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Abstract
Actinobacillus suis was isolated from tissues of 39 pigs,
2 porcine lungs, and 1 uterine swab submitted for diag-
nostic evaluation from 24 farms in southwestern
Ontario between 1985 and 1988. These isolates repre-
sented a gradually increasing incidence of herd out-
breaks caused by A. suis in southwestern Ontario. The
outbreaks were typified by sudden death in suckling
or recently weaned pigs; 870o of the affected pigs
examined at the laboratory were between two and
28 days old. Petechial to ecchymotic hemorrhages in
the thoracic and abdominal organs accompanied by
serofibrinous exudates in both cavities were the most
common gross lesions. The lesions were characterized
histologically by bacterial thromboembolism and
necrosis randomly scattered in thoracic and abdominal
organs. Occasionally, bacterial thromboemboli were
surrounded by centrifugally radiating, eosinophilic,
club-like colonies. Diffuse necrohemorrhagic myocar-
ditis that was more severe in the atria, and diffuse
subacute meningoencephalitis, were less frequent but
distinctive lesions. Multiple litters were affected in
most herd outbreaks, and mortality often approached
50(7 in affected litters. Although the A. suis organism
was susceptible to nearly every antibiotic against
which it was tested, the suddenness of herd outbreaks
precluded attempts at treatment.

Resume
Infections par Actinobacillus suis chez le porc
dans le Sud-Ouest ontarien
Actinobacillus suis fut isole de tissus provenant de
39 porcs, de poumons de deux porcs et d'un ecouvillon
uterin soumis pour fins de diagnostic par 24 fermes
du Sud-Ouest ontarien entre 1985 et 1988. Ces resultats
indiquent une incidence accrue de cas d'actinobacillose
dans le Sud-Ouest ontarien. Les epidemies se caracte-
risaient par de la mortalite subite chez les porcelets a
la mamelle ou chez ceux qui venaient tout juste d'etre
sevres; 87 No des porcs examines au laboratoire avaient
entre 2 et 28 jours. Si les porcelets les plus jeunes suc-
combaient, l'eleveur avait tendance a assumer initiale-
ment qu'ils avaient ete tout simplement ecrases par la
truie. Les lesions macroscopiques les plus commune-
ment rencontrees furent des petechies et des ecchymoses
des organes abdominaux et thoraciques avec des epan-
chements exsudatifs serofibrineux dans les deux
cavites. A l'examen microscopique, ces dernieres se
caracterisaient par des lesions de necrose et de
thrombo-embolisme bacterien reparties au hasard dans
les organes thoraciques et abdominaux. A l'occasion,
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les thrombo-embolismes bacteriens furent entoures de
colonies eosinophiliques, en forme de massues et irra-
diant de faVon centrifuge. Une myocardite necro-
hemorragique, plus severe dans les oreillettes, et une
meningo-encephalite subaigne diffuse representaient
d'autres lesions destructives mais moins frequemment
rencontrees. Plusieurs portees furent affectees dans un
meme elevage et le taux de mortalite approchait 50 Wo.
La rapidite avec laquelle la maladie s'est declaree dans
les elevages a fait en sorte que les traitements appro-
pries n'ont pu etre institues bien que A. suis soit sen-
sible a presque tous les antibiotiques contre lesquels
il fut evalue.

Introduction
Even though Actinobacillus suis infections in pigs

have occasionally been reported from diverse
locales around the world (1-6), this disease remains
obscure. These sporadic reports have usually described
septicemia and death in suckling or recently weaned
pigs.

In this paper, we report an annually increasing
incidence of A. suis infection causing primarily septi-
cemia and sudden death in suckling pigs in south-
western Ontario.

Materials and methods
This study is based on laboratory findings from the
examination of 39 porcine carcasses, 2 lungs, and
1 uterine swab, submitted to the Huron Park Diag-
nostic Laboratory (HPDL), from which A. suis was
isolated between January 1985 and December 1988.
In this four-year period, 4819 porcine carcasses were
submitted to the HPDL for evaluation: 1239 of these
in 1985, 1055 in 1986, 1284 in 1987, and 1241 in 1988.
From 1978 to 1988 inclusive, an average of 1446
porcine carcasses with a range of 1055 (in 1986) to 1799
(in 1979) were submitted annually to the laboratory.
All pigs in this study came from herds which had
modern intensive management systems in which large
numbers of pigs are kept confined indoors, and
isolated from other herds. Histories and clinical signs
were obtained by interviewing producers and/or their
veterinarians when carcasses or tissues were submitted.
All pigs were necropsied routinely. Portions of organs
selected for bacteriological culture were streaked on
5%o bovine blood agar and incubated at 37°C; plates
were examined at 24 and 48 hours postinoculation.
Identification of A. suis was based on previously
established characteristics (1,4,5) and has remained
unchanged at the HPDL for more than a decade. The
principal features of differentiation from other bac-
teria isolated from pigs include: gram-negative, non-
mucoid, coccobacillary and sometimes filamentous
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structure; nonmotile; growth on MacConkey agar;
complete hemolysis on bovine blood agar; catalase,
oxidase, and urease production; hydrolysis of esculin;
acid production from salicin and trehalose, without
gas, but no production from mannitol. The anti-
microbial susceptibility of all A. suis isolates was deter-
mined by disk-diffusion tests on blood-supplemented
Mueller-Hinton agar (7) against ampicillin, carbeni-
cillin, cephalothin, gentamicin, kanamycin, neomycin,
penicillin G, polymyxin B, streptomycin, sulfisoxazole,
tetracycline, and trimethoprim-sulfamethoxazole.
Tissue samples for histological examination were fixed
in 100o neutral buffered formalin, sectioned at 6 ltm,
and stained with hematoxylin and eosin.

Results
From 1985 to 1988 inclusive, A. suis was isolated,
usually as the predominant or only organism, from
tissues of 39 pigs, 2 lungs, and 1 uterine swab repre-
senting 28 separate submissions from 24 different
farms (Table 1). The number of isolations of A. suis
more than doubled each year during the study period,
even though the number of submissions remained
about the same. Infected pigs ranged in age from two
days to two years old but, typically, a herd outbreak
was characterized by sudden death in suckling pigs;
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34 of the 39 (87%) pigs examined from 18 of 24 farms
were between 2 and 28 days old. Only.one litter was
affected in each of three herds (cases 15, 16, and 21),
whereas multiple litters,were involved in most out-
breaks (cases 2-4, 6, 10, 11, 14, 19, and 20). Mortality
often approached 50% in affected litters. Occasionally,
A. suis was isolated from intestines and mesenteric
lymph nodes of scouring pigs. In all of these pigs how-
ever, some other agent was identified as the cause of,
or the major contributor to, the diarrhea.
The first A. suis isolate was from a uterine swab

taken from a nonpregnant sow with a vaginal dis-
charge (Table 1). That was the only A. suis isolate
from a reproductive tract during the study period, but
the number of porcine reproductive tracts cultured
annually (< 10) at this laboratory is small. Toward the
end of the observation period, isolates of A. suis were
sometimes made from tonsils and/or lungs (cases 17,
18, 25, and 28), and once (case 24) from a sub-
cutaneous lymph node from a pig with exudative
epidermitis, and seemed to be unrelated to any disease
process in the pigs from which they were isolated.

Clinical signs
The most common clinical history was sudden death
of several pigs in one or two litters in a farrowing room
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Figure 1. Petechial hemorrhages and necrosis (arrows) in
the lung of a two-week-old pig with Actinobacillus suis
septicemia.

as was reported in cases 2-4, 13, 15, 16, 19, 20, 21,
and 26 (Table 1). In two of these herds, the owners
had initially thought that the dead pigs had been
crushed by the sow, but became concerned that too
many pigs had been found dead. This caused them to
submit pigs to the laboratory. When clinical signs were
noted in affected sucklings, they consisted of short
periods of panting accompanied by shaking and/or
paddling (cases 6, 11, and 14). Cyanosis and 2-3 mm
purple spots randomly scattered over the body surface
of all male pigs from two litters which had been
castrated 24 h previously were the presenting signs in
case 10. Cyanosis or reddening of the skin was also
observed in the pigs submitted in outbreaks 13-15.
Central nervous system (CNS) dysfunction character-
ized by ataxia and stumbling was seen in the 10-week-
old pig submitted in outbreak 8. Most herds were
affected only once, or lost pigs over a short period of
a few days. The outbreak then subsided as suddenly
as it had begun. In three herds, however, second and
third outbreaks (almost identical to the first) occurred
several weeks or months later. The findings in case 12
have been published as part of a paper on A. suis
infections affecting mainly sows and resembling
erysipelas outbreaks (8).

Gross and histopathological findings
The most striking gross lesions were petechial to
ecchymotic hemorrhages in one or more of the follow-
ing organs: lung, heart, liver, kidney, spleen, skin, and
intestines. These were seen in pigs in cases 2, 3, 6, 10,
14-16, and 19-21 (Figures 1 and 2). Increased serous
or serofibrinous exudates in the thoracic and
abdominal cavities accompanied the hemorrhages in
most cases but were particularly noticeable in cases 3,
6, 14, and 19-21, and were the significant findings,
without hemorrhage, in case 9. Hemopericardium
accentuated the fibrinohemorrhagic myocardial lesions
in cases 6, 14, 15, and 19. There were increased
amounts of cerebrospinal fluid and the meninges were
cloudy in cases 8 and 11.

Bacterial thromboembolism with accompanying
fibrinohemorrhagic necrosis in randomly scattered foci

Figure 2. Large coalescing areas of pulmonary hemorrhage
and necrosis (arrows) in a two-day-old pig with A. suis
septicemia. Lesions occurred in all lobes.

in various organs including lung, liver, kidney, spleen,
heart, meninges, and brain was the distinctive
histological finding (Figures 3 and 4). The lung was
most often involved, and the most severely affected
lungs exhibited numerous irregular, randomly scat-
tered, often coalescing areas of necrosis surrounding
bacterial colonies. These bacterial colonies were some-
times surrounded by amorphous, centrifugally radiat-
ing, eosinophilic material mixed with necrotic debris
(Figure 4). In less severely affected lungs, the changes
were characterized by subpleural, interlobular, and
intra-alveolar edema, interstitial pneumonia, sero-
fibrinous pleuritis, and various numbers of bacterial
thromboemboli (Figure 3). Bacterial thromboemboli
in the center of necrotic foci, with and without
radiating, eosinophilic club-like colonies, were scat-
tered randomly but less common in liver, kidney,
spleen, and myocardium than in lung. A fulminant,
diffuse, necrohemorrhagic myocarditis, more severe
in the atria, typified the microscopic changes in cases 6,
14, 15, and 19. Marked diffuse subacute meningo-
encephalitis and bilateral subacute Gasserian ganglio-
neuritis characterized the changes in pigs with CNS
lesions. Meningoencephalitis consisted of an influx of
large numbers of predominantly mononuclear inflam-
matory cells into the leptomeninges, perivascularly in
the cerebral and cerebellar cortices, filling the lateral
ventricles and invading the subventricular neuropil.
Bacterial thromboembolism in subcutaneous vessels,
accompanied by full-thickness necrosis of the skin and
subtended by a band of a mixture of degenerating
inflammatory cells, occurred in cases 12 and 13.

Antimicrobial susceptibility findings
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 sulfis-
oxazole, and had an intermediate susceptibility to
streptomycin. Another isolate was resistant to
tetracycline only.

Discussion
Septicemia causing rapid death in suckling and wean-
ling pigs up to 12 weeks old has been the predominant
feature in previous reports of A. suis disease in pigs
(1-6). Similarly, 87% of the pigs in this study were
between 2 and 28 days of age, still suckling, and most
had experienced septicemia causing sudden death.
Meningitis and arthritis, though not unexpected in
septicemia, have been less frequently reported than
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Figure 3. Histological lesions in lung shown in Figure 1;
interstitial pneumonia and a necrotic focus filled with A. suis
bacterial in club colony formation.
septicemia, and were features in only a few of our
cases. It would seem that, although the A. suis
organism causes severe septicemia including poly-
serositis in young pigs, it has a great affinity for the
parenchyma of the internal organs. Certainly, in the
outbreaks reported here, the parenchyma of the
various organs, via embolic spread, were more fre-
quent targets than the serous membranes.
When it occurred, myocarditis was a striking feature

in pigs in this study. Although myocarditis had been
documented in previous reports on A. suis outbreaks,
it did not seem to have been a significant feature of
those outbreaks (4,5). Similar to previous reports (4,9),
the significance of A. suis infection in the reproduc-
tive tract of the sow in our study remained obscure.
Although the pathogenesis has not been fully

explored, A. suis seems to affect primarily young pigs,
especially neonates, up to and just beyond weaning
age. It probably gains entry into the pig either through
the mucous membranes or via an abrasion, then
spreads systemically. Researchers have reproduced
disease in pigs by intravenous injections of A. suis
-organisms (3). From their work, Mair et al suggested
that very young pigs were more susceptible to experi-
mental infection with A. suis than older pigs (4). Of
six, 13-day-old piglets inoculated intraperitoneally, all
became febrile in 24 hours, two died of generalized
disease within three days, and the four survivors all
had chronic pleuritis and peritonitis when necropsied
10 days postinoculation (4).
The A. suis organism was susceptible to nearly every

antibiotic that it was tested against, including
tetracycline. Because of the acute nature of most out-
breaks, however, there had not been time to attempt
treatment. If these outbreaks could be anticipated,
antibiotic treatment would likely be effective.

Reviewing earlier reports of A. suis outbreaks, it
appears that these outbreaks occurred sporadically in
various locales, and circulated among a few herds for
periods varying from months up to a year or two.
Then, if the lack of further reports from the various
countries is any indication, the outbreaks stopped as
suddenly as they had started (1-6). Prior to 1985, the
A. suis organism had never been isolated from speci-
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Figure 4. Severe fibrinonecrotizing pneumonia in the same
lung as shown in Figure 2. Note the coalescing areas of
necrosis filled with fibrinocellular exudate.

mens submitted to our laboratory. The cultural pro-
tocol for isolation of A. suis has remained unchanged
for over a decade. Yet, as shown in this study
(Table 1), there has been an annual increase between
1985 and 1988 in the number of A. suis isolations
made at this laboratory, primarily from suckling pigs
which had died suddenly on different farms in south-
western Ontario.

It would seem that the A. suis organism emerges as
a pathogen for a short time in a new geographical area,
probably where there has been some subtle change in
susceptibility of the pig population. This change might
be a shift to more minimal disease or SPF herds or
more herds with other types of high health status. It
then acts as an opportunistic pathogen among neonates
on those farms and soon reequilibrates in the upgraded
swine population as a commensal rarely causing
disease outbreaks. It is reasonable then to expect that
the number of annual outbreaks here will soon peak.
Indeed, for the first time since the initial isolation of
A. suis in 1985, there was a decrease in the number
of A. suis isolations at this laboratory. In 1989, A. suis
was isolated from 12 pigs representing 10 separate sub-
missions from eight different farms. The isolates rep-
resented new cases in six of the eight herds. Although
the A. suis outbreaks may now have peaked in
Ontario, veterinarians and producers should be on the
alert since similar outbreaks are likely to occur in other
pig-producing areas in the near future. cvJ
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