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EXPERIMENTAL INFECTIONS OF SARCOCYSTIS CRUZI,

SARCOCYSTIS TENELLA, SARCOCYSTIS CAPRACANIS AND

TOXOPLASMA GONDII IN RED FOXES (VULPES VULPES)

J. P. Dubey

Veterinary Research Laboratory, Department of Veterinary Science,
Montana State University. Bozeman, Montana 59717. USA

..‘siss’nis so ‘F: Ftutir littemnusate 6-st k-old ne(l foxes ( Nos. 1-4) st crc fed Toxoplasma gandhi. .Sarcocujsti.s cruzi.

S. t(’n(’lla amid .8. capracanis. Onto’ hittertusate fox (No. 5) served as the c’omstmol. Tst tu foxes I \os. 1. 2) st crc

fed tisstte cysts of T. gondii atsd tst o foxes ( Nos. 3. 4 1 went’ fed ooc’vsts of T. gandhi. Tst eust� -omse t(u 42 days

later. the samuse five foxes st crc used to test flue iuufec’tivit� of’ muscat of goat. shseep. auto! (l’s expeninuseuttall�

itt(uc’uilated with Sarcoct�sl is. Ftux 2 �s as fed gsat muscat amtd shed .S. capracan is-like sponocvsts 10 da� s later.

Foxes 3 attd � st crc fetl lueef, and thtev shed S. cruzi-hike sponoc’ sts 9 tlass laten. Fox 5 was fed sheep muscat

amid shied .8. ti’nella-like sponoc’vsts S da� s later. Foxes were killed hetweemu 36 ausd 55 oIa� s of thit- expenimssemst

amid their tissues were imsoc’uilated iutto misice to nec’o� en T. gondii. All foxes neussaimted chinuic’alI� tuontusal amid

1’. gandhi was neciuvened f rttuus all imt(uc’ulatedl foxes amid mtot fntutss thse c’omstnol. .Sarcoet�.stis sponoc’� sts fntumss

foxes imtdttc’etl lethtal iuufec’tiomts itt goats. sheep. and ox. l’hte sponoc’vsts. muuentuusts, uusentzoites, amsd sanc’oc’� sts

(if fox-denived l)�iflsSiteS were simssihan to those theniveol f n(umts c’o� oh’s on dogs. It was t’ouut’Iuided that thte red
fox taut act as a fiuial htost fun the three pathuogemsic’ SPecies of .Sarcocq.stis itt cattle. shteep. amid goats.

INTRODUCTION

Red foxes shsetl sporoc’�sts itt feces after itt-

gestiutg tuseat utattmrall� imsi ec’ted ss iths Sarca-

(‘1/5115 cmxi of .‘attle, S. t(’lt(’ll(l of Sheep, �

Inie.s(’Iu’riana of pigs. amid “u. OdOCOil(’a(’(llli.s (if

whsite-tai led tIed’ ( (.)dacaih’z,.’s t’irgin ian us)

Humus mud et al.. 1974: Fa� en t’t il., 1976: Ash i-

forth, 1977: Ember amid Both. 1976: Cnummus auid

Prest w o( it1. 1 982 1. There is s( tIi5e to ic’enta ittt y

c’omicenutiutg the species of Sarcoct,stis (if hserhi-

‘sores tramisuss issible to f OXdS h)t’c’atiSe mio attetsspts

s�o�’e musatle to iuitltic’esarc’oc’� stosis itt sheep amstl

cattle thsnotight feces (if foxes antI because ussore

thsaus (Otd species of Sarcoc.’stis muss a gist-ms

its terussetl iate hoist tusav cycle fIt r( utighi a gi semi

fimtal hoist (Beaver and \lalec’kan. 1981: Ember.

1982). l’hte ul)ject (if t ltd pn(-s(’mit stud \ ‘s’s as to

tleternsiuie w Itethuer the ret! fox taut act as a final

host for the �)athtogettic’ Species (if 5arcoci�.sti.s

itt cattle. Shli’eI), autd goats. Opporttttiit� wa’�

takeut to st u(I\ toxoplastuuosis itt the sausse foxes.

MATERIALS AND METHODS

,.� :3-st k-i uld lit ten of five ne(l ft ‘st’S st as nt’mssoved

fnumss a (I(’tititan Rouiuioltip. \lumitamta. amid hrottghtt to

the \etenimian� Research Lahonator� \‘Rl. 1 2 st k hat-

en. At \‘Rl.. the foxes st (-no’ hiotised iuidividtiall� . TIie�

st c’nu’ fed ituil � et umsstusert’iaII� avai hal uk di ig pcI lets amsd

Rec’t’iveol ft in pill 1ic’at ii ti 1 4 Septemss I ‘n 19S2.

Pnesemit address: .‘�miiussaIParasitolug� Imistittite.1..8.

I)epantmsuemit of .‘�gnic’iiltiine. .‘�gnic’iiIttiral Research
Service. Reltsville, \Ian� lautol20705. t S.\

musilk f n�uuss the timsie thse� were reusstuved fnonuu the tIe-ui.

.-�l! five foxes hsad t5(i detectable senuuss austihuoolv to

loxoplasrna gandhi itt the Sabims-Feldussami olve test.

Toxoplasma infection

The foxes svene 6 st k old at the tinuse of imi(uc’iilati(uui
with 1’, gon(lii. Foxes 1 amid 2 were each fed tst o

uisic’e imifec’tetl sviths 1’. gondii: thse musit’e Isad I)eeui

iusoc’tilated sviths T(- I stnaiui (if T. gandhi (Dnhe�.

I 979) 2 tusti pne’si(utisly. i’m’ l)n(’s(’uic’(’ (if cysts ss as

asc’entaitied h� musicnosc’opic’ exausuimuatiuti of the lunaimis

of the nuuic’e. Foxes 3 amitl 4 were each fed 35() imifec’-

tive ooc’� sts of the (;T- 1 stnaiui of 1’. gandhi I Duhe’s

1980a I. The usuimsshen of imifec’tive (i(it’\ sts � deter-

musimsed h� imioc’ulatiouu of the musks’ st ithi temi-ftuloldi-

Ititiouss of (uoc’vsts as tlesc’nihed 1 )iihe� . 1950a 1 :3 wk

prior t(i iti(ic’tilati(its (if flue foxes. I”tix 5 served as flit’
ttmiimi(uc’tilated t’ouutnoh.

I’(uxes stere killetl betweemi 36 ,iui(I.).) (lays l)(iSt

imuoc’tilatioti I 1)11 1 1Table 1). .\t uiecnops� . Pontiotss

(50 g on ss�IsoIe’orgati I of tusesetitenic’ Ivmuupli msodes,

lungs, livers, hnainis, thuighi mssusc’les atud hearts wene

netusoved ausd digestetl its acid-pepsimi s(il(iti(iut. .‘�ften

washsiusg. thie hs(itus(igetsate st as iuioc’tilatetl suihc’tita-

mie(stisl\ imuttu musice as described h� I)iihe� (1 YSOhI: six

tusic’e st crc imi(udtilatedl withs each tissue. Its adtliti(umi

to tissues collected for tti(utise imituciilatiouis, p�nti(tuis

of spinal c’(unds, spleemss. unimian� bladders. prescaptt-

Ian l’smusphi miotles, austl kitlmie� s of foxes st ene fixed itt

10#{176}�Nlillouiig’s buffered fiunussalimi. Panaffiti-etsshetf-

(leol tissuies were c’tit its 5 /Atii sec’ti(uuis, staimied with

huetsiatoxylimu amstl eo�its, amid exauuuiuseol usuic’n(isctipi-

:‘aIl�.

T!ie� uuuic’e were exanuimied for loxoplasnia iuufet’-

tiomi. 1-(inthis. imsupressioms susseans of lumigs auto! hnaimis
(if music’o’ that olicol were exatusimsed usuic’nosc’opic’all� four

1’. gonclhi after staimsinug with Ciemuisa’s staimi. Sunvi-

s’(uns ss crc bled at 21 DPI amid thsein sertimus satusples

svere exauusimied for atutthod� to ‘I’. gait dii. \Iice were
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TAI5I.I-: I. Toxoplasma necovereth from red foxes wluic’ls hat! beets fed c� sts on ooc’ssts of Toxoplasma gandhi.

I.
\o. of nice scsitise’for Ioxopla.snca si� iiuut’t’

iiiocuilatt’d ssitlu follossiiug ho tissue’s

�so Si’s Iuioc-uclum 1)11’ Brain
thigh

I hart I.is i’r Icings iiuui’.cir
\hi’si’ntc’ric

Is inp1i nodi’s

i ‘.1 c�sts :36 I .1 ii 4 2 \tY’

2 1- (‘sStS :36 ii :3 1 .i i I
:3 51 xx’�sts .15 6 6 I 6 6 ii

4 1-’ xic�sts 55 6 6 :5 6 i I
5 F’ none :36 ii ii ii ii 0 ii

DPI da� Isstinoc’Iatior of fox.

‘si) cot douce’

killed 30 DPI and their brains svere examimie! for

Toxoplasma cysts.

Nlice ant! fox sema were exatusituetl in thue Sabimu-

Felt!manu tlye test. and they were comisideretl nega-

ti’s’e whets antibody svas muot tlemomustrable its uiusthi-

luttetl semutm.

Transmission of Sarcocystis infections from
cattle, sheep, and goats to foxes

All thiree species of Sarcocystis utsed its this study

svere isolated in Nlontanua aust! their tlevelopnsemst austl

pathogenicity its the initemmediate and final hosts luath

been reported ins detail (Dutbey et al., 1981, 1982a.

b, 1983; Dusbey, 1982, 1983a, hI. Tsventy-onse tlavs

after T. gondii inoculatioti, fox 2 was fed meat from

a goat expemimemutalls infectetl with S. capracaruis.

The goat had been fed 6 X lG� sporoc�sts 76 thays

prior to necmopsv.

Thirty-three days after T. gondii inocutlatioms, fox

3 was fed meat from atu ox expenimenstally itufecteth
with B! isolate of S. cruxi. The calf hat! h.eeti feth

5 X 10� sporocvsts 84 clays prior to necnopsv.

Fomty-tst-o days after T. gondii inocuilatious, f(ux 4

was fet! meat from another ox expenimeustally ins-

fectetl with Bi isolate of S. cmxi. The calf hatl beets

fet! 5 X 10’s sporocvsts 93 t!avs I)nior to niecropsv.

Fox 5 was fed meat from a sheep expemimssemstally

iusfected with S. tenella. The sheep hat! beemi imsoc-

uhated with 5 X l0� sporocvsts 276 days prior to mice-

mops�.

Feces of the foxes were examined for coc’cithian

oocvsts (Dubev, 1976) twice weekly after itsocutlations

with T. gondil aust! tlaihy after inuocutlation with Sar-

cocujstis. At necmopsy, tlue spomocvsts were collectet!

from imstestinah scrapimigs aust! storet! its the balausced

salt antibiotic solustion at 4 C as tlescnibetl (Dutbey.

1980, 1981).

Transmission of Sarcocystis infections from
foxes to sheep, goats, and cattle

Six 2-mo-old goats, five 2-9-st-k-olt! lambs, atutl a

4-tlav-old ox were usetl to test the infectivity of spo-

nocvsts from foxes. One goat svas fed l0� spomocysts.

one was fed 106 spomoc�-sts, atit! one goat svas fetl 10�

spomocvsts from fox 2; the sporocvsts hat! beets storet!

for 1 day prior to feeding the goats. Three goats

served as utninocutlatec! controls. The imsoculatetl goats

st’eme houisetl st’iths the conutrols anud st crc feti hsa� ausd

grain.

Otie !5-tlav-oltI lamb (No. 1 ) also1 inse 64-tlay-oltl

lamb (No. 2) were each fed 5 x l0� spomoc�sts, amid

one 66-clay nIt! haunt) ( No. :3) svas feol 10� sporoc”ssts

from the feces of fox .J: the sporoc�sts Itad hwets stone-tI

for 1 ss’k prior to feedinug lansubs. Oust- l5-da� -old lauuub

( No. 4 1 amid ouse 66-day oltI lansb I No. 5 1 served as

comitrols. Lamnhs 4 and 5 were sibhimugs of lambs 1 and

:3. The lausshus st’cre mutni st’ithi them t!ams.
The calf was fet! 10� spomocysts frouui tlse iustestiuuah

scrapinugs of fox 4 svhich was killetl oti the saune tIa�

the ox st’as iusoc’utlatetl. The calf stas huouseth instloors
and was fetl milk utuitil usecropsy.

Hematological salutes (nuimber tuf retl- amutl white-

blood cell coutnsts, heunatocnit, meamt conpttscutlan s’ol-

utmes, differemutial leuikocvte cousnts) of illausimals ste-re

obtainet! as t!escnibetl (Dutbey. 198:31)).

Inoculatet! sheep, goats, anud ox svere muecropsietl.

and all their major intemnsal orgatis histetl by Dtibey

(1982) svere examined hsistologic’all’s.

RESULTS

The foxes nemainsetl chitsically uuormusal

thnouighsoutt the stuttl�’ ant! T. gondii was me-

coveret! from the insocuilatet! foxes (Table 1). All

infectetl nsice diet! of toxoplasuuiosis. Jut!giusg

from the results of recovery of T. gondii ims thse

mice, the oocvsts svere more imifectiouts to thse

foxes thuams the tissue cysts. Neithser Toxoplasma

nor Toxoplasma-inthscetl lesiotis ‘svene fouttutl its

sections of atiy fox.

Fox 2 fed muscle tissute infec’tet! with S. a,-

pracanis shed sporoc�sts ins feces 10 days later.

The sporocvsts (13-14 X 8-10 �m: 11 = 20) from

the feces of fox 2 svere struictutralhv similar to

those of S. capracanis imi the feces of co�’otes

ant! tlogs (Duibey et al., 1983). The goat fec! 10�

sporoc�-sts sudldenly becanse comatose, svas ims

acute nespirator�’ failutre 13 DPI antI svas eu-

thausatizet!; first-gemseratiomu menomits ‘svere fouimstl

in sections of arteries of the snsall iustestine austl
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kitlmseys. The goat fed 10� sporocysts tlied of

acutte sarcocystosis 19 DPI ant! niutmerouts see-

ont!-genseration meromsts were seen in the kid-

ness ant! other tissuses. The goat fed 10� sporo-

cysts was mildly amsemic butt otherwise appearet!

nuormal; nsuimerouis cross-stniatetl sarcocysts ‘svere

fouimstl in muscles at nsecrops�- 70 DPI. Control

goats remaimietl asvnsptomatic anti were not

necropsiet!. The chimsical couirse, lesions, ant! the

parasites its goats fet! fox-tleni’s’etl sporocvsts

were similar to those in goats fed coyote-tie-

ni’s’etl sporoc�sts (Dutbey et al., 1981, 1983).

Fox 5 fed S. tend/a insfecteti mutscles shetl

sporoc�-sts 9 t!avs later. The sporoc�sts (12.5-

14 X 7.5-9; n = 16) from the feces of fox 5 svene

strusctutrally similar to those of S. tenella in coy-

otes ansd dogs (Dutbey et al., 1983). Both lambs

fed 5 X 1Q� sporoc�-sts became amsemic on 25

DPI; one diet! 26 DPI amiti the other was eu-

thanatizeti 27 DPI. The lamb fed 10� sporocvsts

and the constrol lambs remainetl as�mptomatic

ant! were examined at usecrops� oti 60 DPI. Nut-

merous secontl-gemseration meromsts were fousntl

in the tissues of the lambs nsecropsieti 26 ant!

27 DPI. Nutmerouts cross-striated sancocvsts antI

nsonsuppurative mvositis were fouiuiti ins the lamb

necropsied 60 DPI. A fe’sv immatuire S. tenella

sarcocvsts (naturahl�’ acqusiret!) svere foutnd in

the tissues of lamb No. 3. Neither sancocysts nor

lesions svere seen ins the constrol lambs. \Ieronsts,

sarcocysts, clinical coutrse, and lesionss ‘svere sim-

ilar to those of coyote-derived S. tenella (Dci-

bev et al., 1982a, b; Dutbey, 1983a).

Foxes 3 and 4 shetl sporoc’s’sts (14-16 X 9-

10.5 �m; is = 20) in their feces 9 clays after in-

gesting infecteti beef; the sporocysts ‘svere stmuc-

tuira!l�’ similar to those shed by coyotes (Dutbey,

1982). The calf fet! sporoc�sts svas febnile (40-

41 C) 15, 25, 26, 27 ansd 28 days after inocu-

lationi. Ons 27 DPI, tise calf had mild watery

diarrhea, appeared tIuill, and svas eutthanatized

the next day becautse of weakness ant! inappet-

eusce. At necropsy, petechial to echhsymotic

hemorrhages ‘svere seen throutghout muiscles ant!

viscera, and hemorrhages were particuilanl�- se-

vere mu the heart. The liver ant! visceral lymph

nodes were icteric. Single anti dividing memo-

zoites were seen in mononutchear cells of the

blootl at 21 ant! 28 DPI. Seconti-generation

meronts ‘svere found in kidneys ant! several oth-

er tissuses. The parasites and lesions svere similar

to those in calves giveul co�’ote-deni’s’etl spono-

cysts (Dubey, 1982; Dubey et a!., 1982b).

DISCUSSION

The resusits of this stuidy sho’svetl that red fox-

es can harbor moutse-virulent Toxoplasma

without any ill effects. The CT-i straits of T.

gondii used to infect t’svo foxes was pathogenic

to mice, hamsters, squirrels, sheep, and goats

(Dubev, 1980a, 1981, i983c).

In the present stutdy foxes were first infected

‘svith Toxoplasma and then Sarcocystis. Ho’s’s’-

ever, it is unhikel�’ that Toxoplasma motlified

the infections by Sarcocystis spp.

The results of this stuidv show that ret! foxes

are an efficient final host for the three species

of Sarcocystis ‘svhich are pathogenic for cattle,

sheep, and goats. Althoutgh sporocvsts from in-

testinal scrapings svere not counted, microscop-

ic examination sho’sveti that the nsutml)er of spo-

rocvsts shed b�’ foxes ‘svas probabh�’ comparable

to those shed b�’ dogs and co�-otes. Nlone im-

portantly, sporocysts obtained from intestinal

scrapings of foxes were mutch cleanser than those

obtained from dogs. The intestines of foxes are

considerably shorter than those of clogs and there

is less mucous in the intestines of foxes than in

dogs. These factors might have contributed to

the recovery of clean sporocvsts from the foxes,

and max’ be of help to other researchers.
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