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ABSTRACT: Sarcocysts were found in the tongue,

diaphragm, heart, intestinal tunica muscularis,
and skeletal muscle of bobcats (Felis rufus for-
idanus) collected in Florida (USA). The tongue
was found to be the best indicator tissue for
sarcocysts (P < 0.005). Thirty of 60 bobcats

screened were found to contain sarcocysts in at
least one of the muscle tissues examined. Of the
positive bobcats, 28 of 28 tongues contained sar-
cocysts, while only 10 of 27 (37%), and 8 of 26

(31%) contained sarcocysts in the diaphragm or
cardiac muscle, respectively. Although immune
suppression has been suggested as a possible rea-
son for formation of sarcocysts in some carni-
vores, no such correlation was evident in the

bobcats. Comparisons of prey species taken by

the panther and bobcat, and overlap of geo-
graphical range by the two species leave ques-
tions as to the source of infection, and the species

of Sarcocystis that is infecting both felids.

Key words: Sarcocystis sp., sarcocysts, mus-

cle, bobcats, Fells rufus foridanus, survey.

The genus Sarcocystis consists of pro-

tozoan parasites that typically have a two-

host life cycle. The intermediate host is

usually an herbivore, and the initial site of

asexual reproduction (merogony) occurs

within the endothelium of the blood ves-

sels producing merozoites that ultimately

lead to sarcocyst formation in the mus-

culature. The definitive host is generally a

carnivore, and, following consumption of

the sarcocysts in the muscles of prey spe-

cies, sexual reproduction of the protozoan

occurs in the enterocytes in the intestines,

leading to the production of fully devel-

oped oocysts. Subsequently, oocysts and/

or sporocysts are released in the feces of

the carnivore, and ingested by herbivores

and omnivores (Dubey et al., 1989). Sar-

cocyst formation typically does not occur

in the carnivore host. Recently, however,

the presence of the sarcocysts has been

reported in animals that would normally

be classified as definitive hosts. Fiori and

Lowndes (1988) and Everitt et al. (1987)

described sarcocysts in apparently healthy

domestic cats. Edwards et al. (1988) re-

ported Sarcocystis spp. in cardiac and stri-

ated muscle of a domestic cat with lym-

phosarcoma. Kirkpatrick et al. (1986) found

sarcocysts in the musculature of three do-

mestic cats and Hill et al. (1988) found

them in the muscles of two cats and a dog,

all of which were severely compromised

by diseases other than sarcocystosis. Im-

mune suppression was suggested as the

cause for the abnormal presence of the

sarcocysts in each case.

More relevant to this study is the recent

discovery of Sarcocystis spp. in 11 of 14

free-ranging Florida panthers (Felis con-

color coryi) and 4 of 4 other cougars (F.

concolor) (Greiner et al., 1989). It was

speculated that their presence, in some

cases, could have been associated with pre-

vious immunocompromise from feline

parvovirus (FPV) or feline immunodefi-

ciency virus infection (Fly). Sarcocystis

spp. in the panther was most often found

in the tongue, whereas in the domestic cats

the sarcocysts were more common in the

skeletal and cardiac muscles. Objectives

developed to study these findings include

(1) determining the prevalence of sarco-

cysts in other free-ranging carnivores and

(2) ascertaining the host site preference in

which the sarcocysts reside, if they were

present. We chose the Florida bobcat (Fe-

us rufus floridanus) to examine these

questions due to the availability of tissues

from a series of bobcats collected from

nine counties in Florida, the bobcats’ pres-

ence within the outside the present range

of the Florida panther, and because the
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FIGURE 1. Section of mature sarcocyst showing

septae (arrows) H&E. Bar = 6 �sm.
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panther and bobcat share prey species, the

presumed source of the infection for Sar-

cocystis sp.

Previous interest in the bobcat as a sen-

tinel and reservoir host for diseases and

parasites important to the endangered

Florida panthers resulted in the collection

of tissue samples from the necropsy of 60

bobcats over a period of 4 yr from 1985

to 1988 (road-killed and hunter-killed). Al-

though the bobcats had been collected from

nine different counties in Florida (USA),

the majority of them came from southern

Florida (n = 55) with the greatest propor-

tion from Collier County (n = 41). A small-

er proportion (n = 5) were from northern

Florida and other areas considered cur-

rently to be non-panther habitat. There

were 38 males, 21 females, and one bobcat

of unrecorded sex included in this survey.

The age of the bobcats ranged from 1 to

7 yr, with the majority between 2 and 5

yr of age. Sections of tongue, cardiac mus-

cle, diaphragm, kidney, liver, spleen, pan-

creas, lung, and occasionally intestine and

skeletal muscle were fixed in 10% buffered

formalin, embedded in paraffin, sectioned,

stained with hematoxylin and eosin stain,

and examined by light microscopy for the

presence of sarcocysts. Using an H&E

stained tissue section for a guide, two sar-

cocysts were prepared for electron mi-

croscopy. They were located under a dis-

secting microscope on the cut surface of a

formalin-fixed/paraffin-embedded piece

of bobcat tongue. Tissue containing the

sarcocysts was processed for electron mi-

croscopy as described by Greiner et al.

(1989). The data derived from examina-

tion of the histological sections were then

analyzed using Fisher’s Exact method of

Chi square analysis to determine the sig-

nificance between the presence of sarco-

cysts and geographic distribution, sex and

tissue distribution in individual bobcats.

Of the 60 bobcats screened, 30 (53% of

the males and 47% of the females) were

found to have sarcocysts in one or more of

the tissues examined. Sarcocysts were found

in the tongue, cardiac muscle, diaphragm,

tunica muscularis of the intestine, and skel-

etal muscle (Table 1). The sarcocysts were

of various sizes, with the largest forms lo-

cated in the tongue, ranging up to 577 �tm

x 185 �m. Mature sarcocysts contained

obvious septae (Fig. 1) which are charac-

teristic of the muscle inhabiting cysts of

Sarcocystis sp. Immature sarcocysts filled

with metrocytes (Fig. 2) were seen.

By transmission electron microscopy, the

primary sarcocyst wall from bobcats was

similar to that seen in the Florida panthers

(Greiner et al., 1989). Short, irregularly

spaced villi were present on the outside of

the primary wall (Fig. 3), although they

were not evident by light microscopy (Fig.

2). The “hobnail”-like bumps were present

in the wall at the bases of the villi (Fig.

3), as they appeared in the sarcocysts from

Florida panthers (Greiner et al., 1989).

There was an uneven distribution of the

sarcocysts by organ site (Table 1). Of the

30 positive bobcats, 28 of 28 contained

sarcocysts in the tongue (tongue was not

available for the other two), while 10 of

27 (37%) and 8 of 26 (31%) were detected

harboring sarcocysts in cardiac muscle and
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FIGURE 2. Section of young sarcocyst filled with

metrocytes H&E. Bar = 15 �sm.

diaphragm. Sample sizes for intestinal tu-

nica muscularis and skeletal muscle were

smaller, yet results showed one of five and

one of four of the positive bobcats exam-

ined, respectively, contained sarcocysts in

these tissues.

The prevalence of sarcocysts in the mus-

cles of the tongue was significantly greater

than in any other tissue examined (P <

0.005) except for skeletal muscle (P = 0.25).

Comparisons between the other muscle tis-

sue types yielded no significant difference

(P> 0.4). There were no significant dif-

ferences in the distribution of Sarcocystis

spp. in bobcats by county (Table 2) or be-

tween males and females (P = 0.17, 0.46

respectively).

Prey items of the bobcat diet in Florida

include rabbit (Sylvilagus spp.), cotton rat

(Sigrnodon hispidus), various other ro-

dents and birds, and to a limited extent

larger prey items such as raccoon (Proc yon

lotor), white-tailed deer (Odocoileus vir-

ginianus), and feral pig (Sus scrofa)

(Maehr and Brady, 1986; M. E. Roelke,

unpubl. data). The majority of these prey

species are also components of the Florida

panther diet (Roelke et al., 1986; Belden,

1987; Maehr et al., 1990), and may rep-

resent a common source of infection for
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FIGURE 3. Transmission electron micrograph of a bobcat sarcocyst. The primary cyst wall (Pw) is folded

into short, irregularly spaced villi (V). A thickened electron-dense layer beneath the primary cyst wall is

modified into “hobnail-like bumps (arrow). The ground substance (Cs) of the cyst wall consists of fine

granules and fibrils. Bar = 1 �m.
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TABLE 1. Bobcat tissues examined for sarcocysts.

Tissue

Number bobcats ex-

amined

Positive Total

Preva-
lence

% of pos-

itives�

Tongue 28 50 56% 100

Cardiac musc. 10 53 19% 37

Diaphragm 8 49 16% 31

Intestine 1 10 10% 20

Skeletal musc. 1 4 25% 25

This value reflects the percentage of the positive bobcats that

contained sarcocysts in that tissue. Positive bobcats were those

harboring sarcocysts in at least one of the tissues examined.

Sarcocystis sp. The degree of overlap in

terms of quantity of these prey species eat-

en, however, is small. Maehr and Brady

(1986) reported the presence of raccoon,

feral pig, and white-tailed deer in the

stomach contents of <2% of the bobcats

sampled, while these three species consti-

tute the major portion of the panther diet.

This suggests that either the species of Sar-

cocystis infecting the bobcat is different

from that in the panther, a minor prey

item which is seldom eaten is the source

of infection to both felids, or that trans-

mission of the parasite is occurring in some

other manner than via prey. One cannot

exclude the potential that bobcats become

TABLE 2. Distribution of sarcocysts in Florida bob-

cats by county.

County in Florida

Total number’

Positive!

examined
Panther

habitat”

Highlands 1/4 Yes

Clades 2/2 Yes

Hendry 4/6 Yes

Collier 21/41 Yes

Dade 1/2 Yes

Alachua 0/1 No

Duval 1/1 No

Lake 0/1 No

Lee 0/2 No

Total 30/60

Because there was no statistical difference in the prevalences

in male and female bobcats, they were grouped into a single

category.
Panther habitat includes those areas in which panthers are

currently known to reside.

infected through the ingestion of sporo-

cysts through fecal contamination of food

or water. The bobcat serves as an occa-

sional prey species for the panther (0. Bass,

pers. comm.), though due to the rare oc-

currence of this phenomenon, it is unlikely

that it may have any effect on the common

occurrence of this parasite in the muscles

of either species.

Although immune suppression due to

feline immunodeficiency virus (FIV) or fe-

line panleucopenia virus (FPV) was sug-

gested as a possible contributing cause for

the presence of sarcocysts in the Florida

panther, no such correlation could be made

with the Florida bobcat. Of the 30 bobcats

harboring sarcocysts, only 10 (33%) were

shown to have a positive antibody titer for

feline parvovirus indicating previous in-

fection with the virus, and of those nega-

tive for Sarcocystis, 11 (38%) had positive

titers for FPV (M. E. Roelke, unpubl. data;

Roelke et al., 1986). Further, only 1 of 11

(9%) bobcats from southern Florida was

positive for FIV (Barr et al., 1989). Though

some other disease agent may have caused

an immune suppression, neither infection

with FPV nor FIV appears to be signifi-

cantly correlated with the presence of sar-

cocysts in the bobcat. Unlike most of the

sarcocyst infected domestic cats, the in-

fected bobcats appeared healthy, with no

apparent concurrent chronic diseases as re-

flected by physical condition and absence

of gross pathologic lesions.

These results indicate that sarcocysts are

prevalent in free-ranging Florida bobcats,

and that it is distributed primarily in

southern Florida (29 of 55 bobcats from

southern countries versus 1 of 5 from

northern counties). Furthermore, it is clear

that the tongue serves as the best indicator

tissue in determining the presence of sar-

cocysts in bobcats. The factors are un-

known that allow sarcocysts to develop in

carnivores such as bobcats. Further re-

search on the mode of transmission of this

species of Sarcocystis sp. in bobcats, and

the role of the immune status and diseases

such as FIV and FPV in the bobcat is nec-
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essary to determine what these factors

might be.

An interesting case has been presented

recently that suggests some species of Sar-

cocystis are monoxenous. Matuschka and

Bannert (1987) determined that feeding

sarcocysts of S. galloti.ae to canarian lizards

(Gallotuz galloti) resulted in completion of

the entire cycle in this lizard. This phe-

nomenon has not been demonstrated for

mammalian hosts. One attempt to infect

domestic kittens with sarcocysts from the

Florida panther did not yield sporocyst

production (Greiner et al., 1989). This ex-

periment should be repeated to rule out

that this species of Sarcocystis has the po-

tential to complete its cycle in one host.

Primary funding for this project was

provided by the Florida Game and Fresh

Water Fish Commission and federal grant-

in-aid funds administered through the U.S.

Fish and Wildlife Service under section 6

of the Endangered Species Act of 1973 (PL

No. 93-205), The Florida Panther Re-

search and Management Trust Fund and

the state of Florida non-game trust funds.

We thank J. P. Dubey for confirming the

presence of metrocytes in some of the sar-

cocysts. This paper is published as Florida

Agricultural Experimentation Stations

Journal Series Number R-01375.
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