2 F: CTTCGGTATCCTATTCCCGG 516 [14]

R: CTGCTGTGACAGTGACAAAACGC

F4 F: GGTGATTTCAATGGTTCGGTC 773 [15]

R: ATTGCTACGTTCAGCGGAGCGC

F5 F:
CCAGCGCCCGGCAGTAATGACTGC

278 [16]

R: CCACCATTAGACGGAGCGCGG

F6 F:
GCGCCCGCTGAAAACAACACCAGC

467 [16]

R: GTACCGGCCGTAACTCCACCG

F18 F: GGTACTGTTGCACCAAGCGG 225 [16]

R: CGACGCCTTAACCTCCTGCCCC

F41 F: GGCTATGGAAGACTGGAGAGGG 551 [16]

R: GGGGTGACTGAGGTCATCCC

The Cytogenetics and Genomics Laboratory of the Faculty of Veterinary of the University of Murcia used the ileum and colon tissue
samples for the detection of the virulence factor genes F4, F5, F41, F18, F6, LT, and STa by real-time PCR-based “Plus/Minus” assay
(methods described on the Additional �le). Primer sequences are described in Table 3. A commercial DNA extraction kit (DanaPure
Spin Kit. Genedan S.L., Spain) was used to extract DNA from the ileum and colon according to the manufacturer's recommendation. 

Table 3 – Characteristics of oligonucleotide sequences used for real-time PCR-based “Plus/Minus” assay to detect E. coli virulence
factor genes.
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PCR and samples Virulence
factor

Oligonucleotide sequence (5'-3') Size of
ampli�ed
product (bp)

Reference

Real-time PCR-based “Plus/Minus”
assay, ileum and colon

F4 F: GGTTCAGTGAAAGTCAATGCATCT 70 [17]

R: CCCCGTCCGCAGAAGTAAC

F5 F: GCTATTAGTGGTCATGGCACTGTAG 80 [17]

R: TTTGTTTTCGCTAGGCAGTCATTA

F6 F: CCAAAGTATTCCACTGCAAGCA 72 [17]

R: GCCGTAACTCCACCGTTTGT

F18 F: TTGTGCTTCCTTGTCCAATAAAAC 82 [17]

R: CTCCCCCTTGATTAGCAAAACC

F41 F: CTGCTGATTGGACGGAAGGT 88 [17]

R: CCAGTCTTCCATAGCCATTTAACAG

LT F: CCGGCAGAGGATGGTTACAG 73 [17]

R: GAATCCAGGGTTCTTCTCTCCAA

Sta F: GCAAAATCCGTTTAACTAATCTCAAA

R:ACAGAAATAAAAATTGCCAACATTAGC

91 [18]

2.4.2. Identi�cation of Porcine Enteric Disease Complex (PEDC) pathogens.

Refrigerated ileum and colon tissue samples were also used to identify PEDC pathogens. DNA was extracted using a commercial kit
(DanaPure Spin Kit. Genedan S.L., Spain).

Afterwards, conventional PCR was performed using the technique described by Suh and Song (2005) [19] with a modi�cation. Suh and
Song (2005) [19] described a multiplex PCR for the simultaneous diagnosis of L. intracellularis, B. hyodisenteriae, and Salmonella spp.
However, in order to increase the sensitivity of the technique, three simple PCRs for the diagnosis of each of the bacteria were
performed.

If a positive result was found for any of the three pathogens, a real-time PCR would then be performed according to the methodology
described in the Additional �le. The Primers used are described in Table 4.

Table 4 – Characteristics of oligonucleotide sequences used for PCR assays to detect Porcine Enteric Disease Complex (PEDC)
pathogens.

PCR and samples Virulence factor Oligonucleotide sequence (5'-3') Size of ampli�ed product
(bp)

Reference

Conventional PCR, ileum and
colon

L. intracellularis F:
GCAGCACTTGCAAACAATAAACT

210 [19]

R:
TTCTCCTTTCTCATGTCCCATAA

B.
hyodisenteriae

F: GCTGGAGATGATGCTTCTGG 403 [19]

R: GTCCAAGAGCTTGGCTGTTC

Salmonella spp. F: TTGGTGTTTATGGGGTCGTT 298 [19]

R: GGGCATACCATCCAGAGAAA

Real-time PCR, ileum and colon L intracellularis F: GCGCGCGTAGGTGGTTATAT 98 [20]

R: GCCACCCTCTCCGATACTCA
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2.5. Statistics

Data were included in an Excel database and analyzed by SPSS v. 22 15.0 (SPSS Inc., USA). The frequencies were analyzed by
squared-Chi (χ2) with adjusted residues analysis and the quantity of DNA copies of the pathogens when real-time PCR was performed
was analyzed by T-student. The correlations were calculated with Spearman's correlation test. A difference was considered signi�cant
when p<0.05. 

3. Results
3.1. E. coli isolation and virulence factor genes on fecal samples

Five and 17 samples of diarrhea were collected from Vaccinated and Control groups, respectively. No sample (0%) from the Vaccinated
group was positive, while 16 (94.1%) samples from Control were positive (p<0.0001). 

Eleven out of 16 isolates expressed one virulence factor; three expressed two virulence factors; one expressed three virulence factors;
and one expressed four virulence factors (these virulence factors are disposed in table 5). There were no signi�cant differences in the
frequency of the virulence factors between the two groups (Table 6).

Table 5 – E. coli isolates and virulence factors found in fecal, intestinal mucosa swab, and ileum and colon tissue samples. 
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Sample
type

Experimental
group

Sample
number

Virulence factors Number
of
virulence
factors
per
sample

EAE F4 F5 F6 F18 F41 Hly LT STa STb VT1 VT2

Fecal
samples

Control 1 1 0 0 0 0 0 0 0 0 0 0 0 1

2 1 0 0 0 0 0 0 0 0 0 0 0 1

3 1 0 0 0 0 0 0 0 0 0 0 0 1

4 1 0 0 0 0 0 0 0 0 0 0 0 1

5 1 0 0 0 0 0 0 0 0 0 0 0 1

6 1 0 0 0 0 0 0 0 0 0 0 0 1

7 1 0 0 0 0 0 0 0 0 0 0 0 1

8 0 0 0 0 0 0 0 0 1 1 0 0 2

9 0 0 0 0 1 0 1 1 1 0 0 0 4

10 0 0 0 0 0 0 0 0 0 1 0 0 1

11 0 0 0 0 0 0 0 0 0 1 0 0 1

12 0 0 0 0 0 0 0 1 0 1 0 0 2

13 0 0 0 0 0 0 0 1 0 0 0 0 1

14 0 0 0 0 0 0 0 1 1 1 0 0 3

15 0 0 0 0 0 0 0 1 0 1 0 0 2

16 0 0 0 0 0 0 1 0 0 0 0 0 1

Intestinal
mucosa
swab
samples

Control 1 1 0 0 0 0 0 0 0 0 0 0 0 1

2 1 0 0 0 0 0 0 0 0 0 0 0 1

3 0 0 0 0 0 0 0 0 0 1 0 0 1

4 0 0 0 0 0 0 0 0 0 1 0 0 1

5 0 0 0 0 0 0 1 0 0 0 0 0 1

ileun and
colon
tissue
samples

Vaccinated 1 _ 0 0 0 0 0 _ 1 0 _ _ _ 1

2 _ 0 0 0 0 0 _ 1 0 _ _ _ 1

3 _ 0 0 0 0 1 _ 0 1 _ _ _ 2

4 _ 0 0 0 0 1 _ 1 1 _ _ _ 3

5 _ 0 0 0 0 1 _ 0 0 _ _ _ 1

Control 1 _ 0 0 0 0 1 _ 0 0 _ _ _ 1

2 _ 0 0 0 0 1 _ 0 1 _ _ _ 2

3 _ 0 0 0 0 0 _ 0 1 _ _ _ 1

4 _ 0 0 0 0 1 _ 1 1 _ _ _ 3

5 _ 0 0 0 0 0 _ 1 0 _ _ _ 1

6 _ 0 0 0 0 1 _ 1 1 _ _ _ 3

7 _ 0 0 0 0 1 _ 1 0 _ _ _ 2

8 _ 0 0 0 0 1 _ 0 1 _ _ _ 2
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9 _ 0 0 0 0 1 _ 1 1 _ _ _ 3

10 _ 0 0 0 0 0 _ 1 1 _ _ _ 2

11 _ 0 0 0 0 0 _ 1 0 _ _ _ 1

12 _ 0 0 0 0 1 _ 1 1 _ _ _ 3

13 _ 0 0 0 0 1 _ 0 0 _ _ _ 1

14 _ 0 0 0 0 0 _ 1 0 _ _ _ 1

15 _ 0 0 0 0 1 _ 1 0 _ _ _ 2

Number of samples per
virulence factor

9 0 0 0 1 13 3 18 13 8 0 0

Table 6 – Total positive samples for E. coli and number of positive samples for each of the virulence factors of E. coli in fecal,
intestinal mucosa swab, and ileum and colon tissue samples.

Virulence
factors

Fecal samples Intestinal mucosa swab samples  Ileum and colon tissue samples

Vaccinated
group

Control
group

P-
value

Vaccinated
group

Control
group

P-
value

Vaccinated
group

Control
group

P-
value

eae 0 (0%) 7
(41.17%)

ns 0 (0%) 2 (40%) ns _ _ _

Hly 0 (0%) 2
(11.76%)

ns 0 (0%) 1 (20%) ns _ _ _

F18 0 (0%) 1 (5.88%) ns 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns

F4 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns

F41 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns 3 (15%) 10 (50%) 0.018

F5 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns

F6 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns

LT  0 (0%) 5
(29.41%)

ns 0 (0%) 0 (0%) ns 3 (15%) 10 (50%) 0.018

Sta 0 (0%) 3
(17.64%)

ns 0 (0%) 0 (0%) ns 2 (10%) 8 (40%) 0.028

STb 0 (0%) 6
(35.29%)

ns 0 (0%) 2 (40%) ns _ _ _

VT1 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns _ _ _

VT2 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) ns _ _ _

Statistical analysis: Qui-square test.

ns= not signi�cant; statistical signi�cance p<0.05.

3.2. E. coli isolation and virulence factor genes on intestinal mucosa swab 

Regarding intestinal mucosa swabs, all samples from Vaccinated group (0%) were negative for E. coli, while all samples from Control
group (100%) were positive. All positive samples expressed only one virulence factor gene each (Table 5), however, due to the absence
of positive samples in Vaccinated group, the difference between groups regarding the frequency of any virulence factor gene cannot be
considered signi�cant (Table 6).

3.3. Virulence factor genes identi�cation in ileum and colon tissue samples
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 With respect to ileum and colon tissue samples, seven (35%) Vaccinated group samples and 17 (85%) Control group samples were
positive for E. coli (p=0.001). On Vaccinated group, all seven samples were positive for only one virulence factor gene. Regarding
Control group, 11 expressed one virulence factor gene, �ve samples expressed two virulence factors genes and one sample expressed
three virulence factors genes. Furthermore, Control group had a higher frequency of F41 (p=0.018), LT (p=0.018), and Sta (p=0.028)
compared with Vaccinated (table 5 and 6).

3.4. Identi�cation of the Porcine Enteric Disease Complex (PEDC) pathogens 

No sample was positive for Salmonella spp. or B. hyodisenteriae.

By contrast, using conventional PCR we identi�ed �ve and one positives for L. intracellularis in ileum and colon samples from
Vaccinated group, respectively; and eight and four from Control group, also respectively.

When real-time PCR was used, the frequencies raised to eight and four in Vaccinated and 20 and 14 for Control group (p<0.001 for
ileum and p=0.001 for colon). Moreover, the bacteria was present in ileum and colon simultaneously in 14 animals (70%) from Control
and only in three (15%) from Vaccinated group (p<0.0001).

 The quantity of L. intracellularis DNA copies was signi�cantly different in both groups in the ileum (p<0.0001) and colon (p<0.0001)
samples (Table 7). There was a positive correlation between the quantity in ileum and colon (r=0,850, p<0,001)

Table 7 – Positive/negative samples by classic and real-time PCR (+/-) analysis and DNA copies quantity of L. intracellularis in ileum
and colon as determined by real-time PCR.

Ileum Colon

Vaccinated
group

Control group P-value Vaccinated
group

Control group P-value

L. intracellularis

Conventional PCR

5/20 (25%) 8/20 (40%) ns 1/20 (5%) 4/20 (20%) ns

L. intracellularis

Real time PCR

8/20 (40%) 20/20 (100%) p<0.001 4/20 (20%) 14/20 (70%) p=0.001

L.  intracellularis

(DNA copies/g of
tissue)

70±43 1,447,781±1,193,306 p<0.0001 12,4±6,1 3,288.3±27,883.3 p<0.0001

Statistical analysis: Qui-square test to analyze frequencies of positive/negative animals for L. intracellularis; T-student test to analyze
the quantity of DNA copies of L. intracellularis.

ns = not signi�cant; statistical signi�cance p<0.05

 

4. Discussion
Most studies focus on sow vaccination in order to generate antibodies that will be transferred to the piglet via colostrum and milk
intake [21–23], which is also a common practice in commercial pig farms. However, this type of immunization cannot guarantee a
long-lasting immunity to animals, since the amount of maternal antibodies circulating in the plasma of piglets decreases signi�cantly
after weaning [5].

This was the �rst study that evaluated the e�cacy of a multivalent intramuscular vaccine against pathogenic E. coli applied directly to
the suckling piglet under �eld conditions. Bianchi et al. (1996) [24] also tested intramuscular E. coli vaccine in piglets, but the vaccine
had only one �mbrial antigen, tested under experimental conditions and did not generate immunological protection in animals.
Melkebeek et al. (2007) [25] also evaluated the e�cacy of a parenteral vaccine, but subcutaneously and it did not generate protection
of piglets against infection either.
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Some studies have also evaluated the e�cacy of oral vaccines for suckling piglets, to develop lasting immunity [26,27]. Although they
proved effective, there are di�culties in putting oral vaccines into use, whether administered via drinking water - it is di�cult to ensure
that all animals have instilled enough antigens to be immunized – or directly into the mouth of the piglet – which requires training to
prevent aspiration of �uid into the lungs. Furthermore, these studies evaluated only vaccines with one or two �mbrial antigens, which
may not be su�cient to generate immunity against E. coli strains that do not speci�cally express these �mbriae [27,28].

It is very important to ensure complete immunity to the animal. In the present study, the vaccine used had antigens F4, F5, F41, F18, F6,
LT, STa, VT and Hly. These are common antigens expressed by pathogenic E. coli from farms, as has already been described in several
studies [29–32] and by the present study, in which strains of E. coli were identi�ed expressing the factors F18, F41, LT, Hly, STa and
others that were not contemplated by the vaccine: eae and STb.

This was also the �rst study that looked for virulence factors of E. coli in three types of sample: stool, intestinal swab and intestine
fragment – ileum and colon. This translates into very sound results, as the method minimizes the chance overlooking traces of the
pathogenic form of this bacterium if present. We have found different results for samples collected at the same time (swab and
fragment) regarding the presence or absence of different virulence factors. 

Using these three types of samples, we have found that the vaccine applied directly to piglets reduced the amount of positive animals
for pathogenic E. coli. This shows, for the �rst time, that this type of immunization can be used as a control tool for post-weaning
colibacillosis, and that its effect is lasting until slaughter. This conclusion can be extracted from two facts: there were no animals in
the vaccinated group in the farm that tested positive for E. coli in fecal samples and the positive samples collected from intestinal
swab and intestinal fragment in the slaughterhouse were less than in the control group.

 One point that could be raised as a weakness of our study is the smaller amount of diarrheal stool samples collected in the
Vaccinated Group; however, this reinforces the hypothesis that the vaccine is effective, since feces were collected only from diarrheic
animals, indicating a lower diarrhea rate in the vaccinated group.

Regarding the genes of virulence factors, only six of the 12 surveyed were found, following the order of prevalence: LT (18 of the 41
positive samples – 43.9%), eae (9 of 21 positive samples – 42.8%), STb (8 of 21 positive samples - 38.1%), F41 (13 of 41 positive
samples - 31.7%) and STa (13 of 41 positive samples - 31.7%), Hly (3 of 21 positive samples - 14.28%) and F18 (1 of 41 positive
samples - 2.43%).

Among these virulence factor genes, the only three genes that encode the expression of adhesin proteins are eae - encodes intimin, F18
and F41 [33,34]. Almost half of the isolates (48.8%) did not express any gene responsible for the adhesion, but this does not mean that
these bacteria are not able to bind to host cells, but that probably the genes responsible for the adhesion were not contemplated in the
present study. Still, according to Liu et al. (2014) [29], there may be a gap in the virulence factors already described, because they also
found isolates that did not express any known adhesins and could bind in the intestine and cause diarrhea in piglets.

The STa, STb and LT genes encode homonymous enterotoxins, described as the most present in diarrhea caused by E. coli in stages
after weaning [35]. This con�rms the results of the present study, as these were the only enterotoxins identi�ed. However, the
signi�cant difference between groups occurred only in the ileum and colon tissue samples for the LT factor; this is probably due to the
greater number of tissue samples when compared to the number of stool samples and mucosal swabs. Furthermore, the sensitivity of
PCR in feces is lower due to the large number of inhibition factors [36].

Hemolysin, encoded by the Hly gene, gives E. coli the characteristic of causing hemolysis. In several studies in which the prevalence of
pathogenic E. coli virulence factors was estimated, the search for hemolysin was not contemplated [31,37,38]. In the present study,
about 15% of the isolates had this gene. This is not a high percentage, but this data shows that Hly virulence factor has some
importance in colibacillosis of nursery and �nishing animals.

In addition, all of the isolates that presented two or more virulence factors belonged to the control group. Virulence factors have a
synergistic effect and, therefore, the greater the number of factors expressed by an isolate, the greater its pathogenicity [29]. This
shows that vaccination in the piglet, in addition to reducing the prevalence of E. coli, also prevented colonization of the intestine by
more pathogenic isolates.
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Regarding the pathogens of PEDC, only the bacterium L. intracellularis was identi�ed. The high prevalence of co-infection of E. coli and
L. intracellularis is signi�cant. As 100% of Control group gut tissue samples were positive for L. intracellularis and 75% of these same
samples were positive for E. coli, we can infer that 75% of these animals were concomitantly positive for both bacteria. To date, studies
have identi�ed co-infection of E. coli and L. intracellularis in a maximum of 31.6% of pigs [39–41]. It is likely that this great difference
between studies is justi�ed by the type of sample used, since all the studies mentioned used feces for the diagnosis of L.
intracellularis. As its excretion is intermittent [42], the sensitivity in tissue fragments is higher. This also leads us to conclude that the
prevalence of co-infection of E. coli and L. intracellularis is higher than was estimated in previous studies.

In addition to this, the amount of DNA copies of L. intracellularis was up to 20,000 times higher in the Control group than in the
Vaccinated group. This may evidence the existence of an association between E. coli and L. intracellularis, because animals from the
vaccinated group that had a lower amount of pathogenic E. coli in the intestine had also a drastic reduction of L. intracellularis. E. coli
breaks the homeostasis of the intestinal microbiota, favoring colonization and increased intensity of L. intracellularis infection [1,43].

In this context, the results also rea�rm that vaccines against a speci�c enteric pathogen can reduce colonization and excretion of
other enteric pathogens. Leite et al. (2018) [44] and Meschede (2014) [45], when vaccinating pigs against L. intracellularis, observed a
reduction in the prevalence and excretion of Salmonella sp. Regarding the E. coli vaccine, this is the �rst study that shows this ability,
showing that this vaccine can also help in the control of swine proliferative enteropathy, serving as an alternative for the control of this
infection.

5. Conclusions
The results indicate that the E. coli vaccine for piglets may be a strategy to control E. coli infection. That may be an alternative to the
vaccination of sows to protect the piglet, which is effective for the �rst weeks of life but probably not for older pigs. Furthermore, L.
intracellularis and E. coli, being components of the PEDC, have interactions between them. When the vaccine protects the animal
against E. coli infection, reducing E. coli colonization, it also affects L. intracellularis, reducing the colonization of the last one in the
intestine. Due to that, E. coli vaccines emerge as a probable strategy to help control L. intracellularis and, maybe, other enteric
pathogens of pigs not evaluated in this study.
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