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REVIEW ARTICLE

Actinobacillus suis and Actinobacillus equuli, emergent pathogens of septic embolic
nephritis, a new challenge for the swine industry

Actinobacillus suis y Actinobacillus equuli, patégenos emergentes de nefritis embdlica séptica,
un nuevo desafio para la industria porcina

CE Benavente?, IC Fuentealba®b*
aDepartment of Microbiology and Infectious Diseases, Faculty of Medicine, University of Calgary, Alberta, Canada.
bDepartment of Ecosystem and Public Health, Faculty of Veterinary Medicine, University of Calgary, Alberta, Canada.

RESUMEN

Las lesiones renales son una causa importante de decomiso en los mataderos. Ademads de las posibles consecuencias en salud publica, el decomiso
de 6rganos tiene un gran impacto econdmico en la industria de alimento animal. Recientemente, nefritis embdlica séptica con lesiones semejantes a
infecciones con Actinobacillus equuli en potrillos ha sido detectada en reproductoras y cerdos con peso de mercado. Actinobacillus equuli es fenotipica
y genéticamente similar a Actinobacillus suis. Ambas son bacterias Gram-negativas dificiles de diagnosticar en exdmenes de rutina. A. suis es un
patégeno oportunista capaz de producir septicemia en cerdos, neumonia, poliartritis, nefritis embdlica séptica, aborto y fetos momificados. Brotes de la
enfermedad clinica parecieran ocurrir con mds frecuencia en planteles de cerdos con estrictas medidas de bioseguridad. En cerdos adultos, las lesiones
de piel pueden confundirse con erisipela porcina. A. suis y A. equuli son patégenos oportunistas emergentes en la industria porcina y ambos tienen
potenciales consecuencias en salud publica, principalmente en aquellas personas que manipulan productos carneos. El objetivo de esta publicacion es
presentar una revision bibliogréfica sobre el rol de A. suis y A. equuli en la patogénesis de nefritis en cerdos.
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INTRODUCTION

Recently, Actinobacillus equuli was associated with
death of over 300 sows in a period of 2 months in a swine
farm in Manitoba, Canada (Thompson et al 2010). The
pattern of the inflammatory process corresponded to
multifocal embolic nephritis. This condition is unique as
the histopathological features resemble Actinobacillus
equuli infection in foal. Common swine pathogens like
Actinobacillus suis have been associated with polysero-
sitis, pericarditis, pneumonia, arthritis, and very rarely
with septicemia in adult pigs. Septicemia is important
because of the potential of bacterial emboli that lodge in
small capillaries and cause further lesions such as embolic
nephritis or glomerulitis. Few reports of A. equuli infec-
tions in pigs have originated from North America in the
last decade (Ramos-Vara et al 2008, Thompson et al 2010).
Cases of embolic nephritis due to A. equuli infection have
been diagnosed by several diagnostic laboratories in North
America (personal communications).
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Although the pathogenesis and etiology of renal dis-
eases involve diverse modes and patterns of infection, all
inflammatory lesions detected at the slaughter plants are
classified under the broad category of “nephritis”, often
called “white-spotted kidneys” (Drolet et al 2002). Various
pathogens have been associated with the presence of ne-
phritis in condemned kidneys from swine. The purpose of
this paper is to review the role of A. suis and A. equuli as
emergent pathogens causing nephritis in swine.

NEPHRITIS IN SWINE

Renal disease which encompasses any deviation from
normal renal structure or function is usually subclinical
(Maxie 2007). Since by definition a subclinical condition
is characterized by absence of clear clinical signs, disease
in affected animals is not diagnosed and treatment is not
implemented. Once the hogs reach the market weight,
they are sent to the slaughterhouse and if lesions are
detected by food inspectors the affected organs are con-
demned. The renal system is exposed to injurious agents
by various routes, including: a) ascending infections, b)
hematogenous, and c¢) exposure to preformed or locally
metabolized substances that are excreted through the renal
tubular epithelium.
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CLASSIFICATION OF NEPHRITIS

Renal diseases are complex and may primarily affect
one of four subdivisions of the kidney: 1) renal blood ves-
sels or its vascular supply, 2) glomeruli, 3) tubules, and 4)
interstitium (Maxie 2007). However, due to the anatomic
and functional interdependence of the components of the
kidney it is common to find that damage to one structure
almost always results in secondary damage to others
(Alpers 2005). The main general types of nephritis are
glomerulonephritis and tubulointerstitial diseases. Primary
glomerular damage often occurs as a result of deposition
of immune complexes, entrapment of bacterial emboli, or
direct viral or bacterial infection of glomerular structures.
Hematogenous lesions localized within blood vessels are
classified as septic embolic nephritis, and non-septic necrosis
with infarction caused by substances such as crystalline
salts, and filtered toxins secreted into the filtrate (Golinski
et al 1984, Newman et al 2007).

CAUSES OF NEPHRITIS

Bacteremia can produce embolic nephritis, also known as
suppurative glomerulitis, in which bacteria lodge in random
glomeruli and within interstitial capillaries forming multiple
foci of inflammation (microabscesses) throughout the renal
cortex. Pigs infected with Erysipelothrix rhusiopathiae
(Wood and Henderson 2006), or A. equuli subsp. equuli
(Thompson et al 2010), and foals infected with A. equuli
subsp. equuli (Berthoud et al 2004) are specific examples
of this condition. Grossly, multifocal random, raised, tan
pinpoint foci are seen beneath the renal capsule and on the
cut surface throughout the renal cortex. Microscopically,
glomerular capillaries contain numerous bacterial colonies
intermixed with necrotic debris that often obliterate the
glomerulus (Newman et al 2007).

Bacterial infections with Escherichia coli,
Corynebacterium sp., Staphylococcus sp., Streptococcus
sp. (8. dysgalactiae subsp. equisimillis, S. suis, S. salivarius)
have been isolated from kidneys of animals with interstitial
nephritis (Martinez et al 2006). Viral infections also have
been associated with this type of nephritis (Drolet et al
2002). Interstitial nephritis is traditionally associated with
inflammatory cell infiltration composed of lymphocytes and
plasma cells and surrounding the peritubular structures in
the renal interstitium (veins, arteries, lymphatics and con-
nective tissue) (Newman et al 2007). Interstitial nephritis,
commonly known as “white-spotted kidneys”, may be of
infectious or non-infectious origin and according to the
duration it is further classified as acute, subacute or chronic.
Although this type of lesions can be caused by a variety
of infectious agents, an association between interstitial
nephritis and leptospirosis has been described (Baker et
al 1989, Maxie 2007) but, this association is controversial
(Jones et al 1987, Boqvist et al 2003). Leptospirosis is a
zoonotic infectious disease caused by various serovars of
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Leptospira interrogans, which affect a large number of wild
and domestic species. The incidence of leptospirosis has
decreased after the widespread use of vaccines; however,
kidney condemnations are still common suggesting that
additional organisms may be involved in the pathogenesis
of interstitial nephritis (Drolet et al 2002). It has also been
stated that vaccines do not prevent leptospira infection or
provide a cure for chronically infected animals (Campagnolo
et al 2000). It is clear that although numerous studies have
attempted to elucidate which infectious agents are involved
in interstitial nephritis in swine, the results varied and there
is no convincing evidence that links a specific etiology for
this condition (Martinez et al 2006).

In addition to bacteria, many emergent viral diseases
have tropism for renal tissue (Drolet et al 2002, Imai et al
2006, Martinez et al 2006), including porcine reproduc-
tive and respiratory syndrome virus (PRRSV), porcine
circovirus type 2 (PCV-2), porcine parvovirus (PPV),
and porcine adenovirus (Nietfeld and Leslie-Steen 1993,
Cooper et al 1997, Allan and Ellis 2000, Krakowka et al
2000, Drolet et al 2002, Segales et al 2005, Zimmerman
et al 2006, Sarli et al 2008). Renal lesions in pigs inocu-
lated with PRRS virus were characterized by moderate to
marked interstitial nephritis, and mild to severe vascular
changes (Cooper et al 1997). PCV-2 has been associated
with tubulointerstitial nephritis (Sarli et al 2008), and a
condition characterized by a systemic necrotizing vascu-
litis with marked cutaneous tropism (Langohr ef al 2010).
The latter syndrome, originally called porcine dermatitis
and nephropathy syndrome, has been reported in several
countries (Helie et al 1995) and is observed mainly in
weaned and feeder pigs (Thibault et al 1998). There is
evidence that PRRSV is also involved in the pathogenesis
of this syndrome, since (a) its appearance coincided with
the emergence of PRRSYV, (b) characteristic lesions were
seen in specific-pathogen free pigs infected with PRRSV
(Cooper et al 1997), and (c) PRRSV antigens were detected
by immunohistochemistry in macrophages surrounding af-
fected vessels in skin and kidney in both acute and chronic
spontaneous cases (Thibault et al 1998). Infection with
PRRSYV renders pig more susceptible to some bacterial and
viral diseases, as an additive or synergistic effect, creating
more severe disease than either agent alone (Zimmerman
et al 2006, Xu et al 2010).

CHARACTERISTICS OF ACTINOBACILLUS SUIS
AND ACTINOBACILLUS EQUULI

ACTINOBACILLUS SUIS

Actinobacillus suis has emerged as a new threat to
swine health, particularly in high health status herds;
and the occurrence of the disease in this group of pigs
has been attributed to lack of herd immunity in these
closed herds, but there is minimal information about the
immunogenicity of A. suis (Yaeger 1996, Maclnnes and



Desrosiers 1999, Wilson and McOrist 2000, Lapointe et
al 2001, Oliveira 2007). Actinobacillus suis is an early
colonizer of the upper respiratory tract of swine (Oliveira
et al 2007) and the nasopharynx and palatine tonsils are
the main colonization sites (Ojha et al 2005). In order to
learn more about the initial stages of A. suis disease, Ojha
et al (2010) analyzed colonization-deficient mutants of A.
suis which adhered to the epithelium (in vitro) in lower
numbers than the wild type. In a study of 50 swine herds
of Ontario, 78% of them were diagnosed positive for A.
pleuropneumoniae by apxIV PCR, and 94% of the herds
tested were found positive for both A. pleuropneumoniae
and A. suis by apxII PCR, as evidenced by presence of these
organisms in samples of tonsils and nostrils from weanling
pigs. In another study, at least 16% and as many as 94%
of the herds were A. suis positive (Maclnnes et al 2008).
Actinobacillus suis infection can take place via the aerosol
route, close contact, or breaks in the skin (Sanford et al
1990, Maclnnes and Bossé 2004). The systemic spread of
A. suis involves septic emboli, which reach various organs
including the kidney and produce septic embolic nephritis
characterized by presence of bacterial microcolonies sur-
rounded by areas of hemorrhage and necrosis (Odin 1994,
Yaeger 1996, Oliveira 2007).

Species that belong to the genus Actinobacillus are
mostly commensals or pathogens of animals, but have
also been described as a potential opportunistic pathogens
of humans, especially in people who are occupationally
exposed to infected horses or pigs. For example, A. suis
was isolated from a wound of a farmer after a pig bite
(Escande et al 1996), and in a bone biopsy taken from an
injured arm 3 months after a horse bite (Peel ef al 1991).
A. equuli was isolated from a butcher with septicemia due
to a cut in his thumb three days earlier (Ashhurst-Smith
et al 1998), and from a horse trainer with septicemia and
multiple joint involvement (Vaz et al 2001).

Actinobacillus suis or A. suis-like bacteria have been
isolated sporadically from other species, such as a Canada
goose with conjunctivitis (Maddux et al 1987), an alpaca
with endocarditis, embolic suppurative nephritis, pulmonary
abscesses and interphalangeal arthritis (Hill and Johnstone
1992), lungs from a cat after undergoing an ovariohys-
terectomy (Daignault et al 1999), neonatal calves with
septicemia (DeBey et al 1996), a buffalo with multiple
abscesses (Sulochana et al 1985), a colt with ocular and
nasal purulent discharge (Harbourne er al 1978), horses
with abscesses, respiratory and genital infections (Carman
and Hodges 1982, Carr et al 1997, Jeannotte et al 2002),
and foals with septicemia (Nelson et al 1996). Mice can be
infected with A. suis and subsequently develop pneumonia
and bacteremia comparable to that seen in pigs, suggesting
that mice may be used as a model for studying infection
in swine (Ojha et al 2007). This organism is considered
an opportunistic pathogen of both swine and horses
(Pedersen 1977, Liven et al 1978, Jang et al 1987, Miniats
et al 1989, Bada et al 1996, Ramos-Vara et al 2008), and
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it can cause fatal septicemia in young pigs (MacDonald
et al 1976, Sanford et al 1990, Maclnnes and Desrosiers
1999), pneumonia (Yaeger 1996), endocarditis (Ashford and
Shirlaw 1962), polyarthritis (Wilson and McOrist 2000),
and suppurative lesions in the kidney. Actinobacillus suis
infection may also cause lesions resembling erysipelas in
mature sows and gilts (Sanford and Miniats 1988, Miniats
et al 1989, Wilson and McOrist 2000). A. suis can colonize
the vagina of healthy sows and may cause abortion in gilts
(Mauch and Bilkei 2004). Actinobacillus suis, character-
ized by biochemical properties, has been associated with
infection of horses (Kim et al 1976, Harbourne ef al 1978,
Carman and Hodges 1982, Jang et al 1987), and septicemia
in foals (Nelson et al 1996).

Actinobacillus suis has a wide geographical distribution.
Cases have been reported from United States (Cutlip et
al 1972, Maddux et al 1987, Nelson et al 1996), Canada
(MacDonald et al 1976, Miniats et al 1989, Sanford et al
1990, Odin and Helie 1993), Great Britain (Harbourne et al
1978), New Zealand (Carman and Hodges 1982, Hill and
Johnstone 1992), India (Sulochana er al 1985), Australia
(Peel et al 1991, Wilson and McOrist, 2000), Hungary
and Croatia (Mauch and Bilkei 2004).

Actinobacillus suis, a member of the family of
Pasteurellaceae, genus Actinobacillus, is a small, gram-
negative, oval to rod-shaped, capnophilic, non-mucoid,
non-motile, nonspore producer, coccobacillary organism
with short chains of bacillary and filamentous forms.
India ink-crystal violet stain revealed that the organism
is encapsulated (Cutlip et al 1972, MacDonald et al 1976,
Harbourne et al 1978, DeBey et al 1996, Taylor 2006, Ojha
et al 2007). Actinobacillus suis is catalase and oxidase
positive, can grow on Mac Conkey’s agar, and is nitrate
and urease positive but indole negative. This microorgan-
ism is hemolytic when grown upon 5% sheep blood agar
and hydrolyses esculin. Mannitol is not fermented by A.
suis (Mair et al 1974, Sulochana et al 1985, DeBey et
al 1996, Yaeger 1996, Daignault et al 1999, Rycroft and
Garside 2000, Mauch and Bilkei 2004, Woldehiwet 2004).
Although iron is plentiful in animal hosts, it is not readily
available to pathogens due to iron-withholding properties
of transferrin and lactoferrin. A. suis is an iron-requiring
pathogen that must be capable of acquiring iron from its
host despite the iron-restricted environment. Pathogenic
members of Pasteurellaceae can obtain iron directly from
the host proteins, most notably from transferrins (Tfs), by
means of siderophore-independent, receptor-mediated
mechanisms. This mechanism involves two surface re-
ceptor proteins referred to as Tf-binding proteins A and
B (Bahrami et al 2003). Actinobacillus suis also has the
ability to acquire iron from hemoglobins for growth and
involves a single-component receptor that is up-regulated
in response to iron restriction (Bahrami and Niven 2005).
Actinobacillus suis has been described to secrete metallo-
proteases in vitro and these proteins displayed proteolytic
activity. Metalloproteases degrade pig and bovine IgG
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and they may have a role in diseases caused by A. suis
(Negrete-Abascal et al 2004). Microbial proteases exert
direct pathological effects by destroying host tissues and
potentiate inflammatory processes.

Actinobacillus suis is not easy to routinely diagnose
(Minton 2008), as it can be isolated along with other bacteria,
and may be present in chronic cases (MacDonald 1976,
Yaeger 1996). Moreover, isolation A. suis from clinical
samples may be influenced by treatment with antibiot-
ics, or poor handling of samples prior to submission to
the diagnostic laboratory. In this case, polymerase chain
reaction (PCR) can be used as an alternative tool to help
with the final diagnosis of A. suis infection (Oliveira 2007).

The pathogenicity of disease caused by A. suis is not
well understood. Potential virulence factors that have
been reported for this microorganism include production
of toxins, capsule expression, urease, and resistance to
complement-mediated killing. Actinobacillus suis has
genes that encodes pore-forming protein toxins belonging
to the RTX (repeats in the structural toxin) family and are
very similar to ApxI and ApxlIl of Actinobacillus pleuro-
pneumoniae (Burrows and Lo 1992, Kamp et al 1994, Van
Ostaaijen et al 1997, Frey and Kuhnert 2002), resulting
in the development of similar lesions caused by these
two microorganisms (Fenwick et al 1996, Jeannotte et al
2002). It is likely that two RTX toxins (ApxI and ApxII),
capsular polysaccharides (CPSs) (K) and lipopolysac-
charides (LPSs) (O), an iron-regulated outer-membrane
proteins, and resistance to complement-mediated killing
contribute to virulence (Slavic et al 20002, Slavic et al
2000b, Bahrami et al 2003, Kuhnert et al 20032, Bahrami
and Niven 2005, Ojha et al 2007, Oliveira 2007, Ramos-
Vara et al 2008). RTX toxins are produced by a broad
range of pathogenic Gram-negative bacteria. The toxins
exhibit both a cytotoxic and often a hemolytic activity
in vitro and few RTX toxins have cytotoxic activity only
against cells of specific hosts and/or cell-type, suggest-
ing that they may play a role in host specificity of certain
pathogens (Frey and Kuhnert 2002). For example, A. suis
and A. equuli have host specific specificity toxins, whereby
A. suis has the apxICA and apxIICA genes, (Kuhnert et
al 20032, Kuhnert ef al 2003b) that are not present in A.
equuli (Ramos-Vara et al 2008).

The cell surface CPSs and LPSs of Gram-negative
bacteria also play key roles in bacteria-host interac-
tions. Monteiro et al (2000) described the presence of
(1—6)-B-D-glucan in the LPSs and CPSs of A. suis, and
the strains expressing that homopolymer as LPS-O-chains
and CPSs were designed serotype O1/K1. The presence of
(1—-6)-B-D-glucan is also found in common environmental
fungal organisms and yeast, and some pigs may have low
levels of antibody resulting in false positive results for A.
suis by using LPS/CPS based in enzyme-linked immuno-
sorbent assay (ELISA). A study was also done with the
O-antigen polysaccharide (PS) chemical structure of an
02 serogroup strain of A. suis, which is associated with
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severely diseased animals and produce a more complex
O-chain PS. The capsule PS (K2) of these strains contains
sialic acic, a residue that has been associated with many
immunological events (Rullo et al 2006). A cell surface
antigen-typing was devised for A. suis and used to examine
the prevalence of different lipopolysaccaride (O) types in
healthy and diseased pigs and the authors concluded that
02/K3-reactive strains may be more virulent than O1/K1
strains (Slavic et al 20002, Slavic et al 2000). Although
O1/K1 and O1/K2 strains were isolated from clinically
“healthy” pigs (asymptomatic animals), they both have
a potential to cause disease. However, differences in the
histopathologic changes and in the ability to spread
peritonitis between A. suis serotypes O1/K1, O1/K2, and
02/K2 have been reported (Slavic et al 20002).

The rapid spread of the disease between two isolated
herds suggested that A. suis can be readily transmitted by
humans and/or by carrier pigs (Miniats et al 1989). The
ability of A. suis to survive in the environment has not
been fully described but there is evidence that the organ-
ism can persist in an infected herd for at least 18 months
(Miniats et al (1989). A. suis is killed within 15 minutes
at a temperature of 60°C, is sensitive to most disinfectants,
and will die out within a few days in clinical specimens
(Oliveira 2007).

Despite the fact that A. suis is sensitive to a wide range
of antibiotics (procaine penicillin G, trimethoprim sulfa-
doxine, oxytetracycline HCI (Miniats et al 1989), the rapid
onset of the disease makes effective treatment difficult.
Sanford et al (1990) reported that in their study all 28 A.
suis isolates were susceptible to ampicillin, carbenicillin,
gentamicin, kanamycin, penicillin G, polymyxin B, and
trimethoprim-sulfamethoxazole; one isolate was resistant
to tetracycline and sulfisoxazole, another isolate was
resistant to tetracycline only. On the other hand, Wilson
and McOrist (2000) reported that all A. suis isolates
were susceptible in vitro to a lincomycin-spectinomycin
combination and resistant to tetracyclines, macrolides
and penicillins, while two were resistant to apramycin
and trimethoprim-sulphamethoxazole. Oliveira (2007)
observed that A. suis isolates sharing similar genomic
fingerprints may have completely different susceptibility
profiles, suggesting that antibiotic resistance genes may
be carried in plasmids, and strains with similar genetic
makeup may carry different plasmids.

Clinical signs and lesions caused by A. suis are usually
non-specific, and a list of differential diagnoses associated
with other pathogens that can cause septicemia is neces-
sary for the development of effective control strategies.
Bacterial pathogens that can cause systemic infection in
swine include members of the family Pasteurellaceae
as Haemophilus parasuis (cause fibrinous pleuritis,
pericarditis and polyserositis) and A. pleuropneumoniae
(common cause of pneumonia), and Erysipelothrix rhu-
siopathiae (typical lesions include endocarditis, arthritis
and skin lesions) (Robinson and Maxie 1993) causing



significant production losses. A. suis can be isolated from
clinical samples or it can be detected by PCR (Oliveira
2007). The most promising technique for identification of
Actinobacillus spp. and other pathogens is PCR tests based
on species specific genetic elements including virulence
genes (Christensen and Bisgaard 2004).

Vaccination and serodiagnostic testing are complicated
by the presence of multiple serotypes, and cross-reactive
antigens (Rosendal and Mittal 1985, Fenwick et al 1996,
Maclnnes and Desrosiers 1999, Lapointe et al 2001,
Oliveira 2007). Currently, no sero-diagnostic tests or
vaccines are commercially available to help controlling A.
suis infections (Oliveira et al 2007). Autogenous vaccines
are sometimes used in herds with clinical problems, but
their efficacy has not been critically evaluated. Serologic
profile could be used to determine the duration of passive
immunity in a specific herd in order to help implementing
the best vaccination strategy. The use of autogenous A. suis
vaccine increased the specific humoral immunity in gilts
(Lapointe et al 2001). Oliveira et al (2007) reported that A.
suis affecting North American swine herds are highly clonal
and this information may be important for the selection of
vaccine strains. Some commercial A. pleuropneumoniae
vaccines, containing Apx toxoids, might provide some cross
protection. Furthermore, Lillie et al (2006) characterized
porcine plasma lectins with bacteria-binding functions
against A. suis and Haemophilus parasuis which may play
arole on innate resistance to bacterial pathogens in pigs.

Review of the literature seems to indicate that porcine
actinobacillosis, which previously was considered to be
a disease of minor importance, present a health hazard
to naive, susceptible swine population. This seems to be
particularly important in farms using modern management
practices such as segregated weaning, closed breeding and
in minimal disease herds.

ACTINOBACILLUS EQUULI

Actinobacillus equuli is phenotypically and phylo-
genetically related to A. suis (Bisgaard et al 1984) and
some strains have been previously misidentified or at least
misnamed as equine “A. suis” (Kuhnert et al 2003b). For
many years the uncertain taxonomy have represented a
diagnostic problem and prevented progress on studies of
virulence and epidemiology of these organisms (Ross et
al 1972). Actinobacillus equuli is a small, non-motile,
gram-negative rod and differs from A. suis by producing
acid from mannitol, and not hydrolyzing esculin (Sanford
et al 1990). Early attempts to distinguish between isolates
from healthy horses and clinically ill cases using ribotyping
and biochemical fingerprinting were not useful (Sternberg
and Brandstrom 1999) but in subsequent studies A. equuli
was reclassified in two subspecies: A. equuli subsp. equuli
and A. equuli subsp. haemolyticus, showing different
disease pattern and epidemiology. The main features used
for differentiation of the two subspecies are haemolysis
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and the CAMP reaction (Christie et al 1944); A. equuli
subsp. equuli is non-haemolytic and CAMP-negative.
Haemolysis is observed in infections due to A. equuli
subsp. haemolyticus and A. suis (Christensen et al 2002).
RTX toxin activity has been found in strains of A. equuli
subsp. haemolyticus and the Agx haemolysin has been
shown to be toxic for horse lymphocytes (Berthoud et al
2002). A toxin gene analysis revealed that all A. equuli
subsp. haemolyticus strains specifically contained agx gene
which confers the hemolytic phenotype of this subspecies,
while A. suis strains harbored the genes apxI and apxII.
Moreover, A. equuli subsp. equuli contained no agx nor
any of the other RTX genes tested. The specificity of agx
for the hemolytic equine A. equuli and apxI and apxII for
the porcine A. suis indicates a role of these RTX toxins in
host species predilection of the two closely related spe-
cies of bacterial pathogens and allows polymerase chain
reaction (PCR) based diagnostic differentiation of the
two (Kuhnert et al 20032). The Agx toxin was associated
with pulmonary hemorrhage and endothelial damage in
an adult horse (Pusterla ef al 2008).

The natural host of A. equuli is the horse and the organism
is found in the oral cavity and alimentary tract of horses,
which commonly leads to the exposure of their immune
system to this bacterial species and its antigens. Adult horses
had antibodies directed to Agx toxin of A. equuli (Berthoud
et al 2004, Holyoak et al 2007). Actinobacillus equuli has
been associated with several diseases in foals and adult
horses, and the most important condition is fatal septicemia
in neonatal foals which is thought to be associated with
a failure of passive transfer of immunoglobulins via the
colostrum. Interestingly, only A. equuli subsp. equuli, a
non-hemolytic subspecies is associated with “sleepy foal
disease”, a clinical condition characterized by acute sep-
ticemia of foals with purulent nephritis which eventually
becomes chronic in the form of “joint il1”, a polyarthritis
(Kuhnert et al 20032). Infections in adult horses due to A.
equuli are less common and generally more localized as it
is described in cases of arthritis, endocarditis (Aalbaek et
al 2007), abortion (Webb et al 1976), septicemia, nephri-
tis, pneumonia (Carr et al 1997, Pusterla et al 2008), and
orchitis (Patterson-Kane et al 2001). A few cases of acute
and chronic peritonitis caused by A. equuli infection have
also been documented in adult horses (Gay and Lording
1980, Golland et al 1994, Patterson-Kane et al 2001). The
pathogenesis of peritoneal infection caused by A. equuli is
unclear. In addition to septicemia resulting in polyserositis,
and or peritonitis, other routes of infection are possible.
Carriage of A. equuli by Strongylus sp. larvae from the
intestinal tract may play a role in peritoneal invasion (Gay
and Lording 1980, Golland et al 1994). The feasibility of
this route of infection is supported by the fact that A. equuli
has been isolated from verminous aneurysms of the cranial
mesenteric arteries caused by Strongylus vulgaris larvae
(Golland et al 1994). Mesenteric and cecocolic verminous
arteritis lesions were observed in one horse with chronic

103



CE BENAVENTE, IC FUENTEALBA

A. equuli peritonitis (Gay and Lording 1980). However,
A. equuli peritonitis is a rare diagnosis in adult horses
but because appropriate antimicrobial treatment in small
numbers of horses with acute A. equuli peritonitis has
resulted in clinical improvement and a return to original
activity, diagnosis Patterson-Kane ef al (2001) suggested
that pathologists and clinicians examining smears of
abdominal fluid from equine colic cases should be aware
of this etiologic agent.

Reports of A. equuli infection in pigs are uncommon
and come mostly from European countries (Bell 1973,
Ramos-Vara et al 2008). Only few reports have been pub-
lished during the last decades in North America: A. equuli
has been associated with vegetative endocarditis in pigs
(Jones and Simmons 1971), isolated from an aborted
porcine fetus (Werdin et al 1976), reported as a cause of
metritis, valvular endocarditis with secondary septicemia
in a pregnant gilt (Ramos-Vara et al 2008), and recently,
A. equuli subsp. equuli was isolated from a sow herd
affected with peracute clinical disease progression and
abnormally high mortality of 300 sows from an initial
population of 3000 females and 1 to 4 day-old piglets
(Thompson et al 2010).

The most likely method of spread of the genus
Actinobacillus between horses and pigs seems to be previous
contact between both species in the farm (Windsor 1973,
Werdin 1976, Harbourne et al 1978, Nelson et al 1996),
but a case of A. equuli infection in swine was reported
from a farm in which pigs were raised in an environment
without contact with horses (Ramos-Vara et al 2008).
Cases of A. equuli infection were reported in a farm with
excellent biosecurity standards, but it was also reported
that although the sows had no direct contact with horses
several barn employees were known to be in contact with
horses (Thompson et al 2010).

Septicemic actinobacillosis in pigs is usually attributed
to A. suis (Odin 1994) but A. equuli can produce septicemia
in piglets and sows, with similar lesions in kidneys, joints
and endocardium (Taylor 2006, Ramos-Vara et al 2008). To
date, A. equuli subsp. haemolyticus has only been isolated
from horses, whereas A. equuli subsp. equuli has been
isolated from pigs and horses. Ramos-Vara et al (2008)
utilized a molecular approach to detect and identify the
bacteria in the affected pig tissues. Analysis of the amplified
nucleotide sequences revealed 100% homology with two
A. equuli isolates (GenBank AY634640 and AY465359)
and PCR typing of the RTX genes ruled out A. suis and
A. equuli subsp. haemolyticus. Moreover, Thompson et
al (2010) identified A. equuli subsp. equuli from the lung
and kidney tissue of sows using a bacterial identification
system and the 16S ribosomal RNA gene sequencing.

In recent cases of A. equuli subsp. equuli infection
in sows antibiotic susceptibility tests indicated that
the bacterium was sensitive to tetracycline, neomycin,
trimethoprin, ceftiofur, spectinomycin, and ampicillin
(Thompson et al 2010). An autogenous killed vaccine was

104

developed and within 6 weeks following the onset of the
clinical outbreak, the entire sow herd was vaccinated. In
order to prevent clinical disease in replacement animals,
gilts were vaccinated twice prior to entry into the herd
(Thompson et al 2010).

CONCLUDING REMARKS

Although a differential diagnosis of porcine actinobacil-
losis as the result of A. equuli is not commonly considered
in swine, veterinarians should be aware of the importance
of this pathogen in cases of septicemia. The recent report
of an outbreak of A. equuli infection in swine (Thompson
et al 2010), the isolation of the organism in pure culture
from species other than equine (Moyaert et al 2007), and
the unpublished observations from diagnostic laboratories
support the interpretation that this is either an emerging
pathogen, or has been previously under-diagnosed. Bacterial
endocarditis in pigs is usually linked to Streptococcus spp.
and Erysipelothrix rhusiopathiae infections (Robinson
and Maxie 1993), but valvular endocarditis has been re-
ported in natural and experimental A. equuli infections of
piglets and in natural infections in foals. Any septicemic
condition has the potential to cause embolism in small
blood vessels, and cause endothelial damage including
endocarditis. The pathogenesis of thromboembolism
starts with primary infection, followed by secondary
bacteremia, bacterial colonization of multiple organs and
culminating with thromboembolism (Odin 1994). Thus,
it is important to recognize that embolic nephritis is an
entity with many possible causes, including A. suis and
A.equuli. Both pathogens are associated with infection in
humans, particularly people involved in activities that puts
them in close contact with horses and pigs, or individuals
that handle tissues from these animals. Isolation and iden-
tification of the etiologic agent are required to achieve an
accurate diagnosis and to implement adequate therapeutic
and management strategies.

SUMMARY

Kidney lesions are an important cause of tissue condemnation in
slaughterhouses. In addition to the potential public health implications,
organ condemnations have a significant economic impact on the food
animal industry. The condition classified broadly as “nephritis” is one of
the main causes of tissue condemnation. Embolic nephritis resembling
Actinobacillus equuli infection in foals has been recently detected in sows
and market hogs. Actinobacillus suis is phenotypically and phylogenetically
closely related to A. equuli. Both are Gram-negative bacteria, not easy
to detect in routine exams. A. suis is an opportunistic pathogen that
can produce fatal septicaemia in pigs, pneumonia, polyarthritis, septic
embolic nephritis, abortion and mummified foetuses. Outbreaks of clinical
disease appear to occur more frequently in high-health-status herds. In
adult pigs the skin lesions may be confused with porcine erysipelas. A.
suis and A. equuli are emerging opportunistic pathogens in the porcine
industry and both have potential public health consequences to people
that handles meat products. The objective of this paper is to present
a literature review regarding the role of A. suis and A. equuli in the
pathogenesis of nephritis in swine.
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