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ABSTRACT: During a 20 yr period (1978 to 1998), 233 isolates of Salmonella spp. were cultured
from 179 wildlife animals (representing 25 species), 32 crocodile (Crocodylus porosus) eggs and
six crocodile nesting sites, and represented 59 different serotypes. Salmonella serotype Virchow,
the major serotype infecting humans in north Queensland, (Australia) was common in macro-
podids, but was not found in reptiles and was isolated only once from cane toads (Bufo marinus).
Investigations of human cases of salmonellosis should include simultaneous studies on wild and
domestic animals in contact with the case.
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INTRODUCTION

The Oonoonba Veterinary Laboratory
(OVL) is a regional laboratory situated in
northern Queensland (Australia) that per-
forms diagnostic and research work for the
major industries of cattle, sheep, goats,
pigs and aquaculture. Samples from wild-
life species, including farmed crocodiles
(Crocodylus porosus), are also submitted
for disease diagnosis and bacterial exami-
nation. Submissions are received from
within an area from the Torres Strait in the
north to Mackay in the south and from the
coastline to the Northern Territory border
(108 to 218S; 1388 to 1498E). The majority
of the area covered is situated in a tropical
environment. During the period 1978 to
1998, 233 isolates of Salmonella spp. were
obtained from 25 species of wildlife rang-
ing from macropodids to reptiles. Part of
the data presented in this paper dealing
with selected wildlife species has previ-
ously been published in other journals.
The purpose of this paper is to expand the
knowledge of the serotypes of Salmonella
spp. present in the wildlife population of
northern Queensland, especially in rela-
tion to the presence of Salmonella sero-
type Virchow, the major serotype infecting
humans in this region.

MATERIALS AND METHODS

The names given for Salmonella serotypes do
not follow the usual rules of nomenclature. Se-

rotypes belonging to Salmonella enterica subsp.
enterica (Salmonella subspecies I) will be des-
ignated Salmonella serotype X where X is a spe-
cific epithet relating to a disease type, to the
host animal, or more recently, to a geographical
location (eg. Salmonella serotype Dublin). Se-
rotypes belonging to the other subspecies (II,
IIIa, IIIb, IV, VI) will be designated by their
antigenic formulae (eg. Salmonella serotype
IIIb 50:k:z). This conforms to the method used
by the WHO Collaborating Centre for Refer-
ence and Research on Salmonella in France
(Bopp et al., 1999). The genus ‘Arizona’ was
incorporated into the genus Salmonella as sub-
species IIIa (monophasic strains) or subspecies
IIIb (diphasic strains) (Bopp et al., 1999).

Samples were received for bacterial exami-
nation from a variety of sources. These includ-
ed (1) a survey of the bacterial flora of the in-
testine of cane toads (Bufo marinus) and ma-
cropodids, with samples mainly received from
the intestinal tract or cloacae; (2) a survey of
the bacterial contamination on crocodile car-
cases during processing at an abattoir, with up
to six swabs collected per animal from the skin
and meat of 72 crocodiles (23 in 1991 and 49
in 1992); (3) a survey of the natural flora on the
shells and/or from the yolks of 689 crocodile
eggs (both fertile and infertile) during the
hatching process, with these eggs collected
during four consecutive breeding seasons
(1995–98) from two female crocodile breeders
in 1995 to six breeders in 1998; (4) sick animals
(brought into OVL with all due care by licensed
carers) for bacterial diagnosis of infection, in
which necropsy of these animals was per-
formed and the appropriate organs removed
for culture; and (5) suspected diseased tissues
submitted for bacterial evaluation. Samples
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from sources (4) and (5) also were examined
for parasitology and histopathology when rec-
ommended by the duty pathologist.

The Oonoonba Veterinary Laboratory
(Townsville, Queensland) is a NATA (National
Association of Testing Authorities)-accredited
Laboratory and has permits from a recognised
Regional Animal Ethics Committee for the
necropsy of all animals.

Samples for salmonellae isolation were mac-
erated in buffered peptone water (BPW) (Ox-
oid Australia Pty Limited, West Heidelberg,
Victoria, Australia) using a Stomacher Blender
(Stomacher Lab-Blender 80, Seward Medical,
131 Great Suffolk St, London UK). Eggs were
washed whole in 20mL BPW in a Stomacher
bag (Sarstedt of Australia, Technology Park,
South Australia) and the washes kept for mi-
crobiological analysis. The eggs were then
wiped with 70% iso-propyl alcohol and asepti-
cally cut open with sterile scissors. The yolks
were sampled. Two different procedures were
used over the years. Prior to 1993, samples
were transferred onto Brilliant Green Agar
(BGA) (Oxoid Australia Pty Limited), and into
BPW for 24 hr at 37 C. Then a few drops of
the BPW were transferred to two bottles of Te-
trathionate broth (Oxoid Australia Pty Limit-
ed), with added iodine and brilliant green, one
bottle incubated at 37 C and the other at 42 C
for 24 hr before plating further onto BGA. Af-
ter 1993, Bismuth Sulphite Agar (BSA) (Oxoid
Australia Pty Limited) and Lysine-Mannitol-
Glycerol Agar (LMG) (Cox, 1993) replaced the
BGA, and Rappaport-Vassiladis broth (Oxoid
Australia Pty Limited) replaced the Tetrathion-
ate broth. The procedure remained the same.

Suspect salmonellae colonies were removed
for further identification, initially by conven-
tional tests and then progressively by use of the
API 20E (bioMerieux, Marcy, l’Etoile, France)
and Microbact 24E (Medvet Science Pty. Ltd.,
Adelaide, South Australia) kit systems. More
than one presumptive colony was removed
from each selective agar for identification and
serotyping if colony variation was obvious. Pre-
sumptive salmonellae isolates were sent to the
Australian Salmonella Reference Centre (Insti-
tute of Medical and Veterinary Science, Frome
Road, Adelaide, South Australia), for serotyp-
ing. Multiple isolations of the same serotype
made from a single host were recorded as only
one for this study.

RESULTS

Serotypes of Salmonella spp. that we
isolated from macropodids are listed in Ta-
ble 1. The species represented were the
agile wallaby (Macropus agilis), black-

striped wallaby (Macropus dorsalis), bri-
dled nailtail wallaby (Onychogalea fraen-
ata), eastern grey kangaroo (Macropus gi-
ganteus), common or eastern wallaroo
(Macropus robustus), red kangaroo (Ma-
cropus rufus), allied rock wallaby (Petro-
gale assimilis), spectacled hare wallaby
(Lagorchestes conspicillatus), Lumholtz’s
tree-kangaroo (Dendrolagus lumholtzi),
the western grey kangaroo (Macropus fu-
liginosus) and the whiptail wallaby (Ma-
cropus parryi).

Of the 57 macropodids sampled, 62 iso-
lates were cultured of which 35 were iso-
lated from fecal material only. Isolates
were not always associated with diarrhea
as this work was part of an ongoing survey
into the bacterial flora of macropodid fe-
ces. However, three cases that were asso-
ciated with diarrhea came from situations
where the macropodid was a pet living in
close proximity to humans and other pets.
Of these three cases, two were associated
with children and dogs (Salmonella sero-
type Wandsworth, Salmonella serotype
Litchfield, and Salmonella serotype Lan-
sing), and one was associated with a cat
(Salmonella serotype Newington). Four-
teen of the isolates (representing nine se-
rotypes) were collected from lymph nodes
(mainly ileocaecal or mesenteric) while the
remaining 13 isolates (representing 10 se-
rotypes) were cultured from urine, liver,
lung, kidney, and spleen. Multiple sero-
types of salmonellae from individual ma-
cropodids occurred five times during this
study. Salmonella serotype Anatum and
Salmonella serotype Derby and Salmonella
serotype Bilthoven and Salmonella sero-
type Lansing were isolated from the feces
from two eastern grey kangaroos, Salmo-
nella serotype Lansing and Salmonella se-
rotype Saintpaul were isolated from the fe-
ces of a red kangaroo, Salmonella serotype
Litchfield was isolated from the feces and
Salmonella serotype Muenchen from the
mesenteric lymph node of a spectacled
hare wallaby and Salmonella serotype IIIb
50:k:z35 was isolated from the heart and
abdomen and Salmonella serotype Chester
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TABLE 1. Sixty-two isolates of Salmonella spp. (belonging to 24 serotypes) cultured from 57 macropodids during
the period 1978 to 1998 in Queensland. Most of these animals were sampled during the course of a survey.

Number
of isolates Serotype Macropodida

Site of
isolationb

8

7

6

Virchow

Lansing

Anatum

AW(3); EG(3); WH(1)
RK(1)
EG(3); EW(1); RK(2)
RK(1)
AW(1); EG(2); K?(1)
BL(1); RW(1)

E
S
E
S
E
S

6

5

5

Litchfield

Muenchen

Wandsworth

AW(1); K?(1); SP(1);
TK(1); W?(1)
K?(1)
AW(1); SP(2)
EG(1); BR(1)
AW(1); RK(4)

E
E
S
E
S
E

3

2

2

II Bilthoven

Chester

Infantis

EG(2)
EG(1)
EW(1)
EG(1)
K?(1)
RW(1)

E
S
E
S
E
S

2
2
2
1
1
1
1

Newington
Orientalis
Saintpaul
Aberdeen
Derby
Give
Heidelberg

EG(1); EW(1)
EG(2)
AW(1); RK(1)
K?(1)
EG(1)
RK(1)
K?(1)

E
E
E
E
E
E
S

1
1
1
1
1
1
1
1

Meleagridis
Orion
Rubislaw
Thompson
Typhimurium
Zanzibar
I (rough:1,v:1,2)
IIIb (50:k:z35)

EG(1)
EW(1)
BL(1)
AW(1)
TK(1)
K?(1)
W?(1)
EG(1)

E
E
E
E
S
E
E
S

a AW 5 Agile Wallaby; BL 5 Black-Striped Wallaby; BR 5 Bridled Nailtail Wallaby; EG 5 Eastern Grey Kangaroo; EW 5
Eastern (common) Wallaroo; K? 5 Kangaroo; RK 5 Red Kangaroo; RW 5 Allied Rock Wallaby; SP 5 Spectacled Hare
Wallaby; TK 5 Lumholtz’s Tree Kangaroo; W? 5 Wallaby; WH 5 Whiptail Wallaby.

b E 5 samples collected from enteric or related origins—colon, feces, ileocecal lymph node, intestinal contents, mesenteric
lymph node; S 5 samples collected from systemic origins—one or more isolations from lung, liver, spleen, bladder, urine,
heart blood, peritoneal fluid, abdomen and often in conjunction with feces or associated lymph nodes.

isolated from the abdomen, stomach and
large intestine of a grey kangaroo.

The Salmonella serotypes isolated from
the cane toad (Bufo marinus) we show in
Table 2. These animals were collected
from the wild as part of a survey into the
bacterial flora of their intestinal tract. With
one exception (Salmonella serotype Saint-
paul from a liver sample) all isolates were
cultured from the cloacae, intestinal con-
tents or feces. Salmonella serotype Mgu-

lani was the most prevalent isolate, occur-
ring in 46% of 22 toads positive for sal-
monellae. No members of Salmonella sub-
species III were isolated.

We have indicated serotypes of Salmo-
nella isolated from reptiles, excluding
crocodiles, in Table 3. These 14 reptiles
included eight snakes (python (species un-
known), scrub python (Morelia amethisti-
na) and western taipan (Parademansia mi-
crolepidota)), four lizards (including two
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TABLE 2. Twenty-four isolates of Salmonella spp.
(belonging to 11 serotypes) cultured from 22 cane
toads (Bufo marinus) during the period 1978–98 in
Queensland. These animals were sampled during a
survey and appeared healthy at collection.

Number
of isolates Serotype

Site of
isolationa

11
3
2
1
1
1

Mgulani
Anatum
Aberdeen
Chester
Enteritidis
Hvittingfoss

E
E
E
E
E
E

1
1
1
1
1

Lansing
Newington
Oranienburg
Saintpaul
Virchow

E
E
E
S
E

a E 5 samples collected from cloacae, intestinal contents or
feces; S 5 sample collected from the liver.

TABLE 3. Fourteen isolates of Salmonella spp. (belonging to 11 serotypes) cultured from 14 reptiles (in-
cluding 4 lizards, 8 snakes and 2 turtles) during the period of 1978–98 in Queensland. All animals were
submitted for bacterial diagnosis of infectious disease.

Number
of isolates Serotype Reptile

Site of
isolationa

Snakes
2

2

IV Houten

Paratyphi B var.
Java

Python
Western Taipan
Snake (?)b

Scrub Python

S
S
S
E

1
1
1
1

Muenchen
Seftenberg
IIIb (50:r:z35)
IIIb (61:1,v:z35)

Snake (?)
Python
Snake (?)
Python

S
S
E
E

Lizards
2

1
1

II Wandsbek

II Freemantle
Adelaide

Blue-tongue lizard
Blue-tongue lizard
Lizard (?)
Lizard (?)

E
E

S/E
S

Turtle
1
1

Anatum
Enteritidis

Turtle (?)
Turtle (?)

E
S

a E 5 samples collected from enteric origin; S 5 samples collected from systemic origin.
b (?) 5 species unknown.

blue-tongue lizards (Tiliqua scincoides))
and two turtles (species unknown). All cas-
es were associated with disease and were
presented by permit owners or from a
nearby wildlife sanctuary.

The serotypes of salmonellae isolated
from salt-water crocodiles (Crocodylus po-

rosus) we list in Table 4. Samples from the
crocodiles were either from diseased ani-
mals on crocodile farms, an abattoir survey
of potential pathogens during slaughtering
or from eggs and nesting material during
the hatching process. Salmonella serotype
Lansing and Salmonella serotype Litch-
field were the most common isolates from
the farms, while serotypes of Salmonella
subspecies IIIb were prominent during
the abattoir survey. Salmonella serotype
Welikade was the most common isolate
from the eggs and bedding material.

Salmonella serotypes that are isolated
from a variety of other wildlife species, in-
cluding a cassowary (Casuarius casuarius),
a duck (species unknown), a dugong (Du-
gong dugon), an echidna (Tachyglossus
aculeatus), six ostriches (Struthio camelus),
a galah (Cacatua roseicapilla), and three
common brushtail possums (Trichosurus
vulpecula) are listed in Table 5. All of
these isolates were associated with disease.

DISCUSSION

Salmonella spp. are opportunistic path-
ogens and can infect a wide range of host
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TABLE 4. One hundred and eleven isolates of Salmonella spp. (belonging to 38 serotypes) cultured from 72
saltwater crocodiles (Crocodylus porosus), 32 eggs and six nesting sites during the period 1978–98 in Queensland.

Number
of isolates Serotype

Animal status

Diseased
animalsa

Abattoir
surveyb Eggsc

Crocodiles
13
11

8
7
7

Welikade
Litchfield
IIIb (50:r:z35)
Lansing
IIIb (61:r:z53)

0
11(7S,4E)

3(3S)
6(4S,2E)
0

0
0
3
0
0

13
0
2
1
7

4
4
4
4
3
3

Enteritidis
IIIb (38:1,v:z53[z54]
IIIb (60:r:z)
IIIb (61:z52:z53)
Anatum
Singapore

3(3S)
0
4(2S,2E)
0
0
3(3S)

0
4
0
4
0
0

1
0
0
0
3
0

3
3
3
3
2
2

Typhimurium
IIIb (48:k:1,5,[7])
IIIb (61:l,v:z35)
Potsdam
Adelaide
Bahrenfeld

0
1(1S)
3(2S,1E)
0
1(1S)
0

3
2
0
0
1
2

0
0
0
3
0
0

2
2
2
1
1

Cerro
Onderstepoort
Urbana
Ball
Chester

2(2S)
2(1S,1E)
2(1S,1E)
1(1S)
1(1E)

0
0
0
0
0

0
0
0
0
0

1
1
1
1
1

Eastbourne
Havana
IV Houten
Hvittingfoss
Jangwani

1(1S)
1(1S)
1(1S)
0
1(1S)

0
0
0
0
0

0
0
0
1
0

1
1
1
1
1

Muenchen
Poona
IIIb (61:l,v:1,5,7[z57])
IIIb (50:k:z)
IIIb (48:z52:z)

0
0
1(1S)
0
1(1S)

0
1
0
1
0

1
0
0
0
0

Nests
1
1
1
1

Aberdeen
Anatum
Hvittingfoss
Odozi

1
1
1
1
1

Rubislaw
Virchow
Welikade
Zanzibar
IIIb (50:r:z35)

a Site of isolation: E 5 samples collected from enteric origin; S 5 samples collected from systemic origin.
b Samples collected from the skin before skinning and from the meat after skinning.
c Samples collected from the outer egg shell or from the yolk.

animals, including man (Morse and Dun-
can, 1974; Murray, 1991). Salmonella sub-
species I are normally isolated from warm-
blooded animals while those of the other

subspecies (II, III, IV, VI) are usually iso-
lated from cold-blooded animals and the
environment and rarely from humans
(Bopp et al., 1999).
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TABLE 5. Fifteen isolates of Salmonella spp. (belonging to nine serotypes) cultured from 14 animals rep-
resenting seven different species during the period 1978–98 in Queensland. All the animals were submitted
for bacterial diagnosis of infectious disease.

Number
of isolates Serotype Animal species

Site of
isolationa

Cassowary(1)
1

Duck(1)
1

Dugong(1)
1

Saintpaul

Litchfield

IV Lohbruegge

Casuarius casuarius

(?)b

Dugong dugon

E

E

S
Echidna(1)

1
Galah(1)

1
Ostrich(6)

5
1

Adelaide

Typhimurium

Saintpaul
Hvittingfoss

Tachyglossus aculeatus

Cacatua roseicapilla

Struthio camelus
Struthio camelus

E

S

E
E

Possum(3)
3
2
1

Zanzibar
Havana
Mgulani

Trichosurus vulpecula
Trichosurus vulpecula
Trichosurus vulpecula

S
S
E

a E—Samples collected from fecal or intestinal origin; S—samples collected from systemic origin.
b (?) 5 species unknown.

Salmonella serotypes, especially Salmo-
nella subspecies III, are frequently isolat-
ed from healthy reptiles (including croco-
diles) as part of the normal flora of the
intestine of these reptiles (Chiodini and
Sundberg, 1981; Obwolo and Zwart 1993).
These serotypes are rarely incriminated as
a cause of gastro-enteritis in man (Chiod-
ini and Sundberg, 1981). Salmonella spp.
are ubiquitous and can persist very well in
the environment (eg. dust, manure, soil) if
well protected from direct sunlight (Morse
and Duncan, 1974). Spread of the organ-
ism can occur via the water system (Mur-
ray, 1991; Polo et al., 1999).

Salmonellae-associated problems in an-
imals, as recorded through OVL submis-
sions, do not occur in large numbers in
northern Queensland. In all, only 454 Sal-
monella isolates were cultured during the
20 yr period. Of these, 233 were isolated
from wildlife. The remainder were cul-
tured from dogs (66), cattle (63), horses
(33), birds (23), pigs (19), goats (10), sheep
(4), cats (2), and a mouse.

This paper does not specifically deal
with the prevalence of salmonellae in

north Queensland even though routine
survey results have been included. With
the exception of the toad and part of the
macropodid survey, the samples are biased
by animals having been held in captive sit-
uations. This increases the risk of salmo-
nellae carriage and disease (Munday,
1988). Alternatively, the hosts have been
diagnosed with suspected bacterial infec-
tions.

Salmonella spp. are a significant cause
of disease in captive macropodids although
it can be difficult to interpret the results
because of the high prevalence of carrier
animals in these species (Munday, 1988).
Of the 57 macropodids that tested positive
for salmonellae during this period, 37 were
orphaned joeys and represented 27% of
joeys submitted for survey purposes
(Speare and Thomas, 1988). Stress is a ma-
jor factor in the increased load and excre-
tion of salmonellae in macropodids
(Speare et al., 1989). The orphaned joeys
were under such stress after removal from
their dead mothers and the handling and
feeding changes that were subsequently
made. Of the 13 macropodids with bac-
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terial septicaemia due to Salmonella spp.,
seven were joeys.

Salmonella spp. were isolated from the
ileocaecal or mesenteric lymph nodes of
the macropodids on thirteen occasions.
This is not uncommon in carrier animals.
In a study of 100 normal cattle held 4 days
before slaughtering, salmonellae were iso-
lated from 76 of the animals and included
54 isolations from the mesenteric lymph
nodes (Samuel et al., 1979).

It was interesting to note that a serotype
of Salmonella subspecies IIIb was only iso-
lated once from the 57 animals. The se-
rotypes isolated from the remaining ani-
mals were not dissimilar to those isolated
in other studies of Australian mammals
(How et al., 1983) and free-ranging ma-
cropodids (Speare et al., 1989). One iso-
lation of Salmonella serotype Typhimu-
rium, a serotype commonly isolated from
infections in humans (National Salmonella
Surveillance Scheme Reports, 1988–1997)
was made as were some unusual serotypes
in Salmonella serotype Bilthoven and Sal-
monella serotype Zanzibar. The presence
of Salmonella serotype Virchow is not un-
expected. It is a common human pathogen
especially in northern Queensland (Ash-
down and Ryan, 1990).

Salmonellosis in amphibians was inves-
tigated during a survey of the cane toad
(Bufo marinus). These apparently healthy
free-ranging toads yielded 24 isolates of
Salmonella spp. The common isolate dur-
ing this study was Salmonella serotype
Mgulani, a serotype often found in tropical
areas (Murray, 1991), and represented
46% of the serotypes recovered. No sero-
types of Salmonella subspecies IIIb were
isolated. Serotypes of Salmonella subspe-
cies IIIb are not commonly found in toads
or frogs (Roggendorf and Muller, 1976),
however Kourany et al. (1970) found 8%
of 185 Bufo marinus carried Salmonella
spp., 25% of which were serotypes from
Salmonella subspecies IIIb. A prevalence
of 13% for Salmonella spp. (O’Shea et al.,
1990) has been recorded in Australia.
Most of the serotypes isolated from the

toads were different to those found in
toads overseas (Bool and Kampelmacher,
1958; Kourany et al., 1970; Everard et al.,
1979) and also those found in northern
Australia in reptiles and amphibians (Lee
and Mackerras, 1955; How et al., 1983).
Bufo spp. can have up to 1 3 1010 sal-
monellae/g of feces which is 10 to 100
times the level carried by most other ver-
tebrates (Sharma, 1979) and well above
the minimum infectious dose for humans.
Toads are therefore a potential vector for
the spread of salmonellosis as they move
through northern Queensland into the
north of the Northern Territory.

The reptile isolates (other than those
isolated from crocodiles) were the most di-
verse in serotypes. All these animals were
submitted with disease problems including
diarrhea and necrosis of the tail. Seven of
the fourteen isolates (50%) were typed as
belonging to Salmonella subspecies II,
IIIb or IV. Snakes, lizards and turtles are
renowned for their carriage of salmonellae
as part of the normal flora of the intestinal
tract (Cooper, 1981; Austin and Wilkins,
1998). The zoonotic potential of these an-
imals has been recognized when they are
kept as pets (D’Aoust et al., 1990; Buck
and Nicolls, 1997; Mermin et al., 1997).

Stress in lizards can induce disease by
the commensal salmonellae in the intesti-
nal tract (Kalvig et al., 1991). A study of
lizards in Panama (Kourany et al., 1970)
showed 35% of 177 animals cultured car-
ried Salmonella spp. and 39% of these
were serotypes of Salmonella subspecies
III. Roggendorf and Muller (1976) found
that 62% of 39 lizards studied carried sal-
monellae and 21% of these were serotypes
of Salmonella subspecies III.

Although serotypes of Salmonella sub-
species III can be found in a wide variety
of animals, snakes are considered to be
their main reservoir (Ikeda et al., 1986;
Kraus et al., 1991; van der Walt et al.,
1997). Roggendorf and Muller (1976) iso-
lated Salmonella spp. from 33% of 24
snakes and half of these isolates were se-
rotypes of Salmonella subspecies III.
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Salmonella spp. isolated from saltwater
crocodiles, their eggs, and nesting material
during this period also showed a broad
range of serotypes. In all, there were 111
isolates covering 38 serotypes. Although 49
isolates were recovered from 44 crocodiles
sent in for disease diagnosis, it is often dif-
ficult to interpret the results as Salmonella
spp. are regarded as commensals of the in-
testinal tract of these animals (Cooper,
1981; Debyser and Zwart, 1991). Salmo-
nellae are more prevalent in farmed (14%)
than wild-caught (3%) alligators (Alligator
mississippiensis) in the USA (Scott and
Foster, 1997) because of the stress factors
involved with crowding and handling dur-
ing the early growth period of the farmed
reptile. The prevalence of salmonellae iso-
lated from healthy, farmed juvenile croc-
odiles ranged from 8% (van der Walt et
al., 1997) in the Republic of South Africa
to 88% (Obwolo and Zwart, 1993) in Zim-
babwe. The major serotypes isolated from
our study of diseased crocodiles were Sal-
monella serotype Litchfield and Salmonel-
la serotype Lansing. Eight of the isolates
(20%) were serotypes of Salmonella sub-
species III.

The abattoir study covered surveys on
C. porosus during two slaughtering pro-
cedures 12 mo apart. During the first sur-
vey, 11 of 23 crocodiles carried Salmonella
spp. and 65% of the isolates were sero-
types of Salmonella subspecies IIIb (Rick-
ard et al., 1995). During the second survey
of 49 crocodiles, and after a change in the
slaughtering routine, only three salmonel-
lae were isolated of which two were sero-
types of Salmonella subspecies IIIb (Rick-
ard et al., 1995). During the slaughter of
C. porosus and C. johnstoni in the North-
ern Territory, 16% of 287 meat swab sam-
ples yielded salmonellae of which 11%
were serotypes of Salmonella subspecies
III (Manolis et al., 1991). Madsen (1996)
isolated salmonellae from 30% of fresh
and 20% of frozen meat of the Nile croc-
odile (C. niloticus). Serotypes of Salmo-
nella subspecies III accounted for 41% of
these isolates.

Over the last four years, this laboratory
has sampled 689 C. porosus eggs (includ-
ing both fertile and infertile eggs), 5% of
which were contaminated by Salmonella
spp. representing nine serotypes. The pre-
dominant serotype was Salmonella sero-
type Welikade. From six nesting sites, nine
serotypes of Salmonella were also isolated
but only four of these were the same as
those found on the eggs. Two of the egg
isolates and one of the nest isolates were
serotypes of Salmonella subspecies IIIb in-
dicating that the majority of the salmonel-
lae were possibly of fecal origin. As all the
female breeder crocodiles were captive an-
imals, it is likely that these serotypes were
associated with the raw animal material
(such as poultry heads and kangaroo meat)
used as feed. The breeder crocodiles were
not tested for a carrier state.

Of the 17 isolates recovered from a
small range of other wildlife species, none
were serotypes of Salmonella subspecies
IIIb. Salmonella serotype Saintpaul was
isolated from a cassowary and also from
five ostriches from a single flock. The de-
tails of the case in the dugong have already
been reported (Elliott et al., 1981). There
are few reports available on monotremes,
however, one study found Salmonella se-
rotype Bovis-morbificans, Salmonella se-
rotype Dublin, Salmonella serotype Saint-
paul and Salmonella serotype Typhimu-
rium involved in the death of six of 73 cap-
tive echidnas surveyed (McOrist and
Smales, 1986). Other workers have indi-
cated the presence of Salmonella serotype
Dublin, Salmonella serotype Orion, Sal-
monella serotype Typhimurium and sero-
types of Salmonella subspecies III in rou-
tine fecal or intestinal culture of captive
echidnas (Whittington, 1988). Rodriguez
et al. (1992) found healthy opossums (Di-
delphidae) to be heavily colonised by sal-
monellae with 40% of the 20 animals sur-
veyed being culture positive. The possums
(Phalangeridae) in our study were all suf-
fering from disease. One of the isolates
was Salmonella serotype Mgulani, a sero-
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type found commonly in dogs and toads in
northern Queensland.

During the period under examination,
serotypes of Salmonella subspecies IIIb
were prominent in snakes and crocodiles,
rare in the mammals and not found in the
toads. This again indicates that reptiles are
the major harbourers of serotypes of Sal-
monella subspecies IIIb in wildlife. Eleven
serotypes of this group were isolated.

In north Queensland, Salmonella sero-
type Virchow is the predominant serotype
isolated from human clinical cases while in
temperate Australia, Salmonella serotype
Typhimurium predominates and Salmo-
nella serotype Virchow is less common
(Streeton and Hanna, 1994). Salmonella
serotype Virchow tends to produce inva-
sive salmonellosis in infants and children
in north Queensland, but the epidemiolo-
gy is poorly understood (Ashdown and
Ryan, 1990). Reptiles, including house
geckoes (Tan et al., 1978), have been sus-
pected as potential sources, however, no
geckoes were examined in this study. No
Salmonella serotype Virchow were isolated
from reptiles and only one isolate was ob-
tained from cane toads. These classes of
host appear to be unlikely sources of hu-
man infection. Since Salmonella serotype
Virchow was a common isolate from the
macropodids in this survey, mammals in-
cluding macropodids should be suspected
as a possible source of Salmonella serotype
Virchow for humans in north Queensland.

The potential of captive and pet wildlife
to transmit salmonellae to their owners
and carers should not be underestimated,
and epidemiological studies on sources for
human salmonellosis should simultaneous-
ly investigate both the human cases and
the wild and domestic animals in contact
with them.
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