Characterisation of Australian isolates of Actinobacillus
capsulatus, Actinobacillus equuli, Pasteurella caballi and

Bisgaard Taxa 9 and 11
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Objective The objective of this work was to perform a com-
prehensive phenotypic characterisation of 16 isolates of bac-
teria previously identified as Actinobacillus equuli.

Design The 16 isolates that had been obtained from
Australian animals — 15 from horses and one from a rabbit —
were compared with reference strains of A equuli, A capsulatus,
Pasteurefla caballi and Bisgaard Taxa 9 and 11.

Results The characterisation study demonstrated that only
nine of the isolates were A equuli. The other isolates were
identified as A capsulatus {the isclate from rabbit), P cabalfi
{one isolate), Bisgaard Taxon 11 (two isolates) and Bisgaard
Taxon 9 (ohe isolate), The final two isolates could not be
assigned to any recognised species or taxa.

Conclusion This study has highlighted the importance of a
complete characterisation of Actinobacifius-like arganisms iso-
lated from horses and rabbits. The study represents the first
time that A capsulatus, P caballi and Bisgaard Taxa 9 and 11
have been recognised as being present in Australia.
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is the causative agent of sleepy foal disease, an acute,
ighly facal septicaemia of newborn foals.' The organism
has been previously known as Shigella equiralisand 'S equali?

In the Australian context, A egunfi was first isolated by
Cottew and Ryley’ from a foal that died of septicaemia. Bain®
has reported the involvement of the organism in abortion, septi-
caemia and joint ill in young foals of less than 4 monchs of age
and septicaemia and sudden death in foals of 6.5 to 9 months of
age. A egunii has also been associated with abortion in mares’
and peritonids in adult horses.?

A range of other bacteria, all apparendy members of the family
Pasteurellaceae, have been isolated from horses, but not in
Australia. Bacteria variously described as Actinabacillus suis, A suis
—like, haemolytic A eguuli and haemolytic A ligniersii have been
reported in the literature.” It has been shown that at least some
of these equine isotates known as A sués and haemolytic 4 egunli
are, in fact, quite distinct from porcine isolates of A suis, with the
designation Bisgaard Taxon L1 being proposed for such organ-
isms." In addition, a new member of genus Pasteurella, P cabally,
has been recognised in horses.”

In the light of this knowledge of the presence of a range of
members of the genera Pastewrells and Actinobaciilus in horses,
we have re-examined a collection of bacteria previously identi-
fied as A equuli. These isolates were all identified as A equndi dur-
ing routine diagnostic disease investigations performed atr the

1ctﬁnobﬂa’[ﬁm equuli, a member of the family Pasteurellaceae,
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Animal Research Institure berween 1963 and 1993. The isolates
were obtained from 15 horses or foals {15 isolates) and one rabbit
{one isolate).

Materials and methods
Bacteria

Sixreen isolates, all previously identified as A equulf, were
siudied. The available details on these isolates are provided in
Table 1. The reference strains that were used in this study were
A eguuti NCTC 8529, A capsulains NCTC 11408, P caballi
ATCC 49197, Bisgaard Taxon 9 CCM 5500 and Bisgaard
Taxon 11 biovar 1 CCUG 15573. All of these are type strains
for their respective taxa.

Phenotypic characterisation
All the field isolates as well as the reference strains were sub-
jected to a full phenotypic characterisation as previously

described.”

Case bistories

The available case hsitories were reviewed. In many instances,
the details of the histopathogical findings were no longer obtain-
able. As well, for many of the cases, only a brief summary of the
original findings could be located.

Results

All 16 field isolates were Gram—negative, non-motile rods chat
fermented glucose and did not produce indole. The tsolates had
no requirements for X- or V-factors in virro, were unable to
utilise citrare, mucate or malonate, did not produce H,S, did
not produce any pigment, could not grow in KCN and were
negative in the methyl red and Vogues-Proskaur tests. All the
isolates could reduce nicrate but lacked the ability to hydrolyse
arginine, decarboxylate lysine or ornithine and could not
hydrolyse gelarin, Tween 20 or Tween 80. None of the isolates
could grow on McConkey agar or deaminate phenylalanine bur
all showed phosphatase activity. All the isolates were negative for
o-fucosidase, P-glucuronidase and o-mannosidase activity but
all were positive for alanine aminopeptidase and B-galactosidase
activity. None of the isolates produced acid from adonitol, D{+)
arabitol, dulcitol, meso-erythritol, D(+) fucose, D{(+) glycogen,
mulin, D{(+) melezitose, L{+) rthamnose, L(-) sorbose, D(+) tura-
nose, xylitol or L{-) xylose. All the isolates produced acid from
D{-) fructose, D{+} glucose, D(+) mannose, lactose, raffinose,
D{-) ribose and sucrose. The isolates differed in a number of
properties and the details of chese distinguishing properties are
given in Table 2, which also shows the properties of the type
strains used in this study.

*Queensland Department of Primary Industries, Animal Research institute,
Yeerongpilly QLD 4105

bDepartment of Veterinary Microbiology, The Royal Veterinary and Agricultural
University, DK-1870 Frederiksberg C, Copenhagen, Denmark
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Oun the basis of the differential properties shown in Table 2,
the field isolates were identified as A eguali (five isolates), L{+)
arabinose® A equuli (four isolates), A capsulatus (one isolate),
Bisgaard Taxon 11 biovar 1 (two isolates), Bisgaard Taxon 9 {one
isolate) and P caballi (one isolate). The remaining two isolates
could not be assigned to any currently recognised taxon in the
family Pasteurellaceae.

Table 1 provides a summary of the relevant information
obtained from the review of the case histories. The A equuli iso-
lates (both arabinose positive and negative} were commonly
associated with the typical infectious condicions linked to this
organism - shigellosis, septicaemia and abortion. The single ?
caballi isolate was obtained from an abortion in which there was
no evidence of an infectious process being involved. 'The single
Bisgaard Taxon 9 isolate was obtained from a horse in which
there was histological evidence of a bacterial septicaemia. For the
two Bisgaard Taxon 11 isolates, there is no evidence for or
against their involvement in any pathogenic process. Of the two
unclassifiable isolates, one (H4272/4) was obrained in pure cul-
ture from a case in which there was histological evidence of an
infection. This histological evidence plus an absence of other
potential pathogens suggests that this isolate may have been pri-
mary pathogens. The A capsitlatus isolate was obtained as a pure
culture from a dead rabbit but there is no record of any histo-
logical examination that may have been performed.

Discussion

This study highlighes the problems confronting diagnostic
laboratories attempting to identify members of the family
Pastenrellaceae. The isolates examined in this study were all

originally identified as A egwudi, using a battery of tests consid-
ered acceptable for diagnostic labaratories. Many of the original
identifications were in fact performed by one of us (PJB). A
close re-examination with 2 more extensive battery of tests and
a better knowledge of the alternative possible identifications
has resulted in only nine of the 16 isolates being confirmed as
A egudi. The remaining seven isolates have been confirmed as
either belanging to other formally recognised species (A capsulatus
and P caballi), other recognised but un-named taxa (Bisgaard
Taxa 9 and 11) or appear to have not previously been described
in the licerature. The finding that the original identificacions
were incorrect should not be seen as a condemnation of the orig-
inal workers. It is a reflecrion of the fact that identification of
members of the family Pastesrellaceas is a difficulr task that
requires considerable effort.

P cabafli has been recognised as an inhabitant of various
mucous membranes of horses, pardculadly of the upper respira-
tory tract,” It has been suggested that the organism can play a
significant role in upper respiratory tract infection, pneumonia
and peritonids.”*"*"* This is the first isolate of £ eaballi from a
foetus, although ehe organism has been reported before from the
female reproductive tract.” There was no histolagical evidence
of an infeetious process contributing to this abortion, indicating
that the P caballi isolate may have been part of the normal flora.
This is the fitst time that P caballi has been reported as being
present in horses in Auscralia, Veterinary microbiologists should
carefully examine all suspect A equuli isolates to determine if
they are P caballi. Clinical microbiologists should also be aware
of the existence of P caballi as the organism has recently been
isolated, along with Escherichia cofi, from an infected wound on

a veterinary surgeon.

Table 1. Source, field information and final identification of the isoclates used in this study.

Isolate Saurce Syndrome Idlentification Pathogen Other pathogens
R3011/3 Horsa heart ? A squuli 7 Yes®
R4922/6 Horse liver ? A equidi ? No
R4g22/7 Horse kidney ? A equuli ? Ne
14963 Horse joint Septicasmia A egquuili Yes No
93/107376 Foal kigney Septicasmia A aquuli Yes No
85632/4 Horse kidnaey ? L{+) arabinose+ A eguuli ? No
15445/4 Foal liver Septicaamia L{+) arabinose+ A egiwlf Yes Mo
J786 Foal liver Septicaemia Li+} arabinose+ A equuli Yes Yes®
J1959/4 Horse foetal lung Aborticn L{+} arabinose+ A eguil Yes No
V2756 Horse foetal stomach Abartion (placentitis) P caballi No No
(G6526/4 Horse lung Septicaemia Bisgaard Taxon 9 Yes No
H5132 Horse faeces Diarrhoea Bisgaard Taxon 11 biovar 1 No Na
B88/138011 Horse sinus Fistulous withers Bisgaard Taxon 11 biovar 1 ? Yas®
E1668/4 Rabbhit Uterus Death A capsujaius ? No
H4272/4 Foal spleen Abortion Unclassified Yes No
15054/5 Feal Brain Septicaemia Unclassified Yes No

7 = No available information
Yes = histopathological evidence of involvement of bacteria morphologically consistent with Acfinobaciiius spp in the foal, foetus, placanta or other fissue;
Ne = no evidence that isolate involved in any infectious disease process; 7 = no available information
“The other potential pathogen isolated was Streplococcus egui subspecios zooepidemicus

"The other polential pathogen isolated was Escherichia coli

“The ciher potential pathogen isolated was Staphylococcus aureus
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A capsulatus is recognised as a primary pathogen of rabbics,
having been originally isolated from septicaemic caged rabbits in
Sri Lanka."" The organism has subsequendy been isolated from
snowhares"” and European brown hares,” and has also been asso-
ciated with purulent infections in jaws of European hamsters.”
While well recognised as a pathogen of rabbics and haves outside
Australia, A sapsislazus does not appear to have been previously
reported in Australia. Unfortunately, there are no existing diag-
nostic records that indicate if the isolate described in this study
was associated with any infectious disease process.

A range of papers has reported the presence of haemolytic
actinobacilli variously identified as haemolytic A equasii, A suis or
A suis-like.”* The taxonomy of all these various organisms has
not been fully resolved. We have shown that the only two
haemolytic isolates present in our study exactly match the prop-
erties of the reference strain for Bisgaard Taxon 11. Hence we are
confident that our jsolates are Taxon 11. DNA Lomology and
16S rRNA sequencing studies have confirmed thac Taxon 11 is
a close relative of A. eguuli, A suis and A capsularus.™* While the

final taxonomic resolution of the status of Taxon 11 is not like-
ly until more extensive phenotypic and genetic studies are com-
pleted, it is important that diagnostic laboratories perform as
complete an identification as possible on all haemolytic
Actinobacillus|ike organisms isolated from horses. Such studies
will allow a more complete picture to be assembled of the dis-
tribution of these organisms in horse populations.

Taxon 11 is regarded as a part of the normal flora of the
horse.” The available information provided no evidence for or
against the pathogenic role of the isolates reported in this study
(Table 1). There is a continuing need for laboratories to confi-
dently separate A eguuli, a significant pathogen, from Bisgaard
Taxon 11, an organism that probably is part of the normal flora
and is apparently, at best, an opportunistic pathogen.

A equuli is the only species of Actinobacillus to have been
reported as being present in Australian horses, making our
report the first formal recognicion of the presence of Taxon 11
in Australian horses. However, a careful reading of the published
literature indicates that haemolytic actinobacilli have been

Table 2. Differential properties and identity of Australian isolates of A equuli and related organisms.

A eguuli A capsulaius P caballi Taxon 8 Taxon 11 H4272/4 5045/5
Biavar 1
Ref Field Field A Ref Field Ref Field Ref Field Ref Field Field Field

(5) (4) (3) {1 {1 @ n (1
Catalase + d d + d - + + w + +
Oxidase + + d + + - + + + + R
Haemaolysis - - - - . - - . . + w _ B
Urease + + + + + - * + + + + +
0oDc - - - - - + + - - - -
B-glucosidase - - - + - R - R " . B
a-galactosidasa + + + + - - + + + + + +
o-glusosidasa + + + + - - - + + R
A-xylosidase + + + {+) - - - + + (+
Acid from:
Aescutin - - - + T - - - + + _
Amygdalin - - - + + - - {+) (+) -
D{-} arabinose - - - - - - . + +
L{+) arabinose - - + + + - - - - - - +
Arbutin - - - + + - - - + + - -
Cellobiose - - - + + - - - n + - -
Dextrin + + + + + + - + + + + - -
L(-] fucose - - - - - - - . R - + *
O {+) galactose + + + + + + + {+) + + + - +
Gentibiose - - - + +) - - - - + (+) - -
Glycerol +) {+) () +) {+) (+) {+ (+) - (+ {+) - {+)
Meso-inositol - - - - - - R _ -
Maltose + * + + + + - + + + -
D(-) mannitcl + + + + + + + + - + +
D(+) melibiose + H(+) + ) + - (+ (+) + ) - +
Salicin - - - + 4 - . - + - R .
D(-) sorbitol - - - + + - (+} + - R R -
Trehalose + + + + + - - + B .
Xylose + + + + + + + + + +

+ + - - - -

Gas from glucose - - - - -

Ref = Reference strain
Field = Australian fisld isclate ar isclates {number in braskets)

Field A = Australian field isolates of A equull that are L-arabinose positive (number in brackets)

+ = positive within 1-2 days

{+) = late positive > 3 days

w = weak positive

d = variable, some isclales positive and some negative
- = negative after 14 days
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encountered before, Cottew and Francis™ reported that some of
thelr A equuii isolates were haemolyric. Unfortunartely, the
Cottew and Francis™ cultures are no longer available, making it
impossible to re-evaluate the identificarion of these isolates.

Taxon 9 isolates have rarely been reported in the literacure.™
On the basis of DNA relatedness, Taxon 9 has been excluded
from A equuli sensu stricto.” There is insufficient informarion
yet available to indicate if Taxon 9 is a pachogen or a commen-
sal. The retrospective nature of our study has meant thar there is
livele detailed evidence on the pathogenic role of the Taxon 9 iso-
late reported here. The available diagnostic records note that the
isolate was obtained in pure culture from a condition that
appeared typical of septicaemia due to A eguuli. To assist in
establishing the true role of Taxon 9, it is important thar all sus-
pect A eguuli isolates from horses be carefully examined. As
there ate only a few characters that separare these rwo taxa (see
Table 2), these differential tests should be included when ideni-
tying suspect A eguulf isolates.

Two of the isolates examined in this study (H4272/4 and
15404/5) could not be assigned to any currently recognised
species or taxa and apparently represent new taxa. This is further
evidence of the need for more extensive studies, based on bath
phenotypic and genotypic properties, of the actinebacilli that
can be isolated from horses.

In summary, this study has confirmed for the first time in
Australia, the presence of four new specics or taxa - P caballi, A
capsularus, Bisgaard Taxon 11 and Bisgaard Taxon 9. As all four
species/taxa have only been recognised retrospectively by a re-
examination of isolaces previously identified as A equuli, our
study emphasises the need for a careful examination of all
Actinobacillus-like organisms from horses and rabhits. The
detailed identification table provided in this study (Table 2)
should assist laboratories in this task of extended characterisation.
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