PATRICIA A. CONRAD ET AL.

238

IMPACT OF NEOSPOROSIS ON BOVINE REPRODUCTION
Aurélie Andrianarivo, Mark Anderson and Patricia A. Conrad
Department of Pathology, Microbiology and Immunology,
School of Veterinary Medicine, University of California, Davis, CA 95616

INTRODUCTION
Bovine neosporosis is caused by Neospora caninum 31, an apicomplexan protozoal
parasite closely related to Toxoplasma gondii. The parasite was first identified in dogs
with encephalomyelitis and myositis 18, 19, 31 and was first associated with an abortion
storm in 1987 on a dairy in New Mexico 60. Since then, bovine neosporosis has
emerged as an important worldwide cause of reproductive disease affecting both dairy
and beef cattle 4, 32, 33, 34. Bovine neosporosis has been diagnosed in many countries
from six continents. Neosporosis is a major cause of bovine abortion in New Zealand,
the Netherlands, the United Kingdom and California in the USA, resulting in significant
economic losses. In addition to cattle, natural N. caninum infection has been reported
in dogs, goats, sheep, horses and deer 4, 32, 33, 34.

NEOSPORA CANINUM: LIFE CYCLE AND MODES OF TRANSMISSION
Like other apicomplexan coccidia, the life cycle of N. caninum requires two hosts: an
intermediate host and a definitive host. The asexual cycle involves the tachyzoite and
the bradyzoite stages of the parasite and occurs in a wide range of intermediate hosts,
including cattle, dogs, goats, sheep, horses and deer. The sexual cycle occurs in the
definitive host and leads to the production of oocysts. Dogs (Canis familiaris) and
coyotes (Canis latrans) were induced to excrete oocysts in their feces after being fed N.
caninum-infected murine and/or bovine tissues; they are therefore definitive hosts of N.
caninum 27, 36, 37, 45, 47. To date, there are three reported cases of dog naturally excreting
oocysts of N. caninum 15, 48, 59. One study reports that dogs fed N. caninum-infected
bovine fetuses failed to shed oocysts 17.
Cattle may acquire N. caninum infection, either by horizontal (postnatal) or vertical
(prenatal) transmission. Horizontal infection occurs through ingestion of feed or water
contaminated with oocysts shed in the feces of the definitive canine host 26, 36, 67.
Vertical infection involves transplacental transmission of tachyzoites from an infected
dam to its fetus during pregnancy 3, 4, 25, 56. When oocysts are ingested by cattle,
sporozoites are released in the gut and become tachyzoites. The rapidly dividing
tachyzoites spread through the body, and invade the cells of a variety of organs
resulting in tissue damage. The tachyzoite stage is associated with inflammation and
necrosis at the site of invasion. In pregnant cattle, tachyzoites can invade the fetus via
the placenta. With the onset of the bovine host immune response, tachyzoites revert to
the slowly-dividing bradyzoites within tissue cysts. Tissue cysts are surrounded by a
thick cyst wall and are mostly found in neural tissues (brain, spinal cord). Tissue cysts
elicit minimal inflammatory reaction and can persist in cattle for long periods of time
without clinical manifestations. It is assumed that during pregnancy, the bradyzoites in
these latent cysts become activated and differentiate into the motile, infective tachyzoite
stages which travel via the blood and/or tissues to the placenta and fetus. As a result of
this “reactivation” of the parasites, repeat fetal infections can occur in the same
persistently infected dam in multiple pregnancies. While some fetal infections lead to
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abortion, most result in the birth of live but congenitally infected calves. Congenitally
infected heifers can in turn transmit the infection to their future progeny. This cycle of
vertical transmission is a major factor in maintaining N. caninum infection in cattle herds
3, 20, 25, 51, 56
.
Vertical transmission appears to be the predominant route of infection in Europe and the
USA with an efficiency rate between 80 and 95% 3, 20, 25, 51, 56, 65, 70, while lower rates
(23.5-60%) are found in New Zealand 54, 57. In endemic herds, the majority of calves
born to naturally infected cows have serologic evidence of congenital infection. In
addition, the rate of seropositivity in the herd is not associated with the age of the cow,
suggesting that the rate of postnatal infection is low. Moreover, the congenitally
infected calves have a chronic persistent infection which can be passed on
transplacentally to their offspring.
While vertical transmission appears to be the major way that cattle become infected
with N. caninum in endemic herds, there is serologic evidence that cows that have
aborted during an epidemic probably acquired the infection after birth based on the lack
of association between the seropositivity of dams and daughters 65. In addition, the
pattern of abortion outbreaks in epidemic neosporosis is suggestive of a point source
exposure with acquired infection 14, 30, 32, 46, 61. Another study reports a high rate of
seroconversion for N. caninum in a dutch dairy herd, involving 47% of seronegative
animals within a period of 6 months 28. In this herd, a low avidity antibody (indicating a
recent infection) and a lack of association between the serological status of daughters
and mothers are consistent with a point source exposure. Interestingly, the high rate of
seroconversion was not associated with an increase in abortions, indicating that mass
seroconversion in dairy herds may go unnoticed 28. In endemically infected herds which
have been sampled more extensively, there is serologic evidence that a low level of
postnatal infection from unknown sources, apparently does occur 16, 25, 39, 52, 56, 66. This
is consistent with results from mathematical modeling studies which suggest that N.
caninum infection would disappear from cattle herds over time if vertical transmission
was the only route of infection 35.
There is epidemiological evidence which suggests that dogs play a role in the
transmission of neosporosis. Several studies report an association between the herd
seroprevalence of N. caninum infection and the presence and number of dogs at the
herd 29, 49, 53, 55, 71. A spatial analysis study in Texas beef cattle herds reveals that
seropositivity for N. caninum was associated with cattle density and abundance of
coyotes and/or grey foxes (Urocyon cinereoargenteus), suggesting a possible sylvatic
transmission cycle of the infection 8.

CLINICAL PRESENTATION
There are no signs of clinical illness in cows that abort due to N. caninum infection. The
aborted fetuses are usually autolyzed with no gross lesions and placentas are not
retained. Abortions have been diagnosed from three months of gestation to term, but
the majority of N. caninum abortions occur in the second trimester of pregnancy. This
pattern of mid-gestation abortion is distinctive from other diagnosed causes of infectious
abortion in dairy cattle which tend to occur later in gestation. Whether N. caninum
infection can cause reproductive problems in the first trimester of gestation is unknown.
Fetal mummification has been associated with N. caninum outbreaks. N. caninum
abortions occur throughout the year and have been reported in both dairy and beef
cattle.
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Cattle with serologic evidence of infection have an increased risk of abortion 50, 52, 63, 68,
70
. In a California study, seropositive congenitally infected cows had a 7.4 increased
risk of abortion in their first pregnancy. The risk in the second pregnancy was
considerably lower, though this may have been influenced to some degree by selective
culling of aborting cows from the first pregnancy 63. In the Netherlands, a 3-fold
increase in abortion risk was associated with seropositive cows, when compared to
seronegative herdmates 70. A case-control study involving over 1000 randomly selected
cows in England and Wales showed that seropositive cows were 3.5 times mmore likely
to abort than seronegative cows25. In addition to abortion and congenital infection, N.
caninum infection may cause reduced milk production and shortened production life
based on a study of seropositive cows which produced less milk and were culled earlier
than seronegative herdmates 38, 62, 64. The milk yield of N. caninum-infected, nonaborting cows was shown to be reduced by over 4% in first lactation dairy cows65.
Seropositive beef cattle have an increased risk of abortion and stillbirth, increased risk
of culling for poor reproductive performance, reductions in postweaning weight gain and
feeding efficiency 7, 9.
Two patterns, endemic abortion and epidemic abortion, have been described in
association with neosporosis in herds of cattle. In the endemic pattern of abortion, the
herd experiences an elevated abortion rate of greater than 5% per year which persists
for years. In investigations of two California dairies with endemic N. caninum abortions,
the annual abortion rate attributable to neosporosis in these herds was estimated to be
10.6% and 17.3% 65. The epidemic pattern of abortion is less common and is
characterized by abortions in a high proportion of pregnant cattle over a relatively brief
period of time. In some instances, over 30% of pregnant cattle have aborted due to
neosporosis within several months 61. An apparent mixture of these patterns may be
observed in some herds that have experienced a prolonged history of sporadic cases of
N. caninum abortion and occasional outbreaks of abortions attributable to N. caninum.
Point-source infections are most likely the cause for N. caninum-induced abortion
outbreaks in cattle, whereas an increased annual abortion rate may be a consequence
of vertical transmission.
In most instances, cows that abort a N. caninum infected fetus will have either additional
abortions 2 or infected fetuses in subsequent pregnancies 11, 32. The clinical outcome of
these subsequent pregnancies is variable but a seropositive cow that has an abortion
has a 5.7 greater risk of abortion in the subsequent pregnancy 63.
An uncommon manifestation of fetal N. caninum infection is the birth of a clinically
affected full-term calf which exhibits variable neurological signs manifested as limb
dysfunctions, ranging from mild proprioceptive defects to complete paralysis.
Microscopically there is a multifocal protozoal encephalomyelitis which may be
particularly localized in the spinal cord gray matter 11, 32. The majority of calves that
acquire a N. caninum infection during gestation are born clinically normal. These calves
will have a high precolostral antibody titer to N. caninum which is useful in detecting in
utero infection. A high percentage, 80% to over 95%, of calves born to seropositive
cows are congenitally infected based on serology 51, 56, 66. These clinically normal,
congenitally infected calves are important in maintaining the infection in the herd.
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DIAGNOSIS
Diagnosing N. caninum-induced abortion will require the assistance of a veterinary
diagnostic laboratory. The preferred samples in cases of abortion include one or more
aborted fetuses submitted with placenta and sera from the dam. Histologic lesions in
fetal tissues consist of widespread nonsuppurative infiltrates. The most diagnostically
significant lesions are found in the brain and consist of scattered foci of nonsuppurative
cellular infiltrates with occasional foci of necrosis. Other histologic lesions that are
consistently found include nonsuppurative epicarditis and/or myocarditis, focal
nonsuppurative myositis and nonsuppurative portal hepatitis, frequently with focal
hepatic necrosis and focal nonsuppurative interstitial pneumonia 1, 10. Confirmatory
diagnosis of N. caninum infection relies on identification of the tachyzoite and tissue
cyst stages of the parasite in fetal tissues by immunohistochemistry using antibodies
raised against N. caninum antigens, and on detection of N. caninum-specific DNA by
polymerase chain reaction PCR 40, 41, 42.
An accurate diagnosis of N. caninum abortion can be achieved if the diagnostician takes
into consideration, prior to establishing the infection as the cause of the abortion: 1) the
gestational age and postmortem condition (autolyzed), 2) the presence of compatible
disseminated inflammatory lesions, 3) the presence of detectable parasites with
immunohistochemistry or parasite DNA by PCR, and 4) the lack of other abortifacients.
Conversely, a N. caninum infected aborted fetus with mild focal lesions, (usually
consisting of focal encephalitis in late term fetuses), may have an incidental N. caninum
infection and other causes for the abortion should be investigated.
A variety of serologic tests are available to assist in the diagnosis of neosporosis 21, 42.
These include the indirect fluorescent antibody test (IFAT), the modified agglutination
test and a number of enzyme-linked immunosorbent assays (ELISA). The assays
utilize N. caninum tachyzoites or specific derived antigens. Laboratories utilizing any of
the serologic tests for N. caninum should establish appropriate cut-off titers using sera
from known infected and noninfected cattle. A single serum sample from an individual
cow may not accurately reflect her infection status since titers in known positive cattle
fluctuate and may fall below the cut-off value for some period of time 24.
Neospora caninum serology is effective in detecting elevated antibodies in the serum of
congenitally infected calves, or aborted infected fetuses six months or more in
gestation. IFAT was shown to be the most accurate method to detect fetal antibodies 12,
69
. However, a negative fetal N. caninum IFA titer does not rule-out the possibility of
infection and a positive titer does not prove that this infection was the cause of the
abortion. In the individual aborting cow, a positive serology result does not prove that
the abortion was due to neosporosis but it can assist the diagnosis. In addition to its
use in the routine abortion screen in individual abortion cases, the ELISA test is used on
a herd basis. The test can be used to estimate herd seroprevalence of N. caninum
infection, to investigate the association between seropositivity and abortion, and to
estimate the extent of herd infection attributable to congenital infection.
Assessment of the avidity index of N. caninum antibodies using an avidity ELISA has
made it possible to differentiate recent (low avidity) from chronic (high avidity) infections
22, 58
.
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ECONOMIC IMPACT
The major economic impact of bovine neosporosis is associated with abortion. In
California, neosporosis is the most important cause of abortion in dairy cattle and the
second most frequently diagnosed cause of abortion in beef cattle 4. A recent survey of
bovine abortions cases received from January 1998 to July 2003 at three veterinary
diagnostic laboratories reveals that N. caninum-abortions were the largest category
(50.5 %) of bovine abortion diagnosed in California and exceed all other combined
diagnosed cases. The annual cost of N. caninum-associated abortions to the California
dairy industry was conservatively estimated in 1997 at $35 million 13.
Additional costs are related to reduced milk production and premature culling in dairy
cattle 38, 62, 64. A recent prospective study involving 565 Holstein cows reports a 3 to 4%
decrease in milk production or 800 lb/seropositive cow for a typical 305-day lactation
which represents a loss of $128/cow 38. Studies with beef cattle in Texas show that in
addition to abortion, N. caninum infection is associated with significant reductions in
postweaning weight gain, carcass weight and feeding efficiency, costing the Texas beef
industry at least $ 37 million in 2001 7, 9.
In New Zealand, where horizontal transmission is considered an important route of N.
caninum infection, the average annual loss associated with abortion outbreaks was
estimated at NZ$ 24 million at a national and NZ$ 6,800 at an individual farm level 5.

CONTROL AND PREVENTION
Currently, there is no effective method for control of bovine neosporosis. Although
various antimicrobial agents have been tested against N. caninum in vitro there is
currently no known method whereby an infected cow can be cleared of the infection.
One explorative study reports that calves experimentally infected with N. caninum
tachyzoites and treated with Toltrazuril-sulfone (Ponazuril) for six consecutive days
starting one day after infection, did not have detectable parasite DNA, had reduced
fever and significantly lower N. caninum antibodies, when compared to non-treated
controls 43.
A major method of N. caninum transmission in herds is through the infection of fetuses
in cattle that are chronically infected. These chronically infected cows can be identified
based on their serologic titers or from a history of previous N. caninum abortion or
congenital infection. With this knowledge, control of the infection could be focused on
reducing the numbers of infected cows in the herd and limiting the introduction of
infected replacement cattle into the herd. Culling decisions concerning cows that have
had a confirmed N. caninum abortion can be made with the knowledge that there is a
higher risk of repeat abortion in these animals 50, 63. Seropositive cows also have a
greater risk of abortion and there is a very high probability of congenital infection in the
calves born to these cows 50, 52, 63, 68, 70. In addition, seropositive heifers have been
shown to have a reduced milk production 64. In both dairy and beef cattle,
epidemiological studies have found that seropositive cattle have an increased rate of
culling for a variety of reasons 62, 68. However, culling seropositive cows or heifers may
not be economically viable in herds with high seroprevalence. Embryo transfer into
seronegative recipients has been shown to be effective in preventing vertical
transmission 6, 23, 44.
There are no proven methods available to prevent postnatal infection. However, based
on the evidence that dogs and coyotes can be definitive hosts 37, 47 and the association
between dogs on farms and the seroprevalence in the herd 29, 49, 53, 55, 72, it would be
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prudent to take measures to reduce the potential for this type of transmission. The
removal of all potentially infected tissues, such as aborted fetuses and placentas from
the environment, that might serve as a source of infection for susceptible hosts would
be advisable. In addition, fecal contamination of feed and water sources by other
animals should be minimized.
NeoGuard®, a USDA-approved Neospora caninum vaccine manufactured by Intervet
Inc., has been shown to reduce abortions in healthy, pregnant heifers challenged with
N. caninum (Technical bulletin 2).
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