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OSTEOMYELITIS ASSOCIATED WITH SALMONELLA ENTERICA
SS ARIZONAE IN A COLONY OF RIDGENOSE RATTLESNAKES
(CROTALUS WILLARDI)

Edward C. Ramsay, D.V.M., Gregory B. Daniel, D.V.M., M.S., Bern W. Tryon,
Joyce I. Merryman, D.V.M., Ph.D., Patrick J. Morris, D.V.M., and David A. Bemis, Ph.D.

Abstract: The identification of three Arizona ridgenose rattlesnakes (Crotalus willardi) with Salmonella arizonae–
associated osteomyelitis led to a 5-yr prospective study of radiographic signs and Salmonella intestinal carriage rates
in a 19-member colony of this rattlesnake species. Ventrodorsal radiographs were performed and cloacal swabs were
cultured for Salmonella spp. annually. Ten snakes survived the 5-yr period, with six of them remaining free of bony
lesions. Three snakes that had no bony lesions in 1995 developed radiographic signs of osteomyelitis during the study.
Six snakes with bony lesions at the beginning of the study died or were euthanatized due to osteomyelitis during the
study. The radiographic signs of osteomyelitis were progressive for five snakes that were serially radiographed. Only
one snake with radiographic signs of osteomyelitis at the beginning of the study was still alive at the end of the study,
and this animal’s bony lesions were more extensive at the end. Thirty-nine intestinal S. arizonae isolates, representing
13 serotypes, were obtained from the 19 snakes. Salmonella arizonae serotype 56:Z4,Z23 was isolated only once from
a cloacal culture, from a snake that had no radiographic bone lesions. Twelve extraintestinal Salmonella isolates,
representing two serotypes, were isolated from six snakes. All extraintestinal isolates except one were of S. arizonae
serotype 56:Z4,Z23, and all isolates from bone were of this serotype. One snake with characteristic bone lesions died,
and Providencia rettgeri was cultured from each of the tissues cultured, whereas no Salmonella spp. were isolated
from this snake. Salmonella arizonae serotype 56:Z4,Z24 appears to have a tropism for bone and other extraintestinal
sites in C. willardi and may cause a progressive, ultimately fatal disease in this species.
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INTRODUCTION

Reptiles are well-known nonsymptomatic carri-
ers of Salmonella spp.,4,8,12 but there are relatively
few reports of these bacteria causing disease in rep-
tiles.2,11,17,18 Salmonella arizonae has been cultured
commonly from reptiles, most frequently from
snakes,6,9,11,15,23 and of the Salmonella spp., the ar-
izonae subgroup has been identified disproportion-
ately as pathogens of snakes.2,13,17,18

Salmonella arizonae serotypes comprise a major
subgroup of Salmonella spp. (also referred to as
group IIIa). Members of the arizonae subgroup are
distinguished from other Salmonella by their ability
to use malonate, liquefy gelatin, and their frequent
ability to ferment lactose.22 Recent convention now
identifies these organisms as S. enterica subspecies
arizonae, with any serotype designation being de-
noted by letters and numbers after the subgroup
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name.3 For simplicity, in this report, S. arizonae
will be used to refer to all organisms from this sub-
species.

Firm, irregularly shaped subcutaneous nodules
were observed on two Arizona ridgenose rattle-
snakes (Crotalus willardi willardi) housed at the
Knoxville Zoological Garden (Tennessee, USA) in
October and November 1990. There were six to
nine nodules per snake, 1 3 1 3 1 mm to 10 3 10
3 5 mm in size, diffusely located on the snakes’
bodies. An excisional biopsy of a rib nodule was
obtained from each snake, and histopathology re-
vealed bacterial pyogranulomatous osteomyelitis.
Cultures of each biopsy grew S. arizonae as the
dominant organism. One grew .1,000 colonies of
serotype 56:Z4,Z23 in pure culture. Only nine col-
onies of S. arizonae grew from the other biopsy,
and this isolate was not serotyped. Both snakes
were euthanatized in March 1991 because of lack
of clinical improvement (pathology and bacteriol-
ogy results included in Table 2).

The identification of an additional snake with S.
arizonae–associated osteomyelitis in the fall of
1995 led to this prospective study of the Knoxville
Zoo’s C. willardi collection. This report describes
the initial cases and the results of a 5-yr prospective
study of the radiographic signs, intestinal Salmo-
nella spp. carriage rates, and mortality.
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MATERIALS AND METHODS

A prospective study was conducted from 1 Sep-
tember 1995 to 31 December 2000. There were 19
snakes (15 C. w. willardi and four C. w. silus) in
the collection at the beginning of the study period.
Three females had been wild caught, and the re-
maining snakes were captive born.

The majority of the snakes (.80%) were housed
individually on wood shavings substrate in glass
terraria. A large terrarium with wood shavings sub-
strate and pieces of wood was used when the
snakes were grouped for breeding or parturition.
Snakes were maintained from April to November
at ambient daytime temperature of 21.1–26.68C.
For the remainder of the year, daytime temperatures
ranged from 14.48C to 18.38C. Humidity was not
measured. The snakes were fed killed mice at 10-
to 20-day intervals from April to November.

The snakes were typically handled twice a year,
once in spring and again in the fall. Radiographs
were taken in October 1995 (19 snakes), October
1996 (10 snakes), November and December 1997
(13 snakes), December 1998 (12 snakes), and De-
cember 2000 (13 snakes).

Diagnosis of osteomyelitis was based on radio-
graphic signs. All snakes that died or were euthan-
atized during the study period were necropsied, ex-
cept one.

Cloacal cultures were obtained in April 1996,
November or December 1997, December 1998, and
December 2000. Specimens were collected with
Culturettt swabs (Beckton Dickinson Microbiology
Systems, Sparks, Maryland 21152, USA) and trans-
ported to the laboratory within 4 hr. Four fecal sam-
ples were obtained from feeder mice cages and cul-
tured for Salmonella spp.

Salmonella screening procedures included direct
culture on MacConkey and Hektoen-Enteric (HE)
agars (Beckton Dickinson Microbiology Systems)
and enrichment in Selenite F broth (Beckton Dick-
inson Microbiology Systems) for 18 hr followed by
culture on HE. Cultures were incubated at 358C.
Intestinal tissue obtained at necropsy was similarly
cultured. Extraintestinal tissues obtained by biopsy
or necropsy were also cultured on Columbia Agar
plates (Beckton Dickinson Microbiology Systems)
containing 5% sheep blood, with and without co-
listin (10 mg/ml)–nalidixic acid (15 mg/ml) supple-
ment and in fluid thioglycollate broth. Salmonella
isolates were presumptively identified by their re-
actions on conventional biochemical tests followed
by agglutination with polyvalent Salmonella group-
ing antiserum (Poly A-I & Vi, Difco, Detroit, Mich-
igan 48232, USA) or automated biochemical iden-

tification (GNI card, Vitek-AMS, BioMerieux Vi-
tek, Hazelwood, Missouri 63042, USA) (or both).
Salmonella isolates were serotyped at the National
Veterinary Services Laboratory, Ames, Iowa
50010, USA.

RESULTS

At the beginning of the study, seven of the 19
(37%) snakes had radiographic lesions compatible
with osteomyelitis. None of the snakes with radio-
graphic lesions were directly related. The median
age of captive-born snakes with radiographic le-
sions was 9.5 yr (6.3–12.3 yr, n 5 4). The three
wild-caught C. w. willardi females with bony le-
sions in 1995 had each been in captivity for more
than 5 yr (5.2–11.2 yr). The median age, in 1995,
of the captive-born snakes without radiographic le-
sions was 4.5 yr (1.2–10.2 yr, n 5 12).

At the end of the study, 10 of the original snakes
(six captive-born C. w. willardi and four C. w. sil-
us) remained in the collection. Nine births occurred
in the colony in 1999, but the offspring were not
included in this study.

Six snakes remained free of bony lesions sug-
gestive of osteomyelitis throughout the study peri-
od. The median age of these snakes at the end of
the study was 12.0 yr (6.5–15.4 yr). Two of these
snakes that developed radiographic signs of osteo-
arthritis of the spine (but no rib lesions) were not
believed to have osteomyelitis.

Three snakes that had no bony lesions in 1995
developed radiographic signs of osteomyelitis dur-
ing the study period and were alive on 31 Decem-
ber 2000. Lesions were first identified when these
snakes were 3, 9, and 13 yr of age. The youngest
of these snakes was the offspring of a wild-caught
female with osteomyelitis.

Three snakes that had no radiographic lesions in
1995 died during the study. One snake developed
a questionable radiographic sign suggestive of os-
teomyelitis in 1997, but a full necropsy was not
performed because of severe postmortem autolysis.
Postmortem cultures were obtained from this ani-
mal. The other two snakes had no bony lesions
identified by radiology or necropsy.

Six C. w. willardi with bony lesions in 1995 died
or were euthanatized during the study. The radio-
graphic signs of osteomyelitis were progressive for
each snake for which serial radiographs were ob-
tained (n 5 5). The cause for euthanasia or death
for each of these was debilitation due to osteomy-
elitis. Median age at time of death or euthanasia for
the captive-born snakes was 16.7 yr (8.3–17.3 yr, n
5 3). The three wild-caught snakes that died or
were euthanatized had each been in captivity for at
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Figure 1. Whole-body ventrodorsal radiograph of an Arizona ridgenose rattlesnake. Note the multiple bony masses
associated with the ribs. There is also extensive new bone production associated with multiple sites in the vertebral
column. Salmonella arizonae serotype 56:Z4,Z23 was isolated from the liver, ovary, and bone of this snake at necropsy.

least 5.2 yr at the time of death (5.2–7.0 yr). Only
one snake with radiographic signs of osteomyelitis
in 1995 was still alive on 31 December 2000. This
snake’s bony lesions were more extensive at the
end of the study period than at the beginning.

Clinical signs varied depending on the severity
of lesions. Snakes with only a few rib lesions had
palpable, firm nodules but were otherwise normal.
Typical nodules were 2–4 mm in height and 3–5
mm in diameter. Snakes with vertebral lesions lim-
ited to a few vertebrae showed no clinical signs.
Snakes with more extensive vertebral lesions had
either limited movement or no movement in the
affected areas. The affected vertebral regions
ranged from 3.4 to 22.0 cm in length. Restricted
range of spinal motion could be palpated, but only
two snakes had palpable nodules over the spine.
Severely affected snakes could not balance on a
hook, right themselves if placed in dorsal recum-
bency, or effectively strike at prey items, which led
to the decision to euthanatize.

Radiology

The most common bony abnormalities were as-
sociated with the ribs (Fig. 1). Radiographic ab-
normalities ranged from focal spherical enlarge-
ment of the ribs to linear reactions extending the
full length of the rib (Fig. 2). The focal enlarge-
ments appeared to be due to enlargement of the
medullary cavity with expansile remodeling of the
surrounding cortex. Bony reaction would often fuse
adjacent ribs. There were 1–16 affected ribs per
snake.

Osteomyelitis of the spine started as an area of
bony lysis within the medullary region of the ver-
tebral body (Fig. 3). There was expansile enlarge-
ment of the surrounding cortex. In advanced stages
of disease, periosteal new bone formed and often
extended to adjacent vertebrae and proximal as-
pects of the ribs. Pathologic fractures frequently de-
veloped.

The vertebral column of two snakes with osteo-
arthritis had areas with indistinct bony margins.



304 JOURNAL OF ZOO AND WILDLIFE MEDICINE

Figure 2. Composite image showing the varied appearance of osteomyelitis of the ribs of some ridgenose rattle-
snakes. Bony reactions range from focal spherical enlargements (image second to the left) to linear enlargement of the
rib along its entire length (image far right and left) or a combination of the two (image second from the right).

This was the result of mild bony proliferation as-
sociated with the dorsal lamina and edges of the
vertebral bodies. The bony abnormalities did not
increase in severity, and there was no evidence of
bony lysis or expansile enlargement of the vertebral
bodies characteristic of the snakes with osteomye-
litis.

Pathology

Nine C. w. willardi died or were euthanatized
during the study. One snake was too autolyzed for
a full necropsy, but postmortem cultures were ob-
tained. Two snakes died of necrotizing enteritis and
had no bony lesions. Salmonella arizonae 50:K-Z
was cultured from the colon of one of these snakes.
The heterophilic, granulomatous, and necrotizing
intestinal lesions were present in both the proximal
small intestine and the colon.

Six snakes that died or were euthanatized during
the study period had bony lesions. The necropsy
results for these snakes are summarized in Table 1.
The most common histopathologic lesions were in

the bones, intestinal tract, and gonads. The bony
lesions showed a mixture of diffuse heterophilic-
granulomatous osteomyelitis and discrete hetero-
philic granulomas. Osteonecrosis and sequestra
were common in affected bones. In most cases,
there was a development of periosteal woven bone
in the form of an exostosis that contained diffuse
or discrete foci of heterophilic-granulomatous in-
flammation. All the affected bones examined
showed marked osteopenia of trabeculae and cor-
tex.

Ova within the ovary and oviduct were com-
monly affected in female snakes. The lesions com-
prised heterophilic-granulomatous oophoritis and
salpingitis, with occasional foci of necrosis, espe-
cially in the oviduct. The ova were often infiltrated
by a mixture of heterophils and macrophages and
contained numerous bacteria. Salmonella arizonae
serotype 48:I-Z was cultured from one snake’s tes-
tis. The testis had mild to moderate amounts of
granulomatous infiltrates, but active spermatogen-
esis was present.



305RAMSAY ET AL.—SALMONELLA OSTEOMYELITIS IN RATTLESNAKES

Figure 3. Composite image showing the varied appearance of vertebral osteomyelitis in ridgenose rattlesnakes.
Severity of vertebral lesions depicted increases from left to right. Note the extensive new bone production associated
with the affected vertebral bodies. There is also bony lysis within the medullary region of the affected vertebral bodies.

Bacteriology

Ten cloacal cultures were obtained in April 1996,
10 in November or December 1997, 12 in Decem-
ber 1998 and 10 in October 2000. Forty-one cloacal
S. arizonae isolates, representing 13 serotypes,
were obtained from 17 snakes (Table 2). At least
one isolate was obtained from each snake cultured.
Single isolates of S. enterica serotypes Aqua and
Newport were the only nonarizonae Salmonella or-
ganisms isolated. Salmonella arizonae serotype 56:
Z4,Z23 was isolated only once from a cloacal swab,
from a snake that had no radiographic evidence of
bone infection.

Since 1 September 1995, 12 extraintestinal Sal-
monella isolates, representing two serotypes, were
obtained from six snakes. Six isolates were from
bone lesions (from five different snakes). Three
Salmonella isolates were also obtained from the go-
nads of snakes. The cultures of bone and lung from
one snake were too contaminated to permit identi-
fication of any single organism, but S. arizonae was

isolated from a heavily overgrown culture of that
snake’s liver. Salmonella arizonae was also isolated
from the liver of another snake with bony lesions.
All extraintestinal Salmonella isolates except one
were S. arizonae serotype 56:Z4,Z23 and were sus-
ceptible to amikacin, ampicillin, cefotaxime, chlor-
amphenicol, enrofloxacin, gentamicin, and trimeth-
oprim-sulfa. Salmonella arizonae serotype 56:
Z4,Z23 was the only Salmonella serotype isolated
from bone lesions. Salmonella arizonae 48:I-Z was
isolated from the testis of one snake with bony le-
sions.

One snake with characteristic bone lesions died,
and Providencia rettgeri was cultured from liver,
heart blood, and two bone samples. No Salmonella
spp. were cultured from any tissues.

Biopsies were not permitted on any snakes after
1995; therefore, no extraintestinal cultures were ob-
tained from any living snakes with radiographic
signs of osteomyelitis at the end of the study. Sal-
monella spp. were not cultured from any mouse
fecal sample.
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Table 1. A summary of the bone, intestinal, and gonad histological lesions and bacterial isolates from eight
ridgenose rattlesnakes (Crotalus willardi) with osteomyelitis.

Snake
(yr of death)

Histopathological
diagnosis

Culture
results

1004 (1991) Biopsy: ribs and vertebral body: granulomatous
osteomyelitis with multifocal heterophilic
granulomas, osteonecrosis, and sequestra.
Necropsy: rib, transverse process, and body
of vertebrae: granulomatous and heterophilic
osteomyelitis with endosteal granulomas.

Salmonella arizonae, 56:Z4,Z23, .1,000 colo-
nies from bone biopsy

1003 (1991) Biopsy: rib: granulomatous and heterophilic os-
teomyelitis. Necropsy: rib, transverse process,
and body of vertebrae: granulomatous and
heterophilic osteomyelitis with endosteal
granulomas.

Salmonella arizonae, not serotyped, nine colo-
nies isolated from bone biopsy

1005 (1997) Rib: heterophilic and granulomatous osteomye-
litis, osteonecrosis, and sequestra. Liver:
multifocal, random granulomatous hepatitis
and periportal fibrosis. Small intestine: acute,
fibrinonecrotic enteritis.

Salmonella arizonae, 56:Z4,Z23, .100 colonies
isolated from rib

368 (1997) Rib exostosis: diffuse heterophilic and granulo-
matous osteomyelitis with osteonecrosis and
sequestra.

Providencia rettgeri, .100 colonies isolated
from bone, heart blood, and liver

1007 (1997) Vertebral body: expansion of transverse pro-
cesses by multifocal heterophilic granulomas
with osteonecrosis and sequestra. Ovary:
granulomatous and heterophilic oophoritis
with multifocal lymphoid aggregates.

Salmonella arizonae, 56:Z4,Z23, .100 colonies
isolated from liver, ovary, and bone

371 (1995) Rib: diffuse granulomatous and heterophilic os-
teomyelitis with osteonecrosis and sequestra.
Vertebral body: multifocal heterophilic gran-
ulomas and intervening diffuse granuloma-
tous and heterophilic osteomyelitis. Ovary:
multifocal heterophilic and granulomatous
oophoritis with bacteria in ovum.

Salmonella arizonae, 56:Z4,Z23, .100 colonies
from bone, .1,000 colonies isolated from
ovum

911 (2000) No histopathology performed on bone or go-
nad.

Salmonella arizonae, 56:Z4,Z23, .80 colonies
isolated from vertebrae and rib, .10 colonies
from gonad

912 (2000) Rib: focal fragmentation and loss of cortical
bone with abundant new (reactive, trabecu-
lar) bone formation. Multifocal, marked infil-
trates of heterophils are present in the area of
bone loss; heterophils in one region surround
a focal aggregate of foamy macrophages
(granuloma). Testes: multifocal, mild to mod-
erate, interstitial granulomatous infiltrate, ad-
mixed with lesser numbers of heterophils,
lymphocytes, and plasma cells is present.

Salmonella arizonae, 56:Z4,Z23, isolated from
broth only from rib; one colony isolated
from liver, 48:I-Z, .50 colonies isolated
from testicle and intestine

Treatment

Two treatment regimens were initiated during the
prospective study period. In the summer of 1996,
three C. w. willardi with bony lesions, one C. w.
willardi and one C. w. silus without lesions, and
one C. w. silus without evidence of osteomyelitis

but with radiographic lesions of osteoarthritis were
treated with oral enrofloxacin (Bayer Corp., Animal
Health Division, Shawnee Mission, Kansas 66201,
USA; 5 mg/kg, p.o., injected into dead feed mice).
Because of their infrequent feeding schedule and
occasional missed dosing, the snakes were medi-
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cated only every 19–30 days, resulting in only four
or five oral enrofloxacin treatments consumed by
each snake. Twelve snakes, three with radiographic
signs of osteomyelitis and nine without signs, were
left untreated. Treated snakes showed no positive
effects from therapy, and all three snakes with bony
lesions showed progression of their bone disease
between the 1995 and 1996 radiographic evalua-
tions.

In April 1997, seven snakes (five C. w. willardi
and one C. w. silus with radiographic lesions and
one unaffected C. w. silus) were implanted with one
or two ampicillin-impregnated methyl methacrylate
beads. The beads were made by mixing 1 g of am-
picillin powder (Amp-Equinet, SmithKline Bee-
cham Pharmaceuticals, Philadelphia, Pennsylvania
19101, USA) with one 40-g package of methyl
methacrylate powder (Surgical Simplex Pt, How-
medica Inc., Pfizer Hospital Products Co., Ruther-
ford, New Jersey 07070, USA) and delivering the
mixture into a 8-Fr rubber feeding tube (Sover-
eignt, Sherwood Medical, St. Louis, Missouri
63103, USA). After hardening, the feeding tube
was peeled off, and the rods were cut into 5-mm-
long beads. These beads were gas sterilized. The
areas over palpable bony lesions were swabbed
three times with a tamed iodine solution (Betadinet
solution, Purdue Fredrick Co., Norwalk, Connecti-
cut 06850-3590, USA), and beads were aseptically
placed subcutaneously directly over the bony le-
sions using a 12-gauge needle attached to a syringe
designed for the delivery of identification transpon-
ders (Trovan Ltd., Douglas, Isle of Man, U.K.). Im-
mediately after placement of the beads, the snakes
were radiographed in an attempt to identify bead
location. None of the snakes showed any changes
in severity of bony lesions within 2.5 cm of the
implants at the fall 1997 or fall 1998 radiographic
evaluations. In the affected snakes, two implants
had migrated .2.5 cm from the site of original
placement, and one implant could not be found by
palpation or radiology in the fall of 1997.

DISCUSSION

Salmonella sp. is one of the most commonly cul-
tured Gram-negative bacteria from reptiles with os-
teomyelitis,11 and S. arizonae–associated osteomy-
elitis is an endemic disease of C. willardi at the
Knoxville Zoo Garden. Salmonella arizonae oste-
omyelitis has been observed in another collection
of C. willardi,13 and Salmonella osteomyelitis has
also been observed in similar captive rattlesnakes
species (B. Raphael, Wildlife Conservation Society,
1999, pers. comm.). Salmonella spp. appear to be
important pathogens for captive rattlesnakes.

Although many serotypes of S. arizonae were
cultured from the cloaca of this colony’s ridgenose
rattlesnakes, serotype 56:Z4,Z23 was isolated only
once from a cloacal swab. In contrast, this serotype
was associated with osteomyelitis and nonenteric
sites in all but one snake with bony lesions. It ap-
pears that this serotype has tropism for extraintes-
tinal sites in this species. The serotyping of all ar-
izonae isolates from Knoxville colony was impor-
tant to our identifying this relationship.

The National Veterinary Services Laboratory’s
database of over 200,000 Salmonella isolates from
1996 through 2001 shows only three isolates of se-
rotype 56:Z4,Z23 from sources other than present
study’s colony: a dog in Texas, an unknown source
in California, and a snake in North Dakota (Kath-
leen Ferris, National Veterinary Services Labora-
tory, Ames, Iowa, pers. comm.). There is only one
record of an isolation of this serotype from a person
(source: heart blood) in a 10-yr review by the U.S.
Center for Disease Control.22 The latter study
showed serotype-specific infection patterns, sug-
gesting distinct differences in virulence among ar-
izonae serotypes.22

Salmonella arizonae infections in humans have
been associated with ingestion of rattlesnake meat.
Dried rattlesnake meat is consumed as a folk rem-
edy for a variety of illnesses in the southwestern
United States and Mexico.1,16,19,21 Salmonella ari-
zonae has been cultured from blood, joints, bones,
and urine from immunecompromised individuals
who ingested desiccated rattlesnake meat in powder
or capsule form, and it has also been cultured from
the powder and capsules.16 Salmonella arizonae se-
rotype 56:Z4,Z23 was cultured from the blood of
one individual who consumed rattlesnake products.1

Snake-origin Arizona hinshawii has also been im-
plicated as the cause of osteomyelitis in a person.7

The exact mode of transmission of S. arizonae
56:Z4,Z23 in the present study’s colony is unclear.
Ingestion is the primary method of transmission of
Salmonella spp. in mammals and is probably the
most important route in reptiles.10 Fecal Salmonella
shedding in snakes is well documented; in this
study, the frequency of Salmonella isolation from
individual cloacal samples was 84%. There was,
however, very little opportunity for fecal–oral
transmission of the 56:Z4,Z23 serotype among the
snakes in this colony because this serotype was
identified from only one of 44 cloacal cultures. Ad-
ditionally, the snakes in this colony usually coha-
bitated only very briefly. It is possible that the cag-
es and the substrate became contaminated and acted
as fomites, presenting the organisms to animals
when they ingested substrate while eating. Alter-
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nately, the feed mice may be a source of the path-
ogenic serotype; however, the cultures of fecal sam-
ples from the feeder mice cages failed to grow any
Salmonella spp. It is interesting that all the three
wild-caught snakes in the colony were affected, so
these snakes may have been infected before cap-
ture.

Salmonella can be transmitted vertically in poul-
try. Salmonella spp., including the S. arizonae 56:
Z4,Z23 of the present study, have been cultured
from the reproductive tract of turtles and snakes,
suggesting the potential for vertical transmission in
reptiles as well.5,14 Additionally, S. arizonae has
been cultured from the testis of three other captive
C. willardi. (J. Jarchow, pers. comm.). Two wild-
caught female snakes, with bony lesions in 1995,
had produced a total of six offspring that were pre-
sent in the colony at the beginning of the study.
Two of these six snakes developed bony lesions
during the study period. The other four snakes re-
mained free of bony lesions. Five years may be too
short a study period to thoroughly investigate ver-
tical transmission because the snakes with radio-
graphic lesions tended to be older than those with-
out lesions.

The culture of P. rettgeri from bone and other
tissues of one snake, and the failure to culture S.
arizonae from it, indicates that at least one other
organism may produce similar bony lesions or that
heavy growth of P. rettgeri may interfere with the
recovery of smaller numbers of tissue-associated
Salmonella spp.

Osteoarthrosis and osteomyelitis were distin-
guished radiographically in this study because bi-
opsies were not obtained. A recent report of 15 cas-
es of spinal lesions in snakes commented that a
histologic distinction between spinal osteoarthritis
and inflammatory osteomyelitis can be difficult.11 It
is possible that the two snakes diagnosed with spi-
nal osteoarthritis may have harbored low-grade in-
fections of the vertebral column. However, a dis-
tinctive feature of the infections in the present re-
port was the presence of rib lesions in all confirmed
cases. The relationship between the spinal osteo-
arthrosis and osteomyelitis in this study will remain
unclear until all snakes are necropsied.

Osteomyelitis can be difficult to treat. Treatments
during the present study were unsuccessful. The an-
tibiotic regimen used in 1990 and 1991 was based
on personal experience and dosages were based, in
part, on metabolic scaling. One snake was treated
with parenteral ceftiofur (Naxcelt, Pharmacia and
UpJohn, Kalamazoo, Michigan 49001, USA; 0.82
mg/kg i.m. q. 48 hr for 12 wk, then 1.5 mg/kg i.m.
q. 48 hr for 8 wk). The other was treated with cef-

tiofur (1.0 mg/kg i.m. q. 48 hr for 8 wk, then 2.5
mg/kg i.m. q.48 hr for 8 wk) and trimethoprim–
sulfadiazine (24% injectable, no longer available;
14.4 mg/kg, i.m. for 2 days, then q. 48 hr for 4 wk)
concurrently. Neither therapeutic effort was suc-
cessful.

The choice of the therapeutic regimens during
the prospective study was based on the unsuccess-
ful experience with the 1990–1991 cases and the
desire to minimize handling of these venomous and
occasionally fractious animals. As the disease ap-
peared slowly progressive, causing few clinical
signs, the use of novel therapeutic choices seemed,
at least initially, appropriate. The veterinary staff
were unaware that these snakes fed so infrequently,
and it was not until treatment sheets were collected
that it was discovered that so few oral treatments
had been administered. The infrequent feeding and
short feeding season were most likely the reasons
for the failure of the oral medication regimen. An-
tibiotic-impregnated polymethyl methacrylate
(AIPM) beads have been used to treat deep-tissue
bacterial infections in a variety of domestic animals
and offer the potential for long-term, localized
treatment of infections.20 No reports could be found
on the use of AIPM beads in reptiles, and some
unique aspect of the physiology of these snakes,
such as low body temperature, may be responsible
for the failure of this therapy. Additionally, al-
though all Salmonella isolates were susceptible to
ampicillin, it is possible that too little antibiotic was
incorporated into the beads or that a different an-
tibiotic may have been more successful. The loss
or movement of the beads is another explanation
for the lack of therapeutic effect.

Osteomyelitis associated with S. arizonae sero-
type 56:Z4,Z23 is an important disease of the
Knoxville Zoo ridgenose rattlesnake colony. Le-
sions develop slowly over years and are difficult to
treat. Stringent efforts to prevent infection, by lim-
iting contact between affected and unaffected
snakes, may be more successful than attempts to
treat affected individuals. Further investigation of
the possibility of vertical transmission of this path-
ogen also seems merited.

Acknowledgments: We thank Mr. Rick Hudson,
Mr. Hugh K. McCrystal, and the Arizona Game and
Fish Department for access to certain individual
snakes. The authors thank Drs. Nadine Lamberski
and Don Gillespie for clinical workup of the early
cases and Mary Jean Bryant and Rebecca Duckett
for technical assistance.



310 JOURNAL OF ZOO AND WILDLIFE MEDICINE

LITERATURE CITED

1. Bhatt, B. D., M. J. Zuckerman, J. A. Foland, S. M.
Polly, and R. K. Marwah. 1989. Disseminated S. arizonae
infection associated with rattlesnake meat ingestion. Am.
J. Gastroenterol. 84: 433–435.

2. Boever, W. J., and J. Williams. 1975. Arizona sep-
ticemia in three boa constrictors. Vet. Med. Small Anim.
Clin. 70: 1357–1359.

3. Brenner, F. W., F. J. Angulo, R. Tauxe, R. G. Villar,
and B. Swaminathan. 2000. Implementing a standard ap-
proach to the difficult nomenclature of Salmonella. J. Clin.
Microbiol. 38: 2465–2467.

4. Cambre, R. C., D. E. Green, E. E. Smith, R. J. Mon-
tali, and M. Bush. 1980. Salmonellosis and arizonosis in
the reptile collection at the National Zoological Park. J.
Am. Vet. Med. Assoc. 177: 800–803.

5. Chiodini, R. J. 1982. Transovarian passage, visceral
distribution, and pathogenicity of Salmonella in snakes.
Infec. Immun. 36: 710–713.

6. Chiodini, R. J., and J. P. Sundberg. 1981. Salmonel-
losis in reptiles: a review. Am. J. Epidemiol. 113: 494–
499.

7. Croop, J. M., B. Shapiro, G. Alpert, J. M. Campos,
and W. Zavod. 1984. Arizona hinshawii osteomyelitis as-
sociated with a pet snake. Pediatr. Infect. Dis. 3: 188 (let-
ter).

8. Grier, J. W., M. S. Bjerke, and L. K. Nolan. 1993.
Snakes and the Salmonella situation. Bull. Chic. Herpetol.
Soc. 28: 53–59.

9. Hinshaw, W. R., and E. McNeil. 1945. Salmonella
isolated from snakes. Am. J. Vet. Res. 6: 264–266.

10. Hoff, G. L., and D. M. Hoff. 1984. Salmonella and
Arizona. In: Hoff, G. L., F. L. Frye, and E. R. Jacobson
(eds.). Diseases of Amphibians and Reptiles. Plenum
Press, New York, New York. Pp. 69–82.

11. Isaza, R., M. Gardiner, and E. Jacobson. 2000. Pro-
liferative osteoarthritis and osteoarthrosis in 15 snakes. J.
Zoo Wildl. Med. 31: 20–27.

12. Jackson, C. G., and M. M. Jackson. 1971. The fre-
quency of Salmonella and Arizonae microorganisms in
zoo turtles. J. Wildl. Dis. 7: 130–132.

13. Jarchow, J. L. 1988. Hospital care of the reptile
patient. In: Jacobson, E. R., and G. V. Kollias (eds.). Ex-

otic Animals. Churchill Livingstone, New York, New
York. Pp. 20–21.

14. Kaufman, A. F., and Z. L. Morrison. 1966. An ep-
idemiological study of salmonellosis in turtles. Am. J. Ep-
idemiol. 84: 364–499.

15. Kennedy, M. E. 1973. Salmonella isolations from
snakes and other reptiles. Can. J. Comp. Med. 37: 325–
326.

16. Kraus, A., G. Guerra-Bautista, and D. Alarcon-Se-
govia. 1991. Salmonella arizonae arthritis and septicemia
associated with rattlesnake ingestion by patients with con-
nective tissue diseases. A dangerous complication of folk
medicine. J. Rheumatol. 18: 1328–1331.

17. Oros, J., J. L. Rodriguez, A. Espinosa de los Mon-
teros, F. Rodriguez, P. Herraez, and A. Fernandez. 1997.
Tracheal malformation in a bicephalic Honduran milk
snake (Lampropeltis honurensis) and subsequent fatal Sal-
monella arizonae infection. J. Zoo Wildl. Med. 28: 331–
335.

18. Oros, J., J. L. Rodriguez, P. Herraez, P. Santana,
and A. Fernandez. 1996. Respiratory and digestive lesions
caused by Salmonella arizonae in two snakes. J. Comp.
Pathol. 115: 185–189.

19. Riley, K. B., D. Andoniskis, R. Maris, and J. M.
Leedom. 1988. Rattlesnake capsule-associated Salmonella
arizonae infection. Arch. Intern. Med. 148: 1207–1210.

20. Swalec-Tobias, K. M., R. K. Schneider, and T. E.
Besser. 1996. Use of antimicrobial-impregnated polyme-
thyl methacrylate. J. Am. Vet. Med. Assoc. 208: 841–845.

21. Waterman, S. H., G. Juarez, S. J. Carr, and L. Kil-
man. 1990. Salmonella arizonae infections in Latinos as-
sociated with rattlesnake folk medicine. Am. J. Public
Health 80: 286–289.

22. Weiss, S. H., M. J. Blaser, F. P. Paleologo, R. E.
Black, A. C. McWhorter, M. A. Asbury, G. P. Carter, R.
A. Feldman, and D. J. Brenner. 1986. Occurrence and dis-
tribution of serotypes of the Arizona subgroup of Salmo-
nella strains in the United States from 1967 to 1976. J.
Clin. Microbiol. 23: 1056–1064.

23. Zwart, P., F. G. Poelma, and W. J. Strik. 1970. The
distribution of various types of Salmonellae and Arizonae
in reptiles. Zentbl. Bakteriol. Parasitenkd. Infektkrankh.
Hyg. I. Abt. 213: 201.

Received for publication 20 April 2001


