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KEY POINTS

� Neosporosis, toxoplasmosis, sarcocystosis are parasitic diseases that are transmitted to
ruminants by oocysts shed in the feces of a carnivore or omnivore definitive hosts.

� Neosporosis causes of abortion in cattle, dogs are definitive hosts; it is transmitted trans-
placentally, and this is the major way it is transmitted in cattle.

� Toxoplasmosis is a cause of abortion in sheep and goats; cats are the definitive hosts.

� Sarcocystosis can cause abortion and carcass condemnation in ruminants. Dogs, cats,
and wild predators are definitive hosts.

� No effective preventative chemotherapeutics or vaccines are available for these parasites
in ruminants in North America.
NEOSPOROSIS
Etiology

Neosporosis is a disease caused by the Toxoplasmosis gondii-like parasite, Neospora
caninum. Until 1988, N caninum was confused with the structurally similar coccidian T
gondii.1 The disease was recognized and the features of the clinical disease it causes
in congenitally infected dogs was reported in dogs from Norway in 1984.2 This report
prompted a retrospective study that provided a scientific description of the parasite
and the name N caninum.3 The parasite was isolated in cell cultures from congenitally
infected Labrador retriever pups.4 This process provided a source of antigen for
immunologic4 and immunohistochemical5 studies. Researchers used these tools
and within a few years it became apparent that neosporosis was an important cause
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of abortion and neonatal mortality in cattle-rearing regions worldwide.1 In 1998, do-
mestic dogs were found to be the definitive host and also excrete oocysts.6,7 Coyotes
and wolves8,9 are also definitive hosts and maintain the parasite in a sylvatic cycle with
white-tailed deer (Odocoileus virginianus) where they are present.10 Viable N caninum
has been isolated from dogs, cattle, white-tailed deer, water buffaloes, and sheep.1 N
caninum is not known to naturally infect primates or humans, but experimental infec-
tions in rhesus macaque tachyzoite crossed the placenta and infected the fetus.1

The life cycle is typified by 3 infectious stages: tachyzoites, tissue cysts, and oo-
cysts (Fig. 1). Tachyzoites disseminate the infection extracellularly by moving between
host cells or via the blood. Tissue cysts are latent stages found in the intermediate
hosts and both occur intracellularly in vacuoles derived from the host cell plasma
membrane.1,3,4 Tachyzoites are approximately 6 � 2 mm. They are rapidly dividing
stages that cause tissue damage, disseminate the infection in the intermediate host
and are transplacentally transmitted to the fetus. Tachyzoites divide asexually into 2
organisms by a type of longitudinal binary fission called endodyogeny. The tachyzoites
eventually produce bradyzoites by endodyogeny after receiving a cue from the host to
undergo stage conversion to produce the dormant thick-walled tissue cyst stage.
Fig. 1. Life cycle of Neospora caninum. (Courtesy of J. P. Dubey, MVSc, PhD, Beltsville, MD.)
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Tissue cysts are seen detected in the central nervous system.11 These tissue cysts are
round or oval in shape, up to 107 mm long, and contain up to 100 slow-growing bra-
dyzoites. The tissue cyst wall is up to 4 mm thick and the enclosed bradyzoites are
7 to 8 � 2 mm. Bradyzoites are believed to produce asexual and sexual stages in
the intestines of canines that results in oocysts in their feces.
N caninum oocysts are excreted unsporulated in the feces andmeasure 10 to 12 mm

in diameter and sporulation occurs outside the host.6 Presently, little is known
regarding the frequency of shedding of N caninum oocysts, the survival of the oocysts
in the environment, and howmany different canines can serve as definitive hosts.1 Oo-
cysts are most likely susceptible to environmental conditions that inhibit oocysts of T
gondii. The parasite can be transmitted transplacentally in several hosts and the ver-
tical route is the major mode of its transmission in domestic dairy antibody cattle.11

There is no adult cow to adult cow transmission of N caninum. Although most N can-
inum infections in cattle are transmitted transplacentally, reports of postnatal rates
have been variable depending on the region of the country, the type of test used,
and the antibody cut-off values used.1,11 Although N caninum has been found in
bovine semen,12 it is unlikely that N caninum is transmitted in semen or by embryo
transfer from the donor cows. Embryo transfer has been recommended as a method
of control to prevent vertical transmission.13 However, it is prudent to test all recipi-
ents, and embryos should not be transferred to seropositive cows. Lactogenic trans-
mission of N caninum is considered unlikely.14–16 Canids can acquire infection by
ingestion of infected tissues.

Neosporosis in Cattle

Clinical signs
N caninum is responsible for inducing abortion both dairy and beef cattle.1,17–20 Cows
of any age may abort from 3-month gestation to near full term. Most neosporosis-
induced abortions occur at 5 to 6 months of gestation. Fetuses may die in utero, be
resorbed, mummified, autolyzed, stillborn, born alive with clinical signs, or born clini-
cally normal but chronically infected. Neosporosis-induced abortions occur year
round. Cows with N caninum antibodies (seropositive) are more likely to abort than
seronegative cows and this applies to both dairy and beef cattle. However, up to
95% of calves born congenitally infected from seropositive dams remain clinically
normal. The age of dam, lactation number, and history of abortion generally do not
affect rate of congenital infection, but there are reports indicating that in persistently
infected cattle vertical transmission is more efficient in younger than older cows. If
replacement heifers are infected, they may either abort or transplacentally infect their
offspring.
Clinical signs have only been reported in cattle younger than 2 month of age.1,11 N

caninum-infected calves may have neurologic signs, be underweight, unable to rise, or
be born without clinical signs of disease. Hind limbs or forelimbs or both may be flexed
or hyperextended. Neurologic examination may reveal ataxia, decreased patellar re-
flexes, and loss of conscious proprioception. Calves may have exophthalmia or asym-
metrical appearance in the eyes. N caninum occasionally causes birth defects
including hydrocephalus and narrowing of the spinal cord.1

Abortions may be epidemic or endemic.17–20 Up to 33% of dairy cow abortions
owing to N caninum occur within a few months of pregnancy. Abortions are consid-
ered epidemic if more than 10% of cows at risk have aborted within 6 to 8 weeks. A
small proportion (<5%) of cows are reported to have repeated abortions owing to neo-
sporosis.21 Cows with N caninum antibodies (seropositive) are more likely to abort
than seronegative cows. There is an increase in antibody titers 4 to 5 months before
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parturition. These observations strongly suggest reactivation of latent infection; how-
ever, little is known regarding the mechanism of reactivation. It is likely that there is
parasitemia during pregnancy leading to fetal infection. However, N caninum has
never been identified in histologic sections of adult cows and viable N caninum has
been isolated from the brains of only 2 cows.22,23 Although it is reasonable to specu-
late that pregnancy-induced immunosuppression or hormonal imbalance may reacti-
vate latent tissue cysts of N caninum, such a mechanism has not been demonstrated
experimentally or in natural infections. N caninum DNA has been found in blood of
naturally infected cattle indicating parasitemia.24 N caninum is one of the most effi-
ciently transplacentally transmitted organisms in cattle. In some herds, up to 90%
of cattle are infected, and most calves born congenitally infected with N caninum
remain healthy.

Prevalence
N caninum infections have been reported frommost parts of the world. Serologic prev-
alence in cattle varies, depending on the country, region, type of serologic test used,
and antibody titer cut-off level used to determine exposure. In some dairies up to 87%
of cows are seropositive1 and studies involving a large number of fetuses in many
countries indicate that 12% to 42% of aborted fetuses from dairy cattle are infected
with N caninum.1 Less is known of the causes of abortion in beef cattle than in dairy
cattle owing to the difficulty of finding small aborted fetuses expelled in the field during
the first trimester. There is no evidence ofN caninum-associated morbidity in beef cat-
tle more than 2 months of age.1

Diagnosis
Examination of the serum from an aborting cow is only indicative of exposure toN can-
inum and histologic examination of the fetus is necessary for a definitive diagnosis of
abortion owing to neosporosis.25 The brain, heart, liver, placenta, and body fluids or
blood serum are the best specimens for diagnosis and diagnostic rates are higher if
multiple tissues are examined.25 Although lesions of neosporosis are found in several
organs, fetal brain is the most consistently affected organ.25 Because most aborted
fetuses are likely to be autolyzed, even semiliquid brain tissue should be fixed in
10% buffered neutral formalin for histologic examination of hematoxylin and eosin–
stained sections. Immunohistochemistry is necessary because there are generally
only a few N caninum present in autolyzed tissues and these are often not visible in
hematoxylin and eosin–stained sections. The most characteristic lesion of neosporo-
sis is focal encephalitis characterized by necrosis and nonsuppurative inflammation.25

Hepatitis is more common in epizootic than sporadic abortions.26 Lesions are also
present in the placenta, but protozoa are difficult to find.
The efficiency of the diagnosis by polymerase chain reaction (PCR) depends on the

laboratory, stage of the autolysis of the fetus, and sampling procedures.25,27,28 Fresh
or frozen tissues are superior to formalin-fixed tissues. N caninum DNA can be
detected by PCR in formalin-fixed, paraffin-embedded bovine tissue, but it is less sen-
sitive than PCR on fresh/frozen tissue.
Serologic tests can be used to detect N caninum antibodies including various

enzyme-linked immunosorbent assays (ELISAs), the indirect fluorescent antibody
test, and the Neospora agglutination test.1,29,30 There are several modifications of
the ELISA test to detect antibodies to N caninum in sera or milk using whole parasite,
whole parasite lysate, purified proteins, recombinant proteins, tachyzoite proteins
absorbed on immunostimulating complex adjuvant particles and some of these teats
were compared recently in a multicentered study in various laboratories in Europe.31
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Avidity ELISAs designed to distinguish acute and chronic infections in cattle seem to
be promising to distinguish endemic and epidemic abortion.32 In the avidity ELISA
sera are treated with urea to release low-avidity (low-affinity) antibodies and differ-
ences in values obtained before and after treatment with urea are used to evaluate
recency of infection. In recently acquired infection, avidity values are low.32 Another
modification of ELISA is antigen capture. This test detects (captures) a 65-kD antigen
in sera of infected cattle using a specific monoclonal antibody and this test is commer-
cially available.33 Immunoblots are useful in detecting N caninum-specific
antibodies.25

Finding N caninum antibody in serum from the fetus can establish N caninum infec-
tion, but a negative result is not informative because antibody synthesis in the fetus
depends on the stage of gestation, level of exposure, and the time between infection
and abortion. Although blood, serum, or other body fluids from the fetus may be used
for serologic diagnosis, peritoneal fluid is better than other body fluids. In calves, pre-
suckling serum can be submitted for diagnosis of congenital infection.
The definitive antibody level that should be considered diagnostic for neosporosis

has not been established for bovines because of the uncertainty of serologic diagnosis
in chronically infected animals and the availability of sera from noninfected cattle. In
serologic assays, titer and absorbance values depend on antigen composition, sec-
ondary antibodies, and other reagents.25 Further, antibody titer cut-off levels can be
arbitrarily selected to provide sensitivity and specificity requested for a particular
application. The age and class of an animal may also affect selection of an antibody
titer cut-off level. Although N caninum is closely related to T gondii, cut-off titers in
general are higher in cattle that have aborted owing to neosporosis than those with
normal pregnancy; however, titers in individual cows cannot determine the etiology
of abortions.

Control
N caninum is efficiently transmitted vertically in cattle, perhaps for several generations.
Culling is 1 way at present to prevent this transmission from cow to heifer.34 However,
culling is impractical if the prevalence of N caninum in a herd is very high. Before mak-
ing the decision to cull, it is advisable to estimate the prevalence of N caninum in the
herd. Bulk milk testing can provide preliminary data about the prevalence of N cani-
num infection. If a bulk milk test is positive, antibody prevalence in dam-heifer samples
and cattle of different ages can provide insight to the transmission of N caninum in a
given herd. In herds with a high transplacental transmission, the prevalence of N can-
inum in cattle of different ages is about the same and there is high correlation between
infection in dams and daughters. To decrease vertical transmission ofN caninum, cull-
ing of seropositive dams and/or heifer calves from seropositive cows, and embryo
transfer from seropositive cows to seronegative cows are some management strate-
gies that can be adapted. There are no drugs that kill N caninum bradyzoites within
tissue cysts.
To prevent horizontal (from outside sources) transmission, it is important to prevent

exposure of the cows to feed and water contaminated with oocysts.35,36 Domestic
dogs and other canids should not be allowed to defecate in cattle feed, barns, or
pasture, although this is not easy to achieve. How dogs become infected with N can-
inum is not well-understood. Consumption of aborted bovine fetuses does not seem
to be an important source of N caninum infection in dogs. The consumption of
placental membranes may be a source of N caninum infection in dogs because the
parasite has been found in naturally infected placentas and dogs fed placentas
shed N caninum oocysts.16 Little is known at present regarding the frequency of
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shedding of N caninum oocysts by canids in nature, the resistance of the oocysts, or
whether dogs shed oocysts more than once. Domestic and wild canines should not be
allowed to eat aborted fetuses, fetal membranes, or dead calves. Other factors such
as farm location can be a risk factor.36 There is evidence that cattle can develop pro-
tective immunity to subsequent neosporosis abortion.37,38 This protective immunity
seems to be more effective in cows that are subsequently infected with an exogenous
source (oocysts) than in cows in which there is a recrudescence of a persistent infec-
tion.38 Inducing protective immunity through vaccination against abortion in cows that
already harbor a latent infection is problematic.
The only commercial N caninum vaccine (Neo Guard) has been removed from the

market because of lack of convincing data about the efficiency of the vaccine to pre-
vent N caninum associated abortions in cattle.39,40

NEOSPOROSIS IN OTHER ANIMALS

Neosporosis is a primary disease of dogs. In addition to dogs and cattle, sporadic
cases of clinical neosporosis have been reported in other animals including adult hors-
es, in a 16 day-old rhinoceros (Ceratotherium simum), in a juvenile raccoon (Procyon
lotor), in a 2-month-old black-tailed deer (Odocoileus hemionus columbianus), in
neonatal alpacas (Vicugna pacos) and llamas (Lama glama), goats, sheep, Eld’s
deer (Cervus eldi siamensis), Fallow deer (Dama dama), and an antelope (Tragelaphus
imberbis).1 A new species, Neospora hughesi, has been described in horses.41 It is
molecularly different fromN caninum42,43 and tissue cysts ofN hughesiwere not infec-
tious for dogs.44 It is presently not known if N caninum infects horses or N hughesi in-
fects ruminants or other animals.

TOXOPLASMOSIS
Etiology

Toxoplasmosis is caused by the infection with the protozoan T gondii.45 It is among
the most common of parasites of animals and T gondii is the only known species. Fe-
lids are the definitive hosts, and warm-blooded animals are intermediate hosts.45

There are 3 infectious stages of T gondii for all hosts: tachyzoites (individually and in
groups), bradyzoites (in tissue cysts), and sporozoites (in sporocysts within sporulated
oocysts) (Fig. 2).46

The tachyzoite and bradyzoite stages of T gondii are morphologically and biologically
nearly identical to those ofNcaninum.1,45,46 The tachyzoites aremetabolically active and
are susceptible to agentsused to treat coccidia infections. The slow-growingbradyzoites
in tissue cysts are not asmetabolically active and are not affected by drugs used to treat
coccidia. Tissuecystsgrowand remain intracellular. Theyvary in size from5 to70mmand
contain a few to several hundred bradyzoites.46,47 Although tissue cysts may develop in
visceral organs, including lungs, liver, and kidneys, they are more prevalent in muscular
and neural tissues, including the brain, eye, skeletal, and cardiac muscle. Intact tissue
cysts of T gondii are probably harmless and can persist for the life of the host.45

The tissue cyst wall is elastic, thin (<0.5 mm), and may enclose hundreds of
crescent-shaped slender bradyzoites eachmeasuring 7.0� 1.5 mm. Bradyzoites differ
only slightly structurally from tachyzoites in having a nucleus situated toward the pos-
terior end whereas the nucleus in tachyzoites is more central. Bradyzoites are more
slender than are tachyzoites and less susceptible to destruction by acid conditions
and proteolytic enzymes in the stomach than tachyzoites. Tissue cysts are believed
to periodically release bradyzoites and quickly destroyed by the hosts immune system
contributing to life-long exposure and ongoing immunity to the parasite.



Fig. 2. Life cycle of Toxoplasma gondii. (Courtesy of J. P. Dubey, MVSc, PhD, Beltsville, MD.)
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Upon ingestion by cats, the wall of the tissue cyst is digested and bradyzoites are
released. Some penetrate the lamina propria of the intestine and multiple as tachy-
zoites.47 Within a few hours, T gondiimay disseminate to extraintestinal tissues. Other
bradyzoites penetrate epithelial cells of the cat small intestine and initiate 5 cycles
(types A to E schizonts) of schizonts47,48 and then become sexual stages. Some
become male stages (microgamonts) and produce microgametes (sperm) but most
become female stages that will be fertilized by the microgametes and will form a
zygote. The zygote produces an oocyst wall around the sporont. When oocysts are
mature, they are discharged into the intestinal lumen by the rupture of intestinal epithe-
lial cells.
Oocysts of T gondii are formed only in cats, including both domestic and wild felids.

Domestic cats shed oocysts after ingesting tachyzoites,49 bradyzoites,47 or sporozo-
ites.50 However, less than 50% of cats shed oocysts after ingesting tachyzoites or oo-
cysts, whereas nearly all shed oocysts after ingesting tissue cysts.47,49,50

Oocysts in freshly passed feces are unsporulated (noninfective) and subspherical or
spherical in shape and 10 to 12� 10 to 12 mm in diameter. Sporulation occurs outside
the cat and within 1 to 5 days, depending on humidity, oxygen, and temperature. Spor-
ulated oocysts contain 2 ellipsoidal sporocysts. Each sporocyst contains 4 sporozo-
ites. The sporozoites are 6 to 8 � 2 mm in size.
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Hosts, including felids can acquire T gondii by ingesting either tissue cysts in tissues
of infected animals or sporulated oocysts in food or drink, or by transplacental trans-
mission of tachyzoites frommother to fetus. After ingestion, bradyzoites released from
tissue cysts or sporozoites from oocysts penetrate intestinal tissues, transform to
tachyzoites, multiply locally as tachyzoites, and are disseminated in the body via blood
or lymph as tachyzoites to leukocytes that contain viable tachyzoites. After a few
multiplication cycles, tachyzoites give rise to bradyzoites in a variety of tissues and un-
dergo stage transformation to produce tissue cysts. T gondii infection during preg-
nancy can lead to infection of the fetus. Congenital toxoplasmosis in sheep and
goats can kill the fetus. Oocysts are more pathogenic than tissue cysts for hosts dur-
ing a primary infection and edema, necrosis of the lamina propria, and sloughing of the
intestinal mucosa can produce severe enteritis.

Host–Parasite Relationship

T gondii can multiply in most nucleated cell types in the body. How T gondii stages are
destroyed by immune cells is not completely known. All extracellular forms of the
parasite are directly affected by antibodies, but intracellular forms are not. Cellular fac-
tors, including lymphocytes and lymphokines, are thought to be more important than
humoral factors (antibodies) in the immune-mediated destruction of T gondii stages in
hosts.
Acquired immunity does not eliminate an established infection, but tachyzoites

stages convert to bradyzoites in response to a host stimulus and develop into tissue
cysts. During early stage conversion and production of tissue cysts, tachyzoites and
bradyzoites can be seen in the same developing tissue cyst. As the tissue cyst ma-
tures, the numbers of tachyzoites-like stages become less and eventually only brady-
zoites are present in the tissue cyst. T gondii tissue cysts persist for several years after
acute infection. The fate of tissue cysts residing in an immunocompetent host is not
fully known. Some tissue cysts may rupture during the life of the host and the released
bradyzoites are destroyed by the host’s immune responses locally. However, in immu-
nosuppressed individuals, infection can be reactivated and bradyzoites stages
convert to tachyzoites, which leads to dissemination of infection in the host.
The pathogenicity of T gondii is determined by many factors, including the innate

susceptibility of the host species, virulence of the parasitic (its genotype), and the
stage that is acquired by the host.45 Oocyst-induced infections are the most severe
clinically in intermediate hosts, and this is not dose dependent.45 T gondii genotypes
differ remarkably in their virulence to outbred mice. However, the virulence of T gondii
in mice does not always equate to virulence in domestic animals.
T gondii has also adapted to an oocyst–oral cycle in herbivores (intermediate hosts)

because these animals do not consume tissue cysts. The tissue cyst–oral cycle in car-
nivores and omnivores is efficient and ameans to bemaintained the life cycle when cat
populations are low. Epidemiologic evidence indicates that cats are essential in
perpetuation of the life cycle as T gondii infection is rare or absent in areas devoid
of cats.51–53 T gondii oocysts are less infective and less pathogenic for cats than for
mice.45

Epidemiology

Domestic cats are the major source of contamination of the environment with oocysts,
as they are more common than wild fields (bobcats) and produce large numbers of T
gondii oocysts.45 Sporulated oocysts survive for long periods under moderate envi-
ronmental conditions and can be spread by erosion of topsoil, and mechanically by
flies, cockroaches, dung beetles, and earthworms.
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Although only a few cats may be shedding T gondii oocysts at any given time the
millions produced by each infected cat and their resistance to destruction assure
widespread environmental contamination.54 Seroprevalence in cats is largely deter-
mined by the prevalence of infection in the local avian and rodent populations, which
serve as prey. For epidemiologic surveys, seroprevalence data for cats are more use-
ful than results of fecal examination because cats with antibodies have likely shed oo-
cysts and are an indicator of environmental contamination.45

Clinical Toxoplasmosis

T gondii is capable of causing severe disease in small ruminants and is responsible for
great losses to the livestock industry.45 In sheep and goats, primary maternal infec-
tions may cause embryonic death and resorption, fetal death and mummification,
abortion, stillbirth, and neonatal death. The disease is more severe in goats than in
sheep. Cattle and water buffaloes are more resistant to acute clinical toxoplasmosis
than are other species of livestock and there are no confirmed reports of clinical toxo-
plasmosis in these animals.
T gondii infection is widespread in humans and prevalence varies with geography

and increases as a population ages. In the United States and the UK it is estimated
that 16% to 40% of people become infected, whereas in Central and South America
and continental Europe infection estimates reach 50% to 80%.45,55 Infections in
healthy adults are usually asymptomatic; however, severe disease can occur in immu-
nocompromised individuals and newborns. Congenital infection may occur following
maternal infection during pregnancy.56,57 The severity of the disease depends on the
immune status of the mother, parasite genotype,58 and stage of pregnancy at the time
of infection.56–58 A wide spectrum of clinical disease occurs in congenitally infected
children.

Diagnosis

Diagnosis can be made by biological, serologic, molecular, or histologic methods or
by a combination of these methods.45 Clinical signs are nonspecific and insufficiently
characteristic for a definite diagnosis because toxoplasmosis mimics several other in-
fectious diseases.
Numerous serologic procedures are available for use in diagnostic laboratories for

the detection of humoral antibodies, including indirect hemagglutination assays, indi-
rect fluorescent antibody assays, direct agglutination tests, latex agglutination tests,
ELISA, and the immunosorbent agglutination assay test.45,57 The indirect fluorescent
antibody assays, immunosorbent agglutination assay test, and ELISA have been
modified to detect IgM antibodies, which appear sooner after infection than IgG and
disappear faster than IgG after recovery. The finding of antibodies to T gondii in 1
serum sample merely establishes that the host has been infected at some time in
the past, so it is best to collect 2 samples from the same individual, the second 2 to
4 weeks after the first.45 A 4- to 16-fold increase in antibody titer in the second sample
indicates an acute infection. A high antibody titer sometimes persists for months after
infection. Tissues samples submitted to diagnostic laboratories can be examined by
immunohistochemical staining for T gondii or for PCR detection of parasite DNA.

Chemotherapy

Sulfadiazine and pyrimethamine are widely used for therapy of human and animal
toxoplasmosis.45,57 These drugs act synergistically by blocking the metabolic
pathway involving p-aminobenzoic acid and the folic–folinic acid cycle, respectively.
The drugs are usually well-tolerated; sometimes thrombocytopenia or leukopenia
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may develop, but these effects can be overcome by administering folinic acid and
yeast without interfering with treatment, because the vertebrate host can transport
presynthesized folinic acid into its cells, whereas T gondii cannot. Although these
drugs have a beneficial action when given in the acute stage of the disease, when
there is active multiplication of the parasite, they will not usually eradicate infection.
Spiramycin, clindamycin, atovaquone, azithromycin, roxithromycin, clarithromycin,
dapsone, and ponazuril and several other less commonly used drugs are available
for treatment of toxoplasmosis, but none are approved for this purpose and restric-
tions on their use in food animals may limit their usage. Clindamycin is absorbed
quickly and diffuses well into the central nervous system and therefore, has been
used as alternative to sulfadiazine.45,57

Prevention and Control

It is difficult to prevent cats from being on farms that have grazing stock. In the farm
environment, young cats that have recently been weaned are more likely to be passing
T gondii oocysts than are older cats that have been on the farm for several months to
years. The producer should take measures to control rodents and wild birds to help
decrease the source of potentially infected prey. Cats should be prevented from
entering feed storage areas.

Vaccination
There is no commercial vaccine to prevent T gondii infection in ruminants in North Amer-
ica.One live vaccine that contains a genotype (S48) ofTgondii that doesnot persist in the
tissuesofsheep isavailable inEuropeandNewZealand,where it isused todecrease fetal
losses attributable to toxoplasmosis.59 Ewes vaccinated with the S48 strain vaccine
retain immunity for at least 18 months.59 The S48b is not for use in pregnant ewes.

SARCOCYSTOSIS
Etiology

Unlike N caninum and T gondii, the genus Sarcocystis is much more diverse in the
types of animals that can serve as definitive hosts (and excrete oocysts) and the types
of animals that can serve as intermediate hosts (and contain the sarcocyst) and be
eaten by the definitive host.60 The genus Sarcocystis contains more than 100 named
species that cycle between mammals, marsupials, birds, and reptiles as either the
definitive host or the intermediate host. Sarcocystis has an obligatory prey–predator
(2-host) life cycle (Fig. 3). Oocysts are passed fully sporulated by the definitive host
and can be confused with the sporulated oocysts of N caninum, T gondii, and Cystoi-
sospora spp. because they have 2 ellipsoidal sporocysts that enclose 4 sporozoites.
Asexual stages develop only in the intermediate host, which in nature is often an her-
bivore (prey animal), and sexual stages develop only in the definitive host, which is a
carnivore or omnivore. There are different intermediate and definitive hosts for each
species of Sarcocystis; for example, there are 5 named species of Sarcocystis in cat-
tle: Sarcocystis cruzi, Sarcocystis heydorni, Sarcocystis hirsuta, S hominis, and Sarco-
cystis rommeli, the definitive hosts for these species being canines (S cruzi), felines (S
hirsuta, S rommeli), and primates (S heydorni, S hominis), respectively. Species of Sar-
cocystis parasites are generally more specific for their intermediate hosts than for their
definitive hosts; for S cruzi, for example, ox and bison are the only intermediate hosts
whereas dogs, wolves, coyotes, raccoons, jackals, and foxes can act as definitive
hosts. In the following description of the life cycle and structure, S cruzi will serve
as the example because its complete life cycle is known from experimental infections
of intermediate and definitive hosts.



Fig. 3. Life cycle of Sarcocystis cruzi. (Courtesy of J. P. Dubey, MVSc, PhD, Beltsville, MD.)
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The intermediate host becomes infected by ingesting sporocysts in food or water.
Sporozoites excyst from sporocysts in the small intestine and the first generation of
schizonts are formed in endothelial cells of arteries 7 to 15 days after inoculation while
the second generation of schizonts occur 19 to 46 days after inoculation in capillaries
throughout the body. Some merozoites are can also be found in mononuclear blood
cells 24 to 46 days after inoculation. Both generations of schizonts develop asexually
by a type of schizogony (asexual division) called endopolygeny, wherein the nucleus
becomes lobulated and divides into several nuclei. Merozoites form at the periphery
of the schizont. Both generation schizonts are located within the host cytoplasm
and are not surrounded by a parasitophorous vacuole. Merozoites liberated from
the last generation of schizonts initiate sarcocyst formation after penetration of appro-
priate host cells (striated and cardiac muscle, and occasionally the central nervous
system). The intracellular merozoites are surrounded by a parasitophorous vacuole,
unlike developing schizonts. The merozoite becomes a round to ovoid metrocyte
and undergoes repeated division producing many metrocytes that eventually produce
bradyzoites. As the sarcocyst matures, the numbers of bradyzoites increase and the
numbers of metrocytes decrease. Eventually the sarcocyst is filled with bradyzoites.
Sarcocysts generally become infectious about 75 days after infection, but there is
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considerable variation among species of Sarcocystis. Immature sarcocysts containing
only metrocytes are not infectious for the definitive host.
The definitive host becomes infected by ingesting tissues containing mature sarco-

cysts. Bradyzoites liberated from the sarcocyst by digestion in the stomach and intes-
tine penetrate the mucosa of the small intestine and transform into male (micro) and
female (macro) stages and after fertilization of a macrogamete by a microgamete a
wall develops around the zygote and an oocyst is formed. The entire process of sexual
development and fertilization can be completed within 24 hours.
Oocysts of Sarcocystis species sporulate in the lamina propria. Sporulated oocysts

are thin walled (<1 mm). The thin oocyst wall often ruptures, releasing the sporocysts
into the intestinal lumen from which they are passed in the feces. The prepatent and
patent periods vary, but most Sarcocystis species oocysts are first shed in the feces
7 to 14 days after ingesting sarcocysts and shedding occurs for weeks to months.
Sarcocysts, which are always located within a parasitophorous vacuole in the host

cell cytoplasm, consist of a cyst wall that surrounds the metrocyte or the bradyzoites.
The structure and thickness of the cyst wall differs among species of Sarcocystis and
within each species as the sarcocyst matures.60 Histologically, the sarcocyst wall may
be smooth, striated or hirsute, or may possess complex branched protrusions. The
structure of the sarcocyst wall is of taxonomic importance and used in species iden-
tification.60 Internally, groups of zoites may be segregated into compartments by
septa that originate from the sarcocyst wall or they may not be compartmentalized.
Transmission electron microscopy of sarcocysts and PCR are often needed to identify
sarcocysts to species.60 Immunohistochemical tests are useful in experimental
studies and are more helpful in locating schizonts in capillaries that sarcocysts in mus-
cles. The presence of schizonts and only immature sarcocysts with metrocytes indi-
cates acute or early infection and the presence of only mature sarcocysts indicates
chronic infection.

Clinical Sarcocystosis in Ruminants

Sarcocystis are generally nonpathogenic for the definitive host, and some species of
Sarcocystis are also nonpathogenic for intermediate hosts (Table 1). Generally, species
transmitted by canids are pathogenic, whereas those transmitted by felids are
nonpathogenic. S cruzi, Sarcocystis capracanis, and S tenella are the most pathogenic
species for cattle, goats, and sheep, respectively. Clinical signs are generally seen dur-
ing the time that second generation schizonts are developing in blood vessels (acute
phase). Three to 4 weeks after infection with a large dose of sporocysts (�50,000), fever,
anorexia, anemia, emaciation, and hair loss (particularly on the rump and tail in cattle)
develop, and some animals may die. Pregnant animals may abort, and growth is slowed
or arrested. Animals recover as sarcocysts begin to mature.
Dramatic gross lesions are seen in animals that die during the acute phase. Edema,

hemorrhage, and atrophy of fat are commonly seen. The hemorrhages are most
evident on the serosa of viscera, in cardiac and skeletal muscles, and in the sclera
of the eyes. Hemorrhages vary from petechiae to ecchymoses several centimeters
in diameter. Microscopic lesions may be seen in many organs and consist of necrosis,
edema, and infiltrations of mononuclear cells. During the chronic phase, lesions are
restricted to muscles and consist of nonsuppurative myositis and degeneration of
sarcocysts.

Zoonotic Sarcocystosis

Humans serve as the definitive host for S hominis and S heydorni of cattle and also
serve as accidental intermediate hosts for several unidentified species of Sarcocystis.



Table 1
Common species of Sarcocystis in ruminants

Intermediate Hosts
Sarcocystis
Species

Sarcocyst
Grossly
Visible Pathogenicitya Definitive Hosts

Cattle (Bos taurus) S cruzi No, <1 mm 11 Dog, coyote, raccoon,
red fox, wolf

S heydorni No, <1 mm 1 Human
S hirsuta Yes, �7 mm 1 Cat
S hominis Yes, �7 mm 1 Human, other

primates
S rommeli No, <1 mm ND Cat

Sheep (Ovis aries) S arieticanis No, <1 mm 1 Dog
S gigantea Yes, �10 mm - Cat
S medusiformis Yes, �8 mm - Cat
S tenella No, <1 mm 11 Dog, coyote, red fox

Goat (Capra hircus) S capracanis No, <1 mm 11 Dog, coyote, red fox
S hircicanis Yes, �2.5 mm 11 Dog
S moule Yes, �7.5 mm ND Cat

Water Buffalo
(Bubalus bubalis)

S buffalonis Yes, �3 mm ND ND
S dubeyi No, <1 mm ND ND
S fusiformis Yes, �3 mm - Cat
S levinei No, <1 mm - Dog

a 11 5 Pathogenic, 1 5 moderately pathogenic, - 5 not pathogenic, ND 5 not determined.
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Intestinal sarcocystosis is acquired by ingesting uncooked beef containing sarcocysts
of S hominis symptoms include nausea, stomachache and abdominal pain. Sporo-
cysts are shed 11 to 13 days after ingesting the infected beef.60

Eosinophilic Myositis

Eosinophilic myositis (EM) is a specific inflammatory condition of striated muscles,
mainly owing to accumulations of eosinophils.60,61 It has been found mainly in cattle
and occasionally in sheep. The affected animals are usually clinically normal and
EM lesions are discovered at meat inspection after slaughter. Gross lesions consist
of green to pale yellow areas that may be up to 15 cm long. The pathogenesis of
EM is not clear and EM lesions have never been found in livestock species experimen-
tally infected with Sarcocystis species.60 Degenerating sarcocysts have been found in
sections of lesions of EM,61 but the high prevalence of Sarcocystis spp. infection in
naturally infected cattle with no EM makes it difficult to designate Sarcocystis as the
cause of EM in cattle.
Condemnation of beef containing lesions of EM or grossly visible sarcocysts (S hir-

suta) can be a serious economic problem.62,63 In a study, 974 of 1,622,402 cattle
(0.06%) slaughtered in 1965 to 1966 in the United States were condemned because
of EM.63 In another report 18 bovine carcasses from 1 slaughter plant in the United
States were condemned because of grossly visible S hirsuta sarcocysts.62

Diagnosis

The antemortem diagnosis of muscular sarcocystosis can only be made by histologic
examination of muscle collected by biopsy or at necropsy.60 The finding of immature
sarcocysts with metrocytes suggests recently acquired infection but if only mature
sarcocysts are present then the infection is chronic.60
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An inflammatory response associated with sarcocysts may help to distinguish an
active disease process from incidental finding of sarcocysts. There are several sero-
logic tests and PCR techniques developed experimentally to distinguish Sarcocystis
species in ruminants but there are pitfalls to serologic and molecular diagnosis of sar-
cocystosis in animals and none are commercially available.63

The diagnosis of intestinal Sarcocystis infection in a definitive host can be made
by is by fecal examination. As has been mentioned, sporocysts or oocysts of Sar-
cocystis are shed fully sporulated in feces whereas those of N caninum, T gondii,
and Cystoisospora spp. are shed unsporulated. It is not possible to distinguish
one species of Sarcocystis from another by the structure of sporocysts in the feces.
PCR on sporocysts can be used to determine the species present in definitive
hosts.

Epidemiology and Control

Sarcocystis infection is common in ruminants worldwide.60 Several factors
contribute to the high prevalence in muscular infections in ruminants. Several spe-
cies may infect a particular host and there maybe abundant definitive hosts for
each species infecting that host. Each infected definitive host can shed millions
of infectious sporocysts over several months contaminating the environment. Sar-
cocystis sporocysts and oocysts remain viable for many months in the environ-
ment, are resistant to freezing, and can overwinter on pasture. Oocysts and
sporocysts are spread by invertebrate transport hosts to other areas. The definitive
host develops little or no immunity, and repeat shedding of sporocysts occurs each
time a meal of infected meat is consumed. Sarcocystis oocysts, unlike those of
many other species of coccidia, are passed in feces in the infective form freeing
them from dependence on warm moist weather conditions for maturation to
infectivity.60

There is no vaccine to protect ruminants against sarcocystosis. Shedding of Sarco-
cystis oocysts and sporocysts in feces of the definitive hosts is the key factor in the
spread of Sarcocystis infection; to interrupt this cycle, carnivores should be excluded
from animal houses and from feed, water and bedding for livestock. Uncooked meat
or offal should never be fed to carnivores. Because freezing can drastically decrease
or eliminate infectious sarcocysts, meat should be frozen if not cooked. Exposure to
heat at 55�C for 20 minutes kills sarcocysts.64 Dead livestock should be buried or
incinerated. Dead animals should never be left in the field for vultures and carnivores
to eat.

SUMMARY

Much needs to be learned about preventing N caninum, T gondii, and Sarcocystis
spp. infections in ruminants. Additional research on inducing immunity to congen-
ital transmission of N caninum is needed but few laboratories are exploring
this difficult area of study. In addition, research is needed regarding the pathogen-
esis of N caninum abortion, life cycle of the parasite in cattle, and sources of infec-
tion. T gondii abortions in sheep and goats remain a production challenge to the
industry. The effects of Sarcocystis infections in ruminants are difficult to
evaluate because nearly all ruminants raised on pasture contain sarcocysts in their
muscles.
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27. Álvarez-Garcı́a G, Collantes-Fernández E, Costas E, et al. Influence of age and
purpose for testing on the cut-off selection of serological methods in bovine neo-
sporosis. Vet Res 2003;34:341–52.

28. Baszler TV, Gay LJC, Long MT, et al. Detection by PCR of Neospora caninum in
fetal tissues from spontaneous bovine abortions. J Clin Microbiol 1999;37:
4059–64.
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