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The following article is an interesting review on Neospora caninum infections in cattle by Dr. M.W. Sanderson
in the Bovine Practitioner published by AABP, Spring 2007. After the conclusion of the article | added some
additional information.

A REVIEW OF NEOSPORA CANINUM IN CATTLE
Abstract

Neospora Caninum is a protozoan similar to Toxoplasma and Sarcocystis species, and has become a commonly
recognized cause of bovine abortion. Recent research has expanded our knowledge of the epidemiology of N.
caninum. Within herds, vertical transmission appears to be the primary method of infection, but horizontal
transmission does occur and may be sufficient for maintenance of endemic infection within a herd. The coyote
and domestic dog are definitive hosts for Neospora, and serologic studies show other wild canids can be
infected as well. Herd control of infection may be attained by culling positive animals, preventing entry of
positive animals and preventing likely routs of horizontal infection, although the economic value of these
interventions requires further research.

Clinical Syndrome

Neospora caninum is commonly recognized cause of abortion in dairy and beef cattle, and increased culling and
decreased milk production in dairy cattle. Abortions are most commonly seen from five to six months of
gestation, although late-term abortions, weak-born calves and calves born seropositive with no clinical
abnormalities may also occur. This pattern of predominantly mid-term abortions is unique among bovine
abortion agents. No other clinical signs of disease are apparent in mature animals. Serological evidence of N.
caninum exposure is common in US beef and dairy herds. Overall individual animal seroprevalence in beef
herd surveys has been 18-23%, with individual within-herd seroprevalence ranging from 0 to 67%. Herd
prevalence has ranged from 55 to 100%. In dairy seroprevalence surveys, overall individual animal
seroprevalence has been 16-36%, with individual herd seroprevalence ranging from 0 to 100%. A negative
association has been shown between N. caninum serostatus and post-weaning weight gain, carcass
characteristics and cost of treatment. Further studies are needed to validate these results. Risk of abortion is
approximately two to seven times higher in seropositive cows compared to seronegative cows. Seropositive
cows that have aborted previously are approximately five times more likely to have a second abortion,
compared to seropositive cows that have not had a previous abortion.

Diagnosis of Disease

A number of diagnostic tests to identify a serologic response to N. caninum have been reported in the literature.

An enzyme-linked immunosorbant assay (ELISA) test kit is commercially available (HerdChek®, IDEXX,

Westbrook, MA). A positive serum ELISA indicates previous exposure to N. caninum in the cow, but is not

sufficient to establish N. caninum as the cause of an abortion. Most congenital infections result in a live-born,
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clinically normal calf, with N. caninum lesions and positive immunoperoxidase staining. Presence of fetal
lesions consistent with N. caninum infection, therefore, does not establish Neospora as the cause of abortion,
suggesting that some late-term abortions diagnosed as N. caninum may be false positive. Serostatus of the
individual cow at the time of pregnancy examination has been associated with abortion risk, but has not been
consistently associated with pregnancy status. Timing of infection or recrudescence may be important in
determining the outcome of N. caninum infection. One study examined timing of experimental infection of
cows following intravenous administration of 10 tachyzoites. Of six cows infected nine weeks prior to
breeding, all produced normal, seronegative calves at term, although it was certain that infection was
established in the dams. Experimental infection of six cows at 10 weeks of gestation resulted in abortion three
weeks later in five of six cows, while infection at 30 weeks of gestation resulted in birth of clinically normal,
but seropositive and congenitally infected calves in six of six cows. Gondim et al. inoculated cows orally with
varying numbers of oocysts (1500-115,000) at varying times of gestation ranging from 70 to 176 days. They
concluded that increasing numbers of oocytes and exposure later in pregnancy increases risk for fetal infection.
Only one cow out of the 19 inoculated aborted her fetus, but 17 of 19 cows became seropositive. The live-born
calves were euthanized, and based on histologic and immunohistologic evidence, six calves were determined to
be infected. The differences between the two studies may be due to the differences between the two studies
may be due to the different routes of exposure. The first study used intravenous inoculation, and therefore may
more closely match tissue cyst recrudescence and intravenous transmission to the fetus. The second oral
inoculation may more closely approximate oral exposure and horizontal transmission. In both cases a likely
natural exposure dose is unknown, so specific application to production enterprises is difficult.

Reservoir and Transmission of N. caninum in Cattle

The life cycle of N. caninum and associated risk factors for bovine infection have not been completely defined.
A seropositive test result indicates previous exposure to N. caninum, and once a bovine is infected they remain
infected. Periodic recrudescence of infection may stimulate increased immunity and result in transmission to
the fetus. Vertical transmission is common. Estimates of the efficiency of vertical transmission from dam to
fetus range from 44% to over 90%, and is apparently higher in herds with a high prevalence of seropositive
animals.  Available evidence indicates horizontal transmission also occurs, although at low rates of
approximately one to eight infections per 100 cows per year. Colostrum inoculated with N. caninum
tachyzoites has also been shown to transmit infection to calves experimentally, but shedding of Neospora
tachyzoites in bovine colostrum or milk has not been shown, so the significance of this study is unknown. Dogs
and coyotes are definitive hosts for N. caninum and widespread seropositivity has been established in domestic
and wild canids, including foxes and coyotes. Deer may also be intermediate hosts and could be a source of
infection for dogs and wild canids. Feeding brains from naturally infected deer to dogs resulted in two of four
dogs shedding oocysts. Infection in cattle resulting from ingestion of oocysts from the feces of a definitive host,
such as dogs or wild canids, has been demonstrated, and has been hypothesized as a route of horizontal
transmission within herds. Recently reported data from an outbreak investigation has supported the role of the
domestic dog in horizontal transmission. Abortions due to N. caninum may be a source of infection for dogs or
wild canids. In one study, ingestion of naturally infected bovine placenta by dogs resulted in shedding of
oocysts in their feces. In a separate study, dogs did not shed oocysts in their feces when fed naturally infected
fetuses, so additional factors beyond exposure may be important. Increased seroprevalence on ranches has been
associated with increased cow density, with increased wild canid density and with the presence of dogs on the
farm or ranch. While both vertical and horizontal transmission are possible, vertical transmission appears to be
the predominant route, and infection can be maintained over multiple generations in a herd without significant
horizontal transmission.

Recently N. caninum has been identified intermittently in low numbers (1-10 parasites/mL) in the semen of
seropositive, naturally infected bulls. Subsequently, a study examined transmission by frozen-thawed semen
artificially contaminated with 10°-10" N. caninum tachyzoites using a total of eight cows (four exposed and four
controls). None of the four exposed cows became pregnant, and only one of the four control heifers; only one
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of the exposed cows mounted a transient immune response. In contrast, another study utilized 18 primiparous
heifers (nine exposed and nine control). Exposed heifers were inseminated with semen contaminated with 10’
N. caninum. All nine exposed heifers seroconverted, and N. caninum DNA was found in blood of all nine and
in brain, lung, liver and uterine horn of several. At necropsy 36 days after insemination, one of nine exposed
heifers had viable embryos, and six of nine controls had viable embryos. While these data suggest that N.
caninum may be transmitted in semen and play a role in early embryonic death, other explanations should be
considered. Both studies utilized inoculation doses in semen four to five orders of magnitude above currently
recognized natural levels. The significance of these results is uncertain in the epidemiology of N. caninum
infection, but bears further research.

Prevention and Control

While criteria to establish critical control points for N. caninum are not yet clear, some recommendations can be
made. Ideally, imports should only come from herds with records of excellent reproductive performance to
decrease the risk of importing a problem animal. Seropositive cows do appear more likely to have an abortion,
but are unlikely a significant risk to the herd until calving, when an infected calf may be born or a canine
infected by placental tissues. Mathematical modeling of N. caninum infection in dairy herds suggests that
culling seropositive cattle is an effective method of control to reduce prevalence of infection within a herd.
Culling alone, however, was not sufficient to reduce prevalence to zero in the models without changes to
minimize horizontal transmission as well. According to these disease models, horizontal transmission alone can
maintain low-level endemic infection in the herd. A plan to identify and cull positive animals from the herd as
well as quarantine and testing to identify and exclude seropositive imports may be useful, but methods to
control horizontal transmission would likely also be necessary. Clearly, if Neospora is already common in the
herd, quarantine and testing of imported cattle alone will be ineffective in controlling disease. The results of
these models are consistent with observation field studies, however further observational and experimental
research is needed to confirm their findings before clear recommendations can be made.

The economic value of control strategies has been examined in beef and dairy herds. A five-year economic
simulation model in beef herds evaluated varying seroprevalences and control strategies. Endemic N. caninum
infection in the herd decreased return to fixed assets, and this effect grew with increasing within-herd
prevalence. No intervention and three possible control strategies were modeled: 1) culling females that
experienced mid-term abortion or a stillborn calf; 2) testing the whole herd, selling seropositive females and
purchasing seronegative replacements; and 3) testing the whole herd and excluding female offspring of positive
cows. Control strategy 3 showed the most favorable return to fixed assets over the five-year period. The
authors commented that strategy 3 halted introductions of infected replacements without incurring the costs of
substantial culling in the herd. A dairy economic decision model based on New Zealand and Australian dairy
systems found a strategy of no intervention to be most economical at low-to-moderate herd seroprevalence (11-
31%, depending on the cost of abortions). As herd seroprevalence increased up to 15-33% (again depending on
the cost of abortions), vaccination with a 50% efficacious vaccine was the most economic alternative. The
differences in conclusion of the two models may reflect both significant differences in dairy vs. beef
management as well as differences in the model assumptions, and indicate a need for greater understanding of
the epidemiology of N. caninum to inform modeling, prevention and control efforts.

Models also suggest that control of environmental sources of horizontal transmission of N. caninum infection
may be necessary to eradicate disease from a herd. If canine feces are a significant source of infection for cows
or calves, then control measures to minimize exposure may be prudent. Placentas and fetuses should be
collected and disposed of as promptly as possible. Dogs and wild canids should be prevented from consuming
placenta and fetal tissues from abortions. Cattle feed sources should be protected so that dogs and wild canids
do not have access to them.



Vaccinations

A study of the immunologic response to an experimental vaccine has been published, but in a subsequent study
efficacy was not demonstrated following experimental challenge. Recently, a vaccine for N. caninum has
received full approval and is commercially available in the US (Neoguard™ Intervet Inc., Millsboro, DE). An
anecdotal report of a decrease in abortions in a dairy herd following vaccination has been published, however
there was no control group and the criteria for allocation of cows to different vaccination schedules was not
clear. In a field trial involving the same vaccine in 876 cows in 25 Costa Rican dairy herds, vaccinated cows
had an 11% abortion rate and unvaccinated cows a 21% abortion rate (vaccine efficacy 46%). Cows were
eligible to be enrolled in the trial at two months’ gestation. For each cow enrolled in the vaccinated group, a
control cow was selected and matched on herd age and breed. Criteria for allocation and method of allocation
were not specified. The authors reported marked differences in the vaccine effect between herds, but it was not
clear from the methods whether the potential non-independence associated with the multiple herds was
statistically controlled for. No testing was done to confirm N. caninum as the cause of any abortions or for
other potential causes of abortion. A Kaplan-Meier time-to-abortion analysis indicated that the difference in
abortion risk between the vaccinated and control groups occurred between 150 and 200 days of gestation, when
the rate of abortion in vaccinated cows was significantly lower. This pattern is consistent with the expected
mid-term abortion risk of Neospora. A New Zealand field trial utilized 2240 pregnant cows in five dairy herds
selected for the trial based on a documented history of abortion rates above 8% and the confirmed presence of
N. caninum. Cows were randomized to initial vaccination or placebo at 25-45 days into gestation, with boosters
three to four weeks later. The analysis appropriately accounted for herd effects. The effect of vaccine varied
between herds and with the pre-vaccination N. caninum serostatus of the cow. The overall vaccine efficacy
estimate for the study was 24.6%, but was not significant. A significant vaccine efficacy of 54% was found in
one herd.

Available vaccination studies are consistent with a modest effect of vaccine in reducing abortion risk in some
herds, however substantial uncertainty remains. Additional well designed and implemented studies are needed
to clarify the significance and magnitude of the vaccine effect. Well characterized vaccine efficacy is critical
for implementation of an appropriate management decision regarding vaccine use. A vaccination program
could complicate differentiation of naturally infected animals from vaccinates and limit identification and
culling options. The relative merits of vaccination and culling, as well as an appropriate integration of the two,
is not yet clear. Clearly, more research on the value of culling and the effectiveness of vaccination is required.

Conclusion

Substantial research progress has been made in our knowledge of Neospora caninum in cattle and recent
reviews are available. Additional questions remain, however, regarding diagnosis, transmission, critical risk
factors and times, and vaccine efficacy. Additional research efforts are needed to further understand the
epidemiology and ecology of this disease and to formulate cost effective prevention protocols.

(This concludes the article by Dr. Sanderson)
N. caninum and Possible New Developments

At the present time, Neospora caninum is not considered transmissible to humans. Antibodies against N.
caninum have been detected in people at various places throughout the world, but the significance is unknown.
Neospora infects many species, including sheep, goats and horses, but at present there is no evidence that
species other than canids are major sources of transmission to cattle. There is considerable current interest in
development of a more effective vaccine against Neospora for use in cattle. | could not find any more recent
studies on bovine vaccine efficacy (approximately 25-50%) than those cited in the above article. However, S.
Ramamoorthy et al. published results from a study in Virginia in International Journal of Parasitology, May 13,
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2007. They used several recombinant strains of RB51 Brucella abortus modified to express various
antigens of N. caninum to vaccinate mice. In one trial, when later infected with Neospora, all control mice
died within 7 days, but mice vaccinated with either of 2 strains of the RB51, each expressing different Neospora
antigens, all survived. In another study, the modified RB51 vaccine was administered to mice twice 4 weeks
apart. Mouse pups born to vaccinates were found to have reduced brain parasite burdens compared with pups
from control dams, when the dams were challenged with N. caninum. Whether this would affect abortions or
calf health in bovines is not known. The authors report that this is a preliminary step toward possible
development of a vaccine against brucellosis and neosporosis. Of course, more research is needed on safety and
efficacy in cattle. Such a combined vaccine for brucellosis and neosporosis would have its greatest practical
usefulness if it produced lifelong immunity when administered as one dose of calfhood vaccine, but the
importance of a booster in mice may suggest that boosters would be needed for neosporosis protection.

I found out some additional diagnostic information regarding Neospora from Dr. Ramona Skirpstunas, a
Pathologist and veterinarian at the Utah Veterinary Diagnostic Laboratory. She finds it to be an important cause
of bovine abortion. The UVDL uses histopathology with PCR confirmation to diagnose Neospora in fetal
brain. She considers this test quite sensitive and it works on fetuses even when they are quite degenerated as is
often the case following abortion. Histopathology and immunohistochemistry (IHC) can be performed on
placenta if no fetus is available. When a dairy herd has an abortion storm attributable to Neospora, there is
usually a history of point source exposure to oocysts, often due to feed or pasture contamination by dogs or
coyotes (definitive hosts of N. caninum). Protection of cattle feed from dogs and wild canids was
mentioned in the article above, and is apparently an important control measure.

Nearly every publication on Neospora concludes that more research is needed, especially concerning cost-
effective control measures. It is clear that this is an important cause of abortion. I would like to hear more about
the experiences of our readers with Neospora infections in Utah and surrounding states.

David Wilson, DVM
Extension Veterinarian
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