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Salmonella arizonae Sepsis in a Lynx
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ABSTRACT: A 4.5-wk-old lynx (Felis lynx) was
presented for necropsy with a history of poor

growth, mild diarrhea, anemia, and lethargy.
The liver was enlarged and had a 7 mm long

fracture that resulted in severe intraabdominal
hemorrhage and death. Microscopic lesions
were indicative of severe ulcerative cystitis and

septicemia. Pure cultures of Salmonella arizo-
nae were isolated from the liver, kidney, and
spleen. Based on differences in the chronicity
of inflammation in the urinary bladder versus
other organs, we speculate that chronic cystitis

caused by S arizonae lead to septicemic infec-
tion.

Key words: Bacterial sepsis, case report,
Felis lynx, lynx, Salmonella arizonae.

Salmonella spp. are ubiquitous gram-

negative facultatively anaerobic bacteria

that can be isolated from the gastrointes-

timal tract of a wide variety of domestic

and wild animals (Timoney et al. , 1988).

In surveys of captive wildlife populations,

various serotypes of Salmonella spp. have

been isolated from the feces of reptiles,

carnivores, primates, and birds, usually

without clinical disease (Sethi et a!., 1980;

Schroder, 1970a, b). In wild felids there

are few documented cases of clinical sal-

monellosis. A single case report by Kahn

and Fawi ( 1963) described salmonellosis,

due to Salmonella inuenster, as the prob-

able cause of fatal enterocolitis in a lion

cub (Felis leo). We report a case of septi-

cemia in a lynx (Fells lynx) that was caused

by Salmonella arizonae and was associated

with severe chronic ulcerative cystitis.

A 595 g female lynx, reportedly 4.5-wk-

old, was presented for necropsy with a his-

tory of poor growth, mild diarrhea, ane-

mia, and lethargy. The skinned carcass ap-

peared anemic and emaciated. Upon dis-

section, the abdominal cavity had 15 ml of

coagulated blood caudal to the right he-

patic lobe, 10 ml of serosanguinous fluid

distributed throughout the abdomen and

small blood clots within the greater omen-

tum. The visceral surface of the right lobe

of the liver had a 7 mm long fracture (Fig.

1). There was no evidence of vascular rup-

ture and no other potential sources of

hemorrhage were identified within the ab-

dominal cavity. The hepatic parenchyma

was mottled tan and red, friable and had

gross changes suggestive of hepatomegaly

(Fig. 1). The margins of the left medial

lobe were rounded and the weight of the

liver, 26 g, was 6% of total body weight.

In healthy domestic cats the liver is ap-

proximately 3% of total body weight (Get-

ty, 1975). No other gross lesions were ob-

served.

Tissues were fixed in 10% formalin for

24 hr, embedded in paraffin, sectioned at

7 p.m and stained with hematoxylin and

eosin. Microscopic lesions were indicative

of severe chronic ulcerative cystitis and

septicemia. The urinary bladder had se-

vere diffuse chronic ulcerative and trans-

mural cystitis characterized by a diffusely

ulcerated transitional epithelium and imfil-

tratiom of the propria-submucosa, muscu-

laris and serosa by large numbers of neu-

trophils, lymphocytes and fibroblasts (Fig.

2). Inflammation was associated with low

numbers of rod-shaped bacteria. The brain

had segmental vasculitis and mild diffuse

meningitis. The walls of several blood yes-

sels were infiltrated by lymphocytes, neu-

trophils and small numbers of rod-shaped

bacteria, similar to those described in the

urinary bladder. In some areas of the brain

inflammation was peracute and character-

ized by monomorphic colonies of rod-

shaped bacteria that were not associated

with inflammation. In one area of the ce-

rebrum, the white matter had a large ab-

scess associated with low numbers of rod-

shaped bacteria. The leptomenimges were

expanded by fibrin, lymphocytes and

trophils. The liver had multifocal necrotiz-
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F1;uut: 1. \‘isceral surface of the liver of a lynx

cmii). The parencimymna is diffusely mottled and con-

taimis a 7 mutt long fracture (arrow). Bar = 4 mm.

FIcuRF: 2. Urinary i)la(l(Ier of a lynx cub vith

I)aC’terlal sepsis. The muumco5a ( NI ) is denum(le(l of epi-

thelitumn ( ulcerated) 01(1 CXI)ail(le(l b’ large numbers

of inflamumnatom’ cells. 13100(1 VC55CI5 (arro�vs) �vithimi

the inumcosa are promnimment as a result of en(lothelial

swelling. The mmmumscularis ( Mum) also is infiltrated by

large nummubers of inllamnnmatory ct�hly I l&E stain. Bar

= pitt.

Fictiu: :3. Liver of a lynx (iii) �vith laicterial �

sf5. Time 1)arenchmvmmma has areas of ime1)att)cellumlar ime-

crosis (N ) ct)ntainim)g lvmmmphocvtes amu(l l)lLsimm�m utlls

(arrosvs). hI&E stain. Bar 6 put.

img hepatitis with variably-sized areas of

hepatocellular necrosis surrounded by

lymphocytes and plasma cells (Fig. 3). Si-

nusoids contained low numbers of neutro-

phils. The lungs had mild interstitial pneu-

momia characterized by expansion of alve-

olar septa by low numbers of macro-

phages. The kidney, small intestine, and

large intestine were microscopically nor-

ma!.

Fresh samples of liver, kidney and

spleen were homogenized and streaked

onto blood, MacConkey, brilliant green

and XLT4 agar plates respectively (Difco

Laboratories, Detroit, Michigan, USA). All

plates were incubated at 37 C for 24 to 48

hr. Pure cultures of a Gram-negative bac-

teria were isolated from each tissue. The

isolate was identified as Salmonella sp. and

further identified as S. arizonae by a Vitek

automatic identification system (bio-

Merieux Vitek Inc., Hazelwood, Missouri,

USA). The isolate was serotyped as S. ar-

izonae 18:Z24, Z32 by the National Vet-

erimary Services Laboratory (Ames, Iowa,

USA) using a method described by Ewing

(Ewing, 1986). Fluorescent antibody test-

ing (American Bioresearch Laboratories,

Seymour, Tennessee, USA) of the intestine
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for feline panleukopenia and corona virus

were negative. Fluorescent antibody test-

ing (American Bioresearch Laboratories)

of the liver for corona virus also was meg-

ative. No viruses were isolated from the

intestine, spleen, liver, kidney, lung, or ab-

domimal fluid.

Microscopic lesions in the liver, lung,

and brain along with the isolation of pure

cultures of S. arizonae from multiple or-

gams were indicative of septicemia caused

by S. arizonae. The extremely friable ma-

ture of the hepatic parenchyma probably

resulted from S. arizonae induced necrosis

and we speculate that hepatic fracture and

subsequent hemorrhage could have oc-

curred from routine movement or ham-

dling.

Salmonella arizonae is an enteric bac-

tena closely related to other Salmonella

spp. and has been isolated from a variety

of vertebrate species with and without

clinical salmonellosis (Izadjoo et a!., 1987;

Jortmer and Larsen, 1984; Meeham et a!.,

1992; Weiss et a!., 1986). However, there

are few reports of clinically significant S.

arizonae infections in wild or domestic fe-

lids. In a single case report, S. arizonae

was the cause of fatal bacteremia in an

adult domestic long-haired cat (Krum et

a!. , 1977). The paucity of reported clinical

S. arizonae infections in cats may reflect

the relatively low frequency of isolation of

Salmonella spp. from cats in general. In

one survey, Salmonella spp. was isolated

from approximately 0.1% of samples from

domestic cats submitted to a diagnostic

laboratory over a 10-yr-period (Ikeda et a!.,

1986). In another study, Salmonella spp.

was isolated from 2% of fecal samples

from domestic cats (Ball, 1951).

The isolation of Salmonella spp. from

feca! samples of domestic cats usually has

not been associated with clinical disease

(Borland, 1975). When clinical salmonel-

losis has been reported in cats, it was most

commonly caused by Salmonella typhi-

muriurn and was associated with gastro-

enteritis, fever, and occasionally septicemia

(Dow et al., 1989; Timomey et a!., 1978).

In the case reported here, septicemia was

caused by S. arizonae and although clinical

signs included mild diarrhea, there was no

microscopic evidence of intestinal inflam-

matiom. Chronic febrile illness without

specific gastrointestinal signs has been re-

ported in cats with S. arizonae and Sal-

monella newport infections (Dow et a!.,

1989). In man and dogs, salmonellosis is

associated with immunosupression caused

by human immunodeficiency virus infec-

tion, neoplasia and chemotherapy, and

hospitalization (Aserkoff and Bennett,

1969; Calvert and Leifer, 1982; Casner and

Zuckermam, 1990). Reports of feline sal-

monellosis also have implicated hospital-

ization, immunosupression by feline leu-

kemia virus or diabetes mellitus, and lym-

phosarcoma in the pathogenesis of infec-

tion (Hohenhaus et a!., 1990; Dow et a!.,

1989; Timoney et a!., 1978). In the case

reported here, a cause of immunosupres-

sion leading to salmonellosis was not ap-

parent. Viruses were not isolated from the

intestine, spleen, liver, kidney, lung, or ab-

dominal fluid and fluorescent antibody

testing for feline panleukopema, which

may be immunosupressive, was negative.

Inflammation in the urinary bladder was

extremely severe and more chronic than in

other organs. Although it is possible that

the urinary bladder was the initial site of

S. arizonae infection, it was not cultured.

Bacteremia has been associated with uri-

nary tract infection in humans and dogs

(Kornegay and Barber, 1980; Siroky et a!.,

1976). Bacterial infection in the bladder

causes inflammation which can traumatize

the transitional epithelium. Damaged tram-

sitional epithelium loses its ability to resist

bacterial invasion and bacteria can them in-

filtrate blood vessels in the bladder wall

and enter systemic circulation (Barsanti

and Fimco, 1986). Although the exact

pathogenesis of infection could not be de-

termined in the case reported here, severe

cystitis may have resulted in systemic in-

fection.
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