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Introduction

Infection with pathogenic Escherichia coli is a common cause of
diarrhea in suckling pigs worldwide and is becoming an important and devastating disease for swine producers. It is also responsible for a substantial economic impact on farms worldwide, due
to high morbidity, mortality and reduced growth rates.1 In some
studies, conducted in Europe, diarrhea is estimated to account
for 5-24% of overall pre-weaning mortality and to reduce average
daily gain (ADG) by 8-14 g per day.2,3 Based on these effects, the
cost of neonatal diarrhea was recently estimated to be €134 per
sow per year.4 There are different products on the market that will
help us to control neonatal diarrhea through vaccination. Suiseng, which is one of the vaccines involved in this trial, is a subunits vaccine that contains purified adhesion factors (F4ab, F4ac,
F5 and F6) and the heat-labile toxin (LT) of Escherichia coli, the
β toxin of Clostridium perfringens type C, to prevent neonatal
diarrhea in piglets through passive immunization, and the
α toxin of Clostridium novyi, to protect sows suffering from sudden death by active immunization. Moreover Suiseng includes
a new, state-of-the-art adjuvant, Hipramune G, based on ginsenosides, saponins from ginseng root, which enhances an animals’
antigen presentation process.5 An increase in the number of
APCs (antigen-presenting cells) and the amount of antigen on
their surface is one of the keys in the ability of adjuvants to increase the effectiveness of vaccines.6 On the other hand, the other
vaccine used in this comparative study, Vaccine B, which is a pure
bacterin, contains Escherichia coli adhesion factors F4, F5, F6 and
F41, and the β toxin of Clostridium perfringens type C, with an
aluminum hydroxide adjuvant.
The aim of this study was to assess and compare the safety and
efficacy performance of two commercial vaccines registered in
Canada, under field conditions, on a commercial farm where
E. coli was found to be the source of diarrhea.

Materials and methods
Experimental design and vaccination regimens

Sixty gilts were selected for this study from a farrow-to-wean
farm with 1000 sows, located in Manitoba (Canada). Since the
farm had a 4-week batch farrowing system, two consecutive
batches of 30 gilts were selected and randomly divided into
two groups. The first batch was divided into groups 1A, n = 15,
Vaccine A (Suiseng) and 1B, n = 14, Vaccine B, and the second
batch was divided into groups 2A, n = 15, Vaccine A (Suiseng)
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and 2B, n = 15, Vaccine B. The gilts enrolled in each group were
identified by a spray marker, as were the piglets that those sows
adopted from other sows not included in the study; they were
ear notched so as not to include them in the final production
parameters.
Among the selection criteria of the farm included in the protocol,
the commercial farm under study had to be one affected by neonatal diarrhea caused by colibacillosis, i.e., more than 5% of the
litters had to be affected by E. coli or Clostridium perfringensinduced neonatal diarrhea.
Fecal samples from piglets suffering from diarrhea were sent from
the candidate farm to Hipra’s Diagnos Laboratory (Spain).
Thus, samples from 9 piglets were sent on 3 FTA (Fast technology for analysis of nucleic acids) ELUTE cards (Whatman Inc.,
Florham Park, NJ). A multiplex polymerase chain reaction
(PCR) test, adapted from previous studies,7,8 was performed to
detect genes encoding F4, F5, F6 adhesion factors and LT of
E. coli, and the β-toxin of Clostridium perfringens type C.
The vaccination protocol consisted of two doses by the intramuscular route 6 and 3 weeks before farrowing. Primary vaccination
and revaccination were administered to the first batch on April
4th and 25th 2016, respectively; and May 2nd and 23rd 2016 in the
second batch.
All the procedures described were performed following the
guidelines from the Canadian National Farm Animal Care
Council – Code of practice for the care and handling of pigs.

Safety and efficacy

Several parameters were assessed to evaluate and compare the
safety and efficacy of both products. The first safety parameter
evaluated was the body temperatures of all the animals involved
in the study in relation to the first vaccination and revaccination.
Temperatures were taken at the following times: the day before
vaccination (-24h), time before vaccination (0h), 6 hours after
vaccination (6h), one day after vaccination (24h) and two days
after vaccination (48h). The basal temperature was obtained from
the mean of temperatures recorded on -24h and 0h. These data
were used to obtain the mean body temperatures of each of the
groups and the temperature increases produced by vaccination.
The second parameter tested was that of local reactions at the injection site and two variables were used: Swelling or No swelling.
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Lastly, the third parameter evaluated was that of general type
reactions, using 7 different variables: Type 1 prostration, Type 2
prostration, Type 3 prostration, Anorexia, Death, Abortion or
No systemic reaction.
To evaluate efficacy, piglets from gilts vaccinated with both
products were monitored throughout the lactation period (mean
of 19.49 ± 1.35 days). The following were evaluated as primary
parameters: litters affected by diarrhea and piglets affected by
diarrhea. The secondary parameters evaluated were: mortality of
suckling piglets, the daily average weight gains of those piglets
and, if they had diarrhea, to determine its causes.

Statistical methods

A statistical analysis of the results was undertaken at the University
of Girona Statistics Department to compare the results of both the
safety and efficacy of the vaccine. The statistical analysis consisted
of a case-control study. SPSS software v.19 (SPSS Inc., Chicago,
IL) was used to read, process and obtain results.
In the event that the quantitative variables were normal, a
Student’s t-test was used to compare the null and alternative
hypotheses. In the case of non-normality, a non-parametric MannWhitney U test was used to compare the medians. The
contingency table for two qualitative variables and chi-square test
were used for qualitative variables to compare whether the two
variables were independent or were related. Data are expressed as
mean ± S.E.M. Statistics deci-sions were made using a significance
level value of 0.05.

Results
Temperature measurements

Regarding the comparison of safety, the mean body temperature
after vaccination always remained lower in the groups vaccinated
with Suiseng than in the groups vaccinated with Vaccine B. The
mean body temperatures of all the groups before and after vaccination are summarized in Figure 1.
In the first batch vaccinated (baseline temperature was 37.98°C
at the first vaccination and 37.95°C at revaccination), statistically significant differences were found at 6 hours after the first
vaccination (Figure 1A): 38.41°C in 1A and 38.94°C in 1B
(Mann-Whitney U test, P-value < 0.001) and 6 hours after revaccination (Figure 1B): 38.13°C in 1A and 38.40°C in 1B (Student’s t-test, P-value < 0.05).
In the second batch vaccinated (baseline temperature was 37.94°
C at the first vaccination and 37.93°C at the time of
revaccination), statistically significant differences were found 6
hours after the first vaccination: 38.15°C in 2A and 38.51°C in
2B (Student’s t-test P-value < 0.05) and 48 hours after the first
vaccination (Figure 1C): 37.75°C in 2A and 38.10°C in 2B
(Student’s t-test, P-value < 0.05).

0.98°C 6 hours after the first vaccination, whereas group 1A showed
a mean increase of 0.41°C (Student’s t-test, P-value < 0.05).
In relation to the other monitored parameters relating to safety,
no local type reactions were reported in either group. With regard to general type reactions, results for all the groups are summarized in Table 1.
Remarkable general type reactions were only observed in one
animal in group 2B that began with grade 2 prostration (response
only to strong stimuli) and anorexia by 6 and 24 hours, respectively, after the primary vaccination. Subsequently, the animal
exhibited vaginal discharge by 48 hours’ post-vaccination and
finally aborted its fetuses (16 fetuses were counted) (Figure 2).

Incidence of neonatal diarrhea

The 3 FTA cards evaluated were positive for the E. coli F4 adhesion factor; thus, in the end, it was decided to include this candidate farm in the study.
The results from litters and piglets with diarrhea were evaluated
to compare vaccination efficacy. In the first batch, two litters
from group 1A were affected (13.4% of litters) amounting to a
total of 3 affected piglets (1.6% of the total of weaned piglets in
the group). In group 1B, five litters were affected (35.7% of litters) amounting to a total of 39 animals (22.4% of the total number of piglets in the group).
In the second batch of gilts, a total of 7 piglets were affected by
diarrhea (3.8% of all weaned piglets in the group) in two litters
(13.4% of litters) in group 2A. In group 2B, 25 animals were affected by diarrhea (18.2% of weaned piglets in the group) in six
litters (46.1% of litters).
The piglets with diarrhea did not require any specific antibiotic
treatment and they were simply administered potato starch as an
alternative approach to limit symptomatic incidence of scouring.
In this study, the use of antibiotic was not at all needed, with no
detrimental concerns on animal welfare. In addition, fecal samples were taken from 21 piglets that had diarrhea in both vaccinated groups and analysis showed that 86% of the samples were
positive for F4, 57% were positive for F5 and 29% of the samples
were positive for LT.

Production parameters

Production parameters are presented in Table 2. There were
no substantial differences between groups regarding mortality
and most animal deaths were due to them being non-viable or
crushed. The reduced trend in born alive piglets, birthweight,
weaned piglets and weaning weight in group B was due to the
fact that there was initially one animal fewer in group 1B (random group split up) and two fewer animals in group 2B (one
aborted 48 hours after the first vaccination and one animal euthanized at farrowing date due to dystocia).

Regarding the body temperature increases that occurred after vaccination (data not shown), group 1B showed a mean increase of
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Figure 1: The effect of vaccination on the body temperature of gilts vaccinated with Vaccine A (Suiseng) or Vaccine B.
Temperatures (°C) were monitored the day before vaccination (-24h), time before vaccination (0h), 6 hours after vaccination (6h), one day after vaccination (24h) and two days after vaccination (48h). Body temperatures of (A) batch 1 gilts
after first vaccination, (B) batch 1 gilts after revaccination, (C) batch 2 gilts after first vaccination, and (D) batch 2 gilts after
revaccination are shown. Values represent the mean ± SEM of 14-15 animals per group.
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Statistically significant difference *P < 0.05, ***P < 0.001.

Conclusions

Neonatal diarrhea currently continues to be one of the pathologies that has the highest cost for producers.4 E. coli is still one
of the primary triggers among the infectious agents that cause
neonatal diarrhea in pigs.9 Thus, current production conditions
and the restrictions on the use of antibiotics to which we are subject, mean that, nowadays, vaccination of pregnant sows for controlling neonatal diarrhea is widespread.9 This is largely due to the
excellent results obtained when it is combined with good hygiene
and management practices.10
The use of state-of-the-art vaccines that incorporate innovative
adjuvants and new purification techniques for antigens are essential in cases where there is a high infection pressure or chronic
colibacillosis.10 It has previously been demonstrated that vaccination is an effective strategy to reduce mortality due to neonatal
diarrhea on high infection pressure farms.11 Along the same lines,
the current study shows differing diarrhea-preventive effects of
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the two vaccines evaluated. Thus, Vaccine A (Suiseng) exhibited
a 6-fold lower incidence of diarrhea in suckling piglets from gilts
vaccinated with it than in suckling piglets from gilts vaccinated
with its competitor, Vaccine B. Moreover, Vaccine A (Suiseng)
showed greater safety than Vaccine B by causing a smaller increase
in post-vaccination body temperature and by not showing any
local or general type reactions, which may end in abortion and
the resultant economic loss to the producer.
The current comparative evaluation indicates that immunization of sows with Suiseng can effectively protect their offspring
against neonatal E. coli diarrhea.
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Table 1: Summary of gilts’ general adverse reactions recorded after first vaccination and revaccination with Vaccine A

(Suiseng ) or Vaccine B.

1A
1B
2A
2B

Gilt
6751
6764
6759
6772
6774
6791
6784
6795

First vaccination
6h
24h
–
Pr2
Pr2
–
Pr2
Pr1
–
–
–
Pr1
–
Pr1
Pr1
–
Pr2
Pr2 + Ax

48h
Pr1
–

Gilt
6751

Revaccination
6h
24h
Pr2
Pr1

48h
–

–

Pr1
–
–
–
Pr2 + Ax + Ab

–
6782

Pr2

–

–

–

– No systemic reactions; Ab, Abortion; Ax, Anorexia; D, Death; Pr, Prostration; Pr1, Inactive but responds to weak stimuli; Pr2, Does not respond to
weak stimuli but does to strong ones; Pr3, Does not respond to strong stimuli.

Figure 2. Vaginal discharge image from one animal 48
hours post primary vaccination with Vaccine B. The gilt
finally aborted 16 fetuses.
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Table 2: Summary of productive parameters obtained in sows vaccinated with Vaccine A or Vaccine B.

Number of gilts
Total born alive
Total stillborn
Total mummified
Total birthweights (Kg)
Mortality
Litters with foster on
Litters with foster off
Total pigs weaned
Total weaning weight (Kg)

Group 1A
15
207
7
5
301.4
17
2
4
190
1613.5

Group 1B
14
194
9
5
280.8
17
3
4
174
1500.4

Group 2A
15
196
11
5
302.8
19
8
4
180
1013

Group 2B
15
149
6
5
229.2
15
9
6
137
790.2

1A, batch 1 animals vaccinated with Vaccine A (Suiseng®); 1B, batch 1 animals vaccinated with Vaccine B;
2A, batch 2 animals vaccinated with Vaccine A (Suiseng®); 2B, batch 2 animals vaccinated with Vaccine B.
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