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Summary

Clostridium perfringens type A (CPA) may
cause suckling piglet diarrhea, which occurs
within 48 hours of birth and may last
approximately 5 days. Pathological findings
may be unremarkable, but CPA is usually
observed in or cultured in large numbers
from the intestinal lumen. Preventions and
treatments for CPA enteritis are variable

in efficacy. A toxoid has recently become
available. In this study, the serological
response to the toxoid in vaccinated and
nonvaccinated gilts and their progeny was

evaluated in a commercial herd with a
history of CPA enteritis. A toxin-antitoxin
neutralization assay, quantifying neutraliz-
ing alpha antitoxin in a live-mouse model,
demonstrated a difference in geometric
mean alpha antitoxin titers (expressed in
international antitoxin units per mL; au
per mL) (£ SD) between the vaccinated
(239.33 + 55.73 au per mL) and unvac-
cinated gilts (139.01 £ 26.35 au per mL)
(P < .05). Passively acquired geometric
mean titers were higher (P < .05) in piglets
2 to 4 days of age suckling vaccinated

dams (231.55 + 111.92 au per mL) than
in piglets suckling control dams (112.93 =
113.16 au per mL). These findings demon-
strate that the toxoid induces a neutralizing
antitoxin which is passively transferred to
suckling piglets.
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Resumen — Evaluacién seroldgica de un
toxoide de Clostridium perfringens tipo
A en un hato comercial

El Clostridium perfringens tipo A (CPA por
sus siglas en inglés) puede causar diarrea

en lechones en la maternidad, diarrea que
ocurre entre las primeras 48 horas después
del nacimiento y dura aproximadamente 5
dfas. Los hallazgos patoldgicos pueden ser
poco importantes, pero el CPA se observa o
puede ser cultivado en grandes cantidades
en el lumen intestinal. La variedad de pre-
ventivos y tratamientos contra la enteritis

producida por CPA varfan en su eficacia.
Existe un toxoide disponible. En este
estudio, se evalud la respuesta seroldgica al
toxoide en hembras primerizas vacunadas
y no vacunadas y su progenie en un hato
comercial con historia de enteritis causada
por CPA. Una prueba de neutralizacién de
toxina-antitoxina, que cuantifica la anti-
toxina alpha neutralizante en un modelo
de ratén vivo, demostré una diferencia en
el promedio geométrico del titulo de anti-
toxina alpha entre los animales vacunados

(239.33 £ 55.73 au por mL) y no vacuna-

dos (139.01 £ 26.35 au por mL) (P < .05).
El promedio geométrico de los titulos de
antitoxina alpha adquiridos pasivamente en
lechones de 2 a 4 dias de edad fueron mds
altos (P < .05) en lechones que mamaron
de madres vacunadas (231.55 £ 111.92 au
por mL) que en los lechones que mamaron
de madres control (112.93 £ 113.16 au
por mL). Estos hallazgos demuestran que el
toxoide genera una antitoxina neutralizante
que se transfiere pasivamente a los lechones
después de mamar.

Résumé — Evaluation sérologique d’un
toxoide de Clostridium perfringens type
A dans un élevage porcin commercial

Clostridium perfringens de type A (CPA)
peut causer une diarrhée chez des porcelets
a la mamelle, se produisant dans les 48

heures suivant la naissance et durant envi-
ron 5 jours. Les trouvailles pathologiques
peuvent étre sans intéréts mais CPA est
habituellement observé ou cultivé en grand
nombre 2 partir de la lumiére intestinale.
La variété des traitements et des méthodes
préventives pour 'entérite & CPA son
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d’efficacité variable. Un toxide est dis-
ponible. Dans la présente étude, la réponse
sérologique de cochettes vaccinées et non-
vaccinées et de leur progéniture envers le
toxoide a été évaluée dans un élevage com-
mercial avec une histoire d’entérite 3 CPA.
Une épreuve de neutralisation de toxine a
l'aide d’une antitoxine permettant de quan-
tifier lantitoxine alpha neutralisante dans un
modeéle murin vivant, a permis de démon-
trer la différence dans la moyenne géomé-
trique des titres d’anticorps antitoxine alpha
entre les animaux vaccinés (239.33 + 55.73
au per mL) et les animaux non-vaccinés
(139.01 +£26.35 au per mL) (P <.05). La
moyenne géométrique des titres d’anticorps
antitoxine alpha acquis passivement chez

les porcelets 2 la mamelle 4gés de 2 4 4
jours étaient plus élevés (P < .05) chez les

Journal of Swine Health and Production— Volume 16, Number 1

37



porcelets tétant de meres vaccinées (231.55
+ 111.92 au per mL) que les porcelets
tétant des méres témoins (112.93 £ 113.16
au per mL). Ces résultats démontrent que
le toxoide induit des anticorps antitoxine
qui sont transférés de maniere passive aux
porcelets apres la tétée.

( :lostridium perfringens type A
(CPA) is part of the normal flora
of the swine intestine,! but is also

a cause of enteric disease worldwide.2¢

Affected piglets develop creamy or pasty

diarrhea within 48 hours of birth.”*8 Diar-

rhea lasts approximately 5 days, and feces
may become mucoid and sometimes pink.

Upon necropsy, the small intestine is flac-

cid, thin-walled, and gas-filled, and con-

tents are watery but not bloody. Mucosal
inflammation is mild, rarely with adherent
necrotic material. The large intestine may
be distended with whitish, pasty contents,
but without gross lesions. Microscopically,
there may be superficial villous epithelial
necrosis and accumulation of fibrin, but

villi may also be normal in appearance.

Capillaries may be dilated, but without

hemorrhage. Lesions may be heavily colo-

nized with gram-positive rods,® although it
is more common to find masses of organ-

isms in the lumen.?

There is little information on the role of
CPA toxins in the pathogenesis of CPA
enteritis in piglets. Clostridium perfringens
type A produces only one major toxin type
(alpha toxin). No consistent changes occur
in gut loops inoculated with purified CPA,
but slight villous edema occurs in 6-hour-
old piglets challenged orally or intragastri-
cally.! Recently, it has been suggested that
the minor toxin, beta2 (CPB2), is involved
in CPA enteritis.!®!! Its specific role in
pathogenesis is unknown, but the presence
of the gene coding for CPB2 production is
strongly associated with piglet enteric dis-
ease.””12 The roles of the alpha and CPB2
toxins are not fully understood. A recent
report suggests that CPB2 is implicated in
the pathogenesis of enteritis in piglets.! In
a preliminary study, piglets suckling gilts
vaccinated with a CPA bacterin toxoid were
protected when challenged intravenously
with concentrated alpha toxin (Michelle
Walz, unpublished data, 2004). However,
intravenous administration of toxin is not
an acceptable challenge method to dem-
onstrate efficacy of a vaccine for product

licensure in the United States.'4 The Ani-
mal and Plant Health Inspection Agency
Center for Veterinary Biologics (APHIS
CVB) has established antibody response
levels to estimate efficacy of CPA toxoids,
using a toxin-antitoxin neutralization assay
(TANA). A TANA antitoxin titer < 1 inter-
national antitoxin unit per mL (au per mL)
indicates a negative result and a titer > 4 au
per mL is considered a positive result.!415
However, the TANA titer is not an indica-
tor of “protection” in piglets. Antitoxin
titers generally increase with age until they
become positive in young adults, suggest-
ing environmental exposure (Michelle
Walz, unpublished data, 2004).

Various management interventions for
CPA enteritis have been applied to prevent
or alleviate the clinical signs of diarrhea
and suboptimal weaning weight in piglets,
meeting with variable success.'® Recently,

a CPA alpha toxoid has received a condi-
tional license on the basis of a reasonable
expectation of efficacy and potency.!4 This
vaccine offers another option for use in
CPA enteritis control programs. Because it
contains only alpha toxoid, use of this CPA
alpha toxoid in the field can help evaluate
the clinical relevance of alpha toxin in CPA
enteritis.

The objective of the study was to evaluate
the antitoxin response of the conditionally
licensed CPA alpha toxoid in a commercial
pig herd. Seroconversion in vaccinated and
nonvaccinated gilts and their piglets was

evaluated using a TANA.

Material and methods
Study herd, housing, and

management

A 3850-sow farrow-to-wean herd with

a history of CPA neonatal diarrhea was
chosen. Although CPA was not the only
neonatal disease diagnosed, it was the most
common diagnosis, according to the herd
veterinarian. During the year preceding
the study, colibacillosis and Clostridium
perfringens Type A were identified concur-
rently and diagnosed twice, and coccidiosis
in older piglets (14 to 20 days of age) was

diagnosed once.

The farrowing facilities were divided into
two sites, with 10 and 12 farrowing rooms,
respectively, containing 10 to 24 crates
each. Floor type varied, including wire,
steel, plastic-coated wire, and concrete.
Personnel moved between the sites, but at

the outside door of each building, changed
to footwear dedicated for inside barn use.
Personal vehicles were not allowed on the
farm premises.

Farrowing rooms were managed all-in,
all-out, and farrowing crates were washed
with a pressure washer and disinfected
with a commercially available quaternary
ammonium chloride and glutaraldehyde
disinfectant between farrowing groups.

Pigs were weaned at an average age of

19 days. Incoming breeding stock were
exposed to mummified fetuses and far-
rowing room feces prior to breeding, but
pregnant sows were not exposed either
to mummified fetuses or farrowing room
feces.

Sows and gilts were bred in crates and
remained in them undil day 50 of gestation,
when they were transferred to gestation
pens (approximately 15 pregnant animals
per pen). The herd was managed using the
animal welfare guidelines of the National
Pork Board.

Study groups

At the time of the study, a safety study was
being conducted in this herd for condi-
tional licensure of the CPA alpha toxoid.
Approximately 350 randomly selected

sows or gilts each received two doses of the
subsequently conditionally licensed CPA
toxoid, administered intramuscularly in
the neck at an interval of approximately 3
weeks. A subset of 25 gilts from the safety
trial, all due to farrow the same week and
housed in two adjacent gestation pens,
were selected by convenience for serological
evaluation. These gilts were assigned by
pen to two treatment groups: vaccinates

(n = 12 of 350) and nonvaccinated controls
(n = 13 of 42). Nonvaccinated controls
were not sham-vaccinated. Piglets were not
cross-fostered between vaccinated and non-
vaccinated gilts. Because of the logistics of
managing the cross-fostering, farm person-
nel were not blinded to the treatments.

Vaccination and blood
sampling

Blood samples were collected from all 25
pregnant gilts the day before they received
the initial dose of CPA alpha toxoid. The
vaccinated gilts received two doses of the
subsequently conditionally licensed CPA
toxoid approximately 6 and 3 weeks before
farrowing. The gilts were also vaccinated 1
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week after the initial CPA toxoid vaccina-
tion with a commercial combination Clos-
tridium perfringens type C-Escherichia coli
vaccine, a commercial swine influenza vac-
cine containing types H3N2 and HIN1,
and a commercial parvovirus, 5-way
Leptospira vaccine. Fifteen days after the
second CPA vaccination (approximately 1
week prefarrowing), a second blood sample
was collected from the gilts. Blood samples
were collected from all piglets at 2 to 4
days of age to assess the passive transfer of
antibodies to alpha toxin (antitoxin).

Serological testing

Sera were tested for alpha toxin antibodies
using a TANA based on a supplemen-

tal assay method for potency testing
Clostridium perfringens type C beta anti-
gen.!718 This TANA assay tests for actively
neutralizing antibodies using mice as the
indicator. Non-neutralizing antibodies are
not quantified by the assay, as alpha toxin
is lethal to mice at the dose administered.
Standard antitoxin and standard toxin
reagents used in the assay were acquired
from APHIS CVB in Ames, lowa.l718 The
standard antitoxin is diluted to contain

1 au per mL (International Reference
Preparation [IRP] 426 provided by APHIS
CVB). 7 The standard toxin is also titrated
to one L dose and one L, dose (IRP 446
provided by APHIS CVB).!? One L dose
of toxin is defined as the largest amount of
toxin that can be combined with 1 unit of
the standard antitoxin and not cause death
when injected into mice. One L, dose of
toxin is defined as the smallest amount of
toxin that can be combined with 1 unit

of the standard antitoxin and cause death
when injected into mice. Mice used in the
testing were cared for and housed accord-
ing to Novartis animal welfare guidelines.

Non-serial dilutions of sera with peptone
were made to estimate the antitoxin titer.
Each diluted sample was then combined
with an L dose of toxin and controlled
with the diluted standard antitoxin com-
bined with an Ly dose and an L+ dose of
toxin to ensure the validity of the assay and
determine the dilution of the sera which
protected the mice. For example, to test for
50 au per mL, the serum is diluted 1:50.
The diluted serum is then combined with
an Ly dose of standard toxin and injected
into mice.

Two mice were injected for every serum
dilution tested. Prevaccination sera were
tested at dilutions of 1:4 to 1:75 for a
maximum of five and minimum of two
dilutions per sample, depending on the
endpoint. The endpoint prevaccination
dilution was used as the starting point for
the postvaccination dilutions. For piglet
pooled samples, doubling dilutions from
1:50 to endpoint were performed. This
approach minimized the number of mice
used, the number of tests performed, and
use of reagents. A total of 362 dilutions
(724 mice) were used in the study.

Sera from all piglets within a litter were
pooled and each pool was tested for alpha
antitoxin using the TANA described above.

Statistical analysis

Statistical analysis was performed using

the Wilcoxon two-sample test, comparing
antitoxin titers of gilt prevaccination and
postvaccination samples and pooled piglet
samples for the vaccinated and nonvac-
cinated groups. A nonparametric analysis
of the results was used, which made no
assumptions about the underlying distribu-
tion of the data.

Results

Serological findings are summarized in
Table 1. Prevaccination titers of vaccinated
and nonvaccinated groups did not differ
(P = .14). The lowest antitoxin titer among
the prevaccination samples was 4, which

is considered positive, ie, indicates that
the gilt has made an antibody response

to alpha toxin. Postvaccination titers of
vaccinated gilts were greater than those of
nonvaccinated gilts, and titers of piglets
born to vaccinated gilts were greater than
the titers of piglets born to nonvaccinated

gilts (Table 1).

Discussion

The major toxin produced by Clostridium
perfringens type A is alpha toxin. Increasing
alpha antitoxin titer in pigs to aid in the
control of CPA enteritis will help evaluate
the influence of CPA alpha toxin in disease
pathogenesis. The CPA toxoid used in this
study does not include CPB2 toxoid. An
assay method to evaluate CPB2 antitoxin
levels has not been developed, although
several authors have indicated that CPB2
might be important in pathogenesis of
CPA enteritis.!11:13.18.20.21 However,
definitive evidence is still lacking concern-
ing the role of CPB2 in CPA enteritis

in the piglet. Other reports indicate that
CPB2 genotypes are common, but expres-

sion may be variable.!0-?!

The TANA used in this study provides

an antitoxin titer range, rather than a
definitive value, and the lower values of the
ranges were used in the statistical analysis.
Therefore, the antitoxin titers reported may
be assumed to be minimum values.

Table 1: Serological results of Clostridium perfringens type A (CPA) toxin neutralization tests performed on samples col-
lected from vaccinated and nonvaccinated gilts on the day of the first CPA toxoid injection and 15 days after the second
injection, and from their 2- to 4-day-old litters*

Antitoxin titers (au/mL)}

Treatment Prevaccination Postvaccination Pooled piglet samples
Vaccinated (n=12) 23.28 + 20.352 23933 + 55752 23155 + 111.92°
Control (n=13) 1158 + 8892 139.01 + 26.35° 11293 + 113.16°

*  Gilts were vaccinated at approximately 10 and 13 weeks of gestation with a conditionally licensed CPA toxoid. Blood samples from
each litter were pooled before testing. Antitoxin titers of gilt and pooled piglet samples were compared for the vaccinated and

nonvaccinated groups.

1 Geometric mean £ SD of titers. Samples were tested using a toxin-antitoxin neutralization assay (TANA) and reporting the lower assay
point. A TANA antitoxin titer < 1 international antitoxin unit/mL (au/mL) indicates a negative result,and a titer > 4 au/mL is consid-

ered positive.

ab Values with different superscripts within a column differ significantly (P < .05; Wilcoxon two-sample test).
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APHIS CVB set a reasonable expectation
that achieving 4 alpha au per mL in vac-
cinated pigs that had been seronegative

(< 1 au per mL) before vaccination demon-
strates efficacy.'* It may be noted that none
of the gilts in this study were seronegative
at the prevaccination sampling (using the
stated cutoffs for negative samples). How-
ever, gilts vaccinated with the conditionally
licensed CPA alpha toxoid and subse-
quently their litters did have significantly
higher titers than the control gilts. The full
clinical significance of alpha antitoxin lev-
els cannot be determined until an accept-
able challenge model has been developed
that reflects the pathogenesis of the disease
in the field, or until adequate field efficacy
evaluations are performed.

Implications

e Under the conditions of this study,
alpha toxin antibody titers (alpha
antitoxin titers) are higher in vac-
cinated gilts and their piglets than in
nonvaccinated gilts and their piglets.

*  More field experience will be necessary
to determine the clinical impact of
the CPA toxoid on CPA enteritis in
piglets.
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