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ABSTRACT

Clostridium perfringens is a gram-positive, anaerobic,
fermentative, spore-forming bacillus that may be found in the
environment but is more commonly found as part of the microbiota
of humans and animals. The bacterium is considered a common
enteric pathogen; however, the pathogenesis and predisposing
factors of the disease can differ among species. Therefore, specific
studies are necessary for understanding the role of this pathogen,
how to diagnose it and which control measures are applicable. The
aim of this paper is to review the current knowledge regarding C.
perfringens infections in pigs, horses and broiler chickens.
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RESUMO

Clostridium perfringens é um bacilo anaerdbio,
Gram positivo, formador de esporos que pode ser encontrado no
ambiente e, principalmente, como parte da microbiota de humanos
e animais. E considerado um patégeno entérico comum, mas a
patogénese e os fatores predisponentes da doeng¢a normalmente
diferem entre as espécies, sendo necessarios estudos especificos
para compreender os mecanismos de a¢do do patogeno, como
diagnostici-lo e apresentar quais as medidas de controle
sdo aplicaveis. O objetivo deste trabalho é revisar as atuais
descobertas a respeito da infecg¢do de C. perfringens em suinos,
equinos e frango de corte.

Palavras-chave: diarreia, enterite, equinos, suinos, aves
domésticas.

INTRODUCTION

Clostridia produce the largest number of
toxins of any type of bacteria. Among Clostridium

species, C. perfringens is the major toxin producer
and is also the most widespread, being found as part
of the microbiota of animals and humans and also in
soil. The microorganism was first named Bacillus
aerogenes capsulatus, then Clostridium welchii and
finally C. perfringens.

C. perfringens 1is a gram-positive,
anaerobic, fermentative, spore-forming bacillus
that is classified into five types according to the
production of four major toxins: alpha (a), beta (B),
epsilon (¢) and iota (1) (Table 1). In addition to the
major toxins, C. perfringens can produce more than
15 other known toxins. Some of these additional
virulence factors, including enterotoxin, necrotic
enteritis like-B toxin (NetB) and beta-2 toxin, have
received more attention than others, most likely due
to their role in the pathogenesis of C. perfiingens-
associated disease (CPAD) in humans and animals
(POPOFF & BOUVET, 2013).

C. perfringens is recognized as one of
the most important causes of foodborne disease in
humans and is also commonly involved in human
and animal cases of gas gangrene (TAYLOR, 1999;
MIYAMOTO et al., 2012). In veterinary medicine, C.
perfringens is responsible for several, mostly enteric,
diseases. In the last few years, significant progress in
the understanding of C. perfringens in animals was
achieved (UZALetal.,2014). There are some reviews
about the current knowledge in ruminants and also
in small animals, but the literature lacks in reviews
about C. perfringens infection in other species. In
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Table 1 — C. perfiingens types, production of major toxins and other additional virulence factors.

------------------------ Major toxins (gene)

C. perfringens type

Additional virulence factors (gene) --------

Alpha (plc)  Beta(cpb)  Epsilon (etx)  Iota (iap) Enterotoxin (cpe) NetB (netB) Beta-2 (cpb2)
A + - - - +/- +/- +/-
B + + - - +- - +/-
C + + - - +/- - +/-
D + - + +/- - +/-
E + - - + +/- - +/-

Adapted from POPOFF & BOUVET (2013).

addition, there is no review about current studies
with C. perfringens in Brazil. Here, it is reviewed
the most recent advances in the understanding of
C. perfringens disease in pigs, horses and broiler
chickens, also focusing in studies conducted in Brazil.

Swine

C. perfringens type A is considered by
some researchers as the main cause of neonatal
diarrhea in piglets (SONGER & UZAL, 2005;
CHAN et al., 2012). However, the pathogenesis of
this bacterium in swine remains unclear, leading to
some difficulties in the diagnosis and also making it
impossible to determine its true prevalence.

C. perfringens type A commonly affects
neonates in the first week of life. Once it is part of the
microbiota in swine, sows can transfer this bacterium
to piglets. The disease is described as a non-
hemorrhagic mucoid diarrhea and is characterized
by mucosal necrosis and villus atrophy, without
attachment and invasion by the microorganism
(SONGER & UZAL 2005). According to some
studies, lesions may also be absent; in light of this,
some groups have stated that C. perfiringens diarrhea
in neonatal piglets might be secretory (SONGER &
UZAL, 2005; CRUZ-JUNIOR et al., 2013).

In the late 1990s, it was shown that C.
perfringens strains positive for the beta-2 gene
(cpb2) were more frequent in diarrheic piglets than in
healthy piglets (GILBERT et al., 1997; KLAASEN et
al., 1999). Thus, cpb2 was used as a virulence factor
marker for the diagnosis of C. perfringens type A
diarrhea in swine. However, some recent results,
including one study performed on Brazilian farms,
showed no differences between the prevalence of
cpb2-positive strains in diarrheic and non-diarrheic
piglets (WOLLSCHLAGER et al., 2009; CRUZ-
JUNIOR et al., 2013; FARZAN et al., 2013). In
addition, molecular studies showed a slight difference
in the genetic composition and activity of cpb2-positive

swine isolates (JOST et al., 2006a; JOST et al., 2006b).
Taken together, these recent results suggest that beta-
2 toxin is not important for C. perfringens diarrhea
in piglets and also that the use of ¢pb2 as a virulence
factor marker is not appropriate for diagnosis.

Therefore, the diagnosis of CPA infection
in swine is challenging. Most authors agree that the
clinical signs of clostridial diarrthea are similar to
those of several other enteric diseases; it is also still
not possible to differentiate between pathogenic C.
perfringens type A and C. perfiingens type A that is
part of the microbiota (SONGER & UZAL, 2005).
Accordingly, the presumptive diagnosis of CPA
infection in piglets should be based on a combination
of the isolation of C. perfringens and the absence of
histological lesions (or laboratory detection) of other
enteropathogens, such as rotavirus, enterotoxigenic
Escherichia coli, C. difficile and Isospora suis. Even
with this approach, most pathologists have expressed
reservations about making a diagnosis of CPA enteritis.
In addition to the difficulty in diagnosing CPA infection
in piglets, a recent survey showed that practitioners
generally diagnose the disease only according to the
age of onset of diarrhea (between 1 and 7 days old)
and that they also report a high confidence in their
diagnosis method (CHAN et al., 2013).

C. perfringens type C is also well
known as a swine pathogen and is characterized by
hemorrhagic necrotic enteritis in neonatal piglets,
mostly in animals from one to four days old. This age
is commonly affected because of the low secretion
of trypsin in the gut, which in adults commonly
inactivates the beta toxin. In addition, the colostrum
contains protease inhibitors, which could also prevent
the degradation of beta toxin in the gut of neonatal
animals (NIILO, 1988; SONGER & UZAL, 2005).

Beta toxin, produced by C. perfringens
type C, induces vascular necrosis, hemorrhage and
subsequent hypoxic tissue necrosis (MICLARD et
al., 2009). In light of this, affected piglets commonly
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show bloody diarrhea and hemorrhagic necrotic
enteritis in the small intestine. In contrast with C.
perfringens type A lesions, deep intestinal layers can
be necrotic. The known clinical signs in association
with macroscopic and histological alterations and
isolation of C. perfringens type C from the intestinal
contents strongly suggest necrotic enteritis by this
agent; nonetheless, the detection of beta toxin is
necessary for a confirmatory laboratory diagnosis
(SONGER & UZAL, 2005).

Commercial vaccines containing beta
toxoids, which provide passive immunity to piglets via
the colostrum, appear to be efficient for controlling C.
perfringens type C diarrhea in swine (SCHAFER etal.,
2012). The use of autogenous toxoids for the prevention
of CPA-associated diarrhea has been reported in some
studies (SONGER & GLOCK, 1998; HAMMER et
al., 2008); however, thus far, there is no evidence of
their efficacy in preventing disease. Some authors have
also reported the efficiency of toxoids or recombinant
immunogens containing alpha and/or beta-2 toxins for
inducing antibodies in swine (SPRINGER et al., 2012;
SALVARANTI et al., 2013). Regardless, the presence of
antibodies does not confirm that these vaccines would
be able to prevent the disease in an experimental model
or in the field. It is also important to note that a piglet
model of CPA diarrhea has not yet been developed;
furthermore, the evaluation of a toxoid in a natural
infected herd is difficult because other management
variables are often present.

Despite vaccination, the prevention of
CPA-associated diarrhea is commonly achieved by
maximizing colostrum uptake by piglets and reducing
this and other pathogens in the environment. This
includes washing the sow prior to farrowing, the
routine disinfection of farrowing rooms and the use
of antimicrobials in the sow’s feed during the pre-
farrowing period. Finally, in cases of disease onset,
injectable antibiotics are an option for the treatment
of piglets; bacitracin, lincomycin, sulfa-trimethoprim
and tylosin are commonly used in feed, whereas
penicillin is an injectable drug commonly used in
the field (SONGER & GLOCK, 1998). Studies from
several countries, including Brazil, have shown that
most C. perfringens isolates from piglets are resistant
to tylosin and oxytetracycline, although resistance to
beta-lactam antibiotics has not been detected until
recently (TANSUPHASIRI et al., 2005; SLAVIC et
al., 2011: SALVARAN!I et al., 2012).

Horses
C. perfringens type C is one of the
most important causes of enteric infection in foals

(BUESCHEL et al., 2003). This enterotoxemia is
more common in neonatal animals, but older foals and
adult horses can also be affected. The disease is acute,
characterized by bloody diarrhea, and commonly
fatal due to the absorption of toxins into systemic
circulation. On post mortem examination, the small
intestine, and eventually also the large intestine,
is diffusely hemorrhagic and necrotic, sometimes
with the presence of ulcers and pseudomembrane.
Mucosal and submucosal thrombosis is also common
(HOWARD-MARTIN et al., 1986; DROLET et al.,
1990; DIAB et al., 2012).

For neonatal foals, the main predisposing
factor is similar to that cited for young piglets:
a typically low trypsin secretion associated with
colostrum intake. For older foals or adult horses,
the predisposing factors are not completely known;
however, malnutrition, trypsin deficiency, pancreatic
diseases and a diet rich in trypsin inhibitors may
predispose an animal to C. perfringens type C
infection (DIAB et al., 2012). Some authors also
reported that certain antibiotics could play a role in
C. perfringens type C infection, although this is only
speculative (DIAB et al., 2012). Co-infection of C.
perfringens type C and C. difficile, another common
clostridial foal enteropathogen, could also be possible
(UZAL et al., 2012).

The laboratory diagnosis of C. perfringens
type C infection in horses is similar to that in other
species and is based on the detection of beta toxin
in the intestinal contents in association with post
mortem findings when death occurs. The absence of
bloody diarrhea does not exclude the diagnosis of C.
perfringens type C infection, as some animals can
show acute colic without diarrhea or even sudden
death (DIAB et al., 2012). Because C. perfringens
type C is rare as part of the microbiota of horses,
the isolation of this microorganism in combination
with the typical lesions has a high diagnostic value.
However, it is possible that C. perfringens type C
may not be isolated, leading to some toxin-positive
but isolation-negative cases. This might be due to the
growth of C. perfringens type C in only some intestinal
segments, leading to lesions and enterotoxemia
despite a lack of the microorganism in the content of
some segments (SONGER, 1996; DIAB et al., 2012).

C. perfringens type A is also implicated
as a cause of diarrhea in adult horses and foals
(HAZLETT etal., 2011; DIAB et al., 2012). It is well
known that healthy equines can harbor C. perfringens
type A strains, but studies have shown that diarrheic
animals are more likely to be positive for the isolation
of this microorganism than healthy horses and foals
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(NETHERWOOD et al., 1996; SCHOSTER et al.,
2012; SILVA et al., 2013a). Additionally, the cpb2
gene was found to be more common in horses with
intestinal disorders compared with healthy animals
or those that were hospitalized for reasons other than
intestinal problems (GIBERT et al., 1998; HERHOLZ
et al., 1999). In another study, BACCIARINI et al.
(2003) reported that beta-2 toxin was more common
in horses with gastrointestinal disease than in control
horses (from a slaughterhouse), as demonstrated by
immunohistochemistry. There was also a significant
correlation between the isolation of c¢pb2-harboring
C. perfringens and the identification of beta-2 toxin
in the intestinal content (BACCIARINI et al., 2003).
One possible predisposing factor could be antibiotic
treatment with aminoglycoside antibiotics, as a
previous study showed an association between the
lethal progression of colitis associated with cpb2-
positive C. perfringens and antibiotic treatment
(gentamicin—penicillin). Additionally, an in vitro
experiment showed that gentamicin could induce
beta-2 toxin production in C. perfringens beta-
2 isolates from horses (HERHOLZ et al., 1999;
VILEI et al., 2005). In foals, HAZLETT et al. (2011)
recently reported a beta-2 toxigenic C. perfringens
type A colitis in a three-day-old animal. The animal
experienced a worsening of the clinical signs after
treatment with gentamicin. Colitis and typhlitis
were observed in the post mortem examination, and
an abundance of cpb2-positive C. perfringens was
isolated from both the small and large intestines.
In this case, other enteropathogens were absent,
suggesting that C. perfringens was responsible for
the intestinal disease.

In addition to beta-2 toxin, WEESE et al.
(2001)reported anassociationbetween gastrointestinal
disease and the presence of enterotoxin in stool
samples from mature horses and foals. However, the
actual roles of both toxins have remained unclear,
and some recent studies, including one with horses
from Minas Gerais and Sao Paulo States in Brazil,
showed no differences in the isolation rates of cpb2-
and cpe-harboring C. perfringens among animals
with gastrointestinal disease or a control group
(SILVA et al., 2013a: SCHOSTER et al., 2013). In
fact, further studies are needed to confirm the role of
these toxins in the development of gastrointestinal
disease in horses and also to determine whether they
could be used in the diagnosis of C. perfiingens type
A infection in equines.

Studies on the antimicrobial susceptibility
of C. perfringens isolates from equines have shown
a high susceptibility to penicillin, vancomycin,

chloramphenicol and metronidazole. In contrast,
resistance to macrolides (commonly erythromycin)
and oxytetracycline is common (SILVA et al., 2013;
LAWHON et al.,, 2013). It is also important to
remember that, despite the high susceptibility, some
studies suggest that exposure to gentamicin and
penicillin could predispose equines to C. perfiingens
type A infection (HERHOLZ et al., 1999; VILEI et
al., 2005; HAZLETT et al., 2011)

Similar to the reports for swine, the
vaccination of mares with beta toxoid to prevent
type-C enterotoxemia in foals is common in some
countries, although studies regarding the immune
response of equines to this or other clostridial antigens
are rare (TIMONEY et al., 2005). Considering that
the main virulence factors involved in C. perfringens
type A infection in equines are still unknown, no
conclusions can be made regarding the composition
of a vaccine to prevent this infection.

Broiler chickens

Necrotic enteritis (NE) is caused by C.
perfringens type A and, more uncommonly, by C.
perfringens type C. NE is one of the most common
infectious diseases in poultry, resulting in an estimated
annual economic loss of more than $2 billion, largely
related to impaired growth performance (COOPER
et al., 2009; VAN IMMERSEEL et al., 2009). This
enteric infection is commonly well controlled by
anticoccidials or antibiotic growth promoters, but the
use of these compounds has been banned in animal
feed in the European Union, and there is pressure
to reduce their use worldwide because of the risk
of multiple antimicrobial-resistant strains (VAN
IMMERSEEL et al., 2009). Thus, NE is re-emerging
as an important disease in poultry, and there is concern
about the increased risk of contamination of poultry
products for human consumption, as C. perfringens is
one of the most common causes of foodborne illness
worldwide (NOWELL et al., 2010; CDC, 2012)

Little is known about the susceptibility of
poultry lines to NE; however, a recent study suggests
that Cobb chickens are more susceptible to necrotic
enteritis compared with Ross and Hubbard chickens
(JANG et al., 2013). The disease occurs mostly in
animals between 2-6 weeks of age and can vary from
an acute to a subclinical form. The subclinical form
is more prevalent, being responsible for the greatest
economic losses in poultry production due to NE,
and is characterized by chronic intestinal mucosal
damage, which leads to poor digestion and absorption
(LONG, 1973; VAN IMMERSEEL et al., 2009;
TIMBERMONT et al., 2011). In this case, hepatitis
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or cholangiohepatitis is often found at processing,
leading to an increase in liver condemnation (LEE
et al.,, 2011). The acute form is less common and
is characterized by a sudden increase in mortality,
which can reach 50% (RIDDELL & KONG, 1992;
TIMBERMONT et al., 2011).

The pathogenesis of NE is not completely
understood. Several years ago, it was believed that
alpha toxin was the main virulence factor involved
in these cases, although some recent studies have
shown that this is not completely true (MCCOURT
et al., 2005; BUESCHEL et al., 2003). In one these
studies, KEYBURN et al. (2006) showed that an
alpha toxin null mutant was able to produce NE
lesions in a chicken experimental model, suggesting
that alpha toxin might contribute to the lesions but is
not essential for the development of the disease. It has
also been speculated that beta-2 and enterotoxin are
involved in NE, but there is little evidence that both
toxins are involved (VAN IMMERSEEL et al., 2009;
CRESPO et al., 2007).

Several studies have investigated the role
of other toxins in NE. One of the most interesting of
these is Necrotic Enteritis toxin B (NetB), a pore-
forming toxin capable of causing lesions typical of NE
in experimental models (KEYBURN et al., 2008). In
addition, it was demonstrated that the NetB-encoding
gene (netb) is common in C. perfringens type A
isolates from NE birds, whereas it is rare in healthy
birds (KEYBURN et al., 2008). A similar association
was recently reported in turkeys: netb was identified
in 6.6% of the C. perfringens strains isolated from
turkeys with NE but in none of the strains isolated
from healthy animals (LYHS et al., 2013). Because
reports have indicated that C. perfringens netb-
negative strains can cause NE, it appears that there are
other virulence factors involved (LEE et al., 2011).

Several predisposing factors for NE
have been identified. One of the most important
is nutrition: any diet that may lead to a decrease in
nutrient digestibility and a reduction in intestinal
transit may predispose an animal to overgrowth of
C. perfringens in the gut. For instance, diets with
a high concentration of water-soluble, non-starch
polysaccharides or poorly digestible proteins are
commonly incriminated in NE cases (COOPER &
SONGER, 2009; LEE et al., 2011). Coccidiosis is
also a well-known predisposing factor due to mucosal
damage, which leads to plasma leakage into the gut.
Additionally, the immune response to coccidial
infection increases the amount of mucus in the
intestinal tract; both mucus and plasma are used as a
substrate by C. perfringens (COLLIER et al., 2008).

Some studies have also indicated that,
in addition to all other predisposing factors, the
presence of poultry pathogenic C. perfringens strains
is necessary for the occurrence of the disease. In fact,
different genotypes are present in healthy flocks,
whereas asingle clonal strain is generally disseminated
among birds in flocks with NE. After treatment, the
birds can again carry multiple genetic types. These
results were confirmed by pulsed-field electrophoresis,
by multilocus sequence typing analysis and also
in an experimental model (ENGSTROM et al.,
2003; NAUERBY et al., 2003; BARBARA et al,,
2008). A recent study evaluating netb-positive C.
perfringens identified a specific chromosomal locus
in these strains, suggesting that this chromosomal
background can confer a selective advantage to
NE-causing strains, possibly through mechanisms
involving iron acquisition, carbohydrate metabolism
or even plasmid maintenance (LEPP et al., 2013).

The isolation of C. perfringens alone is
not sufficient for diagnosis because this bacterium
is commonly part of the microbiota; however,
the absence of C. perfiringens can rule out the
involvement of this agent (COOPER et al., 2013).
Based on recent reports describing the association
of netb and NE, the detection of this gene might
also be interesting for a complete laboratory
diagnosis (KEYBURN et al., 2008). Intestinal
damage and increases in liver condemnation during
slaughterhouse inspections strongly suggest NE. The
lesions are commonly restricted to the small intestine,
which is filled with gas and has thin walls. Confluent
mucosal necrosis may be observed, sometimes
also covered by a pseudomembrane (COOPER et
al., 2013). Histological evaluation is important for
confirming typical lesions and also to rule out the
involvement of other possible enteropathogens,
including coccidial infection, ulcerative colitis by C.
colinum and histomoniasis (TIMBERMONT et al.,
2011; COOPER et al., 2013). The lesions can vary
depending on the stage of the infection. In early stages,
a strong inflammatory reaction with heterophilic
granulocytes in the lamina propria may be observed,
whereas in later stages, diffuse coagulative necrosis
of the mucosa may be present, with gram-positive
rods associated with the lesions but not invading the
epithelium (TIMBERMONT et al., 2011).

Several proteins have been evaluated
as immunogens against NE. Most studies have
addressed the effect of vaccines containing alpha toxin
(commonly as a toxoid or in a recombinant form), but
the results vary widely in the literature. In general,
vaccinated birds were found to be more resistant to
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challenge compared with a control group, but the
vaccines were not able to prevent lesions (LEE et al.,
2011). Recently, studies with a NetB recombinant
protein showed that the vaccination of poultry or
maternal immunization can partially protect broiler
chickens from necrotic enteritis (KEYBURN et al.,
2013a; KEYBURN et al., 2013b). Considering the
pressure to reduce or ban growth promoters from
animal feed, the development of a potent vaccine
against NE might be an important step for poultry
production in the next few years.

CONCLUSIONS

C. perfringens is well recognized as an
important enteric pathogen for all domestic species.
Specifically for broiler chicken, some recent advances
have been made in the pathogenesis and diagnosis
of C. perfringens infection. On the other hand the
current knowledge regarding this bacterium in pigs
and horses is still clouded.
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