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Abstract: The aim of this study was to evaluate under field conditions the efficacy and safety of Vepured, a new recombinant
vaccine against Edema Disease in pigs. The study was conducted on five commercial farrow-to-finish pig farms, which had
historical records of clinical signs and presented F18-positive E.coli producing VT2e. The study was designed as a multicenter,
randomized, placebo-controlled, blinded field trial comparing Vepured vaccine to a placebo (phosphate-buffered saline).
Animals, at the age of 2-3 days, were administered intramuscularly with ImL of Vepured (n=945) or with 1mL of
phosphate-buffered saline (n=824). After product administration, animals were followed-up until slaughter. During this period,
several efficacy and safety parameters were evaluated. On each farm, animals from both groups were held in the same unit and
subjected to the same husbandry practices throughout the study. Clinical outbreaks of edema disease were only reported on four
farms. On these farms, vaccination with Vepured resulted in a statistically significant reduction in both the mortality rate and the
occurrence of clinical signs related to the disease. A statistically significantly higher mean growth performance was also reported
in the vaccinated group compared to the placebo group. In the farm without clinical outbreak of edema disease differences were
also observed in growth performance in favor of the vaccinated group. No systemic reactions were observed during or
immediately after vaccination with Vepured. Only mild transient local reactions, and slight clinically non-relevant temperature
increases were reported in some animals. The results obtained in this study demonstrate that vaccination with Vepured is safe and
efficacious against naturally occurring edema disease infection.
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The clinical manifestations of ED include palpebral edema,
neurological signs such as ataxia, convulsions, paralysis and
rigidity, and death [4-6]. The gross lesions of ED include
subcutaneous edema, most often in the eyelids and face, and
edema in the submucosa of the stomach, particularly in the
glandular cardiac region. Moreover, the mesocolon of affected
animals is commonly edematous. In addition, these animals
usually have a decrease in weight gain, causing financial
losses on commercial farms [6, 7].

Control of ED can be based on antimicrobial therapy.
However, the efficacy of antibiotics usually comes too late

1. Introduction

Edema disease (ED) is an enterotoxemia caused by certain
Escherichia coli (E.coli) colonizing the small intestine and
producing verotoxin 2e (VT2e, also known as Stx2¢) [1]. This
toxin is absorbed from the intestine into the bloodstream
where it damages the endothelial cells in target tissues [2, 3].
The endothelial cell damage induces an increase in vascular
endothelium permeability resulting in edema. ED is mainly
observed in recently weaned piglets, although it can also be
observed during the growing and finishing phases [1].
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because VT2e has already been absorbed into the circulation
when clinical signs become apparent [1, 2]. Furthermore, with
ongoing international pressure to decrease antibiotic use in
agriculture owing to its perceived link to increasing antibiotic
resistance [8-11], development of efficacious vaccines is
required to induce a protective immune response against this
disease.

Extensive research is ongoing to develop safe and effective
vaccines to prevent ED [12-14]. As a consequence of this
extensive research, different vaccines have been registered in
the last years. Edema vac (ARKO Labs) is composed of an
avirulent live E.coli, for vaccination of 18-day-old piglets, that
has demonstrated reduction of mortality associated with ED.
Ecoporc Shiga (IDT) is composed of recombinant Stx2e with
aluminum hydroxide as adjuvant. It is administered to
4-day-old piglets, and confers a protection from 21 to 105
days after vaccination, reducing clinical signs and mortality
associated with ED [15]. Vepured (HIPRA) is a new
single-dose vaccine composed of a purified recombinant
VT2e with aluminum hydroxide and DEAE-Dextran as
adjuvants [16]. In pre-clinical trials performed under
experimental conditions, this formulation was confirmed to be
safe when administered to 2-day-old piglets, conferring them
effective protection against VT2e-induced toxemia, reducing
clinical signs and preventing mortality from 21 days to at least
112 days after vaccination [17]. However, clinical trials were
needed to confirm the efficacy of Vepured against ED under
natural infection.

The present clinical trial was performed in order to confirm
the efficacy and safety of Vepured against ED when
administered under field conditions.

2. Materials and Methods

The study was approved by the French National Agency for
Medicines and Health Products Safety (ANSM) (License no.
EC-00761-0) as well as by the Belgian Federal Agency for
Medicines and Health Products (FAMHP) (License no.
0002387). A written informed consent was signed by the
participating farm owners prior to the enrolment of their
animals in the study. The study was conducted in compliance
with the Good Clinical Practice Guidance Document (VICH
GL9) [18].

2.1. Test Product

Vepured vaccine (HIPRA). 1 mL of Vepured vaccine

contains 600 UEMA (ELISA Units of Antigenic Mass) of
recombinant VT2e adjuvanted with 2,117 mg of aluminum
hydroxide and 10 mg of DEAE-Dextran.

2.2. Farms and Animals

The study was carried out by three teams of swine
practitioners on five commercial pig farms; three in France
and two in Belgium. The five farms were selected after
confirming they fulfilled the following selection criteria: to
have had historical records of clinical signs and mortality due
to ED, and to have been confirmed the presence of
F18-positive E.coli producing VT2e on fecal samples of
animals from a previous batch.

The five farms were farrow-to-finish with a farrowing
rhythm of 3-weeks. Animals were weaned at 21 days in all
farms. Space, feeding and water requirements were met
according to the regulatory requirements. Standard diets
corresponding to each production phase were administered to
the animals in all farms.

A total of 1,769 new-born piglets were included from July
to August 2015 after confirming they fulfilled the inclusion
criteria: to be clinically healthy, to be 2-3 days old at
vaccination and to have a body weight > 1 kg.

2.3. Study Design

The study was designed as a multicenter, randomized,
placebo-controlled, double blinded field trial comparing
Vepured vaccine to a placebo (phosphate-buffered saline).

One day before vaccination, piglets on each farm were
ear-tagged and randomly allocated into two groups: Vepured
group and placebo group, stratifying by sow and weight. The
randomization ratio was 1:1, except for one farm where an
unequal ratio was implemented at the request of the owner of
the animals as a condition for their inclusion in the study.

Piglets were administered the products at 2-3 days of age.
Animals in the vaccinated group (n=945) were inoculated with
ImL of Vepured and piglets in the placebo group (n=824)
received the same amount of phosphate-buffered saline (Table
1). Both products were administered intramuscularly in the
neck area.

To achieve blinding, one member of each team of
practitioners oversaw product administration according to a
blinding code provided by the sponsor while the other
members were in charge of the follow-up of animals, being
unaware of product identity until the end of the study.

Table 1. Demographic details and clinical characteristics for each group.

Farm Treatment Number of pigs (n) Qutbreak period (age of pigs)
1 P

z e o

; o 2

: rate ;zz

5 Placebo 181 No outbreak observed
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Farm Treatment Number of pigs (n) Qutbreak period (age of pigs)
Vepured 181

Safety Placebo 824

Population Vepured 945

Efficacy Placebo 643

Population* Vepured 764

* Animals from farm without outbreak (Farm 5) have been withdrawn in this population

After product administration, animals were followed-up
until slaughter. During this period, several efficacy and safety
parameters were evaluated. Intestinal swab samples from dead
piglets and feces samples from animals with clinical signs
were collected for bacteriological confirmation of the clinical
outbreaks of ED. In case of absence of animals with clinical
signs, fecal samples where obtained before slaughter in order
to check the possible presence of Verotoxigenic E.coli
(VTEC).

On each farm, animals from both groups were mixed in
different pens and subjected to the same husbandry practices
throughout the study.

2.4. Analysis Populations

The efficacy population was defined as the set of all animals
allocated in those farms presenting an outbreak of ED.

The safety population was defined as the set of all animals
being administered either the vaccine or the placebo,
independently on the presence of an outbreak of ED in the
corresponding farm.

2.5. Study Outcomes

2.5.1. Efficacy

The primary outcomes of the study were ED mortality and
occurrence of clinical signs of ED (dyspnea; palpebral or
throat edema; tremors; extensor rigidity; paralysis;
opisthotonos). Every day during the whole study, the farmer
registered clinical signs of ED and the mortality. The
diagnosis of mortality due to ED was based mainly on the
clinical signs observations before death, and on the necropsy
findings and bacteriological confirmation in case of sudden
death. Necropsies of animals that died were performed by the
corresponding veterinarian in each farm.

The secondary outcome of the study was growth
performance at the end of fattening. Animals were also
weighed one day before product administration and on days
28,42 and 115. In this sense weight at other periods was also
analysed for descriptive reasons.

2.5.2. Safety

Occurrence of systemic reactions related to vaccination was
monitored in all the animals included in the study. Rectal
temperatures and local reactions at the injection site were
recorded one day before vaccination, just before vaccination,
4 h, 24 h and 48 h after vaccination in 120 animals per group
randomly selected among the farms included. Assessment of
local reactions at the injection site included presence or
absence of inflammation and nodules. In case of presence of
local reactions, the extension of the lesions was measured.

Body weight increase between the day of vaccination and day
28 after vaccination was also evaluated.

In addition, mortality by different causes other than those
related to ED was compared between groups.

2.6. Analytical Procedures and Tools

2.6.1. Bacteriological Diagnosis

Rectal swabs from piglets with clinical signs or from
healthy piglets at the end of fattening (in case of no clinical
outbreak of ED) as well as intestinal content from piglets
necropsied during the study were inoculated into SmL of
peptone water and incubated at 37°C overnight. Then, samples
were cultured overnight at 37°C on blood agar plates and on
MacConkey agar plates. The blood agar plates were used to
evaluate the presence of hemolytic E.coli in the samples. The
cultured samples on MacConkey agar plates were used for
confirming the presence of virulence factors related to VT2e
producing E.coli (adhesion F18 and toxin VT2e) by PCR.

The criteria used to identify VTEC as the causative agent
were a nearly pure culture of hemolytic E.coli in blood agar
plate and the presence of F18 and VT2e genes (virulence
factor).

2.6.2. Detection of VTEC Virulence Factors by PCR

Bacterial samples from MacConkey agar plates were
suspended on ImL of PBS. DNA from all bacteria-suspension
samples was extracted using InstaGene" Matrix. Sterile PBS
was used as a negative extraction control. All extracted
samples, sterile water (PCR negative control) and known
positive DNA from previous extraction (PCR positive control)
were analyzed by multiplex PCR. The primers used in the
multiplex PCR (Table 2) and multiplex PCR protocol used
were previously described [19].

Table 2. PCR primers used to amplify FI18 and VI2e genes of E.coli in this
study.

Primer  Forward primer (5’-3°) Reverse primer

VT2e cgg tat cct att ccc agg agt tta cg gle e cgg cgt cat cgt ata
aac ag

F18 tgg cac tgt agg aga tac cat tca gc j:z zi ace acc it cag lig

Briefly, the QIAGEN Multiplex PCR Kit was used to
amplify the genes for VT2e and F18 by mixing PCR primers
in a multiplex PCR reaction by following the manufacturer’s
instructions. The multiplex PCR was completed by an initial
heat activation of 15 min at 95°C, then 25 cycles of 30 s at
94°C, 90 s at 63°C, and 90 s at 72°C; and an extension of 10
min at 72°C.

Multiplex PCR products were separated in a 1.5% agarose
gel. References of positive control strain (VTEC 107/86) and
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100 base-pair DNA ladder (New England BioLabs) were used
to identify amplified products. Amplified PCR products were
visualized with Gel Red 1.5X (Biotium) under an UV
illuminator, and recorded using Doc-PrintVX5 (Vilber).

2.7. Statistical Analysis

The experimental unit in the study was the piglet. The
minimum sample size per group was estimated by a
simulation of the expected results by the software Ene 3.0
[14-20]. Based on data from previous studies [15-21, 16-22],
assuming a 6% mortality rate in the placebo group and an 80%
lower rate in the vaccinated group (1%) on the farms affected
by an outbreak of ED, the minimum total number of animals
needed to detect, by means of a chi-square test for proportions,
statistically significant differences between groups with a
significance level of 5% and a power of 80% was 422 (211
pigs per group). Assuming a moderate incidence of outbreaks
of ED among the participating farms and in order to achieve
sufficient external validity, a total of five commercial farms
(1,769 pigs) were finally included to achieve the minimum
total sample size to evidence statistically significant
differences, in the event some of the farms did not present an
outbreak.

The software used for the statistical analysis was SAS
Software v9.4 (SAS Institute Inc, Cary, NC, USA).
Quantitative variables were summarized using mean, standard
deviation and sample size, while qualitative variables were
summarized using relative and absolute frequencies. The
significance level for all tests performed during the statistical
analysis of data was set at alpha = 0.05. Binary response

variables (Mortality by ED, Mortality by other causes and the
presence of at least one clinical sign related to ED) were
analysed by means of a generalized linear mixed model with
binary response and logit link considering treatment group as
a fixed effect and farm as a random effect. Lsmeans with the
inverse logit transformation were used to estimate the
corresponding incidences in both groups. Quantitative
variables (body weight at D-1, D28, D42, D115 and at the end
of fattening and rectal temperature at 4h) were analyzed by
means of a linear mixed model considering Farm as a random
effect. Both variables referred to body weights were analysed
after a log-transformation of values.

No interactions between farm and treatment were found in
any of the models described. All models were validated using
graphical analyses of the residuals.

Finally, in order to describe in detail the response variables,
summaries were also presented at farm level.

3. Results
3.1. Assessment of Efficacy

Clinical outbreaks of ED were reported on four out of the
five farms after observing mortality and clinical signs related
to the disease (Table 1). In the four farms, presence of
F18-positive E.coli producing VT2e was confirmed by
bacteriological diagnosis in intestinal contents of dead piglets
and feces from animals with clinical signs (Table 3). On these
farms all the study outcomes were evaluated.

Table 3. Summary of fecal and intestinal samples analyzed by bacteriological diagnosis.

Number of positive samples for F18

Farm Treatment Number of piglets affected by ED  Number of analyzed samples and VI2e genes

1 Placebo 8 2 2 (100%)
Vepured 1 1 1 (100%)

) Placebo 8 6 6 (100%)
Vepured 0 0 0

3 Placebo 13 6 6 (100%)
Vepured 0 0 0

4 Placebo 16 13 12 (92%)
Vepured 4 3 3 (100%)

5 Placebo 0 15 10 (66%)
Vepured 0 20 6 (30%)

Neither clinical signs of ED nor mortality were observed on the farm 5 although F18-positive E.coli producing VT2e was
detected in 46 % (16/35) of the feces samples collected from animals before slaughter. In this case, only the safety outcomes were

evaluated.

3.1.1. Mortality

ED mortality was statistically significantly lower in the vaccinated group than in the placebo group (0.3% vs 4.0%; OR=16.06;
P <.001) (Table 4). ED mortality in the placebo group was observed on all farms whereas ED mortality in the vaccinated group
was only observed on two farms, where one death attributable to the disease was reported per farm.

Table 4. Mortality attributed to Edema Disease.

Farm Treatment Number of pigs (n) Number of pigs that died due to Edema Disease (%)
1 Placebo 223 7@3.1)

Vepured 224 1(0.4)
) Placebo 120 6 (5)

Vepured 120 0 (0)
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Farm Treatment Number of pigs (n) Number of pigs that died due to Edema Disease (%)
3 Placebo 120 7(7)
Vepured 121 0 (0)
4 Placebo 180 6 (3.3)
Vepured 299 1(0.3)
Placebo 643 26 (4.0)
Al Vepured 764 2(0.3) (P=<.001)

*Overall comparison p value for Generalized Linear mixed model with binary response and Farm as random effect. Results are statistically significant if the P
value <.05.

Mortality attributed to other causes (evaluated considering the safety population) was not significantly different between
groups, being 5.4% in the placebo group and 5.4% in the vaccinated group (OR=1.01; P=0.954).

3.1.2. Occurrence of Clinical Signs

Clinical signs of ED were observed in 6.5% of the pigs in the placebo group but in only 0.6% of pigs vaccinated (Table 5). The
reduction in the incidence of clinical disease in the vaccinated group was statistically significant (OR=11.19; P <.001). Similar to
mortality, clinical signs of ED in the vaccinated group were observed on only two farms.

Table 5. Summary of animals showing Edema Disease Clinical Signs.

Farm Treatment Number of pigs (n) Number of pigs with Edema Disease Clinical Signs (%)
| Placebo 223 8 (3.6)
Vepured 224 1(0.4)
) Placebo 120 7 (5.8)
Vepured 120 0 (0)
3 Placebo 120 11(9.2)
Vepured 121 0 (0)
4 Placebo 180 16 (8.9)
Vepured 299 4(1.3)
All Placebo 643 42 (6.5)
Vepured 764 5 (0.6) )

Overall comparison P value for Generalized Linear mixed model with binary response and Farm as random effect. Results are statistically significant if the P
value <.05.

Among animals with clinical signs of ED, 61.9% (26 out of

42) died in the placebo group and 40% (2 out of 5) died in the ~ 3-1-3- Growth Performance o .
vaccinated group. Differences between groups regarding animal weights were

The most prevalent clinical signs were palpebral edema (34 ~ 0bserved at D42 (£=0.009), D115 (P<0.001) and at the end of

animals in the placebo group vs 2 in the vaccinated group) and  fattening (2<0.001). ‘ )
paralysis (12 animals in the placebo group vs none in the Data summarized for each farm show that differences in body

vaccinated group). weight between vaccinated and placebo groups were observed
after ED outbreaks, as shown by weights at day 115 on the
three farms where the outbreak occurred later and at day 42 on
the farm where it occurred earlier (35-56 days) (Table 6).

Table 6. Evolution of animal weights in farms with clinical Edema Disease (Mean + SD).

Farm Treatment d-1 d28 d42 d115 End of fattening

1 Placebo 2.26+0.54 8.66 £ 1.52 13.98 +£2.61 64.69 £ 11.2 101.44 £ 15.24
Vepured 2.29+0.58 8.62 +1.81 14.01 £3.15 66.69 +10.99 105.42 £ 13.76

) Placebo 2.04 +0.45 8.87+1.73 13.87 £2.66 62.90 £9.07 109.84 £ 11.12
Vepured 2.05+£0.45 920+ 1.78 1425+2.42 65.84+£7.92 113.27 £11.89

3 Placebo 1.82 +£0.46 6.5+1.35 14.61 £2.71 59.42 £9.55 97.67 +13.63
Vepured 1.84+0.5 7.23+2.01 14.69 +3.27 62.47 £9.59 101.46 + 12.96

4 Placebo 1.95+0.37 7.05+1.18 9.57+2.01 57.22+85 110.93 +13.77
Vepured 1.98 £0.37 6.93+1.16 10.47 £1.85 60.27£9.17 115.45+13.60
Placebo 2.01+0.47 7.71 £1.69 12.67 +£3.28 60.62 +£9.96 105.54 + 14.81

All Vepured 2.03 +£0.49 7.77£1.82 13.04 +£3.21 63.5+9.81 109.64 + 14.35
P value’ 0.584 0.799 0.009 <.001 <.001

SD: standard deviation.

" P values for overall group comparison at fixed times using a Linear mixed model with farm as a random effect. Results are statistically significant if the P value
<.05.

On the farm where clinical ED was not observed, no  differences in body weight were observed between the
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vaccinated and the placebo group before vaccination, on 28
and 42 days after vaccination. However, body weight was
higher in the vaccinated group than in the placebo group on
day 115 (58.49 kg vs 55.27 kg) and at end of fattening (110.06
kg vs 106.24 kg).

3.2. Assessment of Safety

No systemic reactions related to the vaccination were
observed during the study. Regarding to local reactions, only
mild transient inflammation at the injection site (maximum
1.5 cm) was observed at the time point of higher incidence
(four hours after vaccination) in both the vaccinated and the
placebo groups. Specifically, 35% of the vaccinated animals
and 14% of the placebo animals showed mild transient
inflammation that spontaneously resolved without treatment.

Mean rectal temperature in the vaccinated group increased
slightly four hours after vaccination and returned to baseline
values after one day. When compared to the placebo group, no
relevant differences in the mean temperature increase with
respect to the baseline values were observed after vaccination.
The maximum individual temperature increase in the first two
days in the vaccinated group was 1.09°C.

Finally, regarding body weight progression, no differences
between the vaccinated and the placebo groups were observed
on day 28 after vaccination, confirming absence of effect of
the vaccine on this parameter.

4. Discussion

The efficacy of Vepured vaccine was previously tested in
2-day-old piglets after an experimental toxin challenge [17].
Although an experimental toxin challenge is a well described
approach for evaluating efficacy of vaccines against ED [5,
14], clinical field studies are necessary to evaluate the efficacy
of the vaccine against a natural infection, when F18-positive E.
coli producing-VT2e colonize the intestinal tract of the
animals.

In this study vaccine efficacy against ED was evaluated on
five commercial farms under field conditions. Clinical
outbreaks of ED were reported in four out of five farms, from
14 to 49 days after weaning, which is the period when
F18-positive E. coli producing-VT2e strains most often cause
ED [1]. During the ED outbreak, animals had palpebral edema,
and neurological dysfunction and some died, which are the
typical signs described for ED [1, 4, 5] and result from
microangiopathy and vascular necrosis caused by VT2e [1].

In farms with ED, the mortality rates were 0.3% and 4.0%
for vaccinated and placebo groups respectively (OR=16.06; P
< 0.001) and clinical signs related to ED were 0.6% vs. 6.5%
for vaccinated and placebo groups respectively (OR=11.19; P
<0.001). These results are in line with results obtained in the
previous efficacy study, where vaccination with Ecoporc
Shiga in a farm with problems of ED reduced overall mortality
(1.3% vs 7.7%; OR=6.27) [22]. These results confirm that
vaccines containing recombinant VT2e are able to protect
piglets form ED.

Also, these results are in line with those obtained in the

previous efficacy study performed with Vepured, by using an
experimental toxin challenge [17]. In that study, mortality in
the vaccinated was lower than in the placebo group (0% vs
92.3%), and the percentage of piglets showing clinical signs
after challenge was also lower in the vaccinated group than in
the placebo group both at 21 days after vaccination (57.14%
vs 100% ) and at 112 days after vaccination (14.2% vs 100%).
The reductions of mortality and clinical signs were higher in
the experimental study than in the clinical trial since
experimental conditions guaranty the correct infection of all
animals.

Vaccination with Vepured also improved body weight
performance in farms with ED outbreak, at the end of
fattening from 105.54 + 14.81 kg to 109.64 + 14.35 kg (P <
0.001), corresponding to 4.2 kg/pig in average for animals
alive at the end of study.

Therefore, the results of the study confirm that vaccination
with Vepured prevents the negative effects of natural infection
with F18-positive E.coli producing-VT2e on growth
performance, as previously described by other authors [6, 21,
23, 24].

In previous studies, reduction in weight gain without
clinical signs of ED in farms with F18-positive E.coli
producing-VT2e has been described as subclinical ED [1, 14,
25]. In this study, at day 115, animals from the placebo group
from the farm without ED outbreak had statistically lower
weight gain than vaccinated animals, and F18-positive E.coli
producing-VT2e was detected in feces. These results suggest
that this farm may have had a subclinical infection. However,
no histopathological analysis looking for microvascular
lesions described in subclinical cases of ED was performed in
the present study to confirm it. In line with a previous report
where an experimental vaccine was tested in a subclinical ED
experimental model [14], in the present study it was
demonstrated that intramuscular administration of an
inactivated vaccine improved growth performance (3.82
kg/pig) even on the farm where no clinical signs or mortality
related to ED were observed among the animals.

5. Conclusion

According to the results obtained in the present field study it
can be concluded that Vepured is a really safe and effective
new recombinant vaccine against naturally occurring ED
infections. Vaccination of piglets with Vepured in farms
endemic to F18-positive E.coli producing VT2e, with
historical records of clinical signs of ED, mainly results in a
reduction in both the mortality rate and the occurrence of
clinical signs, as well as in an improvement in growth
performance at the end of fattening. In addition, the results of
the study suggest that vaccination with Vepured also has a
beneficial effect, in terms of growth performance
improvement, in farms endemic to FI18-positive E.coli
producing VT2e although without clinical signs of ED.
Nevertheless, further research should be done in order to
confirm this hypothesis.
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